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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
hydroelectric power 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
developmant 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

lce thickness data has been collected at surveyed 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). Ice 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

(3%
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morphologic changes and for identification of critical factors governing
ice jam formation. Coliection 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 1982-1983 season in-
cluded:

Locations of ice bridges

Rate of upstream progression of the ice cover
Ice discharge estimates

Ice cover at tributaries

Ice cover at aquatic habitat areas

Water temperature

Locations and size of open leads

00-40)0'&&&-)_—-

Aerial photography, oblique and vertical

i

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

12. Ice thicknesses

13. Velocities and discharges

14. Profiles and cross sections

15. Time-lapse photography

16. Locations and effects of ice jams

17. Water table fluctuations

Meteorological data from five weather stations near the river channel
are summarized in Section 3. In addition, figures are provided that
illustrate the 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:

1. Channel morphology changes

I~

Aquatic habitat modifications
Relationship between sloughs and ice jams
Damage to vegetation

Ice regime in side channels and sloughs

@ U s W

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 to 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 131.6
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 120
Kashwitna Creek 61.0
Willow Creek 49.0
Deshka River 40.5
Yentna River 28.0
Susitna Station 25.5
Alexander Slough 19.0
Alexander 10.0

* Photo mosaic maps indicating river miles are included in Appendix B.
Locations indicate the most upstream and or entrance 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 generally 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 8 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 groundwatei 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 f~~ 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 majo-

jams at these points.

The drive, cr 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 heen 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 jarrs
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. OId 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 sheetis

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

In May of 198, 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 recmaining
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. Refla_ted solar radiation (Her 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

11
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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 2bout each weather station, including axact 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 (R&M,
1982e), which include a detailed description of the meteorological data

collection program.

Mean maximumn, mezn minimum and mean daily air temperatures for each
station from Septzmber 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
(R&EM 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 daiiy 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 downsiream of Talkeetna

developed an ice cover by November 1, 1982. Caution is thercfore 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 meteorolocical summaries from each

respective weather station. These have been included 'n Appendix A.

13
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TABLE 3

.

METEOROLOGICAL DATA SUMMAR' FROM SELECTED WEATHER
STATIONS ALONG THE UPPER SUSITNA RIVER

SEPTEMBER 1982 - MAY 1983
S ___Air Temperatures A
Mean Mean Mean Departure Departure Depth of Snow

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

) . B Gl G) __(®c) mim [ mm ) {cm)
September 1982
Talkeetna L [/ 7.8 0.0 190.0 16.1 0.0
Sherman 1148 2.8 1.4 0.0 232.2 0.0 -
Devil Canyon 0.5 2:5 6.0 1.4 156.6 59.1 -
Watana 8.4 1.6 5.0 0.4 100.8 15.6 -
Denal i * - - 3.6 -0.2 - - -
Basin Average 10.2 2.8 5.9 0.3 169.9 ar.7 0.0
Ocrober 1982
Talkeetna -0.6 -9.4 -5.0 -4.9 5a.2 =¥V 8 LO.3
Sherman® 1.0 -8...0 - 18 0.0 - - -
Devil Canyon -2.,6 -9.8 -6.2 =41 - = =
Watana -3.3 -11.9 -7.6 -3.8 u.2 -6, 1 -
Denal i - = -11.8 =&.0 - = &
Basin Average =1.4 -9.8 =73 -3.8 28.2 =9.0 =
November 1982
Talkeetna =44 -12.6 =85 -0.4 y2.8 =23 0.6
Sherman® =4.5 =11.4 =10.0 0.0 - - -
Devil Canyon -5.8 -11.9 ~8.9 1.5 - - -
Watana -7.1 -4y -10,7 1.4 0.2 =2.4 -
Denal® - - =V -5.2 - - -
Basin Average 5.9 -12.6 -10.8 -1.7 21.5 =2.4 -
* Partial Record - Some values for mean daily temperatures, used to compute the mean monthly Lemperature, are based on

linear regression analyses., See Appendix A,
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TABLE 3.1 (Continued)

__Air Temperatures

~ Mean Mean Mean Departure Departure Depth of Snow
Max i mum Minimum Monthly from Norma | Precipitavion from Normal on Ground
(°6}  fad 045 (<cj (°C) (mm ) ~ (mm) {em)

December 1982
Talkeetna =39 =-10.8 L 5.6 45,4 2.8 73.1
Sherman -4.8 =12.7 -8.7 0.0 - - -
Devil Canyon =5.1 -11.3 -8.2 by - - -
Watana =6.9 ~13.9 -10.4 L. 7 10 2:-3 -
Denal i * -5.6 ~19.6 -15.4 4.8 = & -
Basin Average -6.0 -13.7 =10.0 3.9 26.2 2.3 -
January 1983
Talkeetna 6.2 «15.4 -10.8 2.3 11.6 -24.9 80.6
She rman* -8.6 -17.4 =11.0 0.0 - - -
Devil Canyon* =8.2 =195.4 =11.4 =19 - = 93.2
Watana =11.0 -17.4 =141 =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 1.2 -11.8 55.2
February 1983
lalkeeLna =] 7 -13.3 -7.5 &3 6 =27.0 80.6
Sherman® <. -21.5 -8.0 0.0 - - 107.9
Levil Canyon -3.2 -11.9 o 1B = - 93.2
Watana -6.5 =-13.6 -10.0 =259 0.0 =-15.2 29.0
Denal i -8.9 -19.3 =141 0.7 - - 25.7
Basin Average =5.9 =1 5.8 =9.4 0.4 5.8 -21.1 6.3
* Partial Record - Some values for mean daily temperatures, used to compute the mean monthly temperature, are based on

linear regression analyses. See Appendix A,
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__Air Temperapures

TABLE 3.1 (Continued)

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

°c (°c) {°C) = ( mm ) (mm ) (cm)
March 1983
Talkeetna 3.7 -10.7 «3:5 3.6 2.3 =35.3 75.6
Sherman®* 6.1 -11.2 -4.2 0.0 - - 106.8
Devil Canyon 0:7 -10.5 -4.9 -0.3 - - 96.3
Watana -3.3 =120 -7.6 -0.9 S - -
Denali =5.3 -18.2 =11.8 -2 .2 - - 37.8
Basin Average 1.9 o L 6.4 a.0 2.3 -35.3 78.9
April 1983
Talkeetna 6.9 =31 1.9 1.4 65.0 30.7 55.4
Sherman 8.0 =l 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 =11 2.2 2.6 - 2%.7T
Denali 3.0 -7.6 -2.3 2.5 0.8 - 33.5
Basin Average 5.3 =4.9 0.2 1.4 33.9 = 50,7
May 1
Talkeetna .7 3.0 9.} 3.4 323 =31 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 7 0.4 4.9 0.1 7.6 - 0.0
Basin Average B (B ¢ 1.2 6.6 0.8 20.0 - 0.0
.4 Parvtial Kecord = Some values for mean daily Lemperatures, used LO 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 |
Devil Canyon 0 0 5 6.0
Watana 1 1 13 5.0
Denali* 7 i 17 3.6
Basin Average 2 2 7 5.9
October 1982
Talkeetna 172 172 72 -5.0
Sherman¥* 189 189 - -5.7
Devil Canyon 200 200 a5 =6.2
Watana 236 237 127 -7.6
Denali* 367 374 192 -11.8
Basin Average 233 234 122 -7.3
November 1982
Talkeetna 258 430 191 -8.5
Sherman¥* 301 490 - -10.0
Devil Canyon 256 456 222 -8.9
Watana 304 541 279 -10.7
Denali* 471 845 376 -19:.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 (=)
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 =D
Sherman#* 225 1329 - -8.0
Devil Canyon 212 1277 254 -7.5
Watana 281 1586 289 -10.0
Denali 395 2347 416 -14.1
Basin Average 265 1549 297 -9.4

18



s5/hh3

TABLE 3.2

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

Average Mean Monthly
Historical** Air Temperature

Monthly Accumulated Month (°C)
March 1983
Talkeetna 120 1327 107 -3.5
Sherman¥* 128 1455 B -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
Sherman 21 1476 21 1.8
Devil 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
Sherman 1982 - 1983
Devil Canyon 1980 - 1983
V/atana 1980 - 1983
Denali 1980 - 1983

19
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NUMBER OF FREEZING DEGREE DAYS (°C)
SEPTEMBER 1981 - May 1982

TABLE 3.3

Mean Monthly
Air Temperature

Monthly Accumulated 2C)
September 1981
Talkeetna 0 0 £: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 53 -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 17 792 -13.4
January 1982
Talkeetna 531 1132 -17.1
Sherman (No Data)
Devil Canyon 528 1199 -17.0
Watana 622 1467 -20.1
Denali 782 1833 -25.2
Basin Average 616 1408 -19.8
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TABLE 3.3

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

Mean Monthly
Air Temperature

Monthly Accumulated (2E)
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 =83
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 Averace 118 2153 -3.3
May 1982
Talkeetna 0 1624 6.4
Sherman 0 - 6.4
Cevil Canyon 0 1868 4.4
Watana 27 2248 2.3
Denali 15 2914 2.5
Basin Average 8.4 2164 4.4
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TABLE 3.4

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

Mean Monthly
Air Temperature

Monthly Accumulated (°C)

September 1980

Taikeetna 0 0 7.7
Devil Canyon 1 1 3.5
Watana 4 4 3.5
Denali 4 4 4.7
Basin Average 2 2 4.9
October 1980

Talkeetna 14 14 2.7
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 1 125 -3.5
Devil Canyon 154 279 -5.1
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 1981
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 -1:3
Watana 221 1291 -7.9
Denali 328 1774 -11.8
Basin Average 233 1297 -8.3
March 1981
Talkeetna 40 1031 -0.4
Devil Canyon 65 1197 -1.8
Watana 136 1427 -4.3
Denali 181 1955 -5.6
Basin Average 106 1403 =3.0
April 1981
Talkeetna 48 1079 -0.1
Devil Canyon 92 1289 -1.8
Watana 141 1568 -4.3
Denali 190 2145 : -6.2
Basin Average 118 1520 -3.1
May 1981
Talkeetna 0 1079 10.0
Devil Canyon 0 1289 8.7
Watana 0 1568 7.6
Denali 0 2145 i
Basin Average 0 1520 8.4
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4.0 SUSITNA RIVER FREEZE-UP PROCESSES

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

final

ice cover development in March 1983. This section describes the

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

upstream to the proposed damsite at Watana.

4.1

Definitions of lce Terminology and Comments on Susitna River Ice

Some users of this report may not be familiar with standard 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.
Samples collected at Gold Creek in October 1981 vyielded a ratio of
water volume to ice volume of 60-70 percent.
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Ice 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
trom the constriction, it begins to fragment into floes of warious
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. Ilce 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. Survace 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 togcther.
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 Ice - 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 4.6).

This process will be described in Section 4.3.
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4.2

Frazil lce 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 tremer.dous 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 reach2s 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 ea‘ly 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 frazii 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.

Ilce Cover Development

This section discusses ice cover formation on the Susitra River from
the mouth at Cook Inlet to the prcposed 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 wusually 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 105 cu ft/hr and rose steadily to 5.8 x 105 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 wa; 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 97 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 fzll 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 ce pack remained confined
to the thalweg channel with the e)xception of some side chan-
nel confluences where staging had created local backwater
pools into which slush ice had dri'ted. 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 accumu'ation. 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 particuian_-ly.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 Novemter 2 at a
rate of 2.1 miles per day during the previous 4 davs (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 below 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 atter 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 shores 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 b. :n 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.

1135

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. Ice 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 se\}eral 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 approximately 80 percent of the
ice at Taikeetna, while the Chulitha 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
translucent 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 slush

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

bridge at the Susitna-Chulitna confluence. This storm may

have caused a substantial local increase in ice discharge

40



s6/ii14

which could not pass through the channel at one time. The
result was a sudden consoclidation 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 1,300 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 wvelocities
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 channe:i 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 9. 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
collapse of the ice cover and development of a long narrow
lead.

The ice cover was very slow in advancing through the shallow
section of river between Sloughs 8A and 9. On December 2,

a sudden rise in the water table at Slough 9, recorded
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electronically in a ground water well, indicated the proximity
of the leading edge (Figure 4.4). The well was located
adjacent to RM 128.5. 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 extremely 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
unstable 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 becomes

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 accumulating against the down-
stream end of the leads and progresses upstream (Photo
4.22). Generally it takes several weeks to effect a complete

closure.

Ice cover sagging, collapse, and open lead development
(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 photographs 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 is
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. Ice oridge initiating the ice cover progression from the

Susitna/Chulitna confluence.
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4.3.3

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

6. Flow diversions into side channels and Slough 8A.

7. Surface ice constrictions by border ice growth.

8. Staging, commonly from 4-6 feet.

9. lce pack consolidation through telescoping of ice cover

laterally across channel.

10. Sagging ice cover.

11. Open leads and secondary ice covers.

12. Berm breached at Slough 8A.

13. Staging effects on the local water table.

14. Thermal influx by groundwater seepage prevents ice
cover formation in sloughs that are not breached and
inundated with slush.

Gold Creek to Devil Canyon

The 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 singie 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 wili 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 overfiow 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. Minima! 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 wvelocities and ex-
treme turbulence, making direct observations difficult.
Consequently, in 1982 a time-lapse camera, on loan from the
Geophysical Institute, 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 .'~tion. 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 cpen
watar visible. Staging of at least 3-4 feet was evident. The
channel remained icc 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 repiuly 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 -10.5°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 ot 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 covered with no open leads

discernible.

October 27 - Air temperature -19.1°C, discharge 5,400 cfs.
There were no apparent changes. The ice cover remained

intact and no water was visible.

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 wve-

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
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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. Ilce 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 ozcurring 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 length. This seems to indicate
that the ice covers within this narrow and turbulent river

reach are inherently unstable.

55



s6/ii29

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 in
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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4.3.5

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 doevelopment (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.

57



s6/ii31

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 Susiltna 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 subsequently 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 insufficient 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 rigid 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 PRCFILE*
SEPTEMBER 1982 - OCTOBER 1982

Water Temperature °C

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

Water Temperature °C

Mean Mean
October 1-17, 1982 Min Max . Mean 10/1/82 10/31/82
Above Yentna River, RM 29.5 0.0 5.0 1.9 4.8 0.0
Parks Highway Bridge, RM 83.9 0.2 4.6 1:2 4.6 0.2
Talkeetna Fish Camp, RM 103.0 0.2 4.9 1.2 4.7 0.2
Curry, RM 120.7 - - - - -
LRX-29, RM 126.1 - - - - -
Devil Canyon, RM 150.1 0.0 4.0 1.8 3.5 0.5
* These data were obtained from published reports by Alaska

Department of Fish & Game, Susitna.

Temperatures were recorded on

a thermograph at all sites except Devil Canyon which was recorded
electronically, (ADF&G, 1982).
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TABLE 4.2

SUSITNA RIVER AT TALKEETNA
FREEZEUP OBSERVATIONS ON THE MAINSTEM

Staff Discharge Ice
Gauge”) @ 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 1.2% 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
29 -1.50 13,000 85 .40
30 -1.50 13,000 80 .40
31 -1.50 13,000 80 .40
November 1982

1 2.50 12,000 80 -
2 1.54 12,000 60 -
3 1.52 12,000 50 -
4 - 11,000 40 -
5 - - 11,000 50 -
6 3.60 (Top of ice after freezeup) 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

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

to Talkeetna.
4] Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, Alaska.
3. Visual estimation based on one daily observation, usually at 9 a.m.
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TABLE 4.3

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

Gold Creek
Mean Air Water lce in Border ice Snow
Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth

Date (cfs) {°C) {2} (%) (ft) (fur) Weather
Oct. 19 6900 -1.4 0.65 50 slush 0.6 Snow

20 6800 -5.0 0.80 uo slush 0.6 Cloudy

21 6500 -5.6 1.00 60 slush 0.6 Windy/Sunny

22 6200 =44 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 =100 1.00 60 0.3 0.6 Cloudy

26 5600 =14, 4 0.50 60 0.3 0.6 Cloudy

217 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 0.9 1.5 Snow

30 2100 -18.3 0.10 70 8 1% Sunny

KR 4900 -17.8 0.00 70 0.7 1.5 Sunny
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.



£9

sH/dd2

TABLE 4.4y

SUSITNA RIVER AT GOLD (REEK
FREEZE-UP OBSERVATIONS ON TH. MAINSTLCM
November 1982

Gold Creek
Mean Air Water lce in Border Ice Snow
Discharge (1) Temperature (2) Temperature (3) 7 annel (4) Thickness Depth
_ bate _fefs) — PG [ o) P o ;4 [ I 5 - | L£%) _MWeather
Nov. 1 4800 A 0.00 70 0.9 L) Windy/Cloudy
2 LT700 Ynd 0.10 20 0.9 1.9 Snow
3 4600 -6.9 0.20 50 0.9 V. & Cloudy
L 4500 =33 0.30 15 0.9 1.8 Cloudy
5 Lbyoo =6..1 0. 40 10 0.9 1B Cloudy
6 4300 -16.9 0.30 50 0.9 1.8 Sunny
7 L300 -17.8 0.20 55 1.0 1.8 Sunny
8 4200 =T.5 0.15 55 1.2 1.8 Snow
9 4100 ~5ith 0.15 55 1.2 2.6 Cloudy
10 LOOOo =50 0.30 50 1.2 2.5 Cloudy
1 4000 7 0.20 50 j - 2.5 Snow
12 3900 g I | 0.20 35 1.3 1 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
19 3700 -12.2 - Lo i) 3.4 Sunny
16 3600 =-15.8 - 60 1.6 3.4 sunny
17 3600 =15.0 - 70 1.6 3.4 sSunny
18 3500 =22.8 0.30 10 1.6 3.3 sSunny
19 3500 -25,.1 0,20 75 1.7 3.3 Sunny
20 3400 =10.0 0.30 10 1.6 333 Snow
21 3u00 -6.4 0.30 60 1.6 4.1 Snow
22 3300 =5.0 0.40 825 1.6 [T | Sunny
23 3300 =4. 4 0.30 45 153 L.0 sunny
2h 3200 =3.1 0.30 30 ) 4.0 Sunny
25 3200 -2.8 0.50 40 Tl 3.9 Sunny
26 3100 =3 0.40 50 1.2 3.8 Sunny
27 3100 -8.3 0. 40 50 Lvd 3B Sunny
28 3100 -12.8 0.50 60 t. 3 3.8 Sunny
29 3000 -9.7 0.30 60 1.3 3.8 Snow
30 3000 -8.9 0.20 Lo 103 3.8 Cioudy
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.

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

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

Gold Creek
Mean Air Water ice in Border lce Snow
Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth

___Date __tefs) SR o) B __(°cy (%) (Tei (FL) ___Weather
Dec 1 3000 -7.8 0.10 30 V.3 3.4 Cloudy

2 2900 -16.9 0.10 59 ¥: 3 3.3 Cloudy

3 2900 -16.9 0.00 70 V.3 3.3 Windy/Sunny

4 2900 =10.0 0.10 7% 1.3 3.3 Cloudy

Pl 2810 -8.3 0.20 5 -3 3.3 Cloudy

6 2800 -1.7 0.20 65 1. 3 3.0 sunny

i 2800 2:5 0.30 4o 1.3 3.0 Windy/Cloudy

8 2700 3.6 0.20 15 | | 3.8 Snow

9 2100 -1.9 0.20 29 Tu 3.9 Cloudy

10 21700 =16.1 0.10 60 Vg 3.9 sunny

1M 2600 -6.1 0.00 Lo 3.3 3.9 Sunny

12 2600 -3.1 0,00 60 t.3 3.8 Cloudy

13 2600 =1.7 0.10 Lo 1.3 3.8 Sunny

14 2600 =5.0 0,20 2% 1.2 3.8 Sunny

15 2600 -0.3 0.20 10 142 3.8 Sunny

16 2500 =-3.3 0.10 10 - 3.7 Sunny

&7 2500 -6.7 0.10 10 - 3.7 Sunny

18 2500 -10.6 0.00 50 - £ sunny

19 2400 =11.7 0.00 Lo - 3.7 Sunny

20 2u00 =-7.2 0.00 uo - 3.7 Sunny

21 2400 -21.1 0.00 50 0.% 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 Sunny

24 2400 -11.9 0.00 30 0.5 3.6 Sunny

i 2300 -9.2 0.10 30 0.6 3.6 Sunny

26 2300 -5%.6 0.10 30 0.6 3.5 Sunny

27 2400 -1.7 0.10 35 0.6 1.5 Snow

28 2500 0.6 - - - 5.0 Snow

29 2600 1.7 0.10 5 overflow 3.1 Rain

30 2800 -0.3 0.10 25 averf low 3.2 Rain

31 2900 - 0.10 5 1: 3 3.2 Sunny
: 1 Provisional data subject Lo revision by the U.S. Geological Survey, Water Resources Division, Anchorage, Alaska,

Average value of the days minimum and maximum temperature.

Based on one instantaneous measurement usually taken at 9 a.m. daily.

= e o

Visual estimate based on one instantaneous observation, usually at 9 a.m. daily.
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TABLE U4.6

SUSITNA RIVER AT GOLD CREEK
FREEZE-UP OBSERVATIONS ON THE MAINSTEM
January 1983

Gold Creek
Mean Air Water lce in Border Ice Snow
Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth

____Dbate (efs) 2c) il o)) (%) _fe) (ft) __Weather
Jan, 1 2900 -2.8 G, 00 8 Y3 3.2 sunny

2 2800 -2.8 0.00 10 .3 3.2 Sunny

3 2800 =39 0. 00 30 Tad 3.5 Cloudy

I 21700 =5.0 0,00 60 1.4 3.5 sSunny

5 s 2700 -13.9 0.10 6YH 1.3 3.5 sunny

6 hos 2600 -19.1 0.10 65 1.3 3.5 sunny

7 2500 - 0.00 70 L 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

1M 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 L 3.0 sunny

4 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 value of the days minimum and maximum temperature.
35 Based on one instantaneous measurement, usually taken at 9 a.m. daily.
4, Visual estimate based on one instantaneous observation, usually at 9 a.m, daily.

# Channel frozen over,
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TABLE 4.7
1983 SUSITNA RIVER ICE THICKNESS MEASUREMENTS

Mainstem lIce Average*
Thicknesses (ftr) Number Water Surface Underice
Min Max Avq of Holes Elevation Water Velocity

february 4, 1983
WalLana 1.4 3.6 2.4 21 1436.8 2.6
PorLage Creek 1.4 3.4 255 5 83h.1
Gold Creek ¥ia3 1.9 1.6 5 684 .6
Curry 1.8 i | 1.9 4 922.17
I RX~3 2.0 3.9 2.9 5 lu2.8
April 12, 1983
Watana 1.8 4.2 2.8 19 1436.1 2
Portage Creek 3.0 L.0 4.1 6 833.5% u.2
Gold Creek 1.8 2.9 2.3 6 682.9
curry V3 3:3 g 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 Lhe 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

Elevation Ma x i mum Discharge UsSGS Computed
Approximate Top of Ice Corresponding Discharge at
River Date of River Bank tlevation® to Stage Gold Creek
Mile Location Freezeup (ft) (fr) {cfs) (cfs)
8.9 Portage Creek i2/23/82 843.0 839.95 27,000 2,400
142.3 Slough 21, H9 - 198.3 755.9 = =
140.8 Sltough 21, LRX-54 - 7139.3 133.3 - -
136.6 Gold Creek 1/14/83 687.0 685.3 16,000 2,200
135.3 Stough 11, Mouth 12/6/82 671.5 i - 2,800
130.9 Slough 9, Sherman 12/1/82 622.4 620.1 30,000 3,000
128.3 Slough 9, Mouth 11/29/82 = [6.9] — 3,000
] Siough 8, Head 11/22/82 - 279.3 - 3,300
124.5 Stough 8, LRX-28 11/20/82 556.2 559.3 44,000 (aufeis) 3,400
1207 Curry, LRX-24 11/20/82 S2T.0 524.,6 28,000 3,400
116.7 McKenzie Creek 11/18/82 = 493.3 - 3,500
137 Lane Creek 11/15/82 - [6.7) L 3,700
106.2 LRX=11 11/9/82 - 1:5: 81 - 4,100
103.3 LRX-9 11/8/82 3su 383.9 41,000 4,200
98.5 LRX-3 11/5/82 3u6.u 345.5 * 4,u00
*® Values in brackets | | represent relative elevations based on an assumed datum from a temporary benchmark

adjacent to the site.
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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,

Location of Type
Upsteam End Channel of Approx.
River 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
32.3 Mainstem Velocity 1,300
93.7 Mainstem Velocity 3,500
94.0 Mainstem Thermal 3,500
95.2 Side Channel Velocity 2,400
96.9 Side Channel  Velocity 5,600
97.0 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
T10.3 Mainstem Velocity 150
110.5 Mainstem Velocity 290
110.9 Mainstem Velocity 450
MNl.a Mainstem Velocity 1,600
1.7 Mainstem Velocity 500
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
119.6 Side Channel Thermal 550
119.7 Mainstem Velocity 350

68

1983
Continuous
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
30 Continuous
150 Continuous
100 Discontinuous
110 Continuous
110 ~ontinuous
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
1255 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
129 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
1311 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

Continuous

Widest or
Point (Ft) Discontinuous
iu0 Continuous
100 Continuous
30 Discontinuous
60 Discontinuous
50 Continuous
30 Discontinuous
8 Continuous
50 Continuous
40 Continuous
90 Continuous
50 Discentinuous
100 Continuous
500 Continuous
60 Continuous
50 Continuous
30 Continuous
50 Continuous
80 Discontinuous
50 Continuous
80 Continuous
100 Continuous
30 Discontinuous
20 Continuous
30 Discontinuous
90 Continuous
50 Discontinuous
50 Continuous
90 Continuous
100 Continuous
80 Discontinuous
90 Discontinuous
20 Continuous
20 Discontinuous
80 Continuous
80 Continuous
60 Continuous
100 Continuous
40 Continuous
50 Continuous
100 Continuous
90 Discontinuous
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TABLE 4.9 (Continued)

Location of Type
Upsteam End Channel of Approx.
River Mile # Type Lead(1) Length (F1)
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
137,17 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 Sleugh (21) Thermal 3,850
141.5 Mainstem Velocity 850
142.0 Mainstem Velocity 950
142.6 Mainstem Velocity 1,600
142.8 Mainstem Velocity 850
143.6 Mainstem Velocity 530
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 42(,
148.5 Mainstem Velocity 680
149 0 Mainstem Velocity 400
149.5 Mainstem Velocity 500
1560.0 Mainstem Velocity 350
150.2 Mainstem Velocity 750
154 .2 Mainstem Velocity 2,800

1)  Velocity indicates lead kept open by high-velocity flows.

kegt open by groundwater seepage.

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 Discontinucus
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 Continucus
20 Discontinuous
100 Continuous
100 Discontinuous

Thermal indicates lead
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PHOTO 4.1
Frazil ice discs collected from floating ice pan.

PHOTO 4.2
Susitna River at Gold Creek on October 16, 1982, looking downstream from the
railroad bridge. Note the frazil slush floes and shore ice development.
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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.

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. Nocte 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 causec when
collisions by floating ice pans deposit frazil ice along the edge.

PHCTO 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
Ice plume near Slough 9, flowing towards bottom of photo. Frazil ice can form
in September on the upper Susitna River between Denali and Vee Canyon where
air temperatures are generally much colder than near Talkeetna. These ice
plumes are often the first indicators of frazil formation.

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. Tae 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.

PHOTO 4.14
View of the mainstem, adjacent to the town of Talkeetna, on November 4, 19862.

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 Chulithna east channel is
entering from the left.

PHOTO 4.16
View of the Chulitna confluence with the Susitna mainstem,
October 29, 1982Z.

east channel comes in on the upper left, and the Susitna River flows diagonally

looking upstream on
The Chulitna west channel enters in the left foreground, the

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 consclidated and frozen, creating this jam and causing
subsequent flooding. About 1000 cfs is being diverted into the Chulitna east

channel.

T A
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. Ice cover has telescoped to cover the river channel from
bank to bank. Note the sagging ice cover over the narrow winter channel anc
the open leads created by turbulent flow.

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.

PHOTO 4.24
Overflow onto border ice caused by an anchor ice dam. Flow is normally from
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.
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PHOTO 4.25
Time lapse camera mounted on the south rim of Devil Canyan 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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PHOTC 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 !onger 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 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 rivar 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 cdays, 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 distributing 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 Bridgz covered the ice sheet
with over 6 inches of flowing water (Photo 5.2).

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.
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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. Old ice scars up to
16 feet above the bank level have been noted along side-channels
near this reach. |t 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
photograpt, taken from the Gold Creek railroad bridge on May 7,
1976, showing a substantial wvolume 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.

Ice 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 ftlow 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 lower Susitna River.

Measurements were initially taker 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 Talk:etna and the
Parks Highway Bridge. Observation during an aerial rzconnaissance
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 fracments 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
~hows 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 1 e
two jams. The upstream ice jam was apparently created when a
massive ice sheet snapped loose from shore-fust 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 stal =
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 H9 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 A5
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 119.5
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 onen.

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 consolidated 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 buiid 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 floes, mostly from the original jam at
Gold Creek, had lodged tightly in this bottleneck. Pressures
appeared to be exerted laterally against the shore-fast ice which
inherently is resistant to movement due to the high friction coefficient
of the contacting river bed substrata.

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

from the tributaries to the mainstem.

It was at first thought that when the ice broke at Slough 11 on May 6
(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 (Phote 5.8). Ilce 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 consclidated 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 lesser 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
fioes 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 confluence, 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 Lane Creek jam. Here, the sudden increase in ice
mass shoved the entire ice jam downstream about 1 mile where it again
encountered a solid but decayed ice cover.
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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 drifting
downstream en masse at approximately 4-5 feet per second. This
accumulation of ice, representing many thousands of tons, easily
removed the remaining ice jams at Slough 7 and Slough 6A. In
addition, the last solid ice cover between Slough 6A at RM 112 and
the Susitna-Chulitna confluence at RM 98.5 was destroyed and re-
p'aced vy 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 secticn 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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Ice 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 2 high summer flow.

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. lIce 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. Ice jam flooding
probably formed the majority of the sloughs between Curry and
Gold Creek.

4. Ice jams commonly create surge waves during consolidation which

heave ice laterally onto the overbank.
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5. Large ice sheets can break loose from shore-fast ice and wedge
across the mainstem channel, creating extremely stable jams that

generally only release when the ice decays.
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TABLE 5.1

WATER STAGE AND RIVER ICE THICKNESS
MEASUREMENTS AT SELECTED MAINSTEM LOCATIONS

April 27, 1983

Gold Creek Discharge:

Observed2 = 4300 cfs
USGS = 2700 cfs

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

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

April 28, 1983

Gold Creek Discharge:

Obser'\.red2 = 4100 cfs
USGS = 2900 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-11

LRX-9

LRX-3

Thickness

lce

(ft)

[ &% I

1 Wb W

PR W N

.0

[ 4%

(=x1)

t-.1)

Water

Surface

ElevatiOn.|
(ft)

832.54
749.69
732.21
682.04
[1.11]
617.18
[5.74]

834.22
753.03
732.32
681.94
[1.26]
617.16
[5.57]

552.39
522.46
487.92
[4.01]
[1.22]
379.32
341.00

106

(+1.68)
(»3.3)
{*:1)
t=.1)
t*+.1)

(-.2)

Top of lce

Elevation1
(ft)

755.5
733.3

[3.3]
[5.7]

837.0
754.7
133.3

[2.2]
620.1
[5.8]

524.8
493.3
[4.8]
[5.3]
383.9
342 .4

(-0.8)

(-1.2)

\/elocét\.r3
ft/sec

—h N WD
= Waodh—=N
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April 29, 1983

Gold Creek Discharge:
= 4100 cfs

Observed2
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:
Observed” = 4325 cfs

USGS = 3300 cfs

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

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

LRX-3

TABLE 5.1 (Continued)

Ice

Thickness
(ft)

Wy R = DWW

e N
w

& {=.8)
& 1)

8 (~:2)

Water

Surface

Ele\.faticm1
(ft)

833.04
753.10
732.32
681.94
[1.23]
617.29
[5.80]

552.51
522.64
488.05
[4.18]
380.63
[0.55]

833.09
153.74
131.51
682.05
[5.82]

[3.90]

[1.81]
343.43

107

(-1.18)

(*+.2)

(+.13)
(+.18)
(*.13)
(+.17)
(#1.31)

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

(-.28)
(-.4)
(+2.46)

Top of Ice

Elevation‘|

(ft)

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

[2.5]

[5.6] (-.1)

524.8

[4.8]

833.9 (-.2)
754.52
i33.2 (-.1)

[5.5] (-.1)
[4.8]

343.0 (+.6)

Velocity3
ft/sec

W =
W~ v
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May 1, 1983

Gold Creek Discharge:

Obs&rvecl:Z

= 4700 cfs

USGS = 3600 cfs

Portage Creek

Slough 21,
Slough 21,
Gold Creek

LRX-57
LRX-54

Slough 8, Head

Curry
Lane Creek

May 2, 1983

Gold Creek Discharge:

Obs;t=u-\.u=',-ct2

= 5750 cfs

USGS = 3900 cfs

Portage Creek

Slough 21,
Slough 21,
Gold Creek

LRX-57
LRX-54

Slough 8, Head

Lane Creek

May 3, 1983

Gold Creek Discharge:

C)bser\.fed2

= 6180 cfs

USGS = 4200 cfs

Slough 21,
Slough 11,

LRX-54
Mouth

Slough 8, Head

TABLE 5.1 (Continued)

Ice

Thickness
(ft)

PR WN
@0

[ 3]
@0

(.1

PR W
0o W N

3%
[{=]

2.8 (-.1)

Water

Surface

Ele\.faticm1
(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]

108

(+.2)
(-.6)
(*1.6)
(+.15)

(+.6)
(+2.95)

(+.38)
(+.48)
(-1.4)
(+.42)

(-.48)

(+.17)
(+3.65)

Top of lce

Ele\.ration1
(ft)

833.4 (+.4
754.4 (-.1)
133.4 |*.2

524.6 (-.1)
[6.6] (+1.8)

833.7 (+.3)
754.5
133:1 (-:2)

[6.5] (-.1)

133.1 (+.3)

Velocity3
ft/sec

9.6
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May 4, 1983
Gold Creek Discharge:
Observed® = 6180 cfs

USGS = 4500 cfs

Gold Creek
Slough 8, Head

May 5, 1983
Gold Creek Discharge:

Observed2 = no data
USGS = 4900 cfs

Slough 9, H9 berm
Slough 9, Sherman

May 6, 1983

Gold Creek Discharga:

Obsarved® = 10,920 ¢fs
USGS = 5400 cfs

Gold Creek

TABLE 5.1 (Continued)

Water
Ice Surface
Thickness Elevation1
(ft) (ft)
- 682.78 (+.16)
606.51

(breached)
- 620.89 (+3.60)

- 684.15 (+1.37)

109
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TABLE 5.1 (Continued)

Water
lce Surface Top of lIce
Thickness Elevation] Elevation‘I Velocity3

(ft) (ft) (ft) ft/sec
May 10, 1983
Gold Creek Discharge:
Observed® = 14,350 cfs
USGS = 5800 cfs
Gold Creek - 684.97 (+.82) - -

1. Values in brackets [ ] represent relative elevations based on an arbitrary
datum from a temporary benchmark adjacent to the site. WValues in parenthesis
denote the increase (*) or decrease (-) since the previous measurement.

2. 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.

3. Velocities represent measurements obtained at one point on a section at a depth
of 2 feet near mid-channel.
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TABLE 5.2

SUSITNA RIVER AT SUSITNA STATION
BREAKUP OBSERVATIONS ON THE MAINSTEM

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

1 - 4.7 - -

2 - 4.7 - -

3 % 0.8 3.3 Cloudy

4 6.18 2.8 3.3 Rain/Snow

5 6.23 3.1 3.3 Snow

6 6.30 3.1 3.3 Snow

7 6.33 3.3 3.3 Cloudy

8 6.33 3.1 3.3 Cloudy

9 6:35 3.6 3.3 Sunny
10 6.35 0.3 3.3 Sunny
1 6.35 0.0 3.3 Sunny
12 6.35 0.6 3.3 Snow
13 6.30 2.5 3.3 Snow
14 6.40 4.7 3.3 Rain
15 6.40 1.9 3.3 Rain
16 6.58 3.6 3.3 Snow
17 6.68 1.9 3.3 Rain
18 6.78 3.3 3.2 Snow
19 6.90 3.6 3.2 Cloudy
20 7.00 3.6 3.1 Cloudy
21 7.10 4.2 2.8 Sunny
22 7.33 6.4 2.6 Cloudy
23 7.63 6.9 2.6 Rain
24 7.95 6.9 2.4 Sunny
25 8.68 10.0 2.3 Sunny
26 9.43 7.5 2.3 Sunny
27 11.10 6.1 2.2 Sunny
28 11.45 3.6 2.1 Cloudy
29 11.00 5.6 2 Cloudy
30 11.45 3.6 1.9 Sunny

May 1983

1 B 6.4 - Sunny

2 - 9.0 Ice began moving Cloudy

3 - 6.9 Ice flowing Cloudy -~

< = 5.6 Ice flowing Cloudy

S - 5.8 Ice flowing Cloudy

6 - 6.7 Open Sunny

7 - 8.3 Open Sunny

8 - 9.4 Open Sunny

9 = 9.2 Open Sunny
10 - 9.2 Open Cloudy
1 - 11.1 Open Cloudy
12 = 12,5 Open Cloudy

k1. Relative elevation based on an arbitrary datum.

i2. Average of the maximum and minimum temperatures.
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TABLE 5.3

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

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

1 0.00 1.4 3.7 -
2 0.00 1.0 - -
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 L - -
9 0.00 2.2 < -

10 0.00 =1.1 - 0.10

1 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 - -
5 0.40 3.3 - -
16 0.50 4.2 - =

17 0.50 1.7 - 1.8
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 1.2 - =
25 3.40 5.8 - -
26 3.40 6.7 = =
27 3.80 6.4 - -
28 3.80 3.6 - e
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 Ice began moving -
5 - 6.9 Ice flowing -
6 1.00 6.1 Ice flowing =
7 1.20 7.8 Ice flowing -
3 1.20 9.2 Ice flowing -
9 1.20 9.7 Ice flowing -
10 1.00 8.9 Ice flowing -
1 1.00 8.6 Open -
12 1.10 10.3 Open -
13 1.90 10.6 Open “
14 1.50 10.3 Open -
15 1.50 10.6 Open -

Relative elevation based on an arbitrary datum.

Average of the daily maximum and minimum temperatures.
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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
BREAKUP OBSERVATIONS ON THE MAINSTEM

Open
Staff Mean Air Channel
Gauge (1 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 2.51 2700 9.2 50 Sunny
28 2.49 2900 7.5 80 Cloudy
29 2.49 3100 5.0 150 Rain
30 2.65 3300 - 200 Sunny
May 1983
1 2.15 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
Fi 5.52 5800 - Open Sunny
8 - 6400 - Open Sunny
9 - 7200 - Open Sunny
10 - 8000 ~ Open Partly Cloudy
11 - 9000 - Open Sunny
1 Relative elevations based on an arbitrary datum.
2. Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, AK.
3 Average of the daily maximum and minimum temperatures.
4. Visual estimation based on one daily observation.
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PHOTO 5.1
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 downstream
end.

PHOTO 5.2
Overflow above the Parks Highway Bridge on April 7, 1983, covering the ice
sheet witl. 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. Ice jam key was near river mile 76.
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PHOTO 5.5
When this ice jam adjacent to Slough 21 consolidated on May 4, 1983 it created a
surge wave that snapped loose the shore ice and heaved blocks onto a gravel
island. The view is looking upstream along the south bank. This

ice is about
4 feet thick and the area affected by the surge extended several hundrec 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 tigiitly between two 2xtended 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
Flow is from right to left. Ice jam at

Ice jam at Watana damsite, May 6, 1983.

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.

SIS
R&M CONSULTANTS, INC.

ENOGINEEAS GECLOCISTS SLANNERS SuRvEvYOoRAas

121

HARZA-EBASCD

SUSITNA JOINT VENTURE




e L. 1a .

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.
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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
Ice debris piled onto the river at river ‘mile 101.5. The shear wall is
approxunately 14 feet high. The water level attained during the ice jam is
indicated &, 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. lce nucleation, suspended sediment filtration, and
entrainment of larger particles in anchor ice are some of the processes
described in this section. The dramatic nature of breakup often 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 indicéte 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
velume since the water breaching the berm constituted only the very top
layer of mainstem flow. The majority of slush ice floats near the water
surface despite only minimal buoyancy. The flow spilling over the slough

berms therefore carried a high concentration of ice. This slush ice and
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entrained sediment rapidly accumulated into an ice cover that progressed

up the entire length of Slough 8A.

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

channel bottom and shoreline.

If berms are breached during breakup, then ice fragments from the main
channel are washed into the slough and usually become stranded 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 cuspended sediments from the water. Ice 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 »anks
and carried away iarge trees.
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7.0 Environmental Effects

Ice 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 peora-
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.

lce processes appear to be = major factor controlling morphology of the
river between the Chulitna ronfluence 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 lifting force to shift large ice floes. These
floes barely floated but were carried into the side channel by the onrush
of water, dragging against the bottom for several hundred feet, 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 prolong 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 downsiream 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
(ReM, 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 2a 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 9 at a sharp bend in the river. With the
reduced volume 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. Consequently, 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 incr=zased 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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LAY TEAP, TEAP. TEMP.  DIR. SPD.  SPD. DIk, SPD. DIR. RH ilg PRECI CHERGT DAY
IE6C ESC e L Ith hTA] 1/8 EG TE] 1 DEG C hil wa/ 500
P —e
. o EREEE  RRERE  ERR Xk RRERR EREE  RER BAEE  RER Xk RRéRR RERR EAREERE ]
2 FREEE KERAR i:‘ :: KR aaR: Rakr A ARRE REE KA RAERR RRNE REARRR 2
3 PRERR  RRERR lfgta_ I3 FERR RLER ik ERE  ERE ORR REERR RERR RERRER
4 rREAE  ARRAR ffggi E2t] RAAE R4ER AN #EA% AER B4 QimaR ANRR wAAERE 4
5 RARE  RRER i}!f& R RRER  RRER  RRR SRR KRR RER RREAE  rEva REERERX 5
& AREAE  ERARE |}g§ rik EREE EREE ENR AR AEE &% REERR RARE MHAREE &
7 RRRRR  REEER ii:»i‘ ke RREX RREE KPR kA RER B #ERES RERR LExERE ]
8 RERER  RRERS iﬁ,.i_ FE L] HERE AR kR4 ERRE KRR X XEXEE san irn¥sx 3
9 RRERR  RERERR  ERREE  krR EERE REEE R REEE KRR RR O NRRRR  EEER ixkrze 7
[0 asmak  mEREE  BEEEE BN BRRE GENE KRN BERR BRE BE NRERR EEER xameer 10
11 RERRR RRRRR O ANRER AR RERE  RERE HER RERE  RAR  RE BEERR ANRR raraxe 11
12 =35.7 -32.8 -29.4 a%E  xaws  EARR ANE EREx BN 77 -32.4  EEx asxsam |2
13 =28.3  -16.0 =32.2 anw EREE ERER O RRR EXRE  REE S =ID.1 e Annxar 13
14 -17.6 -32.5 -25.3 aax LEES A£EE REX axxe o B -32.5  wene Aeaxex 14
15 -14.7 -24.4 ~-19.6 kxn EREE O RREE  ARR ERER O OERE R GEARE RRER kxgse 15
15 -8.3 -18.2 -13.3 s R EEEE ENA EOEE BN A% EREER BEEN TEaxen  |f
17 -7.6 -14.8 ~-11.2 ar» ARk RERE O ERR RREE  REE RR O RRRER  KERK Eaxans 17
18 -3.8  -14.4  -10.1 s ARRE REEE RER AEEE  ERE KR RANEE O ERNS waaie% |8
19 -5.7 ~=13.6 ~-10.2 x»2 EARE  RRRE kiR REEE  ORER  ORR RRERR  RERR rrrere 19
20 -8.2 -19.1 ~-13.7 asx HAEE ERAR RNE EEEE OEEE 2% REEEL RREM fxkka% 20
21 -12.6  -23.3  -1B.0 xx» KRER  RREE kAR RERE O REE ORE O ARRRR  REER RRkERE O
22 -17.3 -24.7 -21.0 axx EREE ARAE RAR RERE  KER KE RERAR AN 1knkxs 22
23 =18, -27.5  -22.0  axm  ekmx xmRe mEE AR¥R Ra% GBI -PAY xax axasas 33
24 8.6 -20.0 -14.3  axx EARE AREE EEX EEEE AR 5 -21.9  AnEx LERARE 24
25 -13.8  -24.4  -19.0 xas ERRE  RRRR  RER ¥ERE BN 71 -24.7 kax AREEEE 23
b -9.5 -Zl.a  ~-15.6 k% FREE AEER RXR EE %% B3 -1h.7  swxx akts%z 25
27 -£.3 =17.4 ~=13.7 s RERE  RERE REK RREE ORRE  RE ENEXR RS Arkesk 27
28 =3.8 =142  -10.0 x» #AE HEEE KER AR BN %R NREER HH #eenat 28
29 =128 =32.8 -17.8 e FERE ARRR  ERR EEEE RRE  ORR O RRERR BENK ENREr 29
30 -6, 0 =23.1 =15.6 xax AAAR RaRE wEd AR%E MR A% AAERE BNER cknaNe 3
31 -5.3 -if.0  ~10.1 xxx kRt RREE RER AkR% RAR R RARRE  ARRR KREARE 3|
BONTH -3.¢  -36.0 ~17.1 was A% IA¥R NHE ik ®ax 74 =26, axxa ARAR AR
GUST VEL. AT MaX., GuUBT MINUS & INTERVALS 999.0
BUST VEL. AT mAX. GUST mMiInud 1 INTERVAL 29%9.0
GUBT VEi.. AT mAaX. GUST PLLUS I INTERVAL 999,10
GUST VEL. AT max., GUST PLUS 2 INTERVALS 999.0
MUTE: XELATIVE RUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LE
OME METER rFEr SECOND. 3UCH READINGS HAVE NOT BEEN INCLUDED IN THE
U MOMTHLT MEAN FOM RELATIVE AUMIDITY AND DEW POINT.
#exx  HBEE ~nOTEZ AT THE BACK OF TAIS REPORT  =xwx
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SUSILTNAGO HYDROELECTRIC PROJECT

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

RES. RES. AVG. MAX. HaX. DAY’S

HAX.  MIN SEAN  WIND WIND WIND GUST  GUST P'VAL MEAN MEAN SOLAR
DAY TEMP. TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH - DP  PRECIP ENZRGY DAY

DEEC DEGC DEEC DEE WS WS DEE WS 1 DEEC MM WH/ SO
1 J =142 5,8 EER O BEEN O RRER B RERE O HEE BE BEREE ERER O RRERRR |
2 4.2 -118 -8.0  ER EEEE HEHE BRE HEEE EER BE HHHH M HBHEE 2
3 =3.7 -0 -7.4 0 me meER HERE HEE HERR RER R BREEE R 2 3
4 =46 ~11.9  -8.7 #EE  EEE HEEE BHER O HEER OHHE BE O HHEE B 598 4
3 4.4 14,2 9.3 wER EEEE O BHER  BRE O BRER O BRE BE O HEEEER  HERR B3 5
b =3a -l1.6 ~7.h  EER ENER O REER EEE HEEE  HHE BN HHEHE  EHN 743 b
7 =32 -B.1  <5.7  mE R BEEE EEE REEE O RRE  BE EEENE M gsF 7
8 3.3 4.9 7.6 SEER  EEEE K G BHE EE BHEHE HHH 578 8
? 9.2 -140 11,6 mEE HeEE O BEEE O BER O HHEE O ERR HE HERER BEER m 9
10 =11.9  =22.4 ~17.2 s  SE¥E  HHHE  ERE HHON BEE ER OHEEE e 873 1
11 =137 =249 -19.3 s HEEE MEEE EBEE BBEE O BER BE HERER R 1378 11
12 -15.7 -26.8 -21.7 ##%  EeEE M EEE HBHE AR R HHEEE P 948 12
13 22,8 =30.0 ~26.4 mEE wwEE REEE O BER O BEER  MEE  BE BEENE MR 1555 13
14 -19.2 =31.6 -25.4 EEE  ROEE BEHE EEE HHE BN SR EERE EEME 1758 14
15 =167  =31.2  -24.0  #eR eemr EERE MER O RERE OHEE BR KERRR  HERR 1775 15
16 =17.5 =31.4 =245 #6% S HERE O BEE BHE B HEOH R 1845 16
17 ~17.6  =31.4  =24,5 Edx  EEEE EEEE EEE EREE MEE R HRERE  REER 1895 17
18 -14.5 =310 -22.8 s  HeH mEEE B4 BHOH BB B HHOH BEH 1220 18
19 =49 -19.1  -12.0 e EEEE O EREER O ERE O ERRE B ER O BRERE  HEER 1995 19
20 -8.3 -19.1 ~13.7 s AR REER R EHEE OB B RRERE RNEE 1663 20
21 5.3 -18.6  -12.1  sER aEEE aREE O EER O BHEE R BR HEHEE HE 1988 21
22 S5.00 -18.1 -11.6  #ER amEN EEEN BEE SEEE EEE B NENEN  HHG 213 22
23 -8.y -22.1 ~15.5 x» BERN REEE RAR HHE ERE R HERRE REER 197 23
24 =3.3  -12.5  -7.9  ER 0 mEER O BHEE O BEE HHEE M B B 1298 24
25 8.3 -17.6  -13.0  EEr wEER HEEE O BEE O HEEE R B EHROHE O 2088 25
2b =b.6 -15.8 -11.2 #%% #NSR SRR BEE REER EEE O RERER AN 2170 26
27 8.4 -17.2  -12.B R BERE REE OB EEER MR P OHHHE B 1803 27
28 3.8 -11.4 -7.b 0.0 0.0 wux 0.0 ®x  £%  xdEEE HNRE 1318 28

HONTH .7 -31.6 -14,1 we 0.0 LD e B.0 mH & B H Jb403

GUST VEL. AT MaX. GUST MINUS 2 INTERVALS 999.0
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 999%.0
GUST VEL., AT MAX. GUST PLUS 1 INTERVAL 999.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 999.0

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

%xx%x SEE NOTES AT THE BACK OF THIS REPORT  ¥xx
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SDAMESLTNG FIYDROELECTRILIE PPRAOJECT

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

RES. RES, AVG. NAX. MAX. DAY‘S

HAX. HIN. HEAN  WIND WIND WIND GUST  GUST P'VA. HEAN MEAN SOLAR
DAY TEMP, TEWP. TEMP. DIR. SPD, SPD. DIR. SPD. DIR, &H DP  PRECIP  ENERGY DAY

DEGC DE6C DEGC DE6E WS WS DEG WS T DEEC M8 WH/SaN
1 -7.7 ~-18.4 ~13.1 e R EEER R HEHE REE RE HERNE HRER 1320 1
2 -11.5  -23.2 -17.4  aEE mEEE EERE OBRR BEEE O EER ER HEOGE O 1515 2
3 -12.6 26,2 ~19.4  EEE HEEE EEEE O ERR O RERE BRR ER O BRERR  ¥EER 983 3
4 =125 ~19.7  ~1b.1 EEE  EEEE REEE BNE BHEE BEE B BEEER O BERE 1313 4
9 -10.1 -20.0  -15.1 e HHEE ERER R ERER  ORER ORE HHOEE ERER 1178 5
b -10.1  -20.6 -15.4  EEE EEEE HOHE EEE HEHE EEE BN BEENE  EERE 1865 &
7 9.4 -20.9 15,2 EeE EERER O EEER EERE O RENE HHE  HE BERER  HEEX 2158 7
B -11.7 =264  -19.1  EEE EEEE EREE EER O BEEE BEE BN RERNR  BNEN 2333 8
? -10.7 =26.7 ~-1B.7 ex B OBRHE R FEEE MR OB EHERER OB 39 9
18 -8.8 -143 -11.6 340 1.5 1.7 237 7.0 NNW %% EENEE REEE 2085 10
11 -1.7 -13.4 -7.6 174 2.4 3.3 16b B.9 SSE  mE  mENEE  XEER 27113 11
12 1.8 -125 -5.4 12 sl 1.6 165 9.5 NN % ERENE EEEE 2318 12
13 -8 -162 -85 338 g 12 333 1.8 NN #  meRRR EHEER 393 13
14 -4.2 -17.1 -10.7 33 4 9 M 3.2 NNV EE O ERERE NEEN 2890 14
15 -5 -15.0 -8.8 172 S L7 185 5.7 5 ME EEEERE  EEEX 2573 15
16 3.0 -10.6 -b.8 347 1.8 2.0 3 5.7 MM Ex EEREE NN 3033 16
17 5.1 -16.0 ~10.6 340 1.1 1.4 33 3.8 NNE ¥k HEREE R 60 17
18 -4.9 -21.6 -13.3 342 .8 1.3 33 3.8 NNM BN NREEE REEE 3330 18
19 -6.4 -19.7 -13.1 33 40 1.0 330 3.8 NN ER meeHE R 3388 19
20 -3.4 -16.4 -9.9 244 = | 1.5 18l 7.6 N %% REERR  RERE 3283 20
21 -9 -15.1 -8.0 34 7 1.1 1Bs 3.8 N ¥R eEmER EREE 578 21
22 3.3 -l6.6 -10.0 344 b 1.0 00 2.5 WNN  EER ENEEE EENE 3703 22
23 -4.7 -18.0 -11.4 341 8 1.0 338 3.2 NNE  ER EENEE EEER 3835 23
24 -3.9 -19.8 ~-11.9 343 J 0 1L 004 3.2 NNH R deEEE EEE 3178 24
a5 d 0 -143 0 <71 e 90 1.3 350 4.4 NNE  #%  BRERE REEX 3923 25
2b -3.7 -17.0 -10.4 170 2.2 3.0 176 10,8 0§ EN ENEEE HENE JBe8 26
27 -3.6 -15.%9 -%.8 175 1.6 3.2 172 12,7 §  #%  exwer e 3933 27
28 -6.3 =-17.8 -12.1 748 1.3 1.7 127 5.7 NNW O EEEEE REER 3888 28
29 -1.6 -20.0 -10.8 M B0 1.3 M 3.8 NNN  #R mERER  HEER 4258 29
30 -2.1 ~-17.8 -10.0 345 A 0 B ] 3.2 NNM %% REER RNEN 4333 30
3 -1.8 -16.% -9.4 348 1.6 1.8 218 .1 NNE e eERER R 3870

HONTH 1.8 -26.7 ~-11.8 333 4 1.6 172 12.7 NNN  ®%  beeER REEN 90588

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 9
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9
GUST VEL. AT MAX, GUST PLUS 1 INTERVAL b & |
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 11

[

S lh

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

*%%% SEE NOTES AT THE BACK OF THIS REPURT  %%XxX
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12 A ™M CONSUL.TANTS NG
SIS LT TNA HMYDROELECTRILC PROJECT
MONTHLY SUMMARY FOR DENALI WEATHER STATION
DaTA TAKEN DURING April, 1983
RES. RES. AVG. MAX. HMAX, DAY’S
MAX. MIN.  HEAN  WIND WIND WIND GUST GUST P'VAL MEAN NEAN SOLAR
DAY TEMP. TEMP, TEMP. DIR. SPD. SPD. DIR. SPD. DIR, RH DP  PRECIP ENERGY DAY
DEEC DEGC DEGC DEG M/S M/S DEG MW/S 1 DMGC M WH/S0N
1 -1.1 -16.8  -9.0 340 1.6 1.9 342 S.7 NN %« smsex 0.0 430 1
2 -7 -85 -8.6 339 1.2 1.6 M 3.0 NN om oeeee 00 4683 2
3 3.8 -145 5.4 151 2.9 3.8 138 235 § = wxwwx (.0 475 3
4 4.5 -4 .4 d 0195 z.1 4.0 154 20,7 WOH  Ex enemx 0.0 2440 4
3 B -8.8 -40 16b 4.1 45 152 13,3 SSE s wmexx 0.0 4065 5
b 1.3 -10.9 -4.8 188 A4 1.6 184 70 5§ %% waxxs (.0 048 &
7 8 -13.9 -b6b6 I3 8 1.4 I .1 MMM e ememx (.0 45 7
8 B -16.9 -B.1 340 1.0 1.5 34 3.8 NN wemxx 0.0 4870 8
9 2.7 -11.7  -4.5 19 b 1.4 225 5.1 NN e mmexx §.0 415 9
10 -6.7 ~18.6 ~-12.7 001 3.4 3.5 008 5.3 N s ez (.0 S410 10
11 -4,2 -22.2 -13.2 188 1.5 Jj.2 14 16.5 SW EE O REERRE 6.0 3783 11
12 43 -5. -.4 168 3.1 3.8 146 15.2 SSE wx  mmewx 0.0 4235 12
13 -6 -99 -53 Il 1.3 1.8 33 5.1 NNW ke wmexs 0.0 3398 13
14 1.9 -2.9 -3 19 4,1 5.0 177 12,7 S5 #x EuEww ) 3690 14
15 2.1 -3.0 -3 181 3.9 43 155 12,7 SSE m sewk i2 4030 15
16 A0 =42 2.4 350 40 3.1 3 7.6 NN % wxmwx 0.0 3368 16
17 4.6 -8.2 -1.8 241 2 2.6 161 11.4 NNE &% xxwex 8.0 3998 17
18 2.4 4.1 -9 152 48 5.4 137 17.8 SSE s« wmexx  {.) 5628 18
19 31 -2.2 S5 182 6.0 6.5 144 20.3 SE e  wmewx 0.0 5908 19
20 5.7 -4 B 176 2.2 3.0 162 140 5 wx  xemex (.0 015 20
21 4.2 -5.0 -4 18 9 1.6 159 7.6 S s xmsxx 0,0 6093 2
22 5.0 -3.2 4 188 3.3 3.5 167 10.8 5w wmeww (.0 6340 22
23 5.4 -1.8 1.8 1M 1.7 2.0 186 7.6 5§  #x seem (.0 5076 23
24 5.7 =24 1.7 346 2.1 25 19 8.9 NN ¥ wemex (.0 6920 24
25 125 -2.5 5.0 329 7 L7 16k 5.7 N = exsws (.0 6805 25
26 64 -3.5 1.9 348 2.8 2.9 e 5.3 NN Ex wmemx (.0 773 26
27 6.3 -3.3 1.6 359 2.7 2.8 e 5.7 N s sxsxx (.0 6865 27
28 7.8 -4.7 1.6 328 b 1.2 T 4.4 HNN  ex memex (0 5055 28
29 3.4 2 2.8 158 2.2 23 1 6.3 N ® e A s 29
30 44 -2.B B8 I3 38 39 I 8.9 N ®x xxuxs 0.0 7022 10
MONTH 12.5 =-22.2 -2.3 1bb A0 2.9 138 23.5 NNW  em mwEws 8 15430
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 20.3
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 19.7
GUST VEL. AT MéaX., GUST PLUS 1 INTERVAL 19,7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 17.1
NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIAERLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BREEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AMND DEW POINT,
x%%x% SEE NOTES AT THE BACK OF THIS REPORT %xx%®
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SEISTTNAG HMYDRDROAOELECTR LE PROJTECT

MONTHLY SUMMARY FOR DENALT WFATHER STATITON
DATA TAKEN DURTING Mav. 1983

RES. RES. AUG.  HAX,  MAX, DAY’S
HAX, Mi¥, KEAN  WIND WIND §IND GUST  GUST P/VAL MEAN HEAN SOLAR
DAY TEMP, TEMP., TEMP. DIR. SPD. SPD. DJR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEEC DEGC DEGC DEG M/S M/S DEG  M/S I DEEC MM WH/SGH

1 6.1 -5.2 .5 200 1.0 1.7 183 8.7 S5 %% exeEx (.0 YR T
2 5.0 -.B 2.1 218 S 1.7 118 9.5 W e wewwx 1.2 T4 2
T EREEE REREE OBEERE  BHE HEEE HBEE BRE REER MER RN BRENE O EENE NN 3
4 3.8 -5 -4 229 4 1,1 170 4.4 S wx rewws 0.0 5198 ¢
5 5.5 -=3.0 1.3 334 B 1.6 343 S.7 NNY O ¥ wEeex 0.0 7088 S
b 6.5 -2.4 2.1 330 S 1.2 17 3.8 0N e wxwxx 0.0 5500 5
7 58 -1.2 1.8 348 2.5 2.8 ja 7.0 NN %x eeexx 00 ABO3 7
8 g8 -1.7 1.6 34 1.3 1.5 34 4.4 NNW wxx  xmexx 0.0 7570 8
9 2.8 -2.8 15 289 6 1.3 205 5.4 SW Ex xxmsx 0.0 8715 7
10 22 -1.b 3.8 203 1.6 2.7 17? 7.6 05 % wmexx 0.0 7553 10
11 1.2 -2.5 3.y 312 1.1 2.2 282 5.7 NNW O s kxmex D0 LY/ R
12 7.4 i3 3.9 203 1.2 1.8 181 8.3 S8 wx  wmexx 0,0 4560 12
13 1.3 1.0 h.2 195 1.2 1,5 228 5.7 SSW k¥ xxme¥ 0,0 5903 13
14 9.8 2.3 6.2 198 1.4 2.2 187 7.0 8 s sEex 0,0 5303 14
15 10.7 1.8 6.3 324 1.4 1.9 1 5.7 HNNW o EREx 0.3 5318 15
16 0.4 1.0 4,7 182 2.4 29 1759 114 § s sxxee 20 4553 14
1?7 5.9 4 3.2 219 S 1.4 264 7.0 5S4 % kewnx 1.2 220 17
18 5.7 1.2 3.9 1M 3 1.6 159 7.0 W o owesex 0.0 3905 12
19 2.0 1.4 3.7 321 7 1.6 2h4 5,3 N o xxxsx 00 5998 19
20 1.1 3.3 7.2 283 2.0 3.5 233 9.5 MNN  xx weexx 0.0 5383 20
21 8.5 1.2 .2 243 2,4 3.0 2T 10,8 4SH  wx  wmexx 0.0 9B M
22 8.7 2.2 5.5 184 1.5 2.0 164 8.3 G5SF  #%  #%E¥s K 4783 Z22
23 B.9 A 4.6 143 1.8 2.5 143 12,7 SE & x%ee 1,6 4735 23
24 9.5 1.1 5.4 045 A0 2.5 19 8.9 NN xx owmeex 0.0 5093 22
2 134 " | b6 243 g 2.4 298 7.6 N e xREEF b 4223 15
26 7.7 2.4 5.1 185 A 1.9 223 2.5 0§ ER o eEExx 2 3785 25
27 2.6 i.0 4.8 217 b 21 140 7.5 NNW O oEx owxEEx 0.0 4803 27
28 13.9 3.4 8.7 187 A0 1,9 122 11 FE e wewr 0] 4000 22
29 16,1 5.0 10,6 125 .9 40 18 171 SE s smmx (.0 M| 20
10 21.4 7.7 4.6 177 1.2 24 177 114 § B OLEERE g0 755 10
A 15.0 1.3 9.7 1h4 31 4.2 130 17,1 58F  Ax wwexx 4.0 4043 3t
MONTH 21.4 -5.2 4.9 208 50 2.2 16D 17,1 NNH e wxEex 7.5 1ADR99

GUST VEL, AT MAX., GUST MINUS 2 TNTERUAI S 10,2
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 10.8
GLIST VEL ., AT MAX., GUST PLUS 1 INTFERDAL 11.4
GUSET YEL, AT MAX, GUST PLLIS 2 INTERVALS 7.6

NOTE: RELATIVE HUMTDTTY READINGS ARE UNRFLIARLE WHEM WIND SPFFDS ARE | FSS THAN
ONE METER PFR GECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DATLY
ORF MONTHLY MEAN FOR RELATTUF HUMTDTTY AND DFW PATNT,

®%%%  SEE NOTES AT THE BACK NF THIS REPORT %%
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SWE LTNAG HMYDROEILLECTR DE PROJECT

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

RES. RES. AVE. MAX. MAX. DAY’S

HAX.  MIN. MEAN  WIND WIND WIND GUST  GUST P/VAL HEAN NEAN SOLAR
DAY TEMP. TEMP, TEMP. DIR, SPD. SPD. DIR. SPD. DIR. RH P  PRECIP ENERGY DAY

DEGC DEGC DEEC DEC WS WS DEE WS I DGC M WH/SON
1 11.1 2.b 6.9 058 7 1.4 145 S0 N e eeE .2 498 1
2 11.3 1.2 6.3 250 7 1.9 247 7.0 E R 2.2 3938 2
k| 7.1 2.1 4.6 3V A 1.1 23 57 N s sssxe  §.2 2098 3
: 10.5 J 5.6 059 8 1.6 138 44 N s mwwsx [0 4485 4
5 13.6 2.9 8.3 79 5.6 5B 094 140 E e sEwas .8 2090 5
b 14.5 5.9 1.2 78 2.8 3.5 182 10,2 E s wxwmx 1.2 2930 &
7 9.9 51 7.5 269 2.8 29 254 7.0 W m eeaxs 4.4 2B6S 7
8 7.4 4.9 6.2 26 1.6 18 2N 44 W e wEmex 2.2 1490 8
9 8.8 4.6 6.7 089 1.7 2.1 087 8.3 E #x  axmmx 4.4 2263 9
10 8.5 3.4 6.0 050 1.2 1.5 07 4.4 N & xsxex (.0 2220 10
11 b.b b J.b 297 1.1 1.9 255 8.9 W o oeemnx 12,0 1693 11
12 7.6 -6 3.9 81 2.4 2.8 076 0.8 E em  mEmex 2.5 37743 12
13 12.1 1.4 6.8 063 2.3 1.7 1055 B.9 ENE =% xax#» 18,6 2195 13
14 7.8 3.2 6.3 079 1.7 2.0 073 7.0 ENE #x  ssmmx (2.5 1185 14
15 9.1 b.b 7.9 54 3.5 3.6 089 7.6 NE  #%  wxexx  7.p 542 15
16 AEEEE  BREER MM M ERER  EEER BAR FRHER OBEE RS BEENE BRER Hakann  |h
17 7.9 6.0 7.0 29 3 1.3 I 3.2 WNN o sexms )0 918 17
18 11.4 6.0 8.7 078 2.1 J.2 1 8.9 E LU 8.0 2365 18
19 8.1 2.6 5.4 289 1l 1.5 23 5.7 W 3 EnRdd 4.8 1410 19
20 7.3 2.4 4.9 153 o 1.3 238 4.4 W #R teea o 2145 20
21 108.2 2.l 6.2 79 2.4 3.9 088 1.4 E B ERRER 1.6 1413 21
22 6.3  -1.1 2.7 286 1.2 1.9 248 7.6 W wmx wxmsx 1.0 2720 22
23 6.7 -41 1.3 318 B8 1.7 22 5.1 N e semxx 0,0 1958 23
24 79 5.6 1.2 1713 2.2 23 IS 7.0 E e weeww (.0 2960 24
25 12 -1 4.6 038 1.4 1.9 078 7.0 B wx emewx ), 2745 25
26 5.2 9 3.1 326 b 1.5 045 S.1 WNM O s emEaw 2.8 1798 26
27 63 -2 2.2 28 1.6 2.2 269 7.0 N B e b TR &
28 3.1 43 -6 17 4.3 4.4 083 9.5 ENE s ewswx 2] 1590 28
29 4.7 A 2.4 N 2.8 3.0 192 7.6 NE = sxmxx 5.8 1730 29
3 2.9 -1 9 24 b 1 26 3.8 4 e emEes 44 1568 30

MONTH 14,5 -5.b 5.0 062 9 2.4 094 140 E owm wswx 100.8 67240

GUST VEL. AT MAX., GUST MINUS 2 INTERVALS 10.
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 2
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 11.
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 10,

o4 wtn@

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

#x%x%x SEE NOTES AT THE BACK OF THIS REPORT  ®%xx
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING October, 1982

J

RES. RES. AVG. MAX. HAX. DAY’S
HAX.  HIN HEAN  WIND WIND WIND GUST  GUST P'VAL MEAN HEAN SOLAR

DAY  TEWP. TEMP. DIR. SPD. SPD. DIR. 5PD. DIR. RH DP  PRECIP ENERGY DAY
DEG DEE WS WS DEE W/S I DEGC MM WH/SQH

oo | B
o

o

o | o-

) | ol .8 218 | b N 3.8 SE s wmmwx 0.0 1838 1
2 2 g0 082 9 L0 1 A4 N o wee )0 22718 2
3 1.8 -2.6 -4 08 2.2 24 N1 6.3 NE o Eeaw A 1486 3
E 1.9 -3.3 -7 49 33 34 7.6 NE & wm (.0 2890 4
3 -1 =35 -1.8 040 40 41 0B 8.9 NNE wm  mmwxx 0.0 788§
b 1.1 -35 -1.2 049 4.3 4.4 064 8.3 NE  wx  smawx Q.0 2005 &
7 -8 =38 -2.3 09 3.3 38 W3 B.9 ENE ® smmxx |0 9% 7
8 2.3 -5.7  -4.0 268 38 3.5 265 8.9 WSW ®x  wmxwx 0,0 2229 8
) -1.2 -10.9 -b.1 276 1.4 1.6 2% 4.4 ¥ o HEiRE i.0 1468 9
10 -9 =73 -1 7 b 1.1 266 3.8 0N om wmmex )0 1085 10
11 -1.9 0 -9.9 5.9 mEm owEme 3.5 MeE BERE HHE OH HHEHE .2 ™ o1
12 1.8 -4,2 -1.2 02 4.4 4.6 I 11.4 ENE #%  meEEw 2 1080 12
13 -3.3 -18.1 -10.7 R 1.3 2.8 029 8.3 N & wmwww .0 1435 13
14 -4.1 -14.5 -9.3 068 1.7 1.9 9% S0 E s smxmx (.0 1513 14
15 -4 -17.2 -10.6 039 1.8 22 173 7.6 N & sesx (.0 2619 15
16 -3.2 -11.3 -7.3 w7 9.0 5.1 086 10,2 ENE ex  wwwxx (.0 1020 16
17 -9 -7.6 -4.1 N2 1.0 1.4 017 J.8 NME =  meees 0.0 1640 17
18 -3 -1 5.7 3% 1.2 1.5 346 3.8 0N owe o wmewx 0.0 2180 18
19 5.1 -b.b -8 065 1.2 1.5 07 3B OE e wemer (0 1056 19
20 41 -47 -3 019 2.3 2.7 B.9 NNE ¥ emsmx 0.0 wxeaex 20
21 -1 -7.5 =3B M4 47 A9 3% B.9 NE  ®x wm@wx  §.0. wEeba 2|
22 3.3 -12.4 -7.7 182 5.9 6.0 059  10.2 NE  wm  wmxmx (.0 ewnxsw 22
23 -4,5 -16.0 ~10.3 063 5.9 5.7 43 B.9 ENE ®x wmmsx |, 0  wxEesr 23
24 -6.4 -16.8 ~-11.6 bk 4.0 4.2 75 B.9 ENE % maxER 9.0 HHOHHE 24
25 -4,0 -146 -9.3 08 2.2 25 190 6.3 ENE %% wwwws .0  wsxmr 25
26 -11.1 -2.7 -16.9 80 3.2 3.6 W7 B.9 E ¢ wmmux (.0  wewsEs 25
27 173 -27.9 -2.6 M 2.7 2.9 82 8.3 ENE % wwwwx 0.0 1550 27
28 -16.2 -21.2 -18.7 @72 3.9 a0 72 9.5 ENME #x  wwwen 3.0 730 28
& -1 -2.3 -6 32 g0 1.4 3.2 NN s xeaes .4 1505 29
30 -15.1 -32.8  -24.0 wx  wuE¥  |.p EME  EEuE eE ¥ mmmex (.0 1488 30
0 -13.1 -24.3 -1B.7 056 6,2 A4 056 10,2 NE ¥ wemen )0 18035 3
MONTH 5.1 -32.8 -7.6 0% 2.7 3.0 879 11.4 ENE sx  mmnEx 4.2 38729

GUST VEL. AT MAX., GUST MINUS 2 INTERVALS 8.9
GUST VEL. AT MAX, GUST MINUS 1 INTERVAL 7.6
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 8.9
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 8.9

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

xx%% GSEE NOTES AT THE BACK OF THIS REPORT  #x%xx
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DATA TAKEN DURING MNovember, 1982
p
RES. RES. AVG. HAX. MAX, DAY'S
HAX. HIN. MEAN  WIND WIND NIND GUST CGUST P/VAL MEAN MEAN SOLAR
DAY TEMP. TEMP, TEMP., DIR. SPD, SPD, DIX. SPD, DIR., R4 DP  PRECI®  ENERGY DAY
DEGC DEGC DEGC DEC H/S M/S DEC WS Y DEGC WH/SOH
‘1 3.0 -14.9 9.0 072 6,3 6.4 073 14,0 ENE o xemer () b |
2 -1.4 -10.9 -5.2 066 1.5 2.0 0b4 6.3 E  sx xerxx 0.9 | 2
3 -4,3 -11.4 -89 (7 2.7 2.9 7% 7.6 ENE #x xxexx (.0 o 2
4 -4.3 -9.2 -5.8 060 4.0 4.1 058 10,2 ENE  ¥x  paExx 8.0 312 1
5 -e.4 -15.7 -12.1 %2 2.3 2.4 W 5.0 NE s xxxsr 0.0 95 3
6 -11.3 -20.5 -15.9 085 1.2 1.4 4% 4.4 £ = oswx 10 1528 3
7 -12.6 -21.9 -17.3 04 .6 3.7 b4 9.5 ENE ¥ xxxex 0.0 tals 7
8 -11.2  -16.5 -11.9 0&4 4,1 4.8 044 11.4 ENE ®%  xa%ax 0.0 €23 8
9 -8.2 -18.5 -13.4 302 4 1.2 288 5.7 WNW o x oesxwk [0 95 9
10 -8.3 -16.7 -12.5 Qb4 3.9 4.1 087 9.5 ENE #% %y 2 73 10
1 54 =95 -7.5 1083 1.9 2.0 075 7.6 ENE % oeewxxr (.0 b4y 1!
12 -1.6 -~7.1 -4.4 066 5.9 6.0 082 12,1 ENE 68 -9.1 9.9 758 12
13 -1.5 -60 -3.8 0%4 3.2 3.6 0B B E W 73 0.0 543 13
14 -4.2 -10.2 -7.2 1025 1.2 1.3 008 3.2 0N s wxxex 0.0 798 14
15 5.8 -17.6 ~-11.7 B&5 1.5 1.7 1089 4.4 ENE 68 -14.9 0.4 928 1S
16 ~-10.2 -19.4 -14.8 1075 1.7 1.8 WM 5.7 ENE 72 -20.4 0.9 1002 16
17 -16.2 -22.7 -19.5 077 23 2.3 44 E 83 -35.1 0.4 99 17
18 -145 -245 -19.5 08 2.8 3.0 191 8.3 ENE 47 -28.8 1.1 1003 18
19  -16.9 -24.7 -20.8 (070 5.7 5.8 074 11.4 ENE 46 -2B.t | 75 1%
200 -13.0 -17.9 -15.6 M 2.4 25 M 74 E S22 -23.2 1.9 s 20
a1 -6 -13.1 -10.% 0! RN T - 7 7.6 NE S8 -l6.4 0. - e 2!
22 -1 -11.2  -8.2 1% 1.8 2.0 51 51 £ & -14.0 0.2 453 22
23 =2.7  -5.5  -4.1 0% 4.3 4.4 (59 7.0 ENE T 4.5 0. 435 23
24 -.6 -42 -2.9 158 4.5 45 082 7.0 ME sx vexxx 00 420
29 =53 =109  -7.1 07 4,5 456 81 9.5 ENE 73 118 0.3 s34
26 -5.8 -11.6 -B.7 082 .7 5.7 067 18.8 ENE 46 -13.9 0.9 SSd 2
27 -3.B -145  -9.2 (&b 2.3 2.4 0eS 7.0 ENE W@ -9.2 0.0 518 27
28 22 =168 119 M 1.6 1.7 &0 4.4 E  w v 00 8 20
29 -7.4 -9.4 -B.2 1058 3.4 3.5 855 7.6 NE = xesex 388 29
ki1 =59 -15.2 -11.1 835 39 41 03I 192 MME T -6 0D Ie8 39
MONTH -1.4 -24.7 -10.7 @&l 3.0 3. 073 14,0 EME 62 -16.3 2 21573
GUST VEL., AT MAX, CUET MINUE 2 INTERVALS 2: 1
GUST VEL. AT MAaX. GUET MINUE 1 IMTERVAL 11 .4
GUST VEL. AT MaX. GUST PLUS 1 INTERWYVAL 13.3
GUST VEL. AT MAX. GUST PLUS 2 IMTERVALS 12.1
RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDRE ARE LEED THAM

MOTE:

2

ONE METER PER SECOND,

OR MONTHLY MEAM FOR RELATIVE
SEE NOTES AT THE BACK OF THIS REPORT

SUCH READINGS HAVE
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DATA TAKEN DURING December, 1782

NUTE:

& XK

SUMMARY FOR wWaTAMNA WEATHER STATION

TR S

N .

B POy BT

RES, RES. AV, RAK. AKX, UAY'S
KAX.,  nIh.,  AEAN  WIND WIND WIND GUST  GUST P'VAL HEAN HNEAN SOLAR
DAY TEMF. TeMP.  TeWP,  DIR.  SPD.  SPD.  DIR.  SPD. DIR. ®m  DP  PRECIF  ENERGY DAY
ol DeeC DG C DEE WS A5  DEb WS L DEBL mn Wh/San
1 -84 197 -17.1 032 3.9 57 025 10.8 NEE 6 -21.7 8.0 443 1
2  -17.1 -2357 -2, M 5.3 54 M 182 ENE 59 -248 0.0 498 2
I =177 -4z -21.0 08 4.3 48 074 .5 ENE 60 -26.3 2 8 3
4 -5 -4 -19.6 063 3.6 5.6 063 10,2 ENE o -23.8 0.0 o3 4
3 -7.4 -1i.s  -11.3  §sl 6.6 b7 fee 10,2 ENE 72 -5 0.0 3% 8
& -3.3 -lb.8  -8.1 057 6.3 b6 057 121 HE o9 -13.4 .8 48 o
7 -3 -5 -4 08 71 7.2 WY e E B -B4 2.8 3%
8 -l -48- -2.9 @79 3.6 3.8 079 121 ENE  r weasx 4 1T
g 2.4 -17.2 -9.8 09 8 2.0 29 7.0 ENE om om0 LT
16 -3.3 -1B.4 ~-13.4 07 3.4 3.5 e 89 E b6 -13.3 0.0 375 1
11 7.0 -i6.2 -B.9 063 6.6 6.7 007 13.3 ENE 66 -14.3 40D 34 1
12 -5.8 -2 -7.5 16k 6.8 7.1 984 140 ENE &7 -12.4 0.0 368 12
13 2.3 =6¥%¥ <51 1A 5.7 6.0 077 12,1 ENE e eemxs (0 3713
14 -2, -8 -e.§ 077 Jbo 38 M 6.9 E 70 -12.1 0.0 358 14
15 -2.8 -lb.a -0.7 bb 3.3 5.4 074 Y3 EM T8 -%.2 0.0 383 13
is -4.3 -l1.8  -B.2 063 33 56 03 1A T -1t 00 I3 1a
17 -0.2 -12,¢ -9.2 (o8 2.3 24 B 7.4 08 7% -1 6.0 L I )
18 7.3 =18.7 ~-1l.6 67 TS I T O 1Y T.o ENE 42 atxer (0 303 18
19 8.7 -5 -11.7 059 3.7 5.7 8 1.2 e eF -13.Y 0.0 33 19
20 6.9 -17.7 -13.2 b 4.2 44 049 9.5 ENME 83 -17.8 D ) 20
el -148 217 -1B.4 1M &2 2.3 8 3.1 BN 83 -Z1.4 09 408 21
2 -la4 -227 -1B.6 075 4,2 4.4 079 .3 ENE 74 -22.4 0.0 475 &
3 -i4.3  -2h0 17,2 el 3.3 5.6 sl 9.3 ENe b4 -21.2 . 45 o
24 -7.4 -18.4 -13.7 7% 3.3 3.4 053 7. E 6 -183 0.4 391 24
23 -l -181 <149 73 33 W\ %5 b B 170 LD 38 &3
i 2.3 -13.4  -B.0 @82 .6 8,7 978 11.4 ENE 78 130 0. 338 2
7 4 -3&  -1.7 483 3.7 58 98 127 £ e oamdmr (.0 3 &
28 2.7 -3 1.2 183 4.1 4.2 38 §.3 E  xt sxwws 2.8 2y) 28
&y .o =3l -3 078 34 37 78 W2 B ome w0 343 29
30 -l.o  -il.8 =-6.7 088 S - 8.3 B o wekxx )L 33 3
3l -4,1 -1z, -8.3 el &3 2.5 @50 7.0 ENE e zamxx 0,0 40§ 3i
finin 2.7 -24.2  -il.4 B 4.4 4.7 8% 146 ENE oF 167 T 120e8
GUST Yei, AT mMAX, GUST MINUG 2 INTERVALS 10.8
GUST VEL. AT MAX. GUST MinUS 1 INTERVAL t2.7
GUST VEL., AT MmAaX, GUST PLLUS | INTERVAL a7
GUST VEL., AT HMAX, GUSBT PLUS 2 INTERVALS 10.3

FELATIVE rudn

IiDiITY
OnE METER PER SECOND,

KEADINGDS ARE

O MONTHLY MEAN FOR RELATIVE HUMIDITY
ThiE BACK OF THIS REPORT

SEE NOTEDS AT

147
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MONTHLY SUMMARY FOR wATANA WEATHER STATION
DATA TAKEN DURING Janvary, 1983

¢ RES. RES. AV6. MAX.  mAX. 1AY'S
WAX.  AIN.  nEAN  WIND wIND WIND GUST  GUST P/VAL MEAM MEAN SGLAR
DAY TE#P. TEMP. TEWP. DIR. SPD. SPD. DiR. SPD. DIR. R DP  PRECIP  ENERGY DAY
bl DEGC DESC DEBC DEE WS W/S DEE WS T DEGL m WH/SEN
g — iy
1 "4 -5.7 759 164 5.3 5.4 072 10,2 ENE  wx memws .0 425
z -4.2  -7.1 5.7 & 4.8 4.8 0139 6.3 ENE xx  soemn (0 40 2
3 -0 -11.5 9.1 053 47 4.8 053 B3 M S8 -17.3 1.6 348 3
4 -lGo -25.7 -18.2 9% 3.1 3.3 8 7.0 E 51 -25.7 9.0 495 4
5 -2z -2B.s -24.4 91 30 3.7 08 7. E 0T -39 0.0 5 S
6 -2l.o -26.1 ~-23.4 131 0.l 6.2 040 i1.4 NE 54 -2B.6 0.0 i35 b
7 -2 272 -4 52 5.9 6.0 062 121 M %6 -30.3 0.6 a5 7
5 -21.8 -8.6 -35.2 7% 5.0 3.3 080 10.2 ENE 4 -32.8 0.1 515 8
§  -27.0 -34.4 -30.7 088 2.9 3.1 @78 B9 ESE 51 -3.5 0.0 510 9
19 -27.3 -27.3 -27.3 193 43 45 093 7.0 E 55 -33.B  mkmx 240 10
11 -17.9 =26.8 -19.4 @51 4.0 4.9 10 8.9 t 28 -34.4 0.0 240 1%
12 -20.5 -25.0 -22.8 062 5.8 5.9 932 10,8 EME 40 -3.7 0.0 598 12
13 -21.1 -25.2 -23.2 w65 7.2 7.3 659 13.3 EME 46 -32.5 0.0 573 13
14 -14.1 245 -19.4 068 5.0 5.2 969 11,4 ENE 49 -27.0 0.0 505 14
15 -4.% -20.y -12.9 0e% 3.9 4.1 B62 9.5 ENE ed -19.3 0.0 450 15
16 -0.1 -10.2 -8.2 166 4.8 4.8 066 10,2 ENE &3 -13.7 0.0 485 14
17 =58 -126 9.2 4 20 23 W7 83 N W -13.3 b 473 17
18 -4.2 -85 -5, 157 59 6.2 075 12,1 ENME 88 -10.4 0.0 580 18
19 -6 -10.7  -B.3 sk 5 2.8 9.5 EME 68 -12.9 1.2 453 19
2 -8.0 -10.5 -9.3 147 5.5 5.5 @&l 8.9 NE &7 ~-14.2 0.0 565 20
2i -7.4 -15.2 -11.3 47 5.1 5.2 5 8.3 & 4 -19.4 0.0 728 21
2 38 -17.2 -i0.5 0% 3.0 3.7 083 3.5 EME 39 -2.7 0.4 760 22
23 -6.0 -16.4 -11.2 75 3.6 3.7 070 8.3 E 31 -7 0.0 M 23
24 =54 =137 -l @2 6. 6.2 63 12,1 ENE 33 -24.9 G0 Bl3 24
25 -6.7 -14.6 -11.7 5 7.4 7.5 065 13,3 ENE I -23.8 0.0 758 25
2 -7 <113 <90 09 7.4 7.6 065 14.6 EME 52 -16.9 0.0 648 26
27 -5.6 -13.8 -16.2 672 3.1 3.3 078 9.5 ENE 64 -15.0 0.0 598 27
B -47 -7 7.7 s 1.4 1.6 095 3.8 E wx seems (.0 693 28
29 -3.1 -15.6 -12.60 073 2.2 2.4 097 57 E 75 -14.8 0.0 883 29
36 -0l -id2 -10.2 58 6.4 6.4 037  10.2 ENE 77 -12.6 0.0 853 3
3 -2,2 -5, A6 B3 5.2 5.4 075 10.3 EME e 9.3 0.0 20 3
AONTH J.&_- -34.4  -l4,1 o4 4.3 4.8 063 14.6 ENE 33 -22.8 2.8 17875

GUET VEL., AT MAX. GUST MINUS 2 INTERVALS 11.4

GUST VEL. AT mAx., GUST mMINUS 1 INTERVAL 14,0

GUSBT YEL. AT MAX. GUST FPLUS 1 INTERVAL 14.0

GUST VEL. AT MAX. GUST PLUS & INTERVALS 12,1

NUTE: RELATIVE MUMIDITY READINGS ARE UNRELIABLE WHEN WInD SPEEDS ARE LESS THAN
UHE METER PER SECOND. 3UCH READINGS HAVE NOT BEEN INCLUDED In THE DALLY
UR MONTHLY rEan FOR RELATIVE HUMIDITY AND DEW POINT.

xnxx  SEE NOTES 6T THE BACK OF THIS REPORT  xwxx
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING February, 1983
RES. RES. AVG. MAX. HAX. DAY’S
NAX. MIN. MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN MEAN SOLAR
DAY TENP, TEMP. TENP. DIR. SPD. SPD. DIR, SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEBC DEE M/S WS DEE N/S I DEEC M WH/ 58N
1 30 -10.2 5.0 069 48 5.0 06y 133 NE 39 -10.5 00D 13 1
Z -1.7 -53 -35 083 53 5.5 70 10.8 ENE 77 -7.3 00 893 2
3 -2.8 -5.7 -43 059 5.0 5.1 074 0B ME & 9.3 0D 813 3
4 -2.7 -3 -45 M 3.9 S.6 977 12,1 ENE 82 -10.8 0.0 By 4
5 2.4 -4 5.9 06l 4,7 A% 1 140 EE & -11.7 0 18 3
b 1.7 -10.7  -b.2 b4 4.6 4.9 061 114 EME b4 9.3 0.0 1198 &
7 -44 74 5.9 128 825 WM 8.3 WW 76 -8.8 0.0 31 7
8 -5.1 -13.5 9.3 4 1.2 1.4 290 3.2 0N s sxeex .0 687 8
9 -7.5 -15.9 -11.7 063 1.2 1.7 18 8.0 E &0 -17.5 b\ 783 9
1% -1 -17.4 -14.3 74 1.7 1.8 79 5.7 E b8 -18.0 0.0 751 0
11 -13.6 -20.8 -17.2 7% 2.1 24 1713 3.1 E &8 -24 00 828 11
12 -12.7 -2.9 -17.8 174 1.9 1.9 9% 31 E o4 -246 0.0 935 12
13 -14.8 -25.4 -26.1 063 1.7 1.9 Bee 3.8 ENE & -27.3 00 1912 13
14 -13.2 -25.4 -19.3 @72 28 29 I3 8.9 ENE 59 -24.7 00 1973 14
15 -11.4 -15.1 -13.3 7% 7.0 7.1 78 114 EE S -21.1 0.0 1558 15
16 -12.8 -15.3 -13.7 73 8.0 8.0 076 11.4 ENE 47 -22.4 0.0 1630 16
17 -0 -19.4 -16.7 77 6.6 6.7 076 11.4 ENE 45 -[.e 0.0 1683 17
18 -18.9 -18.0 -14.5 03 7.0 7.2 WS 114 EME S6 21,7 0.0 1245 18
19 5.0 -13.6 -%.4 50 4.0 4.2 8l B.Y EME 73 -13.6 0.0 1698 19
20 -5.1 -12.9 -9.0 06é 3.6 5.7 WM 9.5 ENE M0 -143 0.0 1748 29
21 -4,1 -12.3 8.2 W7 4.0 4.1 66 8.3 ENE 58 -140 0.0 1845 21
22 1.1 =118 -3 863 3.8 4.0 08 9.5 ENE &3 -10.%9 0.0 1920 22
23 -3.7 -12.3  -B.6  Meb .6 9.7 01 11,4 EM 56 143 6.0 1908 23
24 -3.4 -B.6 -b.0 058 29 3.2 B 15.2 EME 753 -9.8 0.0 1253 24
ps] 3.6 -14.4 9.0 061 3.7 Ly e 8.9 M 61 -12.3 8.0 2365 25
26 -48 9.0 -9 1055 6.4 6.5 660 10,8 NE 82 -12.6 0.0 2110 26
27 -3.9 -12.8 -B.4 056 3.0 3.1 064 8.9 ENE 61 -13.7 0.0 94 27
28 -4.2 -9.2 -b7 %9 1.0 1.1 0173 3.8 ENE 66 -13.6 0.0 1650 28
HONTH .3 -25.4 -10.0 06% 4.1 4.3 8 15.2 EME 61 -15.6 0.0 38982
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.3
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 8.9
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 14.6
GUST VEL. AT MaX. GUST PLUS 2 INTERVALS 2

NOTE :

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND,

SUCH

SEE NOTES AT THE RBACK OF THIS REPORT

149

Ko A U e

ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THaAR
READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
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murkei L T SumMmnary FOR WaTama WEATHER STATION
LATA TAKEN DURING marchn, 1983

ReS.  RES.  AUG.  MAX.,  mas. PEY RS
Hha, flk. MEAN  WIND WIND WIND GUST  GUST P'VAL HEAN MEAN SOLAR
pAT  TERF. TEmP. TEWP. DIR. SPL. SFD. DiR., SPD. DIR. ®m  DF  PRECIP  EMERGY DAY
=6 L DEGC Deel Do WE:  nm/i DEG WS » DERL M W/ 50
! 2.6 -ld.0 -8.8 W27 1.0 1.2 397 3.4 K ¥ RXRKZ  RREK 133 1
: -8.1 -17.4 ~-12.8 {34 i.2 2.0 # 2.7 ME a3 -16.5 e 2458 2
3 -1l =21.0 16,5 030 46 4.4 oo BE.7 ENE 68 -26.3 xeex 2748 3
< -1z.4 =20.2 ~-16.3 @51 3.3 3.8 0n4 8.3 ENE 68 -19.9  maxx ciil 4
g 7.8 =-16.4 ~-12.1 (b8 3.3 3.6 1078 7.6 ENE 64  -16.4  #Rxs 1725 3
& -6.5 -15.4 -11.0 07¢ 5.3 5.3 072 10,2 ENE 60 -15.0 Emm 2503 b
7 -4.% =-15.2 -16.1 6%3 2.0 2.7 W72 6.3 ENE 5B  -10.7  wmkx c6ds 7
B -5.8 =17.5 -11.6 {74 3.2 3.2 074 7.6 ENE 53 -19.5  #ewe M2 8
? 7.8 -20.6 -14.2 072 3.8 3.9 070 12, ENE 49 -22.5 s 227 9
19 AL ARAN RAEE R *HE E3 53 4% L3 53 ES T T %4 #EARE XX RNt 10
il EEREE O REERY O RRMEE  ERE  ERRE O RRRE  RER  REFR KR XK XEKRX  BEEX rENker 11
12 La =l 0.0 042 3.0 3.8 031 3.7 NE 53 -B.0  wemx 3960 12
13 1.0 -8.7 -4.0 G54 41 4.2 07 5.8 EXE S0 -10.2 mex 298 i3
14 -1.,3 =43 -3.B 152 2.5 2.6 6o 3.8 & S8 -~ll.o e chis 14
) -7 -B.4 -4.6 043 2.6 3.0 036 6.8 £ b6 -B.o wexx 1287 13
ih b8 =7.8 4.6 144 2.2 2.3 148 3.8 NE bl -10.2  #mEx 1673 1o
17 -3 9.2 -49 W8 30 3.2 1 6,2 KE 94 ~12.1  semx 3378 17
18 -8 -7.0 -4.0 %4 3.2 3.3 04 5.7 £ 56 -10,8 s 4526 18
19 3.0 -16. -6.6 U6l 4.4 4.0 083 5.7 NE 58 -12.8  wwxs 2450 19
2 -2.8 -7.8 -5.3 @59 33 3.5 178 6.3 BME 57 -11.8  axx a1 20
Zi =16 ~%1 -9.4 034 5.3 4.4 075 7.0 ERE S -12.7 s N 2l
22 1.2 7.8 37 94 4,2 4.3 06l 6,3 NE 52 -12.9  sExx 8920 22
23 2.3 -11.7 -7.1 032 2.4 2.7 05 6.3 NE S0 -15.4  wmexx 4152 23
z4 -2.6 -14.9 -B.8 038 3.0 3.1 a4 5.3 NE  So -13.0 eexx 3249 24
29 -2.4 -8.7 -5.0 038 4.4 4.4 089 B.3 ENME 55 -13.1 s i1 2
2b -2.6 -8.9 -5.8 1055 5.4 5.4 060 10.8 N 53 -13.5 e 3963 28
27 4.3 =51 -6.7 bal 6e 6.7 053 11,4 ENE 3 -i5.2 smr 822 27
28 -4 -13.4 -7.7 4B 3.3 3.4 034 7.0 NE 54 -14.7 mem 4320 28
29 1.4 -1§.8  -6.1 @S 3.6 40 070 B.9 ENE 58 -13.1 mex 4523 29
306 -3 =-13.4 ~-7.0 853 2.7 2.9 074 5.7 ENE 60 -13.0  wmee 4778 30
31 ? -16.1 -4.6 05i 2.§ 2.9 b1 0.3 ENE 62 -10.0  mex 4500 31
foMTh 1.8 -21.3 -7.6 057 38 3.7 07 12.1 ENE 58 -14.0 semx 26091
GUST VEL. AT MAX, GUSBT MINUS 2 INTERVALS 8.9
GUST YEL ., AT MAX. GUST MINUS 1 INTERVAL 10.8
GUET VEL. AT MAX., GUST PLUS | INTERVAL 8.9
GUST VLo, AT MAa, SULT PLUS 2 1IRTERVALS

READINGS ARE UNRELIABLE WHEN WIND SPEEDS aARE LESDL THAN
Oiv T . BUCH READLINGS HAVE nO0T BEEN INCLUDED I THE DRilf
e e Tne s nEAr FOR RELATIVE HURIDITY AND DEW POLNT.

" 2TEL AT THE BACH OF THIL REPORT %%
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DATA TAKEN DURING Apri1l. 1983
RES. RES. AVG. HAX., HaX. DaY’s
HAX.  MIN,  MEAN  WIND WIND WIND GUST  GUST P'VAL HEAN MEAN SOLAR
DAY TEWP. TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENERGY DAY
DEGC DEGC DEGC DEE WS WS DEE /5 % DEEC M WH/50M
1 1.8 -18.9 -4.6 058 2.6 2.7 089 6.3 EME 58 -9.1 0.0 918 |
2 3o -1 <38 M4 2.3 2.5 68 7.0 N 34 -l1.6 00 5065 2
3 B -11.3 5.3 968 .9 41 M 133 EME 5% -10.5 0.0 SN 3
: 1.7 -39 -1.1 48 1.1 49 274 146 ENE 60 -6.3 2.0 2143 4
5 1.0 -7.0 3.0 051 2.4 28 I3 8.3 ENE 63 -6.5 0.0 403 3
[ S -18.3 0 <50 1.8 2.1 7 5.1 M 5B -10.9 0.0 3288 6
7 b -10,6 <50 033 1.8 2.1 09 4.4 NNE 57 119 0 3% 7
8 2.2 -10.4  -41 051 b 1.3 249 44 NE 5B -11.6 0.0 4303 8
9 2.6 -10.7 -41 322 b 1.6 278 .7 N &9 -121 2 U39
10 -4,6 -15.9 -10.3 028 1.% 24 W22 3.1 N 54 -17.7 0.0 3653 10
11 -8.2 -17.0 ~-12.6 069 4.0 41 078 10.8 ENME &3 -18.4 0.0 615 11
12 4 -1 -3 054 3.6 3.7 089 5.7 I 60 -89 0.0 10829 12
13 0.0 0.9 0.0 050 1.7 1.7 055 1.9 NE s sxewx 0.0 7448 13
14 3.1 0.0 2.6 13 1.2 1.4 03 3.2 MNE 46 -7.5 .2 13920 14
13 A0 32 -l 7 2.7 2.8 9 b.3 ENE x  wxexx (.0 121 13
16 1.4 5.0 -1.8 045 2.5 2.8 (8l 9.5 ENE 62 -6.0 0.0 4878 16
17 6.8 -5.8 S 320 9 1.7 245 7.0 WM 53 9.9 0.0 3800 17
18 1.8 -42 -12 M 3.0 3.7 083 10.2 ENE 5B  -7.1 0.0 4950 18
19 3.4 =31 2 057 3.0 3.9 079 11.4 ENE A7 -10.0 0.0 Wn 19
20 3.4 -42 -4 087 2.9 3.2 8.9 ENE 60 -7.4 0.0 4740 2
21 1.7 -44 -4 044 2,4 2.7 080 7.0 N 53 -6 0.0 6108 21
22 6.5 -3 1.8 036 A A 5.7 ENE S6 -4.8 0.0 3863 22
23 49 -2.1 1.4 302 4 1.3 25 3.0 B 6 -2.7 1.0 S168 23
24 8.3 -l.2 3.6 048 2.0 2.2 7% 6.3 NE 49 -46 0.0 b968 24
25 10.1 1.3 5.7 082 2.6 3.0 060 7.0 EME 51 -3.4 0.0 7031 25
26 8.9 -1.8 3.6 002 1.7 1.8 44 N S0 -39 0.0 8238 2
27 8.7 -2.2 3.3 33 1.6 2.0 265 6,3 N 49 3.7 2 6895 27
28 7.6 -2.8 2.4 IM4 9 1.5 m 44 N 57 -1.8 00 4610 28
2% 6.4 3 34 275 ol 5 21 32 W os meem 0.0 4080 25
30 7.7 -l 3.3 035 17 LY Mm 3.1 NNE 40 -8.3 0.0 7325 W
MONTH 10.1 -17.0  -1.1 04§ 1.7 2.5 274 14,6 ENE 55 -B.2 2.6 1717H4
GUST VEL . AT MAX. GUST MINUS 2 INTERVALS 11.4
GUST VEL. AT MAX., GUST MINUS 1 INTERVAL 127
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 14,6
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 14.u

MNOTE

A A X

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND. SUCH
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

SEE NOTES AT THE BACK OF THIS REPORT
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MOETHLY SUMMARY TOR LATAMNA
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COOIPNES L0 b ey

WEFATHER STATTON
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X

L

A

[ S

T PROIECT

nATA TAKEN DURTHNE Mav, 19832
RES. RES. AVE.  HMAX,  NAX, NARY’S
Hax, MIN. MEAN WIHD WIND NTND  GUST  GUST PYUAL MEAN sEaN SOLAR
DAY TEFP, TEWP. TEMP, DIR. SPD. ZPD. DIR, SPD. DIR, FH i PRECIP  ENERGY DAY
DEEC DEEC ORGC DEE  MW/S  M/S DEC  #/5 b4 ML M WH /50N
1 8.0 =36 2.2 089 2.7 3.2 (8 8.9 ENE 532 -a.dl .1 705 1
2 24 -.B 7279 1.1 1.9 282 S.7 WEW  Ex gEeEs b.b 23 2
3 3.3 -1.5 9 2R 1.5 1.7 214 5.1 MEN O e paw 3 AR 7
4 S el 1.5 0h4 3.6 3.3 070 7.6 ENE  zx s o 218 &
3 5.0 -1.8 2.1 937 2.3 2.6 &7 7.0 NE =g ~3.5 0.1 A7 5
[ 7:d o 7] 1.9 72 2.0 2.5 12 7.6 NNE § -3.8 kY 7983 &
7 13,0 -2.4 3.8 123 2.8 1.1 000 7.0 HBNFE 45 i 6.8 798 7
8 {14 1.4 4.9 0o 1.5 1.9 3 4.4 N 44 -5.3 0.t 8733 &
9 7.4 -1.8 3.8 332 LS 2.0 315 70 S B -2.4 h.1 520 7
10 10.2 1 5.2 T 1.5 2.3 T B3 wNw 41 D 0.0 7320 11
11 11.56 “2.9 4,6 N5 1.5 2.1 133 8.3 N 4 -5.h 1.4 mu 1
12 7.4 8 5.1 083 2.3 P 8.7 NMNE =4 ~3.2 1.0 o798 12
13 12.a 2.8 7.5 049 1.8 2.4 0120 7.0 NNE 47 -i.4 B 5215 13
14 ; 180 | Fil 7.1 21 1.7 2,2 240 7.0 W 50 -1 0.0 309 14
13 11.1 2.1 6.6 30 1.4 2.0 330 5.7 UNW 49 -1.0 .0 5500 15
16 9.4 ¥ 4.9 )B4 11 3.7 082 05 ENME S -1.8 e 5925 15
1 h.4 1.8 1.7 282 2.4 28 24 3.1 U EEE S 1 e 17
18 6.7 A 3.7 274 22 2.6 252 7.6 UNM 4% =5 o.n 4381 18
19 7.8 i 1,4 I8 1.2 2.6 245 2.7 N a7 -3.1 A g 17
20 EEEER O FARRE O RROEE O FE CEEE RERE xR LHER AR OBE RENLE SRER ek 20
21 FEXFEE  FEERN NAERE LE¥ A EEE E¥Y FEEE OPEE R UREFE SE¥E wexr
22 EEEEE  SRERE O FRARR O EAN FEER  ORREE REE FEEE OBRE 6% EEEE O EREX AEreE 22
23 8.1 1.8 3.0 294 1.1 2.5 080 7.0 W LR ERENH A 1357 2
24 10.6 ) 5.7 055 1.8 2.5 199 7.5 N =0 -2.9 b 6990 21
2 12.7 =)..d 5.8 272 1.9 2.9 23 3.¢ 92 1.5 1.0 P
26 B.6 2.1 5.4 254 1.3 2.0 275 10,2 WSH k% BERER 2.8 430 &
27 10.4 1,2 3.3 972 1.5 1.9 N84 5.7 ENE 54 S | 1.0 A7 27
2 15.8 ENY- 1.1 473 2.6 3.4 085 3,3 WNE ] 2.8 1.0 5905 28
29 17.4 6.7 12.2 085 .5 4,0 NBA S5 E 50 44 fi.1 4425 29
m 29.1 7.4 13.9 045 1.3 3.2 092 h.2 £ 54 4.3 1.0 450 G
H 12.1 5.8 .0 240 &7 3.0 257 Th N E o ERER 2.6 41113
MONTH 20,1 “F b 3.1 121 e 2.5 273 8.2 N a0 2.0 15.2 157304
GUST VYEL . AT MAX, GUST MTINUS 2 INMTERUAIL S b5 |
GUST UFELL, AT mMAY. GUST MINUS 1 INTERMVAL T
GUST VEL ., AT MaX GLST PL USs 1 TNTFEFRUAI b
GLIRT UEL, AT max ., GUST PLUES 2 INTERUALS 3.8
MOTE s RELATIVE HUMIDTTY RIFADTMGS ARE UMRITL TARIE WHEM WTHD SPFEDE ARE |V
ONE METER PFR SECOND, SUCH READINGS HAVE NOT BEFN INCLUDFD LN THE
(R MONTHI & MFAN FOAR PE ATTUWE HUIMTIDITY ANMD DEW PATHT
XK A X SEFE NOTES AT 10 BACK NF THTS REPORT R R 34

TE THAM
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MONTHL Y SUMMARY FOR DEVIL CANYON WEATHER STATION

DitTA TAKEN DURING September . 1982

NOTE :

Ak XX

X

[ GPE

2 RCYT BT

RES. RES. AVG. AAX.  HAX. DAY’S
HAX.  MIN.  MEAN  WIND WIND WIND GUST GUST P'VAL BEAN HEAW SOLAR
DAY TEWP. TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEEC DEGC DEGC DEE M5 WS  DEE WS L DEGC WM Wi/ 568
1 12.7 4.3 8.6 258 [} 9 128 3.2 N % 3.2 0D 2670 1
2 1.1 4.3 7.7 062 I L1 1sl 3.8 ESE 49 -2.9 3.4 2338 2
3 8.3 4.9 6.7 093 3 7 060 3.2 NE 7 -2.2 9.0 1658 3
4 11.2 3.8 7.5 089 I P Y 3.8 ESE 39 -a.b 2 2363 4
3 15.4 31 9.3 19 4 2.6 0% 5 E & -8 0.0 2108 5
b 15.5 7.0 11,3 046 6 2.0 020 8.3 NE 27 -7.5 0.0 1683 &
7 1.7 6.8 9.3 28B4 3 S0 4.4 W M4 2.6 4b aus 7
8 9.2 6.3 7.8 243 2 g 1 2.5 S5 44 3.8 0.0 688 8
9 10.2 A3 7.3 173 i 8 M 3.8 SE 4 -1.4 7.8 131 9
1 1.1 3.2 7.2 1R 4 A . 2.5 ENE 46 -45 2 2130 10
il 3.8 22 4.0 07 ] .8 297 4.4 S b2 2.6 6.4 988 11
12 9.4 -1.4 40 17 8 g N 4.4 ENE 39 9.4 A 2923 12
13 8.9 30 b.0 242 3 .8 28l 3.2 w37 =7 3.0 133 13
14 8.9 b.4 7.7 147 1 b M 2.5 W sl g 148 1010 14
15 15.5 6.4 11.0 266 2 1.0 4 6.3 WS &7 -3 2.8 239 15
16 9.7 3.5 6.6 259 3 1.9 2 7.6 W 3% 7.4 4.8 2383 16
17 7 1.6 44 101 i 9 138 3.2 ESE 72 A4 44 1432 17
18 11.1 2.7 6.9 281 2 1.0 288 3.2 WS 79 2.9 4 1628 18
19 8.3 4.3 6.3 138 2 J 274 3.2 S8 % 3.4 144 7519
20 7.4 L% 3.7 7 1 8 297 3.8 ENE 89 14 1213 20
21 1.4 3.2 7.3 188 3 9 314 9.1 Es& & -1.7 b 1285 21
22 b.b =4 3.1 255 1 3l 44 wW 78 -2.4 1.2 1530 22
23 8.1 -2.8 7 22 6 1.0 285 3.8 S 47 -10.2 0.0 2788 23
24 8.6 -2.9 2.9 13 4 11120 JJ2 EM 75 -1.9 0.0 2075 24
20 29 =14 4.4 203 2 9 07 32 0§ % -1 o 1825 23
26 6.2 1.8 40 138 1 7 38 3.8 W S 7.4 42 1120 26
27 73 -2 3.1 198 2 9 247 32 § 2 -167 1.8 155 27
28 6.1 -3l 1.5 129 7 90109 4.4 ESE 48 -i0.2 5.2 1130 28
29 6.9 1.2 4.1 13 b S 112 5.1 S8 4 1.3 b6 1230 29
3 39 b i 32 2 70323 2.5 MW 47 6.7 2.2 1190 30
RONTH 13,5 -3.1 6.0 139 1 J 09 9.5 ESE S -3.7 1%6.6 51505
GUST VEL, AT MAX. GUST MINUS 2 INTERVALS o T
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL S
GUST VEL. AT MAX. GUST PLUS | INTERVAL Sk
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6
RELATIVE HUMIDITY READINGS ARE UNRELIABRLE WHEN WIND SPEEDS ARE LESS THAN

ONE METER PER SECOND. SUCH

UR MONTHL.Y MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

FZADINGS HAVE NOT BEEW INCLUDED IN THE Dallf

SEE NOTES AT THE BACK OF THIS REPORT
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DATA TAKEN DURING October, 1982
p
RES. RES. AVG.,  MAK.,  MAX. DAY’S
MAX.  MIN.  MEAN  WIND WIND WIND GUST GUST P/VAL MEAN MEAN SOLAR
DAY TEMP. TEMP, TEMP. DIR. SPD, SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEEC M5 MW/S DEE MW/S 1 DEEC MM WH/SOM
~ 1 3.6 b 2.1 26 A 7 218 2.5 WNH 70 -4.6 xem 1nay 1
2 3.3 =74 2.4 089 3 8 324 3.8 SE 48 137 e 1688 2
3 47 -1.52 1.6 013 S 10 17 B.3 NNE 66 -4.8 wem 1725 3
4 41 420 -1 13 1.0 1.2 17 4.4 SSE 67  -5.3  kxwk 18355 4
3 33 -2.8. 3 075 1.3 2.4 030 10,2 ESE 56 -7.7 mEmE 1948 S
b 45  -ba -8 146 g 1.2 02 44 5§ 3B -B.2 enex 1790 &
7 90 2.9 -1 & - T T N .4 3.8 ESE 48 -14.0 xEek 75 7
8 -5 -42 -2.4 280 J 10 2% 4.4 NSH 43 -1B.1  mex 980 8
9 d =27 =12 2 b g7 2.5 W 4 -37.2 xee 9
10 -3 5.8 -3.2 308 L 3.8 M 71 -11.8 e 83 10
i1 0.0 -63 -3.2 120 g L1117 3.1 ESE 77 7.5 meek 378 1
12 1.8 -1.3 B S A J 0 314 3.8 S8 23 -25.1 e 395 12
13 -8 5.1 -30 189 3 b 343 38 5§ 6l 147 xme 428 13
14 -1.3 9.2 <53 17 .t 129 3.2 ESE 78 7.2 wEex 643 14
15 3.1 -13.2 8.2 109 1.4 1.7 139 4.4 SE 85 -11.8 wem 883 15
16 -1.8 -8 5.2 103 1.2 1.3 78 3.8 E 82 <77 wwxx U3 16
17 25 8.2 -2.% 13 b g1 J.2 S5M 26 -29.6 enm 478 17
18 J -1 S50 el B I O B (] 38 E 3 -17.0 we k38 18
19 -y 55 -2 (38 b g1 2.5 NNE 20 -33.8 xxa 55 19
20 -2.4 -11.4 69 117 1.6 17 10 5.7 ESE 77 9.7 wemx 73 20
21 =57 133 9.5 M 1.9 2.7 013 11.4 NNE 65 -14,7 ek 928 21
22 -5 -4 9.6 134 1.3 1.5 s 6.3 ESE 60 -14.8 e gas 22
23 =71 425 948 19 2.3 2.4 103 7.0 ESE ‘¢ -16.2 Es 795 23
24 -8.0 -13.2 -10.6 109 2.0 21 m .1 ESE 39 -17.0  wwsx 870 24
25 -7.4 -18,1 -12.8 13D 1.7 1.8 12 44 SE 70 -lb.b  em 788 25
26 -11.3 -19.4  -15.4 124 1.4 1.6 100 4,4 ESE 58 -22.5 wemx 720 26
27 -14.8 -23.4  -19.1 102 .6 1.7 182 3.7 E b6 -23.4 xue 663 27
28  -11.3 -15.1 -13.2 103 2.0 2.1 104 3.1 E 82 -15.8 %emx 438 28
29 7.4 -1%9.2 -3.3 115 g0 1.2 14 4.4 SE 8 -16.2 eem 630 29
3 -15.3 -22.8 -19.1 076 1.8 1.9 713 4.4 ENE Bl -22.2 xmex 945 30
31 -0 -2.7 -15.% 8 2.0 2.1 &b 4.4 ENE 79 -20.1 xem 383 31
HONTH 5.5 -23.4 -6.2 104 A0 1.4 M5 114 ESE 65 -15.7  eemx 25252
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 7.9
GUST VEL. AT MAX, GUST MINUS 1 INTERVAL 2.5
GUST VEL. AT MaX., GUST PLUS 1 INTERVAL 10.8
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 11.4 .

NOTE:

A e e

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND. SUCH
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
SEE NOTES AT THE BACK OF THIS REPORT

ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
READINGS HAVE NOT BEEN INCLUDED IN THE DAILLY
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DATA TAKEN DURING November, 1982
RES. RES. AVE. MAX, HAX. DAY’S
MX.  KIN SEAN  WIND WIND WIND GUST  GUST PVAL MEAN MEAN SOLAR
DAY TEWP, TEWP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENERGY DAY
DEEC DEGC DEGC DEE WS WS DEE WS L DEEC M WH/SON
1 2 %1 -40 120 1.3 1.8 13 7.6 ESE 73 -7.5 633 1
2 -6 9.6 -5.1 120 b 9 085 32 § 75 5.8 s 815 2
3 2.7 -129 -7.8 11 3 g7 3.8 ENE 70 145 meex M 3
- =3 545 29 18 g0 L 17 6.3 EE 73 -7.2 sem 368 4
3 -2.6 -143 -85 135 b B 132 23 SE B9 -B.7 wmm 805 S
6  -11.7 -18.1 -14.9 (82 1.6 1.7 18 44 I B8 -16.8 wemx 23 b
7 -11.% -18.5 -15.2 014 a1 2.3 120 3.1 EE B0 -18.1 e 23 7
8 7.4 136 -5 104 1.7 1.8 199 5.7 EiE 82 -11.3  ewx a8
9 5.7 -85 -7.1 1N .1 S 120 2.5 Wil 13 =381 waex m 9
10 -3.9 -13.7 -9.8 (088 1.6 1.7 W75 4.4 EE 79 -10.3 weex 305 10
11 3.6 -65 5.1 10 1.3 L4 117 3.8 EE 40 -24.3 e KIS
12 -3 =68 <37 10 |5 S B B &Y 4.4 S B3 47  mee 493 12
13 =7 -85 <36 121 1.1 1.3 1S 4.4 ESE BB 4.2 me 13
14 3.2 -9.2 -b.2 7% 7 9089 3.8 ENE 20 -34.8 wemx 400 14
13 =6.7 -15.3 -11.0 093 1.6 1.6 095 44 E 071 -131 meex W 19
16 -13.0 -16.8 -14.9 087 2.0 2.0 (088 44 E 92 -163 s 350 18
17 -15.7 -21.4 -18.6 088 2.3 2.4 097 3.1 FE 87 -19.9  mex WY
18 -15.9 -22.2 -19.1 (92 2.2 2.3 190 44 E 78 -23.0 v 390 18
19 -15.2 -21.4 -18.3 115 2.6 2.8 115 7.0 ESE 63 -23.2 een 418 19
2l -1b1 153 -12.7 1S 2.9 3.0 123 6.3 ESE 79 -15.4 s 320
21 -5.8 -10.7 -B3 093 1.5 1,7 12 4.4 EE 85 -10.4  smew 393 21
22 -4 -7.9  -6.1 103 1.6 1.8 19 “.1 ENE B0 -B.9 wemx 78 2
a3 -8 -0 -3.4 112 .1 1.3 13 3.8 ESE B84 4.4 xeax 48 23
24 1.0 -47 -2.9 13 1.4 1.4 138 3.8 SE 71 -3.A4 0 mmmr 335 2
25 g -67 -3.1 138 1.4 1.5 189 3.8 SE 79 5.2 mEwx 358 25
26 4.9 -7.3 -1 116 2.4 2.4 110 5.7 ESE 76 -9.7 wwwx 38 26
27 -3.8 -11.8 -7.8 18 1.3 1.6 114 44 E B8 -B.0 e 363 27
28 -3 -147 -125 80 27 2.7 4.4 E 99 -13.8 s 368 28
29 5.4 -1 -7.8 097 1.1 1.2 13 3.8 ENE 31 15,7 s a8 <9
30 3.8 -12.0 -89 259 4 7 27 3.8 B 67 -12.2  weex 3 W
MONTH .5 -22.2 -B.9 104 14 1.6 113 7.6 ESE 77 -1l.b  mmex 12060
GUST VEL. AT MAX. GUST HMINUS 2 INTERVALS 5.1
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.7
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 9.7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.8

NOTE :

XXX e

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND. SUCH

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
SEE NOTES AT THE BRACK

JF THIS REPORT
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DATA TAKEN DURING December, 1982
J
RES. RES. AVG. MAX. HMAX. DAY'S
MAX., MIN. WEAN  WIND WIND WIND GUST GUST P/VAL MEAN MEAN SOLAR
DAY TEMP, TEMP. TEMP. DIR. SPD. SPD. DIR. SPD., DIR. Q4 DP  PRECIP EMERGY DaY
DEGC DEGC DEGC DEG M/S M/S DEG  W/S T DMGC M WH/ SO0
"1 -1 -19.9 -15.5 117 3 8 280 3.2 SE 92 -12,7  wmxm 268 1
2 -15.1 -21.6 -18.4 121 1.5 1.7 18 5.1 SE 86 -20.1 Euax 8|3 2
I -9 2.4 -16.7 107 1.2 1.6 128 4.4 ESE 80 -18.9 wxm 291 3
4 -13.1 -18.7 -15.9 18 23 25 18 6.3 ESE 72 -20.5  naxx 143 ¢
3 -4,7 -13.1 -8.9 108 1.3 1.3 1098 4.4 ESE 83 -10.3 exms 305 S
b -1.3 795 A8 12 1.7 1.9 11 7.8 SE gl =79 ryx 333 &
7 1.8 -1.9 -1 187 2.3 2.4 W7 9.5 ESE 81 -2.7 XN om 7
8 0.0 -1.8 -9 134 o7 1.0 308 3.1 SE 11 -39  xxxw -t
9 -6 -14.4 -7.5 087 1.0 1.7 a7 5.1 ENE 93 -9.1 xmex 270 9
10 -43 -19.1 -11.7 110 1.6 1.9 14 6.3 ESE 86 -13.3 exwx 23 1
1 -48 -8.7 -6.B 129 2.0 2.1 108 6.3 ESE 77 -10.1  wxmx 295 1
12 -2.3 -b.8 -4,6 130 1.5 1.6 124 5.1 ESE 77 -7.2 o 0 12
13 it | “5:1 2.6 145 1.3 1.5 109 6.3 SSE B3I 5.0 xemx 328 13
14 ) -9.0 -5.0 18 13 1,2 124 4,4 SE 83  -p.9 xuex 18 14
15 3 -5.5 -2.6 130 1.5 1.7 182 5.7 ESE 73 -b.1 eExk 368 15
16 =iy =5.0 2.7 134 1.4 1.5 4§ 44 SE 74 -8.7 e IS 16
17 2.6 -10.3 -6.6 107 1.8 1.9 11?7 4.4 ESE 32 -7.5 ek 303 17
18 -19.2 -13.9 -12.1 989 1.7 1.8 077 44 E 78 -13.0 mexx 308 18
19 -6.6 -13.0 -2.8 13 1 1.3 122 4,4 SE 80 -12.3 xExx 300 19
20 -5.6 -15.3 -5 124 1.6 1.8 123 5.1 ESE 74 -13.5 exmx s 29
21 -15.0 -1B.8 -16.9 083 2.6 2.6 N Bl E 91 -17.7  sxm i 21
2 -1b0 -20.6 ~-18.3 075 2.6 2.7 172 3.7 ENE 87 -20.5 suan s 2
a3 -11.8 -17.8 -14.8 1099 1.8 2.0 101 4.4 ESE 75 -1B.1 mexe 328 23
24 -8.0 -16.8 -12.4 105 2.3 25 119 5.7 ESE B0 -14.6 exex 8 24
29 -7.8 -12.7 -10.3 102 2.1 2.3 116 6.3 ESE B1 -13.5 s 38 25
26 -8 -8.7 -48 13 1.2 1.4 101 4,4 ESE 80 -3.4  xws 00 2%
27 4 29 1.3 14 .8 1.0 098 J.2 S5 70 =90 ExEx 233 27
28 9 -4 g 145 3 4017 1.9 SE 10 -28.4 x¥xx 240 28
2y 1.7 =3 Y N 1.0 232 3.2 SE 11 =27.3 sems 2b8 29
30 -1 2.3  -4.7 s EEEE  OFREX EER FEEE  ¥ER S -I17.h  uEEx /T 30
kil -b.6 -10.4 -B.5  ¥xx EEEE ORNEE  REX RERE SR 1 -46.0  xExx 258 31
MCNTH 1.8 -21.6 -8.2 111 1.4 1.7 107 9.5 ESE 59 -15.7 axan 9143
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS Tl
CUST VEL. AT MAX. CUST MINUS 1 INTERMAL 6.3
GUST VEL. AT MaX. GUST PLUS 1 INTERVAL FaD
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 8.9

NOTE :

2 o

RELATIVE HUMIDITY READINGS

ONE METER PER SECOND.

SUCH

SEE MOTES AT THE BACK OF THIS REPORT
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MONTHLY SUMMARY FOR DeEvii CANYON WEATHER STATION
DATA TRKEN DURING Januvarwv. 1983
/
RES. RES. AVG. HAX. rAX, DAY'S
RAL. HIN. MEAN  4IND WIND WIMD GUST  GUST P'VAL HEAN HEAN SOLAR
DAY TEWP. TesP., TEmP. DiR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  EMNERGY DAY
DE6C DEsC DEGC DEG /S WS  DEE NS L DEBT MM wil/ 30 !
1 -1.1 -7.2 -4.2  exx RRER  ARER ERR xexx w02 -4.3  mexx 265 1
2 -l -42 <28 114 21 21 101 5.0 ESE 78 B9 weee 28 2 \
3 -4,2 -11.7 -B.0 115 90 1 7 4.4 ESE 71 -11.4  emex s 3
4§  -11.3 -21.0 ~-16.2 097 1.3 1,5 092 4,4 ENE B7 ~-1B.6 wwmx 278 4
S -17.9 -24.9 -21.4 102 1.3 1.7 1092 44 E 079 =250 wexs 278 3
5 -163 -21.1 ~-18.7 112 2.4 2.5 10s 8.9 ESE &7 -22.5 #axx 299 &
7 -17.2 -25.4 -21.3 16 2.5 2.6 094 8.9 ESE &7 -25.4 sxxx 4 7
B -Z2.4 -27.0 -24.7 124 1.2 1.5 1088 3.1 ESE ob  =29.1 aaxx Jos B -
9 =232 ~-zb.4 -248 133 2.3 2.4 109 3.7 SE 57 -30.4 weex Jos ¢ |
10 -28.2 -2b.2 -€3.2 123 2.2 2.3 121 5.7 SE 32 -29.7 sawx 385 10
11 -i8.2 =-31.6 -24.9 113 1.7 2.0 140 6.3 E 68  -32.1  taxx 31
12 asaxd ERERR REEER ARR FRRE RERE BER RRRE KRR M BREER RN e |2
13 sRRmE  aRERR ERERE  RER RRER O RRER KRR ERER  REE KR RRERR  EREE RRRReR 1]
14 sRER3  wEagx  dEGHE KR BHEE O EEERE  BEE RHRE EER R REERE EEEE daadax 14
15 #ERkR  efEeR  BHEEE RER RREE  HHEE  BEE RRRE RAR E6 HEEER HEXE keeder 15
16 ks wmdes  ANEEE O RN EREE R KREE NNE EE RRERR BNER RRoexx b
17 EkER  REEAE O RREAR  RRE ERRE O RRRE EER AREE RER ORE RRERR ERER Exrxxe 17
18 seExd maRad AGEHE AR FRNE RENE  EEE O REEE  REE A% RREEE AKX sxdukt 18
1? -3.8 -7.4 -b.6 102 b 9 274 2.9 SE 50 ~16.3 mExx 269 19
20 58 =123 -1 119 1.5 1.6 111 3.1 ESE 82 ~10.1  #¥xx 358 21
21 -4.4  -11.3 -7.%9 128 1.6 1.7 124 4.4 S5t 34 -14.4  mep 428 21
é2 -8.8 ~-18.1 ~-13.4 (84 2.6 2.6 1089 7.0 B 83 -19.7  wwux 418 22
23 .o ~-iS.0 -b.7 120 g3 2.7 13 8.3 ESE 37 -1 & amxx 3 23
24 -3.8 -9.9 -8.9 lid 2.3 2.6 10 9.5 ESE 33 -20.5  wwex 563 4
23 3.8 -%.% -7.9 164 2.z 2.3 102 8,3 ESE 42 -18.8 mmxs 3 & =
26 -1.9 7.3 -4b6 115 1B 2.0 123 7.6 ESE 39 -13 ks 503 2 ‘
27 -3.5 ~-16.6 -B.1 099 2.2 2.6 113 0.3 ENE 74 -12.7  #mus 70 27
28 -39 -12.2  -8.1 109 1.9 241 137 4.4 ESE 6l ~10.5 emxx 330 28
cs 5.4 -1y 9.7 W 2.1 a3 14 3.1 &£ B -li.B rExx i 2y I
36 -4.4 -9.7 -9 21 1.7 1.9 104 6.3 E5c B2 -8.7 wExx 533 3
3l 1.y 5.3 -1.7 1% % Tsa 113 44 S8 73 -4.%  mex 573 3
#ONTH 1.9 =-3l.6 ~-12.0 112 1.8 1.3 100 9.9 ESE 83 -17.3 ssxx 3733 l
LUST VEL. AT MAA. GUST MINUS 2 INTERVALL 7.6
GUST VEL. AT mMAX. GUST MINUS 1 INTERVAL 8.7
GUST VELL. AT MAX. GUST PLLUS | INTERVAL 7.0 l
GUST VEL. AT mMAX. GUST PLUS 2 INTERVALS A
MOTE:) RELATIVE nUMIDITY REZADINGS ARE UNRELIABLE WHEN WIND SPEEDD ARE LESS ThHeg
ONME METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE ;JHIL":'
UR mONTHLY MEAN FOR RELATIVE AUMIDITY AND DEW POINT.
ARXE SEE NOTES AT THE BACK OF THIS REPORT wx%=x
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MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING February, 1983

RES. RES. AVG. HAX. MAX. DAY‘S
HAX.  MIN. HMEAN  WIND WIND WIND GUST  GUST P/VAL HEAN HEAW SOLAR
DAY TEMP. TEMP, TEWP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENERGY DAY
DEGC DEGC DEGC DEE WS WS DEC WS T DEGC Mo WH/SEN
1 33 1.5 g 13 .6 1.7 12 3.7 ESE 67 44w w1
2 1.5 -2.9 =7 138 1.4 Lo 142 44 SE 78 <37 s 613 2
3 S0 =32 -15 18 1.5 Lé 15 7.0 ESE 73 5.0 we 615 3
4 .1 =40 -1.3 123 1.7 1.8 % 6.3 SE 69  -6.2 wmex 621 4
3 L1 =67 -2.8 119 1.8 2.8 % 7.6 ESE 64 -7.3 wmee 70 5
& 1.3 9.4 41 145 J 12 098 5.7 85%£ 79 -5.2 mee 623 b
7 2.4 7.5 5.0 &l 3 B 304 3.8 SN 38 -22.6 wewn A 7
8 -3.8 -12.8 -8.3 12 2 b 193 3.8 ESE 56 -l14.4 weex 48 8
7 -8.9 -18.5 -13.7 117 1 12 113 4.4 ESE 94 -16.2 wmex 435 9
10 -8.4 -20.0 -14.2 120 B 11 12 5.0 B 90 -la.l wes 00 1
1 -89 -20.2 -15.6 M 1.8 1.9 w7 44 E B4 -187 mum 463 11
12 -1y -2.8 -17.4 189 1.7 1.8 8 3.0 E 83 -21.5 s 558 12
13 -3 -24.2 -19.4 07 2.1 2.4 116 3.1 ENE 78 -22.2 wme 83 13
14 -12.5 -19.0 ~-15.8 068 1.5 1.7 38 4.4 ENE 74 -19.8 wxm 720 14
15 -3.8 -19.3 -12.6 183 1.9 2.0 13 5.0 ESE 61 -19.2 e 805 15
16 -6.2 -13.7 -1§.0 115 23 2.4 99 5.1 ESE 47 -20.0 sme 843 16
17 7.4 -15.1 -11.3 128 2.3 2.6 128 6.3 SE 45 -21.9 wemn 898 17
18 -8.5 -14.7 -11.6 108 a1 2.2 6.3 ESE 68 -16.8 nuxs 628 18
19 2.2 -13.0 -7.6 18 1.6 1.7 113 AA ESE 77T -9.6 e 743 19
20 1.6 -13.2 7.4 115 1.5 1.7 089 5.7 SE 70 -10.6 e 1983 20
2l 1 -%.6 48 09 1.3 Lo % 3.1 B 87 -9.3 mexs 104 21
2 3.0 -10.7  -3.B 126 1.4 1.7 114 3.1 SSE 77 -B.2 wumx 1085 22
a3 .7 -8.8 -3.b6 120 1.7 1.9 098 7.0 ESE 58 -10.0  weex ns 23
24 -8 7.3 41 19 1.9 1.9 (88 .1 ESE 78 -5.9 wmex .0 24
25 - 127 3.5 12 1.2 1.6 93 7.6 E A7 -16.5 s 1388 25
26 S 49 2.2 125 L7 1.8 I 6.3 ESE 67 -B8.3 wmer 1363 26
27 1.1 9.8 44 W07 1.5 1.7 18 3.1 ESE 66 -10.0 wemw 1998 27
28 L. -7 -l 7 L1 L3 1 3.1 M 58 -15.7 mm 1288 28
HONTH 3.3 -242 -7.5 112 1.4 1.7 109 7.6 ESE 67 -13.0 e 2.8
GUST ViEL. 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 S.7

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

#%%x%x SEE NOTES AT THE BACK OF THIS REPORT #»xx



54

]

Re

SLIS N TNMA

™

HYDROELECTR L

CONSLIL.TAaNT S

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION

i o H b

PROJECT

DATA TAKEN DURING March, 1983
BES. RES. AVG, HaX. MAX. DAY’S
HAX.  MIN.  MEAN  WIND WIND RIND GUCT  GUST P’VAL MEAN MEAN SOLAR
DAY TENP. TENP. TEMP. DIR. SPD. SPD. DIR, SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEEC DEGC DEC M/S WS DEE WS I DEC ™ WH/ SO
1 2,0 -6.7 -44 05 ] YA [ 29 N M 23,3 wewn 813 1
2 44 141 9.3 13 t.9 2.0 13 5.7 ESE 70 -11.B  sexx 1605 2
3 -8.1 -16.5 -12.3 100 2.6 2.8 100 7.0 E 77 -15.8  enex 1628 3
4 -9.0 -16.7 -12.9 108 2.6 2.9 w7 7.0 E 77 -15.3  weex 1275 4
3 -44 121 -8.3 199 2.2 23 12 5.1 ESE 72 -12.2 *ea 1093 5
b -8 -13.5 -7.2 N 1.8 2.0 109 5.7 E 67 12,1 wEm 1765 6
7 -1.0 -10.7 -5.9 0% 1.7 2.0 131 3.7 ENE &7 -12.2  wexx 1828 7
8 d 0 <143 -7.1 087 2.1 2.3 (84 5.1 ENE 58 -15.6 ¥exx 2069 8
9 2.2 -17.1 -9.7 08 23 2.5 1098 6.3 ENE 55 -18.3 exm 9% 9
10 -6.4 -16.3 -11.4 089 1.7 1.8 105 5.1 ENE B0 -12.6 xex 1180 10
11 1.5 -3 -2% 103 1.6 1.8 @92 5.7 ESE 80 -6.7 wemx 1625 11
12 b4 -7.9 -.8 108 1.0 1.3 130 31 B 74 -6.9 wEm 1658 12
13 3.0 %2 21 (089 1.6 1.9 066 5.1 ENE 67 -8.3 swex 2178 13
14 2.6 7.8 -2.6 094 1.6 1.7 074 31 E 87 <75 wmes 2088 14
15 34 -5 -5 0% 1.5 L7 1% 37 BE M 59 xma 2123 135
16 35 -85 -2.5 098 1.7 1.9 97 5.7 ESE 89 7.4 e 2675 16
17 2.8 -11.8 -45 111 .1 1.4 0% 4.4 ESE 67 -8.4 wwx 2878 17
18 26 -11.9 -47 1N 1.6 1.9 114 3.1 B 7% 95 e 27e3 18
19 2.1 -13.4 5.7 087 1.9 2.0 72 3.0 E 07 107 e 287 19
20 1.4 7.0 -2.8 090 1.9 1.9 084 63 E It -89 e 2913 20
21 2.7 -1.5  -2.4 095 1.6 1.7 04 3.0 B 56 -10.2  wem N 21
a2 2 -6 <37 193 1.7 1.9 18 5.7 E 5 112w 050 22
23 1.3 -1n.2 <50 100 1.7 1.9 W% 5.1 E 59 -11.9 s 3108 23
24 J -1 -4.7 086 L6 1.8 060 31 B M4 9.9 s 2575 24
23 2.2 =60 -1.9 130 1.4 16 117 3.7 ESE 59 9.3 xemr Jagy 25
26 1.8 5.7 -2.0 115 2.1 2.4 92 8.3 ESE 34 -10.3 e 333 26
27 g <71 33 117 2.1 23 18 7.0 ESE 52 -12.0 sm 35 27
28 26 -8.0  -2.7 W\ 1.7 1.8 068 9.7 ESE 55 -11.0  mes 3455 28
29 33 -1 -4 094 2.0 2.1 100 63 E &7 9.9 ewm 3560 29
30 3.4 110 -3.8 104 1.7 2.0 100 5.7 SE 65 -9.8  eeex 3688 30
kil 53 74 -1 102 1.6 1.9 083 3.1 E 68 -b.h  exu 327 31
MONTH 6.4 -17.1 -4,9 099 1.7 1.9 1§92 8.3 E 66 -11.0 eemx 74842
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS T |
GUST VEL. AT MAX. GUST MINUS 1 TNTERVAL 6.3
GUST VEL. AT MAaX. GUST PLUS 1 INTERVAL 7.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6

NOTE:

X% %X

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND.

SUCH

SEE NOTES AT THE RACK OF THIS REPORT
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ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHL.Y MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
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MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING April, 1983

RES. RES. AVE. HAX. MAX, DAY’S
MAX.  MIN.  MEAN  WIND WIND WIND GUST  GUST P'VAL NEAN HEAN SOLAR
DAY TEMP. TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE M/S WS DEC WS L DEEC MM WH/ S04
1 3.9 %0 -6 103 1.7 2.8 113 97 SE M -5 0.0 kYU
2 a7 -9.2 -1.3 081 1.7 &1 070 b3 ENE 64 -B.0 0.0 963 2
3 3.1 -8 -13 183 1.9 2.2 19 6,3 ESE 62 -7.3 0.0 4068 3
4 46 -2.5 1123 '3 25 21 10,2 ESE 68 -4.6 0.0 1690 4
3 1.6 =31 -8 084 8 1.2 09 3 E M -8B 2 a5 S
b 35 54 -1.0 128 1.0 16 127 5.1 S8 52 -14.0 L A0 &
7 3.6 -0.4 =9 12 1.4 1.8 110 4.4 ESE 67 -72.3 0.0 4040 7
8 2.6 5.9 -1.7 3 g 1.4 328 44 NE B 76 0.0 2923 8
9 g0 -10.8 0 5.2 304 4 1.3 33 31MW 7 117 2 2888 9
10 -1.2 -123  -6.8 07 L7 m 6.3 ESE 0 -12.7 0.0 4403 10
11 -4.5 -12.3 -84 1% 1.2 1.5 el 63 E 68 -13.3 0.0 2380 11
12 34 59 -1.3 qes b 1.0 82 4.4 ESE S0 -14.4 34 245 12
13 3.8 -3d 4105 g L2 e 44 ESE 94 -125 AD 322 13
14 44 23 1.1 338 S 1.4 329 6.3 W 50 -14.0 8 3470 14
15 34 13 1.1 27 4 J s 3.2 N 29 -4 6.0 1970 15
16 3.0 -1.8 1.7 077 Joon2 e 7.6 ME 5B -7.0 3.2 318 16
17 46 5.2 -3 115 d 0 1.5 28t 37 W 62 -8.7 0.0 3668 17
18 5.0 -2.7 1.2 73 g 1.3 054 7.4 ESE 67 3.6 6.2 3018 18
19 61 1.7 2.2 103 2 L6 W 7.0 ESE 61 63 0.0 4625 19
20 68 -3.1 1.9 %7 1.2 1.6 054 7.6 E & 47 0.0 4563 20
21 7.6 3.3 .2 094 1.4 1.7 100 3.1 ESE 59 -6.7 0.0 5300 21
22 7.2 -.b 3.3 28 3 1.2 287 3.8 W T3 -3.4 4 3653 22
23 4.3 0.0 2.2 06 A g 323 A4 WwW 17 275 30 2608 23
24 12.1 9 6.5 083 G0 1.3 7 5.7 ENE S0 -43 0.0 9635 24
25 14.3 ' 7.4 132 Joo1Le 09 37 8§ % -1 0.0 w8 25
26 122 -1.6 3.3 245 4 11 7 3.8 SSE 62 -2.0 0.0 3618 26
27 1.y 23 4.4 175 2 1.3 188 31 E 7 42 W0 3788 27
28 7.4 -1.4 4.0 358 b 1.4 323 3.1 ENE 57 -B.3 0.0 3845 28
29 b.9 b 38 2N 3 7 118 J2 § % -6 5. 2908 29
30 1.5 -1.8 45 034 1.3 1.8 21 6.3 NNE 41 7.4 0.0 6235 30
#ONTH 14,3 -12.3 B 0% 4 15 281 10,2 ESE W9 -9.0 3.2 113821

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.7

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

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LE3S THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT EEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

xx%%x SEE NOTES AT THE BACK OF THIS REPORT %%%¥
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MONTHLY SUMMARY FOR DEVIL CANYOMN WFATHER STATTON
DATA TAKEN DURING Mau 1983

NOTE

6 % 3 K

RES. RES. AVG. NAX. HAX. DAY’S
KAX.  NTN.  MEAN  WIND WIND WIND GUST  GUST P'UAL MEAN 1EAN SOLAR
DAY TEWP. TEMP. TEMP, DIR. SPD. SPD. DIR. GPD. DIR. RH  DP  POECIP  ENERGY DAY
JEGC DERC DEGC DEGC  M/S  M/S  DER /S 2 ODEGC MK WH/SOM
1 1.0 -2.2 44 083 A 1,5 A9 5.1 ENE 3 -4 2 Sg 1
2 5.1 3 2.7 14 3 7 88 3.8 MW 3B -18.7 b8 28 2
3 49 -2 24 5 3 2 I35 1.8 WM T -3¢ 22 U9 1
4 77 -8 LS5 Q6 1.3 1.7 823 b3 ENE &7 -1 0.0 %58 4
g 9.4 -8 43 080 b 1.h 089 5,3 SSW T -42 04 a9 5
5 9.7 <15 &1 057 1.4 2.0 020 7.6 MNE &7 -1.4 0.0 23 4
7 1.3 =21 6 035 1.4 1.9 DA 63 NNE S9 -22 (. A28 7
] 13.5 -8 6.4 185 4 1.5 227 44 & 2 -1.4 0.0 590 B
9 119 0.0 8D 2% d 1.3 M4 5.7 SN 43 -1 0 ey S
1 1.1 1.5 53 2% b 1.1 2730 5.7 WM 49 -2.5 2.0 3000 19
1 128 -2 5.8 219 A4 1.3 W7 4.4 SSWOSH 0 -21 A 512 11
12 10,7 2.5  bb 07 1.0 1.6 127 7.0 NE 59 500 488 12
13 13,2 45 83 29 20 1.2 8 3.8 4N 41 2.1 9.0 asn 11
14 12.9 4.1 8.9 281 b 1.2 3 44 S 57 3.5 2.0 4450 14
15 137 22 8.4 27 b 1230 5.1 UMW s 2o 23 15
16 12.7 d 85 M A4 1.3 0% 83 F o2 79 2.2 1991 14
17 8.1 2.6 5.4 32 20 1.3 3% S M 38 -17.9 0 s 7% 17
18 8.6 2.4 5.4 283 S 1.4 32 5.7 MW ks -39 2 1253 12
19 1.4 1.2 K3 2% 3 1.4 225 57 FSF s -2.9 A 040 ¢
2n 145 43 9.4 29 1.4 1.9 19 7.9 M 99 b 0.0 an9s 22
21 10,7 4.1 7.5 294 1.5 1.7 I 53 M0 -1 e 0.0 I35 i
22 11.3 1.8 7.4 322 b 1.2 315 5.7 M 7 2 1.4 Hy |
3 1.5 3.0 A8 28 2 1.1 03 51 S 7t 1.0 1,2 a0y 23
22 12,4 9 A7 077 1.2 1.8 088 53 BN 9 -7 2 =280 22
25 154 -9 7.3 24 1.0 1.7 29 7.5 WM 63 1.9 D) 5815 25
% 127 2.2 7.5 3k b 140295 53 w2 3.8 2 angs 2%
27 127 1.1 6.9 049 b 1.4 082 53 ESE 79 .0 0.4 33 27
2 %3 13 99 % A 16 13 57 8 a1 s 00 shen 29
2% 2.1 S 126 % 1,1 1.6 985 7.0 ENE 57 6.6 0.0 79 29
M 197”5 141 195 d 015 M5 3.9 WBH 45 9.2 0.0 [03 I
k| 1.9 45 9.2 25 d 1.0 252 44 U % 75 A0
NONTH 20,1  -2.2 6.8 004 2 1.4 095 3.9 4w 52 -1.2 5.4

GUET VEL., AT MAX, GUST MTNUS 2 INTERVAI G
GUST YEL, AT MAX. GUST MINIS 1 INTERVAL 0
CUST PLUS 1 INTFRUAI
usT 2

A n
~Jd ~d

GUET VEL, AT MAX., 3
GUET YEL., AT MAX, FLUS ENTERUALS 2
RELATIVE HUMIDTTY READINGS ARE UNRFLIARIE WHFEN WIND SPFEDS aRE 1ETS THA

ONE METER PER SFELOOND, SUCH READINGS HAVE MOT EEEN THCLUDED TN lIII DALLLY
OF MONTHLY MEAN FOR RELATIVE HUMIDITY AND DFM POTNT,
SED NOTES AT THE RACK OF THIS REPORT  %xxx
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MU LT SUMMARY FOR SHAERMAN WEATHER STATION

DanTaa TRk Es DURIMG September. g
RES. RES. AVG.  MAX. MAX. DAY
HAX, AIN. HEAR WiND WIND WIND GUST CUST P'UAL MEAN MEAN 0LAR
DAY TEMP. TEMP. TEWP. DIR. SPD, SPD. DBIR. SPD. DIR. ®H il PRECIP  ZNERCY DAY
DEGC DEGC DEEGC [DEC B/S b Fg DEC #s8 2 WL ] WH/S0H
1 1.8 3.9 10.3 045 é a2 186 5.7 NNE 35 -4.3 %4 33es 3
2 14.7 347 9.2 3 k! b6 220 3.2 S a7 7.9 15 :|ET 2
3 11.5 5.0 8.3 043 2 4 043 2.5 MNE S -4 7.3 1848 3
4 13.8 1.8 7.8 2n 1 4 197 2.5 S’ 1 129 2 a4
5 16.7 31 9.9 030 9 1.0 0aA7 5.1 KE 2% -9.9 3 2xE &
5 5.3 Vel 10.3 185 <] 1.1 135 6.2 SSM 32 5.7 0.1 1572 &
o 14.3 75 10.9 214 9 9 A3 4.4 556 40 «3.7 1.8 26t 7
] 112 5.4 9.2 208 5 7 208 JB S8 W -4.4 2 187 g
9 12.9 3.8 ?.3 202 ] B S 2.9 ESE = e § 1718 ¢
10 12.5 4.8 3.7 037 i 3 21 2.5 M X OFRERE .2 2938 1§
11 7.9 =8 3.7 044 1 5 28 31 £ 3l =32 74 119 11
12 11.8 -4 $.7 048 2 G 074 2.5 NE 16 -7.8 3.6 298 12
13 8.7 4.4 6.6 0F ¥ & 9 2.5 NNE b1 2 B/ 978 13
14 10.6 Y 8.9 047 2 = 213 1.9 NNE wx exxxx 19,0 940 12
13 17.0 7.3 12,2 246 B 4 22 2.1 NHE 4B 8 208 e 1%
16 12.1 | 8.6 223 1.7 1.9 220 10.2 84 33 -7.8 1.2 23 tb
17 8.2 2.5 5.4 023 4 A D8 T2 E 72 -1 9.4 1192 17
18 12.9 3.7 7.9 032 3 S 212 32 E & -1.4 19.1 1428 8
19 9.4 5.0 7.7 214 1 A 224 3.8 & 82 9 1% ™
20 2.5 .5 ;3 1953 0 S 343 1.2 ENE 53 | 6.0 1383 2%
a1 10.0 Bl 7.6 189 1 b 27 3.8 Nt ¥ RERRY 3.4 1221 &
22 19,2 -9 4.7 243 2 b 21 5.7 WSM O owx waeex 5.0 g1 2=
3 11.8 =3.3 4.3 034 5 £ 005 32 E LET L 33 2 33k 23
24 9.9 =5.1 2.4 07 3 5 21 32 E B RREER 1.9 215 24
23 114 =3.0 4.1 129 1 o 28 18 £ BE O BEFXX 0.4 23 2%
26 8.1 2.2 5.2 147 ] g 2.5 ENME e mmaxx 194 1243 23
4 9.9 -1.4 4,3 (=8 2 g 207 3.2 NHE %% eRwe¥ 6.2 17 27
28 1.3 -3.0 2.2 043 g 5 103 1.9 NE oo 59 134¢ 26
29 9.4 2.5 £.0 074 3 2 208 4.4 ENE v wmmxx 74 1608 29
30 7.2 &3 4.9 215 1.0 1.1 198 S.1 SSH e eaaax 3.4 o
HONTH 17,0 =5l 7.1 183 1 b 220 10,2 ENE 3% -3.% 2323 G785
GUST WEL. AT mMaX. GUST MINUS 2 INTERVALE B 5
GUET VEL. AT mMAX., GUST HMIMUS 1 InTERVAL 8.7
GUST VEL . AT MAaX. GUST PLUS 1 IMTERVAL L L
GUST VEL. AT MaX. GUST PLUS 2 INTERVALS 5.9
rATE Y AELATIVE HUMIDITY READIMGS ARE UNRELTABLE WHEN WING SPEERS ARS
E AETER PER SELOMD. SUCH READINGS HAWE MOT WEEN IMCLUYDED IN Tk

G4 MOMTHLY MEAN FOR RELATIVE HUMIDITY AMD DEW POINT,
SED WITES AT THE BACY OF THIS REPORT  sxx»
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SUSITITNA HYDROELLECTRIC PROJECT

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

RES. RES. AVG. MAX. HMAX. DAY'S
HAX . HIN. HEAN  NIND WIND WIND GUST GUST P'VAL MEAN MEAN SOLAR
DY  TEWP, TEMP., TEMP. DIR. SPD. SPD. DIR, SPD. DIR. RH P PRECIP  ENERGY DAY
DEEC DEGC DEEC DEC N/S LTH DEG N/S i DEEC W WH/S0K
1 4.3 L | 2.2 059 oL A4 210 2.5 ENE  #r  mueER HERE 1308 1
2 7.6  -1.0 1.3 M 3 A0 9 2.5 ESE  ®% s EEEE 2088 2
3 7.4 -1.8 2.8 087 .9 7 158 4.4 ENE ¥ BENER  REER 25 3
4 7.8 -5.2 13 I3 B .8 096 3.8 ENE %% SREEE B 2733 4
3 b.1 -5.7 d 0 63 1.6 1.7 7 7.6 NE ¥ mRERR HER 27 5
b 3.6 =i % | 2.3 60 1.4 1.5 % 6.3 ENE #%  HHHHE e 1920 &
7 1.8 -8 T 1 .8 1.0 062 4.4 ENE  ®x RREEE EERR =5 7
8 1.8 -1.b 1 148 A 10 27 1.2 ENE  #5  #%dE  BNER 855 8
9 2.4 -2.2 g 218 1.1 B 212 3.8 SSH  #E mEEEE  EEER 763 9
L0} -4 -3.3 -2.0 214 2.3 1.2 219 S.1 SSH o EEEER ENEE 1020 10
11 2.0 -3.3 -7 60 1l 1.1 43 9.7 ENE B mEEER EERd 765 11
12 2.0 .1 1.1 a8 4 A 047 1.9 & EEOEEHEE BB 538 12
13 w52 24 1 A b 214 3.2 NE ¥R EERER MR M5 13
14 1.3 -11.5 -5.1 79 1.0 A ¥ 3.8 E  ER mEEEE BRER 623 14
15 1.2 =143 <-b.b6 048 o b6 028 2.5 E om0 aRER HRR 1500 15
16 -8 -7.5  -42 s mex 7 BEE REEE BEE OBE BRERE  ARER 293 1k
17 5.0 -8.4 -1.7 12 i A 026 1.9 NNE  #% Bk RE 835 17
18 2.4 -11.0 -4,3 153 A A4 46 1.9 § B REREE R 1540 18
19 B -4,2 =1.7 = (111 R ] HERE OERE R BEREER BN 241 19
20 7 -13.8 -b.b *ue i N HHHE OHHE B HEOEE BN 630 20
21 -2.8 -12.8 -7.8 047 2.3 2.2 1084 7.6 ENE % sewss  xdex 893 21
22 -1.5 -10.8 -6.1 058 2 2.3 057 7.0 NE R OERERE  HEER 1485 22
23 -2.0 -15.5 8.8 080 1.5 1.6 055 6.3 E BHEOHHBHE R 1240 23
24 3.4 -19.4 -11.4 07 b .7 081 38 E ¥ OHEREE R 1323 24
23 -4,3 -21.5 -12.9 0% L A4 124 1.3 E B OHHHHE R 1193 25
2b -20.8 -24.6 -22.7 W79 -] S5 2.5 ENE % mEEER HHG 13 26
27 BEHHHE  OHHHEE HEERE HH B EHHE O HHHE EER B HHHEE R aeeee 27
28 HEEEE O MNEES SR BER BHER HMEE BEX REEE OB OER O BERER HEEM e 28
29 HHEHE HHEE HOHH B HERE  HEEE HEEE  BEE ORE HHMER HHE ¥epb 29
30 AEEEE  HHEEE  REERE REE HEEE  HHER EER R B OB REEEE BB snknns  J0
ki FHEEE B BERER  BER EREE REER ERE R ORER BB EREER MR wnneer 31
MONTH 7.8 -24.6 -3.5 068 8 S 47 7.6 ENE  #%  ExEE®  EE 30135
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS o |
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL b |
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL o7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS = |

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

xxxx SEE NOTES AT THE BACK OF THIS REPORT xxx%x
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MONTHL.Y SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEWN DURING November, 1982

H
RES. RES. AVG. HAX. MAX. PAT'S

HAX. HIN. HEAN WIND WIND WIND GUST  GUST P'VAL HEAN HEAW SOLAR
DAY TEWP. TEWP. TeMP. DIR. SPD. SPD. DIR. SPD. DIR. RH bP PRECIP  ENERGY DAY

DEGC DEGC ©DEGEC DEE W/S H/5 DEG /s % DEG C KM WH/ S0H
R | REERR  BERER  HHHEE  RER HERR  REER  EER REEE  RRE RE O REEER  RRER i
2 FEEER  BEEEE  HHHEE 0 S OHHHE R FHHE EER 6% HHO OB EERERE D
3 REERE  REERR  BREER R RERR  REER  HER EEEE ERE ER O RRRRR  BRER REAREE
4 AR ESEEE HHHEE AR B RN RN SREE  BRR HF ARERR RN EEEARR 4
5 EEEER O RERRE O BREER  EER REER  ORERR MR EREE O OREE  ORR O BRRER  BRAR ERkaRs 5
b AREAE HHEHE BB B G OEEEE R FAE OBEE BN REERR AN RERER b
7 HRERE  REERRE  HHHEE Rk BREE  ORERE kR RRER  ORRE  ORR O REREE  BERE 13533 T
8 AEREE B HEHEE B FAE REEE NEN AR BRE BN REERE RRER #xRuA% B
g HEERE RERER  EHHEE Rk ERER  RERE R EEAE  OBRE RR O RRRER  BERR [E121 T ]
10 HRESE  BNEER  HHEEE A REEE HER HHHE BEE BN RN N weaue 10
11 EREEE O RRERE  RHHEE EER HEER  EERE  RER EEER  OERR RR O ENEER O BEES rekanr 11
12 0.0 -3.1 -1.6 080 .9 .7 078 3.2 E 25 ~-19.7 e 178 12
13 -2.1 =Tl -4.6 035 2 g3 382 1.9 EME M4 -14,7 e 278 13
14 -1.8 -10.6 -h.,2  hEE AeRR 2 R ETTT I T T S T TT TR Y Y] 233 14
15 -10.1  -16.9 -13.5 192 % | 2 092 1.3 'k B RREER  BREE 171 15
16 RARRE  ERRRE OHHHEE R RERE REER NEE B B R BN MR #nnAx b
17 BEEEE  EREER  HEEER  RER ARER  RENR RER REER OBNE BR RREER ERRR rxkEEk 17
18 AEANE  OHHHHE EHHHE N FeEE HOER HER FEEE B BE HUHHE R Hennnx |8
19 EREEE O RHEER O RRRER  EEE FRER  REER RRR REEE  OREE BE O REBER BRER xrkmer 19
20 AERER  RRERE  OHHHER  RER #EER NEEE HEE ERER OBER BN RRANR HRE weennx 20
21 FRERE  EEER THERER  RRE REE EEER RRE EEEE OREE MR EREEE  BER rxuxe 21
22 FEAER  BEEEE HHHHE AR AREE REER R FERE O OB HRREE B EEEaaE 22
£3 6.0 -3.2 -1.6 038 b & Dbl 3.8 NN 33 -15.0  #exs 27 23
24 =3 =187 -5.6 073 3 g 053 1.3 ENE % $:ee B 268 24
29 .8 -10.% 5.1 056 d 8 M 3.2 ENE 26 -22.4 emex 2. 28
26 -3.3 -10.3 -7.9 148 9 9 144 3.2 N 34 -25.2 ek 270 26
27 -7.5 -16.5 ~-12.0 075 b b 173 1.9 ENE 38 -20.9 wx 245 27
28 -14.6 -20.1 -17.4 0¢8 3 .3 080 1.9 ENE 22 -33.3  #max 260 28
23 -4, -14,3 9.6 wwx  smex 0.0 079 b w37 =219 wexx 190 29
30 7.8 -13.0  -10.4 = axex A0 s mex wex 28 <258  seex 160 30

HONTH 8 -2i.1 -7.%9 0159 b A D6l 3.8 ENE 32 -22.1 wxxx 2799

GUST VEL. AT ™MAX., GUST MINUS 2 INTERVALS 1.3
GUST VEL. AT MaX. GUST MINUS 1 INTERVAL 1.3
GUST VEL. AT HMAX. GUST PLUS 1 INTERVAL 1.3
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 1.3

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

txxx  SEE NOTES AT THE RACK OF THIS REPORT =#x%x
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION

s

T,

PRAOJFECT

DATA TAKEN DURING December, 1982
p
RES. RES. AVG. HMAX.  MAX. DAY’S
NAX. NIN. MEAN'  WIND WIND WIND GUST GUST P/VAL MEAN MEAN SOLAR
DAY TEMP, TEWP. TEMP. DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEEC DEGC DEGC DEG M/S WS DEG /S 2 DEEC MM WH/SON
1 o-12.1 -18.0 -15.4 M Jo b 106 3.2 NE MR xEENK XMKE 208 1
2 -~168 -21.9 -19.4 047 1.2 1.3 029 4.4 NNE %% mNNE®  p%ay 2 2
I -145 -24.5 -19.5 064 1.0 1.0 03 3.2 ENE %% EmEX¥  ERME 27 3
4  -13.4 -18.2 -15.8 044 1.2 1.2 S 3.8 NE ¥t mmE¥x ey 0 4
5 -2.3 -140 -B.2 (057 1.5 1.6 1083 4.4 NE % XREEE  RNNE an 5
b A4 9.2 -44 (S5 1.4 1.5 083 5.1 ENE =% eemwx waux B 4
7 40 -141 1.5 056 1.4 1.4 046 6.3 NE EE O OEEEEE NRNE 241 7
8 .9 -4 3 sk 0.0 0.0 #xx 0.0 ¥E%  #% O EEEEE  RENX 200 8
9 1.3 -15.8 -7.3 11 2 .8 178 5.3 E  EE xEEEE XN 203 9
10 =51 -19.4 -12,3 097 7 J 1 3.2 E ¥ BEREE KX 258 10
11 -2.4 -8.7 5.6 084 1.5 1.6 030 3.8 ENE %% eme¥x e a0 1
12 A =57 2,7 159 1.4 1.5 042 4,4 ENE ¥ exd¥s xaex a7 12
13 14 <746 =33 I8 .8 A+ 3.2 ENE  #  xdeEx M 2 13
14 -2 -89 -4 043 1.0 1.2 33 4.4 ENE mx meEER ey 258 14
15 2,2 -8.7 -3.3 083 1.2 1.3 063 3.8 ENE %% ¥ENE  XEXE 24 15
16 =3 -B.9 -4, 048 g 1.0 829 3.2 NE B REEEX 0NN 23 18
17 -2.8 -141  -B.5 0e2 A A 0B 1.9 ENE % ¥kEX 6w a3 17
18 -13.4 -18.9 ~-16.2 055 i3 4 075 1.9 ENE  #% ey Hekx 235 18
19 -4,3 -21.1 -12.8 (39 9 1.0 082 4,4 NNE %% pxeyx  %Ex 228 19
20 -6.3 -l6.4 -11.4 055 9 1.0 na2 3.8 ENE %% MERXE  XNEX 263 29
21 -14.9 -22.7 -18.8 082 .8 .8 088 1.9 B wx pEEEx B%MH - 24 2
2 -19.9 -26.6 -23.3 072 N .7 090 2.5 ENE  #x  ssE¥: ¥aex 28 22
a3  -11.2 -22.1 -16.7 054 .8 .8 03 2,5 ENE s xmeEx  xen 2R 23
24 -8.0 -19.4 -13.7 089 .B A 2.5 ENE % pdER% weN 228 24
25 -8.4 -17.5 -13.0 080 7 .8 020 2,5 ENE % xmexE  xxs 203 25
26 -1.4 -7.5 -45 055 1.1 1.2 041 3.8 ENE % HEEEE ¥4 248 2
27 d 0 -43 2.1 08 A 4082 1.9 ENE %% ¥EEex  ¥eEM m 27
28 A A 5 063 A 2 9 1.9 HE  ®x sEEEr o6y 172 29
29 3 i | 9 092 e A4 102 3.2 NE  ¥% eNExE XERE 173 29
30 1.9 5.6 =21 221 .5 b 228 2.5 SW 0 Ex EEMEER XENE 23 30
3 -2.5 -4.7 -4.6 ¥xx BRER  OREEX ARR EERE  OEEX X XENEX  XEXE 165 3
MONTH 40 -26.6 -8.7 1099 9 9 046 6.3 ENE %% ¥a¥¥t  ¥xx¥ 7187
GUST VEL., AT MaAX, GUST MINUS 2 INTERVALS T
GUST VEL. AT MAX., GUST MINUS 1 INTERVAL T |
GUST VEL., AT MAX., GUST PLUS 1 INTERVAL 4.4
GUST VEL. AT MAX. GUST PLUES 2 INTERVALS 3.2

NOTE:

WA

RELATIVE HUMIDITY READINGS
ONE HMETER PER SECOND. SUCH

OR MONTHLY

SEE

MEAN FOR RELATIVE HUMIDITY
NOTES AT THE BACK OF THIS REPORT
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ARE UNRELIABLE WHEN WIND SPEEDS
READINGE HAVE NOT EEEN IMNCLUDED
AND DEM POINT.

ARE LiESS THAN
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MUNTHLY SUMPART

DATA

MW

i< e i~ CONSLIIL T @S 1. D .
30055 0 T Ny Y DR QDL EEC TR L E FrR 7 Y
FOR SHERMAN WeEATHER STATION
TAKEN DURING Janvary. 1983
A
RES. KES. AVE. HAX,  HAX. paY’s
néx. Kik, AEAN WIND WIND WIND GUST  GUST P'VAL NEAN MEAN SOLAR
DAY TeWP. TemP. TEMP. DIR., SPD. SPD. DIR. SFD. DIR. RH P PRECIP  ENERGY DAY
Dt C el weC DEC WS nd  DIEe  #/S * DEeC mn W/ Sn
i -9 -5.0 =3.0  xxe RARE RRRR AR RRRR  REE  RR XRRRE  RRER 2l
2 0.0 -35.8 -2.7 %% bx il iR 133 4 RS L] j312 1] (3323 221 2
3 -3.9 -7.1 =5.5  xex RERR  RERE RRE RRRE  RRE  RE RERRA  REXR 188 3
4 -5, -20.8 -13.§ sax £R4R  EHRR AER ERAE  REE KR RERAE HARR Zod 4
h -18.0 -25.8 -21.9 awx ERRR AERE kA% ERER OREE MR REERR  mERX e 3
& -143 -2 -17.2 el 3.4 3.1 ded 7.6 ENE %% meRax g [ e
7 =163 -5 -229% I8 2.0 2.1 8 7.0 ENE e amwRs mexs 33 7
8 -led -32.2 -24.3 sl 1.8 L3 1% 8.9 NE %2 naxsx gxsx 38 B
§ -3 -27.0 -23.6 &3 1.2 1.3 04 J.B NME  ¥x kemax esEx 3 9
w -17.7 -27.8 -2.0 1M g L2 83 3.7 NE A% aRsAR RAEs 348 110
11 -1n.% -25.9 -18.9 062 4.2 44 08 12,1 ENE  mx xeemE kERR 328 11
12 -142 -17.6 -15.9 68 2.4 2.5 0% 8.9 LI L 438 12
13 -14.3 -17.9 -16.1 (68 24 2.2 077 7.6 ENE  #E emiex xxek 39 13
14 -7,y -20.7 -14.3 350 L1 12 mn 4,4 ENE %k REEAR gREK 405 14
i35 1.6 -13.5  -6.6 047 1.7 1.8 70 5.7 ENE mRext  sEx# 345 13
16 g -3 =2.2 43 .8 9 054 5.1 HE %% wkaks Enmk 333 1o
17 -3.4 -13.4 -B.4 k2 .S b 215 C.3 ENE %% axEr kEkR 228 17
i8 2.3 -3.4 =36 idob i.3 1.4 1563 7.0 ENE  #2 REEER xkad 275 18
19 0.0 -b.2  -3.1 070 "] 6 227 5.7 ENE  ®x saskx  teex 171 1%
20 RERAK RRAKE  RRNER Raw ARRR NERE RER HEER REE e HEEEE RNAR aANNRE 20
21 RRESE  EREER O ERRER kiR REEE  RRRE  RRR RERE  RRE RE BHERE  REER KRRERR 2|
22 RERRE  RRENE  HOHEE R EREE OANRE BER AH4E  RBEE ORE RREEE EREX AEAERE D
23 BRREE  REERR O RRERR  RiR ERRE RRER EER REEE  EER kR RERER kKRR EERERE 73
24 REEHR  BEEAE MR REE REEE REEN RRE FRAE REE EE RRERE EaNH Aainy 24
25 RxEEE  RRERR  ERERE kR ARRE REER KR #E%E ¥R HE ReRRR RERR xKxNAER 25
0 AALEE £RRAR R e £ARE A% AKX AREE O RER kA ARRER ERAR xRt 2P
27 RREEE  HRRRR O REREE  RER RERE O RREE  RER RRAE  ERE R RREER EENR (3311 Y
8 EEREE  RERAR NANRE AR EAAE NRRR NAR FAER BEE AR RRRER HEAR LRI T T B
2y AREEE  RRRRR RERRER  KAR ARRE A%k RRE EhkE REE k% kRERR RERE rAxAxr 2
3 ARARAR REARE AEARE KaR AR KAAR %4 ERAE  ARE Ak IAARR RERA Kixa%z 30
3t RARER  ERRRE  RRRRE Rk KXRE  RRRR  RAR FEEE  REE  RR REARR  RERR rexaxe 3
noNTH 2.3 -32.2 -13.8 939 l.o 1.8 089 12,1 ENE a6 3dnsx g 3993
CUST VEL . AT MAX. GUST MINUS 2 INTERVALS 8.3
GUST VEL. AT mMAx. GUST MINUS 1 INTERVAL 8.9
GUBT VEL. AT HMAX. GUST PLUS 1 INTERVAL 10.2
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7
RELATIVE RUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPFEEDS ARE L
UNE METER PER SECOND. SUCH READINGS MAVE NOT BEEN INCLUDED Ik Tk

O
SEE

0N T LT
ROTES

M
AT

At FOR RELATIVE

Tre BACK OF

HUMIDITY

715 REPORT
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MONTHLY SUMMARY FOR SHFERMAN WFATHFR STATTION

XL

DATA TAKEN DURING Fehruarv, 1983
RES. RES. AUG. HAX. MAX. DAY'S
HAX, MIN. HEAN WIND WIND WIND GUST GUST P’VAL MEAN MEAN SOLAR
DAY TEMP. TEMP. TEMP. DIR. SPD, SPD. DIR. SPD. DIR. RH e PRECIP  ENFRGY DAY
DEGC DEGC DEGC DEG M/S M/S DEG N/5 b4 DEC C L] LI/ SON
1 HHHHE  HHHEE BHHEE R OREEE RN HEHHE  REE BR N EEEE HUH mEars 1
2 RNEER HEMRE  BEEEE MR FEEE  EREE BNE EHHHE OHEE OB HEEEE RN HEREE 2
3 HHEEE  HHEEE RN AN RERR  REEX  EEN FHEE OBEE M HEHGE B a3
4 HHHE OHEER HHEE M EEEE  BEER RER HHHEOREE  OBE NREEE O NENR weEERE 4
] HHERE  BEEEE FHHEE O FEEE  BRER REE B BEE ORE O KREEN XENE e 5
b HOHH  HHEHE OHEEE R R OEREE RN HHHE OBEE OB EEREN O RRER FRREEF A
7 =il -8.3 -4,2 089 4 b 7 25 F R OREEEE A5 7
8 1.9 3.6 -78 M .2 3 047 3.2 E O OERREE OREER 733 8
9 2.0 -21.9 -15.5 0% 9 T L 2.5 E  %E BEEEE NN n"uymE 9
10 -7.5 -23.3 -15.4 078 A 5 095 3.2 FNE % RREEE  BRER 1118 10
1 -10.1  -26.1 ~-18.1 059 3 b 044 2.9 NE OB RREE 1215 11!
12 -10,5 -28.0 -19.3  0&68 3 5 14 1.9 FNE  #%  SEEER B 1305 12
13 -24.7 -29.4 -27.2 W3 A 40127 1.3 ENF  #2  #eEEx M4 398 13
14 eEEE O BREEE O BHEEE BN FEEE AREE BN FEEE OBEE O OBE BEREER BN MO 14
15 FHEEE  BEEEE  HHEER BN AREE OBNNE NN HEHE R EE OHHEE R HEH 15
16 BEHEE  HHEE HHEEE R R OHEEE HHE HHHE OHEE OB HREEE HEE AR 16
17 FHEHE  OHEEEE BEREE R HHEE EREE O FAEE  OREE ORE HERF WO e 17
18 HEEEE  BEGE O EHHHEE EEE HHHE O B HHE OHRE OBE HEREE HEE #Hxaex 18
19 FHEE  OHEHEE O HHEHE B HHEE OEERE R FHEE OB OH HEE X 19
20 FHHE  OBRHEE O EEHEEE R HHEE  BEEE EER FEEE OBEE OB HEHEE RN B 20
2 BEHEE OROHEE O NEEEE R RN EEEE  REE EEEE O OBNEOBE O NEENE  NAME a2
22 FEHEE O BEREE O ERNEE  RBER RN EREE  EEE EEE O BEE OER O BRENE O NEER He 22
23 FHEHE  FTRER O REEER 0N B FEEE NER HEEE  OEEE NR BEEER N B 2
24 WREEE O MHEEE O BHEEE RER BHEE EREE RER EEEE OREE EE RREEE EEER ERREE 24
25 FHEEGE  REERE O BENEE  NRN BEEE FERE NN FHGE OB OB NEENE B R 25
26 FHHEE R B BN HHEE RREE RER FEEE  OBHE OB RRERR RER HERRE 25
27 HOHEE  OBREEE ERNEE NN HEEE ENEE PEN FEEE O OBAE ONE NERNE MMM W 27
28 BEREE  NREEE O BEEEE NN EREE RENE OREE FEEE  HEE BE O REEEE O REEN HEEeE 28
MONTH -1 -29.4 ~15.3 &9 4 S0 047 3.2 ENE #%  ¥eexx g 5%
GUST VUFL., AT MaX., GUST MINUS 2 INTERVAILS 1:3
GUST VEL. AT MAX. GHST MINUS 1 INTERVAL ;
GUST VEL., AT MaX, GUST PLUS 1 TNTERUAL 2.5
GUST VYFL., AT MAX. GUST PILUS 2 TINTERUVALS 1,9

NOTE :

6K e X

RELATIVE HUMIDITY READTNGS
PER SECOND,
OR MONTHLY MEAN FOR RELATIVE HUMTDITY AND DFW POTINT,

NONF. METER

SEE NOTES

ARE LUNRFLTARLF WHEN WIND SPEEDS ARF LESSH

THAN

SHUNH READTINGS HAVE NOT REEN TNCLUDED IN THE DATLY

AT THE RACK OF THIS RFEPORT
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SBULUSTETNA HMYDROELECTRILIC PROJECT

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

RES. RES. AVG. HMAX. MAX, DAY*S

HAX, MIN. HEAN WIND WIND WIND GUST GUST P'VAL MEAN MEAN SOLAR
DAY TEMP, TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RW P PRECIP  ENERGY DAY

DEEC DEEC DEGC DEE N/S M/S DEG H/S 1 DEG C M WH/SON
1 FEEEE O BNEEE  HEEER ¥R EREE ENEE BN HEEE OBEE OB EEEEE RNRS e 1
2 EEEEE  OHEEEE REEER ENR HEHE EREE RN HHHE OBEE BN HHHE R 2
3 BEERE O BNEEE O BEEEE BN FEEE  EAEE RER FERE O OREE BN RNEER  BENR 1232 2 T |
4 O REEEE  HHHEE R FHER OREEE RN HEHEOBEE M MO B HERREE 4
5 FHHHE  BEEEE  HHHHE RN REER  OBREE OEER BOEEOBEE BE O RNEER  ERNN HEE 5
b EHEEE  EREEE  RRENE BN¥ EEEE EERE RN B OEEEOBE HERER RN HAEEE b
7 EEEEE  OHHHEE EREEE N FHEE EEEE EER HHEE  OHEE RR RERER OHHHE HEH 7
8 HHEEE R HHEHE e FHHEE  ERRE RER T OBER OBR O BHHEE M uuer B
9 EEEEE  BENEE O BRENE NN FEEE ORNEE BN EEEE OREE OBE BEEER  NNER A 9
10 -2.6 -15.1 -8.9 061 1.2 1.3 074 4.4 ENE % EReEE  RERN 2556 10
1 4.4 -7.8 -1.7 056 1.0 1.0 053 3.8 ENE #%  ®xExs  RE¥d 1913 11
12 8.6 -8.3 2 063 1.0 1.2 062 4.4 ENE #¢  HOHEE  EEEE 1980 12
13 8.6 -10.5 -1.0 068 iy 1.0 076 4.4 ENE %% HEEEX  ¥NHE 2798 13
14 5.3 11,2 3.0 069 9 9 075 3.8 ENE  #% mwEEr BN 2270 14
13 8.5 -8.5 0.0 065 S g 1 3.8 E = EEENR ¥ 2468 15
16 68 -10.4 -1.8 068 .8 9 074 4.4 ENE #& BN B 3080 16
17 b4 -13.9 -3.8 076 .8 8 084 4.4 ENE ®  ®¥EXE  XE¥R 2% 17
18 6.0 -15.7 -4,9 069 " 4 1.0 069 sl E HEOEEEEE HOHR 3355 18
19 5.9 -15.8 5.0 0173 .8 9 078 4.4 E FE O OREEER  REXR 3421 19
20 ERERE O BEREE  RHEEE  EEE BEEE  ORRNE RER BEEE BRE O REEEE RREE s 20
21 74 =13 -1.6 069 j 1.1 072 4.4 ENE ¥ XEENE  NEEE 3421 21
22 7.1 -15.0 -4.0 075 b 7085 3.8 ENE ®¢  HEEER  HeEE 528 22
23 5.9 -14.8 -4.5 068 7 B8 079 4.4 ENE #¢  wues  ¥3¥8 3618 23
24 47 -11.9 -3.6 052 .8 9 087 3.8 ENE ¢ HENER  XEER 2533 24
25 5.2 -8.0 -1.4 063 1.4 1.5 181 5.7 ENE %% ¥EEE X 3695 25
26 54 -8.3 -1.6 050 2.0 2.0 049 7.6 NE BE O HEEH R M35 2
27 4,3 -7.9 -1.8 059 1.9 1.9 1082 7.0 ENE ¥%  S¥EEX  EEXE 3663 27
28 5.8 -9.9 -2.1 065 1.4 1.5 077 5.1 ENE % SENEE  HERE 3798 28
29 7.6 -11.7 =2.1 77 1.1 11 n 4.4 E  m pEER X0 98 29
30 63 -12.1 -2.8 10172 1.2 1.2 077 5.1 ENE  ¥%  ®eeek bR 4228 30
31 10.0 -8.0 1.0 065 P .8 055 3.8 ENE % ¥EEEE O 3558 3

HONTH 10,0 -15.8 -2.6 063 1.0 1.1 049 7.6 ENE ¥%  edsdx  #e% 66524

GUST VEL. AT MAX., GUST MINUS 2 INTERVALS 9.7
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.7
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 6.3
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 6.3

NOTE: RELATIVE HUMTDITY READINGS ARE UNRELIAEBLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY

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

PES. RES. AVG, MAX.  HAX, DAY’S
HAX.  MIN.  HEAN  WIND WIND WIND GUST  GUST P'VAL MEAN MEAN SOLAR
DAY TEWP, TEWP. TeMP. DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE M/S /S DEE n/S A DEGC MM WH/ 501
1 9.2 =-10.1 -3 170 1.0 1.1 082 4,4 E kO AREEE b.6 4243 1
2 9.6 -8.8 A 089 1.8 1.1 082 5.7 ENE #x  wmxex (.0 4435 2
3 8.3 -10.7 -1.2 083 1.2 1.2 065 4.4 ENE & wmmxx 0.0 4500 3
4 7.6 -3 3.6 135 20 1.9 212 10,2 NE o sx mmmmx 2.2 1903 4
3 5.1 -2.4 1.4 93 2 b 352 3.2 ENE  x sxexx 2.0 2065 9
5 2.6 11,3 -4.4 1098 .8 1.1 120 4.4 E &% sxwEx 2.2 1948 &
7 7.5 4.5 1.5 104 %) 2 bb4 2.5 ENE  #x  wxwex 0.0 §528 7
8 4.4 -3.4 =% 238 .8 8 223 4.4 SN A ARANN 8.0 3998 B
9 3.7 9.5 -29 27 B 1.0 2018 3.8 SSH R wEuEE .b 55 9
id 2.6 -11.3  -4.4 019 8 1.1 120 4.4 E  #x  masmx 0.0 4948 10
1 -1.9 =11.7 -6.8 057 1.3 1.4 038 9.1 ENE  »%  sxxw 0.0 é727 1
12 3.4 4.3 -3 03 i | 7 038 3.2 NNE  #% sxxux B4 2078 12
13 7.4  -1.8 1.8 084 7 b D4 3.2 E oxr xexxx 4.0 4438 13
14 5.1 -9 2.1 228 .B 9 229 4.4 S #x xExmx 50 2715 14
18 4.5 8.0 2.3 4 i3 S 2n 2.5 NNE %% smenx 14,2 2:73 15
16 7.6 -1.7 3.0 Deb 1.3 1.1 059 3.1 ENE #% xwxwx 1.8 3900 1s
17 5.1 -5.3 -1 218 90 1.2 231, 5.1 S5 ¥ meakk 2 4218 17
18 7.4 -1.3 2.9 082 b .8 020 S.1 O ENE  #x sememx 11,0 3580 18
19 7.3 =33 2.1 210 2 1.2 206 4,4 S5  xe  rwmsx 0,0 3908 19
20 9.9 -4.3 2.8 M 2 1t W7 5.0 B xx sawmx 0.0 5030 20
21 10.1 -4.5 z.8 193 .0 B 1A 3.8 ENE  ®x  EEueR 0.0 5141 21
22 8.8 -2.2 3.3 214 .2 S 169 4.4 5§ % axsxx 1.4 3503 22
23 7.6 5 4,1 260 0 4 212 3.2 S omx xmmxx b4 3148 23
24 15.1 A 7.6 023 P 9 4.4 ENE  #%  HnNRE 0.0 o030 24
25 194 -1.6 8.9 183 3 7 19 3B £ e wmemwx (.0 6008 23
24 14,3 -3.7 5.3 WS 3 b 305 3.2 WNW  sx wEmx 0.0 6028 2
27 14.8 -3.7 5.6 225 A 7 1kb 3.2 NE B RERER 0.0 o113 27
28 1.5 =29 3.8 215 6 .8 212 5.1 S5M %% wexsx (.0 4195 23
29 10.6 A 5.4 156 A A 200 2.5 ENE = xxmsx b0 4245 29
K] 13.7 -2.0 5.9 042 1.0 1.2 W7 5.1 ENE %% zexxx 0.0 6580 30
fONTH 19.4  -11.7 1.8 084 .3 9 212 10,2 ENE »%  sxuxx 58,0 124380
GUST VELL. AT MAX. GUST MINUS 2 INTERVALS . S
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 8.v
GUST VEL., aT MaX., 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 THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DALLY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

«xxx SEE NOTES AT THE BACK OF THIS REPORT  xxx%
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING May, 1983

RES. RES. AVG. HAX. HAX, DAY’S

NaX. MIN. HEAN NIND WIND WIND GUST GUST P'VAL MEAN HEAN SOLAR
DAY TEMP. TEMP. TEMP., DIR. SPD. SPD. DIR. SPD. DIR. RM P PRECIP  ENERGY DaY

DEEC DEGC DEEC DEG WS WS DEG M/S 3 DEEC MM WH/SOK
1 14.4 -3.7 3.4 127 g .8 204 4.4 ENE ¥ mewes b 418 1
2 8.2 1.1 4.7 219 14 1.2 216 3.1 SM L 3.0 4123 2
3 8.8 o | 4.4 208 1.1 1.3 214 4.4 SSH e ExEER B 418 3
4 11.9 -1.6 5.2 05 7 1.1 @28 5.1 ENE  #x  xwess 0.0 5820 4
3 12.3 -8 5.8 043 i 1.0 347 5.7 E  #x wmxxx [0 6433 3
b 14.3 -2.2 6.1 058 .8 9 350 3.7 ENE x%  mEuxs 8.0 M3 b
7 15.4 -2.2 b.6 040 b 9 W %1 E O OREEEER 0.0 6853 7
B 16.9 =2.5 7.2 308 2 8 213 3.8 ME L 0.0 6935 8
b 15.0 -3 7.3 244 4 .8 263 4.4 SSH = EEER 0.0 903 9
i0 14.0 -8 b.6 233 8 9 293 5.1 SW B HHH 0.0 6283 10
11 16.8 -.B 8.0 341 2 .8 316 3.8 ESE  #x e 0.0 6763 11
12 14.5 2,2 8.4 127 A g 136 3.8 ESE #%  swuns 0.0 5783 12
13 16.4 2.4 9.4 001 it B N7 3.8 ESE #  weENx 0.0 3783 13
14 16.1 9 B.5 223 J 1.0 195 5.7 GSH  Ex mwax ' 4833 14
135 14,2 3 1.3 237 3 B 2N 18 E R HREER 0.0 4793 15
16 13.6 -3 6.7 238 b 1.0 218 5.1 WSH R mEeaR 1.0 4183 16
17 10.8 3.1 7.0 222 B 1.0 184 7.0 S§ BE R 7.0 3928 17
18 11.4 2.7 7.1 222 1.1 1.3 225 b.3 SH  EE xwxER b 4338 .8
19 12.7 1.6 7.2 216 e 3 19 4.4 SN R RNRER 0.0 4285 19
20 18.2 1.8 10.0 237 4.3 1.5 234 6.3 NSH ER EEEER 6.0 6015 20
21 11:1 4.6 7.9 216 1.3 1.4 283 6.1 S5 me  weee 1.4 336 21
22 14.5 3.1 9.8 227 .9 1.2 272 5.7 GSSH ¥k EENRE 2.0 068 22
23 14.4 4.1 9.3 206 9 1.2 227 5.1 SSN ¥ meaE A 4973 23
24 16.4 =l B.2 @78 K] 1.0 090 5.1 S B RERER 0.0 3889 24
23 1.8 -2,2 -2 105 ] 2 145 b ESE  #E waEw .4 60 25
26 FHES HHEHE HBEEE N HEEE  REEE EER AR R ER O HREER BEE HEEEE 2%
27 REEEE  RNEEE  REREE MR HEER  OHEER KRR RRER OEHE HE HOHEE HERE renkny 27
Z8 REEEE AR HEEBN E3R HEEE RAEE EER HEEE  HHE EE HHEEE RRE sauuun 28
29 FREEE O REERER  ENERE O RAR HERR RRRE RN REER RRE RR O REERR  HEEE e 29
kil EEEEE  NRREE  NEERE RN REEE OHEEE ERR HHHE BHE B HHHHE R wawiun 30
31 BEHEEE  BRRER O BEERE BN REER  FEER ANE EREE OREE  RE BREEE MR Enek 31

MONTH 18.2 -3.7 6.9 217 2 1 184 7.0 SSH xx  axxex  19.4 131073

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 3
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 3,
GUST VEL. AT MAX. GUST PLUS | INTERVAL o
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3

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

x%%% SEE NOTES AT THE BACK OF THIS PEPORT  %¥%xx
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SEP 1982 26528
TALKEETNA, ALASKA

TALKEETMA A1RPORT LOCAL
CLIMATOLOGICAL DATA

WEA SYC CONTRACT ET (BSY Monthly S“mmary
(ATITYDE  52° 187 W LONGITUDE  150° 06 ® ELEVATION (GROUNDD 345 FEET TIME ZONE ALASKAN HBAN 126528
WERTHER TYPES | SNOW RYERRGE cover | |
TENPERRTURE °F e i ICE | SAECIPITATION |STATION ey g SUNSHINE li‘,’,",”,,‘s‘, |
BASE 65 ' Fog PELLETS PRESSURE Lo |
T T == | = = |2 HEAYY FOG w [ J= it =1 FASTEST = 1 |
i S| 2= |3 uNOERSTORMI ICE ON| X | = mems =] 2 | 2 HILE = .
| = S= | Sz | uEeues e [ e o1 2 | 8 " ;;J i
|wZ| _[2S |22 |5u1 T = O R = 2 ] AT
s | 5 |z |S5|33|eX|g> [sam oomn| 5 | Sz | 6=l 2 | o =| & [EzgEi2E
| 2 2| E |SZ|32(22 |22 nwtstom =% |;Elmsl 22218 3 ExgiEE |
= - = - aD|lwe| <o | S |9 IMOKE, WAL [INCHES| = = - VE| | & - || = = === _ |2 =
s H | = 2 |z=lzzle2 Sal“BlﬂlllGSlﬂﬂ == va: s L = = z2|&|a = |=9321:E‘3‘
1 2 3 4 | 5 & A | m | 3 3 10 | 1N 12 113] 14 | 15 |l 17 19 119) 20 (21122
1| s2| as| se | 3| s 10| o 0 ol obsszgi| sl3s| sfo2 i
2| s 43 51 | o eB| 14 0 0 37| ofasebsl s[39] 8|13 | 2]
3| 53 N L 3 B a‘ [ o 3f opPIssorl2of37| 8f36 10 -ai 1]
| 53 4 50 a| | 15 0 9 0 gpysapprl20l29| 8fo3| g 3| 4
5| 5§17 a L N I T R | o 13 opes3sfpr|s7|s8| 9|01 10 {te| 51
b 55 43 49 1| &7 16| 0 i 0| 0V | ORBIS|IT[3.6|5.8( 12|17 | [ 5|
7| &0 a| s s 1l oo A [ 9|11} | | 7|
8| 56 s 50| 1| | 15 9 0| o aps2afiryas|aafrofr | 8|
3| 56 a3 50 1| «1] 18 0 of 19l apyasps|rs|3e| 8|.s {9
10 5% 45 50 2 ib 15 U‘ 0‘ 35] 129 33i34 3.1 4.2 8|32 19 (1010
" 49 18 " 4| e 21 01 0| 22| rRsspe|7 12|51 g | 11n
12 52 29 4 7 37 24 0 0 12 | 029 70 4 Y130 6|02 1 LR E
13 49 42 i 1 &5 19 0 0l v as| ORI ATPE | 2.7 |8 61235 13
i 52 4" 7] 1 17 b] 0 56 | 0 | 9136 "
15| o3 ap| s55¢| 8| st 15 0 ol 11| olbs uh:[as 191201 | 15
b 56 44 50 4 42 15 0 0 ae ORI 4gta | 7830|1818 | 6 |
17| a9 s 5 1| s3] 20 0 o 1o o3 fe|ea]|as| 1]02 10 ilu 17
| 52 ol v 2| 4| 18 0 0] so o3 atfo2(aafs 2|0l 10 |10]18
19| 49 5w 2| @ 18 01 of 11 aPps.arfealrviaaf 7)o 1 |10
0| a9 w| 4 2 e| 18 0 of 18| oRasapi|3alse3fio|a f 20
N 50 4 45 2 19 b 2 2 0 1 { 12|09 . 21
2| 4 12| a0 3| s0| 24 0 0| 93] oP3s2fps|23]|as5| 8]2s [ . 22
23| 52 23 & 2| 32| 0 ) 0 0Py 73Ba{ 9 43| 82| | 21
24| 48 268 37 6| 32| 28 9 8 oRIsa Rl e]|33] 613 [ 8124
25| 48 w| 33| -3 35| % 0 | o) 03 46 | sf20| 5(n | 3 | 2 |
| 48 19| 4 2| 2| n 0| { ol 0| oPRsazfz{rals2]|10]1s |10 |10 26|
21| s3| 3| e f 1| ™| a| 2 o| o1l oRespr|:af3e|12]1e | & & g
8| 45 29 3r-| 4 28 01 0 151 0 8| n 16 | 28 |
29 49 18 4 3 EL] 21 [ H 0 19 | 8129 243411 1|5 3| a8 10 29
30 a7 37 42 | 2 33 23 0|1 | 0 '2! o Ry N7 1 6 6|28 10 I 30
1 i H i !
SUR 1] T——|——] ToTAL | TOTAL , TOTAL | 10741 TOR _THE MONIA: TOTAL | % | SR | Zum
15911 7193 ——[—1 58! e L 754 o0 EREE "
AVG AVG AVG. QEP. | AVG.| DEP. 0P PRECIPITATION DEP_ | ——— | — | ——|——0ATE: 1b | PasSibi |wdwin| AWG | AYG
5 39 4 4611 0.0 - 0] 5 .01 INCH [ 107] — ]
[3
NUREER OF DATS SISOV TD DAL NN, e PELLETS SREATEST [N 24 WOURS AND DATES GREATEST DEPTH ON GROUND OF
RATIRUR TERF. | "INTRA T we;. I o T TRINDERS 10RRS Hrrme TS RO, TCF PELLETS | JOM. ICE PELLETS OR ICE An0 OATE)
7400 | 320 [ 730 | g0 i OEP. | WEAYY P0G 1 A O I Y | 7] =
0|0 T 1 0 | -12] -5 (LM PARTLY CLOUDY troway |
& EXTREME FOR THE MONTH - LAST DCCURRENCE |F MORE THAN ONE DATA IN COLS 6 AND 12-15 ARE BASED ON 7 QR MORE QBSERVATIONS
T TRACE AMOUNT AT 3-#OUR I[NTERVALS. RESULTANT WIND [S THE VECTOR SUM OF WIND
+ ALSO ON EARLIER DATEIS) SPEEDS AND DIRECTIONG DIVIDED BY THE NUMBER OF (OBSERVATIONS
HEAYY FQG: 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 WIND PASSES
HOURS OF OPS, MAY BE 9EDUCED GN A VARIABLE SCHEDULE STATION [ODIRECTION IN COMPRSS POINTS!  FASTEST OBSERVED ONE

MINUTE WIND - HIGHEST ONE MINUTE SPEED (DIRECTION IN TENS OF
DEGREES! PEAK GUST - HIGHEST [NSTANTANEOUS WIND SPEED (A
APPEARS [N THE DIRECTION COLUMNI  ERRORS WiLL BE CORPECIED
AND CHANGES [N SUMMARY DATA WiLL BE ANNOTATED IN HE ANNUAL
PUBLICATION

[ CERTIFY THAT THIS IS AN OFFICIAL PUBLICATION OF THE NATIONAL OCEANIC AND ATMOSPHERI. ADMINISTRATION, AND [S COMPILED FROM
RECORDS ON FILE AT THE NATIONAL CLIMATIC CENTER, ASHEVILLE, NORTH CAROLINA, 28801

NATIONAL OCEANIC AND 'ENVIRONNENTAL DATA AND /MATIONAL CLIWATIC CENTER ACTING DIRECTOR
n 0 a ATHOSPRERIC ADMINISTRATION/ INFORMATION SEAVICE / ASKEWILL:. NORTH CAROLINA NATIONAL CLIMATIC CENTER
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ocr 1982 26528 ISSN 0198-0424
TALKEETNA, ALASKA

C) TALKEETNA AIRPORT LOCAL ::\“g-' or ;.a’%%
CLIMATOLOGICAL DATA ¢

7
MEA SYC CONTRACT MET 0BSY Monthly Sllmmll‘y Srargs of
LATITUBE  52° 18° N LOWGITUDE  150° 08 W TLEVATION (GROUND! 345  FEET TINE JONE ALASKAN WBAN £26528
WEATHER TYPES | SNOM AVERAGE
TEMPERATURE °F ] ”:f:g‘ 25:5 1¢E | PRECIPITATION [STATION lH"g"E , SUNSHINE sl','[:f,,'scf
: 1 F06 PELLETS PRESSURE
| T T == | == |2 HEAYY FOG L] i = In = [ FASTEST | [
i 22| 25 |3 1HunERSTORM| ICE on| X - INHES = | = | 2 BILE | sk
= Sx | Sx |¢ICEPELLE'S [GROUND| Z = sl &2 _= =
wE| _|[Z2Z |22 [smn a | = o fHev |zl 2 1 @ = Sgl =1l =
= = 2 [22(z=E|gX|eX |oan 08AR | S5 |25 | b=} = | w =| 2 [z%s2|33
wl = = = |Se|(=S| == | = |7 0sIST0M =% | E|FEEl g 2 | Z |2|2]| 3 S22 EE =
= 3 S S |2S(Sx| =5 | 3 [asmoni, #a2 [ncuEs| 22 | S (MBOVE|S | 2 | = | 2| = Z E5i2ciSo =
= = = = [BE|ZS|$2 | S2 |9 pLouing suon ST | ET a8 2 | = |F|=a = [@=|c= = &
1| 2 3 4 5 3 1A 78 8 9 10 1 12 |13] 14 ] 15 |16] 17 18 19] 20 1 21
1 43 35 19 -1 39 26 01 0 0 oRe i hs|ro|26| 914 10 ]:o 1
2 15 E 401 1] 37 25 0 ] 02 oRyIps o] 1| 10 |10 2
3 42 28 % -1 3 29 0 ] 04 oRy 21 Ps|1r 930 af19 9 | 8 3
4 15 1 35 -3 | 29 0| 0 2 3] ole e s{3.3| 8|24 | R 1
5 " N 313 -5 12 0 | o 0 9 17|03 0 | 5
& 43 10 37 0| 23 28 0 0 0 oRs B 7|1 efe.1]172]03 0 b
N e 1 34 28 3 -6 | 30 i 01 0 @ 7 v pgo2ftefr 4| t.e|0(09 10 7
® 8 35 0 3 -3| 30 12 ot ] 10| 26R929/02{25(6.8]12| 3% 10 |10] 8
x 3| 3 0| 32 | -4f 3| 33| o]y | s 22 bRIIIB|r 4|1 6| T]32 10 |[10] 9
T w»n o 32| 2 23| -6| 26| 3| of1 8 T TReatfisf29]39fr2|s 10 | 1010
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APPENDIX B

Susitna River Maps (Aerial Photo Mosaics)

from Goose Creek to Devil Canyon
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