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1 - INTRODUCTION

This report summarizes the field work and presents the data
collected on ice observations during the 1981-82 winter season.
This effort is related to the continuing feasibility studies program
for the proposed Susitna Hydroelectric Project. Initial ice studies
began in 1980 with a comprehensive program designed to define the
winter ice regime on the Susitna River. As the study progressed
it became apparent that an understanding of the ice processes
beyond a rudimentary stage would require more than one season of
observations. The ice studies program was continued through the
winter of 1981-82 but on a reduced scale. Results of this latest
program will supplement existing data from the 1980-81 Ice
Observations Report (R&M) and further define ice formation and
winter characteristics of the Susitna River. Conclusions based on
these reports will help determine what modifications will be
necessary during project development and design to mitigate any
detrimental effects of regulated flow to areas downstream of the
proposed damsite.

1.1 - Objectives

The objectives of the 1981-82 ice study program were to compile
data necessary for further analysis of the Susitna River ice
regime. These data include:

1. Meteorologic data, primarily air temperature and
precipitation, from stations at representative sites along
the river.

2. Qualitative documentation of the ice processes during
aerial reconnaisance flights and observations from shore.

3. ldentify locations of frazil ice generation, accumulation,
ice jamming and border ice bridging.

4. Hydrologic information on stage, discharge and velocities
at critical areas.

5. Site specific ice thickness measurements, determination of
the overall extent of ice coverage and locations of open
water leads.

6. Water temperature measurements from first frazil ice
observations to formation of an ice cover.

1.2 - Report Contents

The summary in Section 2 provides a brief overview of ice events
and the factors controiling the ice regime through the 1981-82

s16/f 1-1



winter season. Section 3 contains the compiled and summarized
meteorologic data from four weather stations located within two
miles of the river. Graphic analyses are included to facilitate
comparison of 1981-82 data with 1980-81 data and any historic
records.

Snow course data from the Soil Conservation Service constitute
Section 4, along with a discussion summarizing the significance of
this year's snowpack relative to ice formation and destruction.

Section 5 discusses ice processes relative to the Susitna,
incorporating information from field notes, aerial photographs,
surveys, interviews and visual observations. The Alaska Railroad
experienced problems during this year's abnormally severe break-
up. These sections of track are described and documented with
photographs of the damaged track.

Appendix A contains the monthly climate data printouts from the
National Weather Service and R&M Consultants for the stations
described in Section 3.

Appendix B contains the available streamgage records from
U.S.G.S Stations at Denali, near Cantwell (Vee Canyon), Gold
Creek and Susitna Station. Also included are the final . 1981
records of the R&M streamgage station at Watana. These records
indicate the dates of first ice occurrence at each site. No stream-
gages were in operation during breakup.

Appendix C is a tabulation of National Weather Service, River
Forecast Center, stage and water temperature data collected on the
Talkeetna River at |alkeetna. Appendix D presents an inventory
and index of oblique aerial photographs of ice formation. The
field notes of aerial reconnaissance flights are contained in
Appendix E.
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2 -~ SUMMARY

The 1981 freezeup process was prolonged by the lack of any early
cold weather episodes, in contrast to 1980 when a November cold
snap caused significant ice formation. September 28, 1981 marked
the first day of observed frazil and ice pans on the Susitna.
Fluctuating air temperatures and relatively heavy precipitation
through October precluded the formation of a stable ice cover.
Air temperatures were on a gradual decline closely resembling the
graphical plot of historical averages. However, the precipitation
record is far from normal with an extremely large volume of pre-
cipitation in October and sharply decreasing amounts through
January, when scarcely any precipitation was recorded. This same
general trend shows up in all of the selected climate station
summaries. By the second week of December the leading edge of
ice on the lower river was just approaching the town of Talkeetna,
about two weeks later than in 1980. Long before the leading edge
passed Talkeetna, however, an ice bridge formed at the Susitna-
Chulitna confluence, and the ice cover progressed upstream from
there. The Susitna is by far the most significant ice producer of:
the. three rivers in the Talkeetna area. Whether due to cold
temperatures, influences of higher latitude and elevation or the
greater velocities and turbulence encountered through Devil
Canyon, the Susitna characteristically will show bank to. bank ice
slush coverage while the Chulitna and Talkeetna show only 10-
15 percent areal coverage. Therefore, when the ice bridge formed
at the Susitna-Chulitna confluence, a barrier was presented to ice
floes, drastically reducing the wvolume of ice feeding the down-
stream ice pack. Consequently, it took almost 6 weeks for the
confluence area between Talkeetna and the ice bridge on the
Susitna to develop an ice cover.

Anchor ice was first observed at the end of November in the
Chase area, which could indicate a reach favorable to supercooling
of water. The water depth was estimated at 4-5 feet and with a
flow of low velocity. No physical measurements were made but the
ice deposits appeared to be thick with an unusual dark yellow or
brown color.

The rate of ice cover progression increased during January as
minimum winter air temperatures were reached. Ice shelves were
formed near the propesed Devil Canyon damsite in again 1981-82.
However by January these had eroded open to expose a 30-40 foot
wide channel which remained ice free for the remainder of the
winter. The river reach from the Devil Creek confluence to the
Fog Creek confluence resisted freezing over until March, but
even then the ice cover was marked by extensive overflows.

Breakup was more dramatic this year than in years previous, as

demonstrated by extensive erosion and by damage to the Alaska
Railroad tracks. Air temperatures increased during the second
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half of April but nighttime lows still dipped below 0°C. By May 7
even minimum daily temperatures averaged 4°C and ice movement
began. Jams occurred in most of the areas described for 1981 but
with greater consequences, ranging from scarring and denuding of
vegetation to flooding and washing away railroad ties from under
the tracks. In several areas below Talkeetna massive amounts of
soil were removed from cutbanks, jeopardizing at least one
residence. In the vicinity of the Watana Damsite, breakup effects
were not as dramatic, with more melting in place and less erosion.
The jam just downstream of the mouth of Watana Creek caused total
channel blockage and ice accumulations for 1 mile upstream.

The only other significant jamming observed in the upper river
took place near the mouth of Jay Creek. This jam backed up ice
floes and impounded water for several miles. However, since the
channel here is confined, no significant flooding took place.

Heavy accumulations of snowfall in November created an above

normal snowpack for December. Precipitation was very light
through December and January, resulting in a February snowpack
in the Upper Susitna Basin 15-20 percent below normal. In March,

additional snowfall brought levels back up to 90 percent of normal.
Increasing air temperatures in April and May created substantial
runoff with subsequent increases in river stage, leading to ice
cover fracturing and breakup. '

In general, with air temperatures this past winter near normal, the
unique characteristics of river morphology and how they effect the
ice regime were emphasized, in contrast to the winter of 1980-81
(R&M, Ice Observations Report, August 1981) when widely fluctuat-
ing air temperatures resuited in unusual ice phenomena, during
freezeup and breakup, which should not be considered as normal.
Therefore, river reaches which showed ice bridges, frazil genera-
tion and anchor ice formations during 1981-82 warrant special
attention and further study to determine how these areas will be
affected by regulated flow and relatively higher water temperatures
induced by post project releases.
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3 - CLIMATE

The climate summaries presented in this report constitute
temperature and precipitation data monitored at selected stations in
the immediate vicinity of the Upper Susitna River between
Talkeetna and the Denali Highway. Data from other weather
stations both on the project (R&M) and the surrounding area
(NWS) have been omitted since they are of questionable value due
to the large variations in weather patterns away from the river
valley.

Four stations were selected to best represent the climate directly
effecting the river freezeup and breakup processes. The National
Weather Service (NWS) station at Talkeetna Airport provides a
41-year record of temperature and precipitation. This record
provides the baseline data for control purposes and correlation
with R&W weather stations having less extensive records. With its
proximity to the Susitnha confluence, the Talkeetna station data
provides useful input to studies attempting to determine ice effects.
and processes during post project flow. The Devil Canyon climate-..
station, located near the proposed Devil Canyon damsite, provides .
representative climate data for the Gold Creek to Devil Creek area.
The Watana Camp . station, situated on the northern bench above
the proposed Watana damsite records temperature and precipitation
data which correspond to the river valley between Devil Creek and
Mt. Watana. The Denali station, located at Susithna Lodge,
represents weather patterns affecting the eastern perimeter of the
project as well as the extreme upper river basin. These three
stations are operated by R&M Consultants and have provided data
since 1980. The geographic locations of these four weather
stations are depicted on Figure 3.1.

Table 3.1 lists temperature and precipitation data obtained during
the 1981-1982 winter, October through May, from the four weather
stations described. These values can be compared to the
1980-1981 winter record on Table 3.2. Figure 3.2 shows a National
Weather Service summary of the 40-year average winter
temperature and precipitation values from the Talkeetna station.
Although additional meteorologic information is available from these
weather stations, the compiled data in this section only include
average monthly temperature, minimum monthly temperature,
maximum monthly temperature, total precipitation (water
equivalent) and totali monthly snowfall. For any subsequent
intensive study effort requiring detailed meteorologic data the
complete published National Weather Service and R&M Consultants
climate summaries should be consulted.

The historic Talkeetna temperature records of 40 years are shown
in comparison to the Talkeetna 1981-1982 data in Figure 3.3.

s16/i : 3 -1



To facilitate comparisons at a glance, Figures 3.4 to 3.7 provide
graphical illustrations of average monthly temperature fluctuations
during the 1981-1982 winter relative to the 1980-1981 winter.

Figure 3.8 compares the historical Talkneetna winter precipitation
to the 1981-82 precipitation.

Figures 3.9 and 3.10 present the total monthly precxpstatlon data
for 1981-82 relative to 1980-1981 data.
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TABLE 3.1

CLIMATE SUMMARIES FOR WINTER 1981 - 1982
FOR STATIONS ALONG THE UPPER SUSITNA RIVER

Talkeetna Airport (NWS) Elev. 345 Ft.

Oct. Nov. Dec. Jan, Feb. Mar. Apr.
Avg. Temp. (°C) 1.1 -6.8 -11.7 -17.1 -10.0 -4.9 0.0
Min. Temp. (°C) -2.8 -11.1 -16.4 -8.2 -14.7 -9.8 -5.3
Max. Temp. (°C) 5.0 -2.5 -7.1 -11.9 -5.3 -0.1 5.3
Total Precip. (in.) 4.17 1.34 0.52 0.03 0.79 1.70 0.3
Total Snowfall (in.) 5.1 23.2 8.9 0.4 1.8 24.7 7.6

Devil Canyon (R&M) Elev. 1350 Ft.

Oct. Nov. Dec. Jan. Feb. Mar. Apr.
Avg. Temp. (°C) -0.4 -8.3 -11.6 -17.0 -12.1 - =7.1 -2.7
Min. Temp. (°C) -12.4 -20.0 -28.9 -28.7 -30.0 -22.3 -21.9
Max. Temp. (°C) 5.4 6.0 3.9 -6.1 5.4 4.3 8.9
Total Precip. (in.) Precipitation Not Measured Daily
Total Snowfall (in.)

Watana Camp (R&M) Elev. 2350 Ft.

Oct. Nov. Dec. Jan. Feb. Mar. Apr.
Avg. Temp. (°C) =241 ~10.1 -13.7 -20.1 - -8.2 -4.5
Min. Temp. (°C) -13.6 -24.3 -32.5 -33.8 - -20.8 -21.2
Max. Temp. (°C) 4.5 8.7 1.7 -8.1 - 4.1 6.8
Total Precip. (in.) 1.02 0.22 0.28 0.0 - 0.60 0.28

Total Snowfall (in.) Snowfall Measured as Water Equivalent
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TABLE 3.1 (CONTINUED)

Denali At Susitna Lodge (R&M) Elev. 2700 Ft.

Oct. Nov. Dec. Jan. Feb. Mar. Apr.
Avg. Temp. (°C) -2.8 -12.9 ~-16.5 -24.6 -18.5 -11.5 -5.9
Min. Temp. (°C) -16.1 -29.4 ~41.7 -42.4 -48.9 -28.3 -25.6
Max. Temp. (°C) 6.8 6.6 5.7 19.1 7.6 2.4 6.8
Total Precip. (in.) Precipitation Not Measured Daily

Total Snowfall (in.)
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Avg. Temp. (°C)
Min. Temp. (°C)
Max. Temp. (°C)
Total Precip. (in.)
Total Snowfall (in.)

Avg. Temp. (°C)
Min. Temp. (°C)
Max. Temp. (°C)
Total Precip. (in.)
Total Snowfall (in.)

Avg. Temp. (°C)
Min. Temp. (°C)
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TABLE 3.2

CLIMATE SUMMARIES FOR WINTER 1980 - 1981
FOR STATIONS ALONG THE UPPER SUSITNA RIVER

Talkeetna Airport (NWS) Elev. 345 Ft.

Nov. Dec. Jan. Feb. Mar. Apr.
-3.5 -20.1 -1.8 -6.1 -0.4 -0.1
-7.3 -24.7 -5.1 =-10.1 -6.2 -7.3

0.3 \ -15.5 1.4 -2.0 5.4 7.1
1.08 0.56 1.19 2.79 0.41 0.1
15.5 8.1 13.2 19.8 2.7 3.1

Devil Canyon (R&M) Elev. 1350 Ft.

Nov. Dec. Jan. Feb. Mar. Apr.
-5.1 -17.9 -2.5 -7.3 -1.8 -1.8
-18.1 -34.4 -16.5 -27.8 ~14.8 -15.2

4.2 1.2 5.6 4.4 9.2 12.3

Precipitation Not Measured Daily

watana Camp (R&M) Elev. 2350 Ft.

Nov. Dec. Jan. Feb. Mar. Apr.
~7.2 -21.1 -4.5 -5.0 -4.3 -4.3

-21.1 ~36.7 -17.7 -17.0 ~16.4 -16.8
1.7 : 3.8 3.5 6.8 7.4 9.4
0.08 0.01 0.06 0.60 0.72 0.05

Snowfall Measured as Water Equivalent

]

N
AN
O o~



s15/24

TABLE 3.2 (CONTINUED)

Denali at Susitna Lodge (R&MV) Elev. 2700 Ft.

Oct. Nov. . Dec. Jan. Feb. Mar.
Avg. Temp. (°C) -3.1 -9.0 -28.8 -5.5 -11.8 -5.6
Min. Temp. (°C) -21.0 -27.8 ~43.3 -20.2 -33.9 -20.1
Max. Temp. (°C) ' 8.9 3.5 5.7 6.7 4.0 8.5
Total Precip. (in.) Precipitation Not Measured Daily

Total Snowfall (in.)
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1950 4.1 22.5) 19,4 33,3 «8.81 S5.0] Se.a| s3.91 w3.3f 3u.sl 17.9) 21.9f 3s.o 1979-80; 152 216 «7d es5r| 1131|25ue| 1793111771273 e1ef €87} 338]2CP57
1961 19.8; fu.el 12,30 33,50 w6.0| S5.2| Se.of 53.6 wues| 2¢.8[ 11.5) 1.2] 31.1 1943-81] z02l 245 se9 B3| 1172f 21uu
1982 9ot 13.e 1uo3l 3wl w2.2] SS.1f S9.3f sS.0f wi.n| 3s.al 17.2] 12.8] 32.8
1963 17.71 231l 23.90 28,7 wuost sc.3 se.2| se.9) s0.1) 36.2{ 10.1 21.6l 3Iw.s
198e i.th 3e.n) 11.9) 3947 29,0 S%.3] 58.2] 53.9| u7.3| 31.7) 18.s| -1.m| 30.8 { H -
twes [ rle Gilosaly) allel wald gela) selif 327 G| il 13 hAl it | Cooling Degree Days
- —
1968 9.7 1a.3) 33.9| w3ie| Se.2] s7.2] 53.8] ws.s) sc.3) a1s.o| 11.5) 3146 Year [Jan | FeblMarlApiMay]June]iuly‘ Aug|Sept] Oct [Nuv] Dec | Total
1967 12.9) 20,71 31,6l aa.s) se.uf Sa.7| ST.S| «T.e| 31.6) 21.1] s.1f 32.8 - S
1968 19.9t 2«.1] 30.C{ 4S.2} sw.8f S9.4| S6.8] au.1 30.9 1750 -1.2] 32.% 1969 od h | Ci 11 1 T 0 1] o 12
1969 ta.5) 21.3] 38.30 wTl.ef 57.8] S57.5| S0.8| we.0| 38.91 19.5) 24.3] 3u.e 1970 o d " c 4 8 4 c © [ 6
1970 “e2i 2745 3los| 32.8] 4S.5; sT.8{ S6.3| S52.8{ w3.1| 26.8] 17.6 «7] 32.9
| 1971 g C q a a [4 3 ~ 0 c c N
17 -7.5 12.8] 1C.2| 31.) 40,2| S2.t| S6.5| S55.9 “e.9 21.7 10.5 T8 28.8 1972 L q n| Q| O 19 C c 13 c 19
1972 3.C1 9. 9.2 21.1] w2.0{ 52.3] 1.3 Se.sl w2.3} zs.sf ye.3] 9,.«| 29.2 1973 o d 0| 0 c Q y 0 S [ ¢
1973 =2.91 13.8] 21.0| 3w, w3,7] 1.3 st.s| s2.1 wu.2| 2e.e]  7.8] 14.3] 3G.2 197 0 q o) c o a ° L] [ 0 0
1974 <2} 11.5] 1s.uf 35,8l w7.0l 56.3) S6.7 S6.C| ua.7| 32.3| 18.2) 10.2] 32.4 1575 o d n c 3 1c H c ¢ ¢ 10
1975 A.bj 16.8| 30.9] we.i| S2.5| S7.0| s5.2| wr.c| 31.3) s.7] w.s| 0.2
1976 o q n [~ 1 o “ [ 4 o H
1978 8.5 +S) 18,87 33.7| ww.2 ch.e] se.e| Se.3] ws.7| 29.8| 22.c| 19.3] 31.8 1977 o o q o a [4 6 H c A ] e
1977 27.a0 27.81 16.1} 3n.A) wY.2) 56.2) 60.3} 9.2} we.s| 3%.9] 7.7 e.n] ju.e 1578 d g @ G c 2 s c c ] 3
1978 17.9) 23,30 25.8| 25.ef wl.s| S2.4| 57.2] 57.8| u7.s| 3.0} 20.5] 1w.8] 361 197% of d o c c a 1 [ c ] 1
1979 15.2]  s.8f 27.8 Su.of w?.0| S4.0f 59.0f 57.5| we.2| 37.uf 27.1] 2.1] 3u.9 198C o d N [ < s c 0 c L] H
1980 Tea] 2u.3) 23.7] 37.6] S.si sr.s| sa.s] s3.7) ws.8| 3s.a| 25.7] -~aiz| 3e.0
RECCRD
PEAN .56 15,2 19.9) 33,3 wu.s| sa.7 5449 46,3 32.4 18.0 9. 32.9 .
nax 18.51 26.0f 32.8] wu.s! Sb,3j eS.s 6.9 s5.9| wn.s) 2e.5| 18.31 «3.2
L3 =loel wesi 6090 21.91 32.9] wi.e wue8l 36.11 23.9] 9.ul 0.0 22.5%
Precipitation Snowfall :
T T T T T T SN M T
Year | Jan | Feb ( Mar { Apr | May | June| July | Aug Sepﬂ Oct l Nov LDec IAnnuaI I Seasoanuly'Aug{Sept( OctﬂoJDec] Jan| FeblMar! Apr{ May|June{Total
1941 ! Qewl! 2oucl wa11| o.5ef 1.8C) 2.95) 1.8°) 1.05| 24.20 19ut~4d s.d e.q a.d 2.9 13.9 w.dli3.st a.q 1.8) a.z| 0.9] wr.e
1987 ¢ 1.220 .08l 3.97| s.24f 9.92| 2.10{ 0.23{ 0.71] 20,89 19uz-a3 s.d 0.q o.d 2.3 s.s 12.8f 20,7 9.3 1 T | 0.0f s7.9
1563 Geot: 1elsl 3.28{ 6.35] 7.26{ 1.61¢ 1.11] 3.85] 30.52 19u3-auf 7,00 GoCf 3.0 11.3( 12,9 2746{22.5[27.5) 9.2 1.8) 2.3} 0.0f113.1
19usn 1anl: 173 2,351 8.63| $.07] 3.20} t.15) 2.%8! 38,32 1946-45 G.J .0 T 5220 Lu.9[18a?] 342|2242| 2344 2.7| 1e8] G.0O| 9t.9
1945 2,408 3.59) 1.92[11.92] 3.sa) w.us| 1.62] C.39] 34,35
¢ 19¢5-uel a.cf 0. 0.3 17.7) 2141 eo2|13.2]20.2) 56,3 19.4] 0.5) 9.0[14s.1
1946 0. 75t J.12¢ 2.631 5.70) 5.uvl s.05( 2.89) a.1%] wo.0s 19%6-47] 0.0f 3.0{ 0.0 13.926.9{37.1} 39.4{11.5{ 23,3 2] 3.8§ 0.00158.7
19w7 J.cs. 10110 2.6%) 2.70| 9.63] 1.54) &,49] 2.28{ 34.85 19u7-48| n.0f n.n| rﬂ “.tl 1.3 2101} w7.5) t5.3) 32.1] 2.8 T Sed)133.8
1oes Sa56. 0.48| &.50} 3,27 2671 2.56) 2,971 1.73| 133,58 tesg-ual 0.3 0.0 0.4 18.9) 1s.6 56.3] 9.3] 3u.3| 22.a} 1.5]| 0.3|2c2.7
1949 (T3 1.C9] 2.37| w.39] w«,60) 3.58]| 1.99] 1.2%] 27.11 19u9-5rt ©.a0 N.0 0.0 «.7l0.8f27.323.2] r.S) 1.2 1.0 1 0.0| 63.3
1950 1,580 2.8 1.92{ 2.1%] 5.27] 1.u6{ G.68{ 3,34 20.01
! 1953-51] .0 2.0 o.o 13.5] 7.¢|u1.3|2a.0) 71.2| s.g S.8| 1 v hrs.s
1951 | 2.25: 2.52] 3.21] «.76) e.1e| 1,17} 2.15] 2.33] 31.08 1951-52] c.of n.o| o.d s.sf17.8]3ue1] 27.a)20.7( 20.6 ©.9 T |1us.
1652 1 2436 0.21] 1.09] 5.CS{ 2.83] “.54| 2.92| D.u6} 27.35 1952-5Y =, T V. 17,7 15.5F Sa% 1lec|wr.8] au,il 3,7 0.0{106.2
t9sy | 1.920 2.1[ 8.C3{ 2.32f C.01] 0,49} 1.31: 23,45 1953-56{ n.gf r.g 0.0 .3 8.3 17.4]27.7012.6/47.8 C.7 2.0{113.s
195« 3.53) 5.2 3.12f 3.3e} zo2uf 1.91f 1.m1f 25,20 1556-55| 0.0 n.d o.d Y. 21.2|1t.f 2.3 2earf17.4 1.8 s.0l112.7
1985 3.6y 1.54f10.68) 2.66| 2.17) o.98| Z.13] 31.me
- 1955-54 3.8 22061z, 2.4 T | 0.9 er.s
1956 1,981 4,66} 3,661 3.62{ 2.1%} 3,99 o.ua) 25,35 185657 35.3f S.5{ . 3.8f T s.0f1Z0.1
1857 l.lli 1.72 3.C9 b.16 1.5% 1.731 0.%0| 22.83 1%57-5¢%) 1.7 1.1 18.9 t 0.01 L.3| wc.9
1958 1ouey 3.8al 3.78) 3.32] 3.28) 0.9%] 0.s2] 22.6% * 1954-c0) €.5]2C.5| «.¥ 1.6f ¥ | 0.a] sa.t
1959 0.5C| w.w2| 6.23| 2,641 2411, 1.40] 0.mel 23,10 1959-00) 9.7l 29.2[ s.3 1.2] o.c| 0.0] e3.n
1960 1.a0 0.58) 5.37) «.56] 7.58{ 1.02} 0.75| 1.c7] 25.m0

lvoa—ej 3.7 6.3 7.5 10.0] c.8f 0.0 «7.3
1561 1.781 3.07| 3.€2) s.es5) s.10) 1.20] 1.70 28.79 1961-¢ 2t.oi 3.7 3.8 so7p c.af c.ol121.a
1982 3.22] 1.9°] 3.85) 4,G7| 3.C00 0.70] 1.2a} 26.5% 196261 $e2] Tew)52.4 26.8 T LIRS Ea )
19sy $.£9] $.52¢ 7.84| 3.05) 3.35] 0.0R| 1.20) «u.0% 196364 Josf32.si 1740 s 8.1} c.cir3a.
1964 Toill 2.4P) 2.781 2.17{ 3.66| 3.911 O.tal 27.23 1964-65| 8.3 e.5f 5.5 w.s) 1.7] 3.0} 7.7
1985 2.38] 2481 b.68) 8.2G] 1.97| 1.02] 1.13) 30.57 .

1965-68 L, Se9 248 T 0.0 st.9
19¢6 1.8 3.n7) 3.c2] sous) waac] .2 1.70) 27020 1566-67 . 33.4 2% o.¢f u.sliis,?
1587 wele| $.72| S.P31 z.66) C.l6] 7.2%] w.n7i 38.79 1967-¢9f 1, 2.9 13.8{ c.0| o.0{137.3
1768 6.%«l 2.57) 1.99] 1.271 1.36§ c.71) 0.9a! 18,38 1963-6¢] 3. s 1 T | 0.0 ea.3
1989 g.ts] 3.7¢] 1.73] g.sid 2418 0.871 1.19] 1%5,.5¢C 1969-71Yy Q3. Bolf 11.0% T GsC| S7.2
[L31] beuel woh?f weelf 3.50] 2.2n) 0.8%] 2.te] 37.u7

N i 1s70-71 <. 12.7 122 1.7 T.ciruaa
1971 2.520 4,2 1.77] 3.99 z.ASI 1.39] 2.09} 11,22 1971-27] 3. 3c.y 2%.1 T canftae.e
1872 o1 V.76l 3.C%| 6.47] % GO G.5T] 0.Yuf 27.76 1877-78 0. 2.6 2-7] oot co0frrags
190y Sel9l 1e5Tl Tuled 10810 20590 D.E1Q g.Tuel 21,00 1573-7¢f L. 214120 gt coclice.
ta7e 1.3 Tatad 20361 2.es] 30790 2,990 1,16 19,62 1eTu-75 €. 2444 25.5] C.v| Z.nf1sw,0
iore Se1Fl 1eC?) 2482 3097 s.4%) puse| 2.45] .07 26,40
i H [ 1975-714 ¢, 0.0 “9. S.1 T} 0.01130.n
1978 C.37f 0499 1.2el 2.7} 2.16| 2.m8) 3.eE| w.22 Zu.3t 19%% vy e.d Seed u.3 T} oCl0f139.6
1517 weL 1 2aS21 2,32 1.Ca o6 veld L8 0.2 28.23 1977-1249 <ol .0 17.4 .31 C.0| G.Bf Ao.%
1e18 w3 laknl wors| sl 1,021 2,06 2.98i 2.28 23.1% vra-Ta a.d o neny 28.4 16411 2.¢| o0.0l15T.2
1619 Tedto Co77i 3081 w.es| t.77) 3.0C) s.o7) 7.0 3u.57? 1976-40 .U " 1.9 2.9 c.¢| o.0106.n
1920 Cosl 2eld) S.77] woam| 3083 2ox30 2.1el 3.CA{ D.56] 2A.8)
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4 - SNOW

The snowfall and water content data obtained from snow course
surveys is beneficial in monitoring winter precipitation and in
predicting spring runoff, with applications in forecasting river ice
breakup. With the cooperation of the Soil Conservation Service,
the foilowing snowfall, snowpack and water content data have been
compiled.

Early December snowpack was significantly above normal in south-
central Alaska, with the majority of the accumulation occurring
during the Thanksgiving storms. Precipitation was very light for
the remainder of the year with the exception of the Talkeetna
Range, where snowfall set a maximum record for an 18 year
period. Southcentral Alaska received little additional snow. The
snowpack in the Upper Susitna Basin in January was generally 15
to 20 percent below normal, and as much as 50 percent below
normal in areas of the lower basin. However, the snow was
unusually dense, with a high water content. During February the
eastern areas of the Susitna Basin showed a snowpack increase but
still remained 20 percent below normal. The snow survey in March
revealed a snowpack over most of the Susitna Basin of 10 percent
below average with minimal additional precipitation occurring in
April. The Qshetna drainage received substantial amounts of
runoff stemming from the record snowfalls in the Talkeetna Range.
These higher stages may have contributed to the unusually
dramatic breakup of the upper Susitna in the vicinity of Jay
Creek.

The snow pack data obtained from the Soil Conservation Service
are reproduced in Figure 4.1. Snow course data from the three
R&M climate stations described in this report are shown on
Table 4.1.
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January

r

- Devil Canyon
Watana Camp
Denali

February

.

; Devil Canyon
Watana Camp
_, Denali

| -5

March

=

; Devil Canyon
Watana
= Denali

ﬂ April

L Devil Canyon
Watana Camp
™ Denali

-l
W

& May

L Devil Canyon
Watana Camp
- Denali

-

oo

i

P

TABLE 4.1

COLLECTED BY R&M CONSULTANTS

1982
Snow Depth Water Content

Inches Inches
22.3 4.5
10.0 2.7
9.4 2.1
21.0 4.0
10.0 3.4
8.8 2.5
35.0 6.4
10.5 3.1
10.0 3.0
38.1 4.3
18.0 5.2
8.6 2.1
22.5 6.0
0 0
0 0
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1981

CLIMATE STATION SNOW SNOW COURSE DATA

Snow Depth
Inches

Water Content

Inches

29.

29.
13.

WO~

(=]

No Survey

No Survey

No Survey
No Survey
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SHOW

( THIS YEAR ( LAST YEAR HISTORICAL AVERAGE ™
ORAINAGE 3ASIN and/ar SNOW COURSE Bare of Warer I voter | I war Y i
Care of  iSnow Depr Snaw Deoth naw Daoth er ears of
NAME l Numoer l Zlevarian Survey ’,in:r?e:'l " (Cx::;ee:; 1 ’incgau C-::::e:: ; linches) ’Cl:::::: P;::E::‘ )
MATANUSKA/SUSITNA:
Alexander Lake 2€02 140 1/26 24a 6.0e { 18 4.0 34 7 :
2321? MounEaln Lake 2303 2150 1/26 1a 3.0e 18a 3.6e 23 A:g }g
elatna Lake 04 1650 1/26 20a 4.8e 20a 4.4 31 6.
Chuq11na Creek 2C24 1750 1/26 21a 4.6e 20a 3.82 - --8 ]?
Devils ganyon 2C16 1350 2/6 21 4.2 17a 3.le - - 2
*Eutcf E11ls gg%g 3100 1/26 53a 16.5e 5% | 16.5 - -- 1
0og Lakes 2120 1727 15a 3.2 11a 2.0 .
*Horsepasture Pass 2C15 4300 1727 33a 8.2e 28a 4.52 gg g.g }z
*Independence Mine 280 3300 1728 | 41 12.0 25 5.1 -- -- 2
*fa:u Eas§ 5537 4500 2/5 43 14.1 NO SURVE - - -
ake Louise 6 2400 1/26 16 3.4 NO SURVEY
Little Susitna New 1700 1728 | 25 6.0 -- \.l- 1? g:a ].8
:mgnagan Flat ggg; 2710 1/27 20a 4.4 24 4.0 27 5.1 18
. Hayes 4200 2/5 27 7.3 40 10.2 - - 1
*Nugget Bench 2C10 2010 1726 22a 6.0e 3% 8.6e 46 10.2 14
*ggm?uyke Creek - 2C29 2220 1/26 28a 7.0e NO SURVEY - - 1
isley's New 930 1/28 18 4.0 - -- - - -
Skwentna 2C11 160 1/26 18 3.6 21 4.2 33 7.0
Square Lake 2C13 2950 1/27 28 5.8 16 2.7 16 2.7 }g'
Talkeetna 2C12 350 1/26 12 2.7 17 3.7 26 5.6 15
*Tokos1tpa Valley 2C30 850 1/26 25a 6.0e NO SURVEY - - 2
Tyone River 2C38 2500 2/3 19 4.1 18 3.0 - - 1
*W. Fork Q]acigr 2C41 5050 2/5 62 19.2 94 31.4 - - 1
w1119w Airstrip 2C09 200 2/3 20 4.2 11 1.8 26 5.0 18
MATANUSKA/SUSITNA: .
Alexander Lake 2C02 140 3N 27a 6.2e 32 6.4 39 9.6 18
*Bald Mountain Lake 2C03 2160 NO| SURVEY 33a 7.3e 27 6.1 18
Chelatna Lake 2C04 1650 an 20a 5.0e 33a 7.4e 37 8.5 18
Chunilna Creek 2C24 1750 2/24 202 4.7e 41a 8.6e - - 3
Devils Canyon 2C16 1350 2/24 23a 5.7e 30a 5.6e -- - 5
Dutch Hills 2C28 3100 N 6la | 18.3e 68a | 19.0e - - 2
Fog Lakes 2C14 2120 2/24 22 4.9 14a 2.5e 28 6.0 12
*Horsepasture Pass 2C15 4300 2/24 38a 9.1e 32 5.7 25 4.9 14
*Independence Mine 2B06 3300 2/25 J 35 11.5 42 10.7 55 16.0 18
*Jatu Pass 2C37 4500 DEUAYED DATA 64 20.1 - - 1
Lake Louise 2C06 2400 2/24 19 3.2 14 2.2 21 3.5 18
Little Susitna New 1700 2/25 21 5.4 - -- - -~ --
*Monahan Flat 2C07 2710 .2/24 19a 4.9 3 6.1 30 6.4 18
*Mt. Hayes 2C42 4200 DEYAYED DATA 43 12.4 - - 1
*Nugget Bench 2C10 2010 3N 23a 6.0e 61a | 13.4e 54 12.6 14
*Ramsdyke Creek 2C29 2220 g;;s ?ga Z.ge NO SURVEY - ;- 3
Risley's New 930 . -~ - -= - -=
Sheep Mountain 2C08 2900 an 28 6.2 32 6.7 23 4.6 24
Skwentna 2CN 160 n 21 4.7 33 7.0 37 8.5 15
Square Lake 2C13 2950 2/24 30 6.0 18a 3.1e 19 3.3 18
Talkeetna 2C12 350 2/24 8 2.6 22 5.0 29 6.7 :JS
*Tokositna Valley 2C30 850 n 23a 6.0e NO SURVEY -- -- 2
Tyone River 2C38 2500 DEYAYED DATA 18 3.1 -~ -- 1
*. Fork Glacier 2C41 5050 DELAYED DATA 97 30.¢4 - -- 1
Willow Airstrip 2C09 200 2/24 19 4.2 15 3.0 28 6.0 18
PREPARED BY: ©OREPARED FOR:
FIGURE 4.1
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( THIS YEAR Y st vear { HISTCRICAL AVERAGE ™ )
ORAINAGE BASIN ana/or SNQW COURSE Date of Snow O.;; Narer Snow Deoth Nater Snow Cap Water Y"'.‘ of
NAME ‘ Numosr | Elevation Survey (incneg) ﬁ::l':c‘:; (incnes) ﬁ::::e':; | G"cs")m E:::":; P;:::::"
MATANUSKA/SUSITNA:  (CONTINUED)
Lake Louise 2C06 2400 3/25 20 3.6 15 2.7 23 4.1 18
Little Susitna New 1700 3/30 36 10.8 - - - - -
*Monahan Flat 2007 2710 3/25 23 5.0 32 7.2 32 6.9 13
*Mt. Hayes 2042 4200 DELAYED DAFA 42 13.9 - - 1
*Nugget Bench 2C10 2010 3/26 50a 10.6e 50a 114.5 59 16.0 13
*Ramsdyke Creek 2C29 2220 3/26 66a 14 .5e NO SURVEY - - 3
Risley’s New 930 3/30 16 5.3 -—- - - - -
Sheep Mountain 2C08 2900 3/ 30 6.4 34 8.2 - 24 5.6 24
Skwentna 2N 160 3/26 24 4.9 24 5.9 39 9.6 15
Square Lake 2C13 2950 3/25 32 6.7 22 3.9 20 3.8 17
Talkeetna 2C12 350 3/25 14 4.3 17 5.1 32 7.7 15
*Tokositna Valley 2C30 850 3/25 48a 10.6e NO SWRVEY - - 2
Tyone Rijver 2C38 2500 -DELAYED DATA 18 3.1 - - 1
*W. Fork Glacier 2C41 5050 DELAYED DAFFA 95 34.1 -- - 1
Willow Airstrip 2€09 200 3/25 T 21 5.3 1 3.2 27 6.5 17
MATANUSKA/SUSITNA:
Alexander Lake 2C02 140 3/26 27a 6.2e"| 25 7.0 40 10.5 18
*Bald Mountain Lake 2C03 2150 NO | SURVEY 26a 7.8 33 8.0 18
Chelatna Lake 2C04 1630 3/26 33a 7.6e 30 8.1 40 10.2 16
Chunilna Creek 2024 1750 3/25 24a 4.8e 37a {10.0e - - 3
Devils Canyon 2C16 1350 3/25 42a 8.4e 30 7.0 - - 5
Dutch Hills 228 3100 3/26 75a 25.5e 67a [22.0e -~ | - 2
Fog Lakes 2C14 2120 3/25 30 5.6 20 3.7 28 6.0 12
*Horsepasture Pass 2C15 4300 NO | SURVEY 3la 7.2e 27 5.7 14
*Independence Mine 2806 3300 3/30 64 18.9 41 13.0 66 20.0 16 -
*Jatu Pass 2C37 4500 OELAYED DATA 63 21.9 - - ]
s | l
MATANUSKA/SUSITNA: g : i
Alexander Lake 2C02 140 4/28 20a 6.% ° l6a §.0e i 28 8.9 16
*Bald Mountain Lake 2C03 2150 NG SURVEY i 19a : 5.0e i 34 9.% 17
Chelatna Lake 2C04 1650 110 SURVEY 'o24a 7.Qe 36 10.5 16
Chunilna Creek 2C24 1750 4/26 32a 7.de i 20a ! §.:e - -- 2
Devils Canyon 2C16 1350 4/26 34a 8.5e i 21 3.1 - - 5
Dutch Hills 2028 3100 4/26 6la 24.4e | 55a |21.0e - - 2
Fog Lakes 2C14 2120 4/26 23a 5.8e i 10 2.5 22 5.5 12
*Horsepasture Pass - 2C15 4300 4/26 413 10.2e ! 20a 7.§e gg 7.0 13
*Independence Mine 2806 3300 4/27 | 57 19.7 1 3¢ M .5 63 2.7 112
*Jatu Pass 2C37 4500 DELAYED DATA ! 59 19.5 -- - 1
*Kashwitna River Cirque 2C20 3900 4/30 58a 20.2e | NO SURVEY - - 3
Lake Louise 2C06 2400 4/26 18 4.3 i 7 i 1.9 14 3.4 17
Little Susitna New 1700 4/27 ;29 10.5 l -~ ! == -~ -- --
*Monahan Flat 2C07 2710 4/26 1 23 5.2 i 25 ! 6.5 130 7.8 17
*Mt. Hayes 2042 4200 OELAYED DATA P20 i12.0 == .- 1
*Nuggat Bench 2C10 2010 4/26 40a  12.0e | 37a 13.9e { 54 16.9 12
*Ramsdyke Cresk 2C29 2220 4/26 Sla 15.3e : 48 15.5 - - 3
Rigslay's New 930 4/27 a 2.8 | -- -, -- - ~=
Sheep Mountain 2C08 2900 4/29 25 5.9 ¢ 24 5.! 15 4.0 23
*Sheap River 2C19 4100 4/30 38a 11.%e i NO  SURVEY -~ -- 3
Skwentna 2C1 160 4/28 17 5.4 4 9a 2.5e 23 7.4 13
Square Lake 2C13 2950 4/26 31 7.2 l 17 3.7 16 3.7 17
Talkeetna 2C12 350 4/26 6 2.3 i 2 1.7 17 i 5.6 15
*Talkestna River Pass 2022 5100 4/30 47a 14.1e . NO SURVEY - - 3
*Tokositna Yalley 2C30 850 4/26 28a 11.3e | 33a 7.de -- - 2
Tyone River 2C38 2500 DELAYED DATA R 0.9 - - 1.
*Upper Kashwitna River 227 4300 4/30 45a 14.6e | NO SURVEY -- -- 3
*W. Fork Glacier 2C41 5050 DELAYED DATA i 82 33.6 - -~ 1
Willow Airstrip 2C09 200 4/28 N 4.2 0 0.0 9 2.8 16
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.‘14’4 ( THIS YEAR ' LasTvear Y HISTORICAL AVERAGE ™ \
ORAINAGE 3ASIN and/ar SNCW COURSE " Date of [Snow Deotn qu'" Snow Denth Narer Snow Decth Water | Y“".‘ of
NAME l Number [ Elevation Survoy (inches) (CI:CI"!.':; linches) E::r::; (inches) f:l:::::: P;::::-:'
SUPPLEMENTAL DATA (CONTINUED)
AS QOF FE3RUARY
*MATANUSKA/SUSITNA:  (CONTINUED)
Butte Creek 2C32 2900 2/5 158a 3.3e 11a 2.0e - -- 1
Caribou 2C33 4100 2/5 25a 6.8e NO SURVEY -- -= -
E. Fork Glacijer New 5200 2/5 29 8.4e - - - -— -
Ice Cave 2C40 4000 2/5 52a 16.1e NO SURVEY - - -
Malemute 2C34 2600 2/5 22a 4.4e NO  SURVEY - - -
Pyramid 2C36 4850 2/5 25a 7.0e 24a 9.0e - -- 1
AS OF MARCH
Butte Creek 2C32 2900 3/12 18a 4.1e 15a 2.5e - -- 1
Caribou 2C33 4100 3/12 28a 7.6e 2la 6.5e - -- 1
Devils Canyon 2C16 1350 - 3/9 35 6.4 - - - - -
E. Fork Glacier New 5200 3/10 27a 17 .8e - - -— -- -
Ice Cave 2C40 4000 3/12 |- 52a 16.% 32a 8.5e - -- 1
Malemute 2C34 2600 3/12 12a 2.% 18a 3.4e - - 1
Pyramid .. 2C36 4850 3/10 29 8.le 42a | 13.0e - - 1
AS OF APRIL
Butte Creek 2C32 2900 4/14 1% 4.6e 14a 2.8e - - 1
Caribou 2C33 4100 4/14 38a 12.0e 23a 8.0e -— - 1
Devils Canyon 2C16 1350 4/18 38 8.5 -- - - - -—
E. Fork Glacier New 5200 4/14 34a 11.0e - -— -— - -
Ice Cave 2C40 4000 4/14 64a 21.8e 32a | 10.0e - - 1
Malemute 2C24 2600 4/14 16a 3.5e 18a 3.8e -— - 1
Pyramid. 2C36 4850 4/14 34a 11.4e 42a | 14.7e - - 1
AS OF MAY
Butte Creek 2C32 2900 5/12 %a 2.0e 8a 2.0e - - 1
Caribou 2C33 4100 5/12 32a 10.5e 18a 6.5e - - 1
Devils Canyon 2C16 1350 5/1 22 6.2 -- - - -- -
E. Fork Glacier New 5200 5/12 3% 12.5e - .- - - -
Ice Cave 2C40 4000 5/12 63a 22.6e 32a 9.5 - - 1
Malemute 2C34 2600 5/12 % 2.0e 9a 3.0e - - 1
Pyramid 2C36 4850 5/12 36a 12.2e 35a | 14.3e -- -- 1
a - aerial marker reading
e - estimated
*The Upper Susitna River aerial markers in the Matanuska/Sdsitna region are set id very axposed
locations. They do not represent a true snowrall] but are indicative of |the actual snowjon the
ground over very large areas. Their locatfions ard generally areis of broad, flat and smooth
topography, well away from lee slopes, and drifting snow deposition areasi; however, theyjare
occasionaily subjected to moderate to severe wind;scour.
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5 - ICE

The following is a general description of events recorded during
the ice formation and disintegration processes on the Susitna
River. Most of the ice phenomena were observed during aerial
reconnaissance flights and identified by river mile (RM) locations. .
Refer to Attachment E or the R&M Susitna River Hydrographic
Maps for orientation.

5.7 - lce Formation General Observations

Individual crystals of ice called "frazil" are generated in the colder
turbulent river reaches such as Vee Canyon, Watana and especially

Devil Canyon. With air temperatures near -10.0°C the upper layer

of water in these areas becomes supercooled and small frazil ice
crystals are formed. If the water is well mixed, then a
tremendous number of these crystals generated. Upon entering
slow water, they tend to consolidate at the surface and can
develop a sufficient thickness to emerge and drain. Encountering
another section of rapid water these ice pans or sheets are
crushed, broken and re-emerge as masses of individual crystals,
usually only a few inches in diameter.

Entering slower water, this frazil slush will again agglomerate and
form ice sheets which proceed downstream as long ribbons of
individual pans measuring 2-3 feet in diameter. Entering Devil
Canyon beyond the Devil Creek confluence, these ribbons of ice
pans are broken up and mixed with water and additional frazil to
form a slurry which, due to the turbulent nature of the canyon
has no chance to surface. Nearing Portage Creek the velocities
slow and a more laminar flow resumes, causing the emerging mass
of slush and frazil from the canyon to form ice rafts. The size of
these rafts depends on the nature of their movement and con-
centration. As the rafts flow downstream they tend to rotate and
collide with border ice and other rafts, which breaks them up into
smaller plates.

In October, when air temperatures began to fall below 0°C at
night, water temperatures also gradually fell to the freezing point
and drift ice appeared on the surface. Sheet ice appeared over
areas of slack water and frazil ice formed in the more turbulent
sections. Anchor ice grew in rather shallow (4-5 feet) but fast
water. Slush ice floes formed under certain conditions and due to
the fast current of the river, these ice floes were carried down-
stream and came to rest at sections of diminished velocity.
Converging border ice and low velocities of water combined to form
ice bridges from which the ice pack progressed upstream by
accumulating floes at the leading edge. An ice cover over the
entire water surface proceeded up to the foot of a rapids section,
which was usually also a frazil ice generator. The ice continued to
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pack up against the leading edge, eventually causing an increase
in stage upstream which in turn led to decreased velocities and
turbulence of the rapids, allowing further ice progression up-
stream, but at a slower rate due to the elimination of an ice
generator.

lce covers were observed to form over the two most turbulent
rapids in the river, at Devil Canyon and Watana, while river
reaches above and below these rapids sections remained open.
This may be explained by the unique combination of thermal and
hydraulic factors controlling these areas, specifically, a cold
climate causing continuous cooling of the water, combined with
water velocities greater than those critical to ice formation
(Newbury, 1969). An ice cover would not normally develop under
these conditions. Tremendous quantities of frazil and slush,
however, are produced and emerge from these ice generators.
Assuming the presence of a relatively calm plunge pool below these
rapids, a border ice formation will develop. As these ice shelves
converge the remaining open channel would be quickly clogged by
drifting ice. Continuous input of large masses of slush and frazil
would be deposited underneath this ice cover. Together with
anchor ice deposits on the river bottom the channel would become
more constricted leading to rises in water level. The impounded
water would actually be a slurry of slush ice and could attain
depths of 14-17 feet, as plotted on the Map and Profile of Devil
Canyon in the back envelope. Once the flow of the impounded
water reaches a critical wvelocity for the formation of ice the
leading edge will progress through the rapids. Simultaneously the
slurry of slush ice in the pool would quickly freeze solid resulting
in an immensely thick but incompetent ice cover. The thickness of
the layer is naturally the same as the rise in stage which is
controlled by the river gradient and the degree of stability
required before ice progression resumes. Therefore, the steeper
the river gradient, the thicker the resultant ice cover develop-~
ment. This is verified by the data presented in the R&M report
"Preliminary Channel Geometry, Velocity and Water Level Data for
the Susitna River at Devil Canyon," April 22, 1981. The ice
thicknesses measured were greatest over the steeper gradient
sections of the canyon. These ice covers over rapids section,
during final stages of ice formation will eventually erode open after
the accumulated ice cover has passed through the reach. As will

be described later in this section, these rapids generally remain .

open throughout the winter but characteristically show immense
layers of ice on both banks with vertically sheared edges
constricting flow to a narrow channel. The relatively weak nature
of these shelves causes them to deteriorate by a process of
calving. Fractures develop through the shelf and huge blocks
periodically fall into the channel and drift downstream. A similar
phenomena was documented by Newbury in "The Nelson River: A
Study of Subarctic River Processes", (1969).
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5.2 - Chronological Field Observation, Freezeup

October 2, 1981 - Frazil ice was first observed at river mile 110
during a morning flight up the Susitna River on October 2, 1981.
A nighttime low temperature of -7.5°C was recorded at the Devil
Canyon station. The weather stations further upstream also
recorded temperatures well below 0°C. No frazil ice was observed
in the confluence area. The air temperatures upstream of
Talkeetna were apparently cold enough to allow supercooling of the
top layer of water, creating conditions suitable for frazil
generation in several areas. Increasing concentrations of frazil ice
were observed upstream of RM 119, along with ice pans forming in
river reaches of I[ower velocities. The shallow side channels
showed border ice forming characteristically on the left or south-
east bank only. This indicates that solar radiation may have been
warming the water and the north bank sufficiently to prevent
shore ice formation. The downstream end of the rapid water
section above Curry was extruding a large amount of frazil and
slush. |ce pans 2-3 feet in diameter were seen above Gold Creek,
with the concentration progressively increasing in density nearer.
to Devil Canyon. At Portage Creek, the pans extended con-,
tinuously across the channel. Through the canyon no ice was
seen on the surface but the unusual tight green shade of water.
throughout this reach indicated a high density of slush ice
through the water column. Floating ice pans were again noticed
above the Devil Creek confiluence and extended upstream beyond
the Deadman Creek confluence area, where ice pans formed an
almost continuous layer across the channel. See Figure 5.1. The
discharge at Watana streamgage was 5,900 cfs.

October 6, 1981 - 1n contrast to the first reconnaissance flight,
almost no frazil or flowing ice of any form was observed. The low
temperature during the previous night was -4.2°C at Watana and
-2.0°C at Devil Canyon. Apparently no frazil ice was being
generated. Border ice growth continued in several sections of
slower moving water upstream of Devil Canyon.

October 29, 1881 - With air temperatures fluctuating above and
below 0°C all through October, no permanent ice formations
developed. Between October 12-15, temperatures increased

sufficiently to melt much of the remaining border ice. Therefore,
no further. flights were scheduled until a predictable weather
pattern developed. By the end of October, air temperatures at all
four weather stations were gradually decreasing. Observations
were made up to river mile 115 only, due to poor flying
conditions. The previous night low temperature was -9.4°C.

In the Chase vicinity concentrations of ice pans of 2-3 feet in
diameter were often seen extending from bank to bank. Border
ice was again building along both sides of the river, and most
sloughs and side channels showed a continuous ice cover. Ice
pans and rafts from the Susitna formed 70 percent of the total

floating ice below the confluence with the Chulitha River.
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November 2, 1981 - Temperatures had remained consistently low
for several days, with an average temperature of -11.0°C. Above
the mouth of Deadman Creek, the border ice had sufficiently
extended into the channel to close the channel and form an ice
bridge. lce pans were accumulating against this obstruction,
causing upstream growth of the ice cover. Another channel
closure was forming just downstream of Bear Creek confluence,
about 1 mile below Tsusena Creek. An extensive ice bridge had
developed below Fog Creek confluence but was not progressing
further than the rapids section immediately below the Fog Creek
confluence. A continuous ice cover had formed over the two mile
long rapids section below the Devil Creek confluence, in the
process previously described. WMany ice bridges were building
between RM 155 and RM 160. Devil Canyon had a continuous ice
cover from the "elbow" down to RM 150. The discharge at Gold
Creek at the time of these observations was 4,100 cfs. Below Gold
Creek, the river channel remained open but thick sheets of con-
solidated slush ice covered most of the channel. These ice rafts
were periodically broken up and reformed by local variations in
flow. As these slush ice rafts continued to move down channel,
more ice was (generated on the surface and within rapids. The
increased ice concentration assisted the consolidation process by
thitkening and strengthening the ice rafts. At RM 115 channel
constrictions concentrated the ice rafts, and bridging seemed
imminent. Below Chase, the ice rafts were almost continuous.
The individual rafts averaged about 20 feet across as they
entered the Susitna-Chulitna confluence area. See Figure 5.2.

November 6, 1981 - Cold air temperatures persisted, and thev

following aerial observations were recorded. Below Talkeetna, the
Susitna was ice covered from Cook Inlet to approximately
Kashwitna Creek. The channel at the Parks Highway Bridge was
choked with slush ice rafts. The confluence area showed some
frazil ice being contributed by the Chulitna ahd Talkeetna Rivers,
but most of the ice was drifting down from the Susitna. See
Figure 5.3. In the Chase area 50-60 percent of the river channel
was covered by border ice. The remaining open water contained
70 - 90 percent slush rafts and frazil ice. An apparently stable
ice bridge had formed at RM 105.5. Slush ice rafts were accumulat-
ing against it, creating an upstream progression of ice coverage.
More ice bridge formations were observed at RM 123, RM 131 at
Sherman, at RM 136 below Gold Creek, RM 145 and at RM 149 just
above the Portage Creek confluence. The ice cover and bridges
through Devil Canyon remained stable with no significant growth
observed. No further ice formation was reported in the reach
from Devil Canyon to Watana. This lack of ice formation may be
attributed to the ice covered rapids and frazil generators up-
stream.

November 18, 1881 - The air temperatures continued to decline,
ranging from -13°C at Talkeetna to -16.0°C at Watana. The
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leading edge of the ice cover had progressed upstream to within
4 miles of the Parks Highway Bridge. The open water was only
50 feet wide on' the main channel at the bridge due to the steady
growth of border ice. The Chulitna River showed increasing ice
formation activity, with moderate concentrations of frazil ice and
ever widening border ice. The Talkeetna River was completely ice
covered. The slush ice rafts previously observed on the Susitna
River had consolidated and jammed at a border ice constriction at
the confluence. A narrow channel of 50 feet in width remained
open and showed very dense slush and frazil ice. At RM 108,
dense concentrations of anchor ice could be seen. Slush ice had
bridged the open channel at RM 110 and a border ice constriction
at RM 111 created a bottieneck restricting the flow of ice rafts.
The reach between Curry and Sherman was characterized by
extensive anchor ice, giving the water a milky appearance. The
ice bridge below Gold Creek remained stable, with no ice pro-
gression. No further ice formation had occured above the Devil
Canyon area.

December 14, 1981 - The ice cover had progressed to RM 95 below..
Talkeetna. From there to the Susitna-Chulitna confluence, the..
river maintained an open channel. At the confluence, ice cover
resumed on the Susitha River and continued to RM 127 with the
exception of narrow open leads of varying lengths, usually less
than one-half mile long. The open channel above RM 127 was
40-50 feet wide, and contained 70 percent frazil ice. Extensive
patches of anchor ice were also observed. At Gold Creek the
channel was 60-70 feet wide with no visible frazil ice. The ice
covered reaches in Devil Canyon and below Devil Creek confluence
had developed narrow open leads about one-half and 1 mile long,
respectively. Above Devil Creek, the river remained open with
extensive border ice formations constricting the remaining open
water. Ice progression seemed to have stopped above Devil Creek
and border ice growth appeared to be the only development.

January 4, 1982 - Air temperatures remained consistently cold
through December averaging -12.6°C at Devil Canyon and Watana
and -11.7°C at Talkeetna. The Talkeetna, Chulitha and Susitna
rivers were frozen at the confluences with the exception of open
leads resulting from either high water velocities or groundwater
intrusions. ‘See Figure 5.4. The Susitha above the confluence
was generally ice covered, with many reaches of narrow open
leads. Near Sherman at RM 127, an open channel about 1 mile
long persisted. Above Sherman, the open leads became more
numerous and generally longer. Above Gold Creek, the river was
open but had many ice bridges. Little had changed through the
Devil Canyon reach and further upstream.

March 10, 1982 - The Ilowest temperatures of the season were

recorded in January, with a general warming through February
and March.
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A reconnaissance flight revealed that the Susithna River was
entirely frozen from Talkeetna to Devil Canyon with only a few
areas of open leads. See Figure 5.5. Areas showing overflow
were becoming more frequent throughout the reach from Talkeetna
to Denali. Plates 1 through 7 in Appendix E present descriptions
of ice formations as documented during the reconnaissance flights.
These notes provide additional insight to ice formations in specific
river reaches.

5.3 - lce Breakup, General Observations

The ice disintegration process on northern rivers s
characteristically related to an increased discharge resulting from

greater solar radiation influence and subsequent melting of the

watershed snowpack. Meitwater trickles down the banks and tends
to pool along the sides of the channel. Narrow leads of open
water develop along the edge of the shorefast ice. Increasing air
temperatures and precipitation create marked increases in runoff
contributing to the existing river flow, causing pressure to be
exerted on the ice cover. Once critical stresses are exceeded in
the ice cover, shore cracks develop and the decaying ice splits
into numerious large rafts. |In areas of high velocity, the water
will actually be forced through surface cracks, resulting in flow
over the ice cover. Any remaining snow cover on the ice is
quickly eroded and the weakening ice becomes candled.

The ice at this stage is undergoing a process of deterioration
called '"candling". Impurities in the water are rejected during
crystallization and tend to be concentrated on the vertical crystal
boundaries. The vertical crystal structure is revealed at breakup
by accelerated melting in the columns of impurities between
crystals. The ice cover as a result weakens, fractures and down-=-
stream ice movement begins, (Newbury, 1969).

The downstream movemggr of ice was at first sporadic and slow, as
some sections of the ice cover remained shorefast or anchored in
shallow reaches. Downstream movement accelerated until jamming
occurred at natural constrictions and sharp bends. At this point
of ice movement, the river was subdivided by .a series of ice
barriers which had formed during freezeup, as ice bridges.

Drifting ice blocks acted against these barriers. High velocities
caused them to submerge under the ice covering the deeper
channel. The friction of bed material and surface ice may restrict
the passage of some ice blocks, and additional floes will accumulate
upstream. With the flow constricted, the water level upstream will
rise. If the jam can resist such pressure, the water continues to
rise until it overflows into an existing side channel or creates a
new channel, (Pariset, 1966), (Newbury, 1969), Although the
latter event is rare in the relatively confined channel of the
Susitna, the slough below the Gold Creek Bridge provides an
example.
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Figure 5.9 shows a section of the U.5.G.S. topographic map, D-6,
Talkeetna Mountains Quadrangle. Below the Gold Creek railroad
bridge on the left bank there now exists a secondary overflow
channel (Slough 11) which is not on the U.S.G.S. map published
in 1951. This relatively new channel approximately follows the
base of the terrace at the 700-foot contour line. The exact date
of this event could not be provided by the Alaska Railroad or the
National Weather Service. The jam which created this channel
re-occurs almost every Yyear very close to LRX-43 below Gold
Creek Bridge. On~going slough surveys (during the summer of
1982) will determine whether Slough 11 is also flooded during peak
summer flows or only as a result of ice jam flooding. The
presence of an unusually high berm at the head of this Slough
indicates flooding at only the most extreme main channel stages.

lce jams remain stable until increasing ptressure from upstream ice
accumulations and impounded water weaken and lift the ice batrrier.
The release causes a surge of ice, water and debris to rush down-
stream, often driving large ice blocks far from the normal channel,
scarring shoreline vegetation and creating a "trim" line.

The principal effects of river ice breakup are summarized by
Newbury (1969):

1. An annual cycle of bed erosion and infilling occur(s)
where unconsolidated material was present in zones of ice
accumulation.

2. Bank and bed material of a size greater than that
corresponding to the hydraulic competency of the river
were striated and shifted downstream in local zones of
ice cover movement..

3. A vegetation trim line was developed along the channel
boundaries corresponding to the maximum ice level.

4, Local sections of terraces and braiding were developed
by flow shifts in rapids zones during the annual period
of ice accumulation.

The 1982 brea