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1.0 INTRODUCTION

As a part of the on-going environmental studies for the project, we

have completed the calibration phase of the computer modelling

studies for instream ice. This report deals with the reach from

the confluence at Talkeetna to Gold Creek, as shown on Exhbit 1.

This rea ch includes a number of the more important sloughs, and is

expected to experience a greater change in winter regime than the

Lower River area. Data has been collected in this reach since 1980

and includes the most complete data available on the river for ice

modelling purposes.

The calibration studies have been restricted to freeze-up since we

expect that this will lead to the most significant staging with

project, and since break-up modelling is generally considered

beyond present state-of-the-art. The break~up of an ice cover

depends on complex, highly variable and unpredictable structural

characteristics of ice. In addition, the ice jams resulting from

break-up can result in unsteady flow which is not included in our

present model.

We believe that this limitation of the ice model is acceptable

because:

1. With project, break-up in the middle reach will be more gradual

and controlled compared to pre-project because power flows can

be regulated during the break-up period.

2. Maximum ic~e jam stages can be estimated with present analytical

techniques if the likely locations of jams are known.

1-1
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1.1 ENVIRONMENTAL WORK PLAN

The sequence of enviromental studies in progress for the river is

shown on Exhibit 2. According to this exhibit, the critical input

data for the instream ice model are the discharge hydrograph and

temperature time history for releases at the dames). The instream

temperature model (AEIDC) will also be required for final instream

ice runs. However, for preliminary runs, the instream ice model

will also include computations for ice-free temperature profiles

for convenienlt=e.
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2.0 DESCRIPTION OF MODEL

The basic program, ICECAL, has been developed by Darryl Calkins of

the Cold Regions Research and Engineering Laboratory (CRREL), U.S.

Army Corps of Engineers. The program documentation is included in

Appendix A. Mr. Calkins provided assistance in installing the

program on the H-E system and continues to provide advice on as­

sessment of program output.

In summary, the program requires the following daily input data:

Upstream Boundary

Water Discharge

Water Temperature, or

Frazil Ice Discharge

Within the Reach

Channel Cross-sections

Channel Roughness

Air Temperature

Wind Velocity

Downstream Boundary

St age Hydrograph

Water Dllscharge

2-1



For the first day of the simulation period, the program computes

the ice-free water surface profile and temperature profile. During

each day, including the first day, the model determines the total

ice produced and determines advance of the leading ice edge from a

pre-determined location and thickening of the cover. In addition,

lateral ice growth is determined at various open-water sections in

accordance with calibrated coefficients. After the ice front

advances from one cross-section to the next upstream section, or if

the water discharge changes from one day to the next, the water

surface profile is re-computed.

The ice production in the reach is computed based on open-water

heat exchange using a linear approximation of the heat transfer

coefficient wilth wind velocity as the major independent variable.

The ice cover starts at a pre-determined location at the downstream
f""

boundary. The advance of the leading edge is based on water

velocity at the front and relative thickness of ice to water depth.

The critical parameters which must come from the ice hydraulics

- calibration are as follow:

1. Ice-free heat transfer coefficients.

2. Cohesion coefficient for frazil slush accumulation.

3. Critical value of Froude Number for progression of the leading

edge.

4. Critical velocity for erosion/deposition under ice cover.

5. Lateral ice growth coefficients.

2-2
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The model uses the following fundamental equations for the ice

processes, based on references 7-11:

1. Ice inflow at upstream boundary:

where

3= ice discharge, m Is.

Ci = surface ice concentration, %.

v = mean velocity, (m/s).

B = ice-free water width, (m).

t = mean thickness of the floating slush (m).

e = porosity of the floating slush.

2. Ice production in open water:

h. A T
~ a

PA

where

ice
3

discharge, m Is.

2= ice production heat transfer coefficient, W/m _oC.

2-3



A = ice-free water surface area t
2

m •

F'"
i

T = air temperature below O°C.
a

~,

p = density of water t
3

1000 kg/m •

-

-
-

"'"'

.-

5= heat of fusion t 3.34 x 10 N-m/kg.

3. Lateral ice growth:

where

L = ice growth in m/day.
i

K = coefficient based on observation.

v = mean flow velocitYt m/sec.

N = exponent based on observation.

4. Criterion for progression of leading edge:

F = V < Fc---
V' 2gH

where

F computed modified Froude Number.

Fc = critical Froude Number.

2-4
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v = mean flow velocity, m/sec.

H = hydraulic depth, m.

-
...

5.

If F > F , leading edge cannot advance and ice is drawn under
c

cover for possible deposition downstream •

Progression by Hydraulic Thickening:

where

v = mean flow velocity just upstream of the leading edge,

~ m/sec.

H =

t
h =

I""'"

hydraulic depth just upstream of the leading edge,m.

stable ice thickness required for progression of front, m.

p" , P = den s i f: y of ice cover (assumed 920
3

kg/m ), water

3
(1000 kg/m ).

6. Progression by Mechanical Thicke ni ng (shoving) :

B Vu
2 [1 P: :oj = 2a. t s L e _] 2+ + -.e...... ~

C2H 2 P g]..lH 2
P P H 2

]..I u u u

where

v = mean velocity under ice cover, m/sec.
u

2-5
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H = mean hydraulic depth under ice cover, m.
u

B = channel width, m.

U = coefficient of internal friction for ice cover, 1.28.

C = Chezy coefficient of friction, based on average of bed

friction and n
i

= 0.050.

p~p= density of ice cover, (same as 5, above).

R = hydraulic radius under ice cover, m.

a = cohesion of ice cover, N/m
2

•

t = stablE~ ice thickness required for shoving stability, m.
s

7. Underice Deposition:

v -c
u

= critical velocity beneath ice cover for deposition of

ice under cover when front cannot advance, m/sec.

Temp. Vu-c (m/s)

0° to -7°C Vu-c

_7° to -18°C Vu-c/0.95

-18° to -30°C Vu-c/0.90

8 • Sol i d Ice Grow t h :

l/H )
a

.... 2-6



where

-1
pr evi ous day ice thickness,t i = m.

!J. t
i = i ncreme ntal ice thickness growth per day, m.

F'"

T = reach ave. air temp below O°C.
a

K
i = thermal conductivity, 2.23 W/m- °C.

R surface heat exchange coef, W/m
2_oC.=a

,fd'IIiIll., e = porosity of ice cover (assumed 0.3).

= heat of fusion of ice, 3.34 N-m/kg.

p.-
kg/m

3- = density of ice, 920 .
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3.0 DATA AVAILABLE FOR CALIBRATION

The data available for model calibration has been accumulated

primarily by R&M Consultants over the past four years. This infor­

mation is available in R&M reports (See References 1-3, and 6). In

addition, channel cross-sections from Talkeetna to Watana, and ice-
pu;

free stage-discharge observations are available in R&M's report on

-Hydraulic and Ice Studies," (Reference 4).

The information included in these reports is as follows:

1. Descriptions of the ice processes,

2. Photos of river ice phenomena,

3. Weather data,

4. Discharge data,

5. Surface ice concentration,

6. Water surface profiles,

7. Ice thickness,

8. Leading edge progression,
~

I
I

9. Ice jam locations and effects,

10. Channel cross-sections,

11. Ice-free stage-discharge ratings.

-

3-1....
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Based on the above information, the freeze-up for 1982-83 and

1983-84 were selected for calibration of the freeze-up portion of

the model, since this represents the most useful information re­

quired for calibration. While this data is not complete, the

following information in the reach from Talkeetna to Gold Creek was

sufficient for preliminary calibration:

1. Progression of the leading edge,

2. Water surf:ace profiles and maximum ice elevations,

3. Ice thickness after formation of cover,

4. Estimate of surface ice inflow at Gold Creek.

3-2
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4.0 CALIBRATION OF ICE-FREE TEMPERATURE PROFILE

The ice-free temperature profile is not important for the calibra­

tion of the freeze-up portion of the model~ since the simulation

period begins after the river has reached O°C, and air temperatures

are generally below ooe. Therefore, no attempt has been made to

calibrate this portion of the model.

However~ for post-project production runs, discharges from the

dames) will be above freezing and it is very important to determine

the location of the ooe point in order to estimate the ice produc­

tion and limit of ice cover.

Therefore for post-project operation, we plan to use results of the

AEIDC temperature profile model~ SNTEMP, which has been calibrated

to the Susitna. Until SNTEMP results are available, however, we

will use the temperature profile as computed by ICECAL~ realizing

that adjustments may be necessary when the final SNTEMP data is

available.

4-1



5.0 CALIBRATION OF ICE-FREE WATER SUIFACE PIOFILE

This portion of the model must be calibrated since velocity and
r-

depth are crucial to the development of an ice cover and the

mechanics of the ice front advance.

Ice-free stage data is available on the river for Gold Creek dis­

charges of 3000 cfs, 9700 cfs, and higher flows. Since the normal

pre-project winter flow during freeze-up is approximately 3000 cfs,

and with-project freeze-up flows are expected to be approximately

10,000 cfs, both discharges were used for calibration purposes.

Tables 1 and 2 show the comparison of computed and observed water

surface elevations. All computed water surface elevations are

within 0.5 foot of the observed values, which is considered accept­

able for the ice model. Exhibit 3 includes profiles showing the

same information. Tables 1 and 2 also show the water surface

elevations computed with the HEC-2 model, as reported in reference

5. These values demonstrate that the ice-free surface profile

computation in ICECAL compares favorably with HEC-2, which is the

standard model for open-water profiles.

The resulting Manning's "n" values for the river bed at the various

cross-sections are shown on Table 3 and range from 0.022 to 0.065,

with contraction and expansion losses of 0.1 and 0.3, respectively.

This is considered to be a normal range of "n" values for a river

such as the Susitna. These calibrated roughness factors were then

used for the river bed for all succeeding freeze-up simulations.

-

,-
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6.0 CALIBRATION OF FREEZE-UP PROCESSES

The simulation of freeze-up for 1982-83 is based primarily on data

given in the R&M 1982-83 Ice Observation Report. The information

taken from that report is as follows:

1. Table 4 contained water discharge, mean daily air temperature,

and ice concentration at the upstream model boundary. (Gold

Creek). Since wind velocity was not available at Gold Creek,

the record at Devil Canyon was used, shown in Table 5. The ice

concentration was converted to ice discharge based on estimated

thickness, porosity, and flow velocity.

....

-

2. Table 6 provided the downstream boundary conditions

(Talkeetna), mean daily air temperature and wind velocity.

3. Table 7 listed the river stage after the ice front passed

various locations in the reach between Talkeetna and Gold

Creek.

4. Table 8 gave the ice thickness following freeze-up at Gold

Creek, Curr.y, and Talkeetna (LRX-3) •

5. Exhibit 4 in this report was used to determine the location of

the leading edge with time.

Results of final simulation trials are shown on Exhibit 5, and 7

r and Tables 9 and 10. Exhibit 5 shows a profile of the maximum

water surface elevations computed after the ice front has passed

the various sections in the reach, along with corresponding ob­

served ice elevations at locations reported in Table 7. Table 9

shows a comparison of the computed and observed maximum water/ice

elevations at the observation 10c~tions. Exhibit 5 also shows the

6-1....
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computed slush i~e thickness in the reach, after the cover has

progressed to Gold Creek, with observed ice thickness included for

comparison. It should be pointed out here that a quantitative

comparison of ice thickness is difficult. Exhibit 6 shows a typi­

cal ice-covered cross section versus the model approximation of the

same section. The actual flow distribution and ice deposition

pattern are complex 3-dimensional processes, whereas the model

computation is one-dimensional. The observed ice thicknesses,

based on 1-3 corings typically, cannot be expected to define an

average ice thickness which would be indicative of the ice volume

stored, which is ultimately our goal in the modelling effort.

However, based on our studies to date, we believe the computed ice

thicknesses are indications of the ice volumes, and are probably

somewhat conservative (high). Exhibit 7 shows the computed loca­

tion of the ice front with time, compared to the observed location.

The calibration coefficients resulting from the final simulation

for the 1982 freeze-up are shown in Table 10. These values are

within normal tolerances, as indicated.

The simulation of freeze-up for 1983-84 was based on data provided

by R&M in their Preliminary Ice Report for 1983-84. The informa­

tion used is as follows:

1. Table 11 was used for water discharge at Gold Creek.

2. Tables 12 and 13 were used for air temperature and wind

velocity at Talkeetna and Sherman thru December 1983. For the

first week of January, Gold Creek temperature and Talkeetna

wind velocity were used for the entire reach, since no other

data was available at that time.

-I,

3. Table 14 was used to estimate ice inflow at Gold Creek.

porosity value of 0.6 was assumed for this computation.

6-2
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4. Table 15 was used to define the maximum water/ice profile

during the progression of the leading edge from Talkeetna to

Gold Creek.

5. Tables 16 and 17 were used to define the observed ice thick­

nesses at selected locations following freeze-up of the

Talkeetna-Gold Creek reach, in early January and late January,

respectively.

6. Table 18 provides ~he location of the observed leading edge(s)

- with time from Cook Inlet to Gold Creek.

.....

Results of final simulations are shown on Exhibits 8 and 9, and

Tables 19 and 20. Exhibit 8 shows the computed maximum water/ice

profile and computed maximum ice thicknesses, along with cor­

responding observed values. Table 19 shows the comparison of

computed and observed maximum water/ice elevations at the observa­

tion locations. Exhibit 9 shows the computed leading edge

progression versus time for various assumed values for the critical

Froude number at the leading edge, along with the observed leading

edge progression. It should be noted that in the 1983 freeze-up,

two intermediate ice bridges formed in the reach. The present

model does not consider intermediate bridges and therefore does not

simulate the multiple cover progressions as observed. The simula­

tions varied the critical Froude criteria in order to match the

range of progression rates observed. As shown on Table 20, we have

selected run 84-15, with a critical Froude number of 0.096, as

representative of an average progression rate for the 1983 freeze­

up. Table 20 shows the other final calibration coefficients for

the 1982 and 1983 freeze-ups. All of the factors are common except

F , which was slightly different for the two years. For with-
e

project simulations, we will use F 0.095, the average of these
c

two simulations.

6-3
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7.0 DISCUSSION OP RESULTS

Based on the results of the simulations to date, we conclude the

following:

1. The ice-free water surface profile calibration yields computed

values within 0.5 foot of observed values for 3000 cfs and 9700

cfs. This is considered acceptable for ice modelling purposes.

2. The maximum water/ice elevations computed and observed for the

1982 and 1983 freeze-ups are compared in Tables 9 and 19

respectively. In general, the differences are within + 2 feet

which is the order of accuracy which could be expected in

modelling the phenomena. However, there are some locations

where the disagreement is significantly greater than this. For

example, at RM 127.0 and 130.9 in 1982, and RM 113.0, 123.3,

and 128.7 in 1983, the differences range from + 3 to over

+ 8 ft. In all cases when these large differences occur, the

computed values are higher than the observed values. One

possible explanation for this is that the higher levels cannot

actually obtain in the field because of overflow into sloughs

which are not included in the model. In addition to this, the

model may be overpredicting the stages, particularly in the

1983 simulation, because the model does not consider inter­

mediate bridges, which can interrupt ice supply to downstream

reaches. It appears then than the model will produce conserva­

tive results for with-project operation, in that overtopping of

berms will be indicated when they occur, but actual stages will

likely be less than the model prediction.

3. Ice thickness computed and observed following the 1982 freeze­

up agree very well. The field observations were made in

February when discharges and stages had decreased, and some

7-1
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solid ice had developed. However, the total ice thickness is

very similar to the computed slush thickness.

The thickness observations following the 1983 freeze-up agree

reasonably well with model simulations except at LRX-24 and

LRX-27. Here the observed thicknesses are significantly higher

than computed. However, it should be pointed out again that

the observations are limited to 2 or 3 measurements in a

400 ft. + cross section and therefore cannot be expected to

completely define the ice in the section. The only other

explanation for the discrepancy is the intermediate ice bridge

which formed at LRX-24 and led to the second leading edge

progression. This may have led to the "hanging dam" observed

in the reach from LRX-24 to LRX-27. The model simulation did

not assume the intermediate bridge and therefore the leading

edge moved thru this reach at higher stage with less deposition

of ice.

4. The computed leading edge progression compares reasonably well

with the observed rates for the 1982 freeze-up as shown on

Exhibit 7 except fo~ the observed "stall" near Gold Creek. The

observed progression from RM 134 to 136.5 took over one month,

while the computed advance in this area took only about one

week. This indicates the model simulation will be conservative

in that it will probably show a somewhat higher advance rate

that actual. The 1983 freeze-up advance rates are shown on

Exhibit 9. This comparison was complicated by the observed

development of intermediate bridges which were not modelled.

The model was run with varying values of critical Froude num­

ber, F , such that the limits of observed rates were simulated.
c

Run 84-15 used an intermediate value of F , 0.096, and produced
c

a progression rate which was a reasonable approximation of the

observed, without using an intermediate bridge. Again as in

7-2
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the 1982 simulation~ we expect model predictions to be conser­

vative with high predictions of stage during progression of the

lead i ng e d g e •
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8.0 FURTHER STUDIES

These studies conclude the calibration portion of the modelling

effort. We will now extend the model to with-project studies which

will include the following:

1. With Watana only.

2. With Watana and Devil Canyon.

- 3. Wet, Dry, Average River Flow.

4. Hot, Cold, Warm Winters.

5. Various Power Demand Schedules.

6. Case C Environmental Flow Release Schedule.

The studies will include the reach from the dam(s) to Talkeetna,

r for the period from November thru April. An estimate will be made

of the period required to fill the lower river with ice, which will

r permit ice progression up the middle reach. We will use a conser­
I
i vative estimate for this period in order that we obtain a

conservative estimate of ice cover development in the middle reach.

A future report will deal with results of these studies.

~

I
\

-

-
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Table 1
ICE-FREE WATER SURFACE PROFILE

Q = 3000 cfs at Gold Creek

Section River Harza
1

R&M 2 Harza
No. Mile HEC-2 Observed Instream Ice Model

LRX-3 98.59 339.7 340.2 340.2

LRX-4 99.58 347.1 346.8

LRX-9 103.22 374.9 375.1 374.6

LRX-24 120.66 519.2 519.1 518.9

LRX-28 124.41 551.6 551.6

LRX-35 130.87 615.0 614.7 614.5

LRX-45 136.68 681.1 681.4 681.0

LRX-62 148.94 831.4 831.9 831.4

LRX-68 150.19 847.3 847.1

Refe rences:

1 • "Water Surface Profiles and Discharge Rating Curves, ..
Harza-Ebasco, October, 1983. Table 5.

2. R&M Correspo ndence No. 052306, September 11 , 1981.



Table 2
ICE-FREE WATER SURFACE PROFILES

Q z 9700 cfs at Gold Creek

r

Section
No.

LRX-3

LRX-4

LRX-9

LRX-24

LRX-28

LRX-35

LRX-45

LRX-62

LRX-68

References:

River
Mile

98.59

99.58

103.22

120.66

124.41

130.87

136.68

148.94

150.19

1
Harza
HEC-2

344.1

348.6

378.0

521.2

554.4

617.4

684.0

835.4

851.0

R&M
Observed

348.1

378.4

521.3

553.8

617.3

684.1

835.4

851.4

2 Harza
River Ice Model

344.0

348.6

378.9

521.8

553.8

617.4

684.5

835.9

851.4

r

I""'"
I

-
.-

1. "Water Surface Profiles and Discharge Rating Curves,"
Harza-Ebasco, October, 1983. Table 5.

2. "Hydraulic and Ice Studies," R&M Consultants, March 1982,
Table 4.18.



Table 3

Ice-free Calibrated Un" Values
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Ice-free Calibrated "n" Values

~rAtlUf\l

CH'U~~ ~t: L 1) lJhl u4 I At'. ~ ",-f AC I" tst.V-N ··>-let-N

-
~

IlIJIlllIIi. I
~
t

~
1- ~,
,
r,.,.. ,
•I ,
i
t

.... ~

r
i

.\!llI!lIl

!

-

f
I

1Jl.1" '1 .,----s·.'OU -- ---g".v4l ".. --0-.050 ---
IJJ."~ 14 I.vu U.03b u.U5u
1.)~."\t 1&1 _. -l.v\t- . -'.U.)o V.-v~u·- .
l~J.j) lJ l.uO U.U~D - u.u50
1,,'''cots 1&1 -I.uu v.u~e - -v.~v· - ..
IJq.li I~ 1.v~ v.OJe V.u~U

I ~~ .,)0'-' -1,) - - -1.00 ..... - 0."O~·" -venO .. -
lJ~.1~ 17 I.vu U.OQU 0.u50
loS")."'" ~u l.vu ;0.U4V u.u~"i--

IJb.~U 14 1.~u U.045 U.U~O

. - l.iD.OO I~ l.uU ·u.U.~----_··"V."~U·

Ilb.~o l~ 1.UV u.v4~ O.u~O

--H".I~----;q 1.0"~-~O O.V~'O--

lJ7.&ll IV l.vU V.v4U v.uSU
IJa.~~· ""l~ -l.1iv· - U.1ICI.,- _. --U.U!Jt-·- -
Ild.qb 11 l.vU U.Uq~ .,.v50
I Ja·.t1'" - - I ...... -- v.~tt --·---U.'O'Sti-· --tr."'ti'Si)
ll~.&l4 10 U.~b U.U~~ O.O~O

l~u.l~ I~ u.~o u.u~~ . U.OSu
J4U.d3 14 u.9~ 0.055 0.u50
I ell."" 1&1" - - "V.~a· _ .. ·U.-U~~ ~.~~v

l&1l.1.) 1~ ~.Y"- U.U~~ O.uSu
1..~ • .)1t l~ - v.v., --~..U~U ----o.u~·U _.- -
I~~.lo 1~ u.~~ U.U~u U.U~u

t"&I.ft~ . --- ~q--- ----v;1ll" ---v~- ".a~-----.

l"'.~D 14 \;.'Itt U.U5~ v.uSU i
IlId.1J -t~.- u.'Ia-------u.-vol· U.u~u---- - j
lite."" I~ ".~.. ~.UD.) U.u~v I
1"~. I~ '1 j - - .".....4-- o. uS~----1J."';u-- - --- -I
I~~.J' 11 v.~" u.g~~ ~.u~U :
1 a'l. q f) I ~. ·_·v-.-4f....- .- - .,,-.'V~~. d • o~u-- ---
j~".~J ., U."~ u.u5~ u.~~u

1"'I.t'l1 1,) U • .,4 - - v.vo~···- -- v.u~u

I~U.l~ 1~ v.".. U.Ub~ U.050- -_ ..- --- -- ._ .._-

Contraction Loss = 0.1 ~ V
2
/2g

.. ---- . ----&xpansion·Loss = 0.3 ~ V2/2g



·It..~ .~ ,!IJ .~-:1!9 ,III ·1If- "~ J~J!f .~' ,~ I!J ~ ,~ ~ "1
.5/dd2

TABU: .....

SUSITNA RIVER AT GOLD CREEK
FREEZE·UP OBSERVATIONS ON THE MAINSTEM

November 1982

Gold Creek
Me.n Air WIt.r Ie. In Border Ice Snow

oI.ch. rge (1) Temper.ture (2) Te.perature (3) Ch.nn.' ... ) Thlckn••• Depth I"1j
Date (cfs) (DC) (DC) (II cru ll1L Weather Ii

0
Nov. 1 ..800 -2.2 0.00 70 0.9 1.' Wlnd~/Cloud)' S

2 11100 1.1 0.10 20 0.9 1.5 Snow ::03 ..600 -6.9 0.20 50 0.9 1.7 C'oud~ !?'l.. "500 -3.3 0.30 15 0.9 1.8 Cloud~
..,.
~

5 ....00 -6.7 0."0 10 0.9 1.8 Cloud~

6 11300 -16.9 0.30 50 0.9 1.8 Sunny :;0
7 "300 -17 .8 0.20 55 1.0 1.8 Sunny III
8 "200 -7.5 0.15 55 1.2 1.8 Snay 10

9 .. ,00 ·5.6 0.15 55 1.2 2.6 Cloudy 0
Ii10 "000 ·'.0 0.30 ., 50 1.2 2.5 Cloudy rt

11 11000 -1.1 0.20 50 1.2 2.5 Snoy
12 3900 -1.9 0.20 3' 1.3 3.3 Cloudy
13 3800 -3'" 0.20 35 1.3 3.3 Sunny

'" 3800 -1.9 0.20 30 1.5 3." ClOUd)' I-'(J), 15 3700 -12.2 - "0 1.5 3.11 Sunny I.':> ~
com

0- 16 36"0 -15.8 - . 60 1.6 3." Sunny tv 1-"

"" 17 3600 -15.0 - 70 1.6 3." Sunny Irt
18 3500 -22.8 0.30 70 . 1.6 3.3 Sunny oo~,
19 3500 -25.7 0.20 75 1.7 3.3 Sunny wp!
20 31100 -10.0 0.30 . 70 1.6 3.3 Snow
21 31100 -6.11 0.30 60 1.6 ".1 Snoy :;0

22 3300 -5.0 O. ItO 55 1.6 ".1 Sunny 1-"
<:23 3300 ...... 0.30 "5 1.3 ".0 Sunny (I)

2,. 3200 -3.1 0.30 30 1.3 ".0 Sunny Ii
25 3200 -2.8 0.50 "0 1.2 3.9 Sunny
26 3100 -3.1 0.110 50 1.2 3.8 Sunny H
27 3100 -8.3 0."0 50 1.2 3.8 Sunny ()

28 3100 -12.8 0.50 60 1.3 3.8 Sunny III
29 3000 ·9.7 0.30 60 1.3 3.8 Snov (J)
30 3000 -8.9 0.20 ..0 1.3 3.8 Cloudy rt

~
OJ
I<:...

1. Provlslon.1 d.t. subJ.ct to revl.lon b~ the U.S. GeOloglc.1 Survey, W.ter R••ourc.s Division, Anchor.ge, At ••k••

2. Aver.ge v.'ue or the days .'nl.u••nd ••xl.u. t••p.r.ture.

3. Based on one Instant.neous ....ure••nt, usu."y t.ken .t 9 •••• 'd.II)'.

... V'su.1 .st'•• te bas.d on one Instantaneous obs.rvatlon. usu."y .1 9 •••• d.II~.

J
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TABLE 1f.5

SUSITNA RIVER AT GOLD CREEK
FREEZ[·UP OBSERVATIONS ON THE MAINSTEM

December 1982

Gold Creek
Mean Air Water Ice In Border Ice Snow

DIseha rge (1) Temperature (2) Temperature (3) Channel elf) Th'ckneu Depth
Date (cts' (OC' I Oct IS' I fU 1.llL weather

Dec. 1 3000 -7.8 0.10 30 1.3 3." Cloudy
2 2900 -16.9 0.10 55 1.3 3.3 Cloudy
3 2900 -16.9 0.00 70 1.3 3.3 Windy/Sunny.. 2900 -10.0 0.10 75 1.3 3.3 Cloudy
5 2800 -8.3 0.20 75 1,3 3.3 Cloudy
6 2800 -1.7 0.20 65 1.3 3.0 Sunny
7 2800 2.5 0.30 If0 1.3 3.0 Windy/Cloudy
8 2700 3.6 0.20 15 1.1 3.8 Snow
9 2700 -1.9 0.20 25 1•1 3.9 Cloudy

10 2700 ·16.1 0.10 60 1.2 3.9 Sunny
11 2600 -6.1 0.1l0 ..0 1.3 3.9 Sunny
12 2600 -3.1 0.00 60 1.3 3.8 Cloudy
13 2600 -1.7 0.10 "0 1.3 3.8 Sunny
llf 2600 ·5.0 0.20 25 1.2 3.8 Sunny
15 261)0 ·0.3 0.20 10 1.2 3.8 Sunny
16 2500 ·3.3 0.10 10 · 3.7 Sunny

1 17 2500 -6.7 0: 10 10 - 3.7 Sunny
~ 18 2500 -10.6 0.00 50 · 3.7 Sunny
0\ 19 21100 -11.7 0.00 ..0 - 3.7 Sunny
I 20 2'100 -7.2 0.00 . "0 .. 3.7 Sunny

21 21100 -21.1 0.00 50 0.5 3.7 Sunny
22 211110 ·23.1 0.00 50 0.5 3.7 Sunny
23 2400 -15.6 0.00 30 0.5 3.7 Sunny
211 2400 "11.9 0.00 30 0.5 3.6 Sunny
25 2300 -9.2 0.10 30 0.6 3.6 Sunny
.26 2300 "5.6 0.10 30 0.6 3.5 Sunny
27 2400 -1.7 0.10 35 0.6 3.5 Snow
28 21100 0.6 - .. · 5.0 Snow
29 2600 1.7 0.10 5 overflow 3.1 Rain
30 2800 -0.3 0.10 25 overflow 3.2 Rain
31 2900 . 0.10 ~ 1.3 3.2 Sunny

1. Provisional data subject to reVision by the U.S. Geological Survey, Water Resources D'v's'on, Anchorage, Alaska.
t-3

• AI
tr

2. Average value Of the days .inl.um and ••xlmu. te.perat~r•• I-'
(I)

3. Based on one instantaneous .e8surement usually ·taken at 9 8 ••• d.lly. ~

... Visual estimate based on one Instantaneous observation, usually.t 9 •••• da"y•
~ -n

0
t:l
IT-P.

II II 11I. 11.__



2. Average value of the days minimum and maximum temperature.

TABLE 4.6

SUSITNA RIVER AT GOLD CREEK
fREEZE-UP OBSERVATIONS ON THE MAINSTEM

Janua ry 1983

Gold Creek
Mean Air Wlter Ice In Border .ee Snow

Discha rge C1) Temperature (2' Temperature (3' Channel (4) Thlokness Depth
Date Icfs) ( 0c) t 0c) tS) (ft 1 .l.f..t.L weather

Jan. 1 2900 -2.8 0.00 8 1.3 3.2 Sunny
2 2600 "2.8 0.00 10 1.3 . 3.2 Sunny
3 2800 -3.9 0.00 30 1.3 3.5 Cloudy
4 2100 "5.0 0.00 60 1.4 3.5 Sunny
5 2700 -13.9 0.10 65 1.3 3.5 Sunny
6 2600 "19.1 0.10 65 1.3 3.5 Sunny
7 2500 - 0.00 70 1.3 3.5 Sunny
8 2500 ..25.3 0.00 65 1.3 3.3 Sunny
9 2400 "22.2 0.00 ..' 60 1.4 3.3 Sunny

10 21100 -20.6 0.00 70 1.4 3.0 High WInds
11 211110 -16.7 0.00 85 1.4 3.0 Sunny
12 2300 -18.6 0.00 90 1,5 3.0 Sunny
13 2300 -16.7 0.00 90 1.5 3.0 Sunny
14 2200 -13.1 0.00 100 1.5 3.0 Sunny
*

'0\

'"

1 •

3.

4.

*

Provisional data subject to revision by the U.S. Geologica' Survey, Water Resouroes DIvIsion, Anchorage, Alaska.

Based on one Instantanoous measurement, usually taken at 9 a.m. dally.

Visual estimate based on one Instantaneous observation. usually at 9 a.m. dally.

Channel frozen over.
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Table 5

susitna River Ice study 1

1982-83

R ~ M CONSULTANTS~ XNC.

From R&MReport:

SU$ZTNA HYDROELECTRIC PR03ECT

r~

HONTHLY SUMMARY FOR DE'RL CANYON WEATHER STATION
DATA TAKEN DURING No"e"'ber, 1982

~

IES. ItS. M. IIAX. MX. DAY'S
MI. II11t• ION IIIND lUND IIID GUST at "VI. I£AN I£AN SOLAll

lAY mtP. TDIP. lEHP. IIR. SPII. SPD. III. SPD. ID. 1M UP 'REtIP ENERGY DAY
Bt Be I6t lEG 1115 IllS JB illS I IlElie III WHISQIt

. 1.8
' .

I .2 -9.1 -4.5 121 1.5 113 7.6 ESE 73 -7.5 HH 6S3 t
2 -.. -9.6 -5.1 121 .6 .f 115 3.2 S " -5.8 HfI 615 2
3 -2.7 -12.9 -7.8 116 .5 .9 171 J.8 DE 71 -14.5 Hit 44. 3
4 -.3 -5.5 -2.9 125 .9 1.1 1'. 6.3 ESE 7S -7.2 4ttH 568 4
5 -2.6 -14.3 -1.5 135 .6 .8 132 2.5 SE 19 -a.7 H" 605 :;
II -n., -18.1 -14.9 182 t.O 1.7 182 4.4 E 88 -16.8 HfI 423 6
7 -11.9 -18.5 -15.2 194 2.1 2.3 121 5.1 ESE II -18.1 Hit 423 7
8 -7.4 -13.0 -11.5 114 1.1 t.8 191 5.1 ESE 82 -11.3' IIH 148 8
9 -5.7 -a.5 -7.1 194 .1 .5 128 2.5 IISW 13 -38.1 IHI 311 9

11 -5.9 -13.7 -9.B 188 1.6 1.1 '" 4.4 ES£ 79 -n.3 Iftl 315 II
11 -3.6 -6.5 -5.1 III 1.3 1.4 117 3.8 ESE 4. -24.3 HIt 318 II
12 -.5 -6.8 -3.7 131 1.1 1.4 131 4.4 SE 83 -4.3 IHI 493 12
13 -.7 -6.5 -3.6 121 1.1 1.3 115 4.4 ESE 88 -4.2 Hli 541 13
14 -i.2 -9.2 -6.2 176 .7 .9 t89 3.8 £HE 21 -~.8 Hit 400 14
IS -6.1 -15.3 -n.1 t93 1.6 1.6 195 4.4 E 71 -13.1 HH 365 15
16 -13.8 -16.8 -14.9 187 2.1 2•• lsa 4•• E 92 -16.5 HIt 350 16
17 -15.' -21.4 -18.6 188 2.3 2.4 I" 5.1 E 87 ·19.9 Hili . 351 17
18 -15.9 -22.2 -19.1 192 2.2 2.3 19. 4.4 E 78 -23.8 HII 390 18
19 -15.2 -21.4 -lB.3 115 2.8 2.B 115 7.1 ESE 63 -23.2 Hit 418 19
21 -11.1 -15.3 -12.7 US 2.9 3.1 123 6.3 ESE 79 -15.4 Hli 338 28
21 -5.8 -18.7 -1.3 193 1.5 1.7 125 4.4 EJIE as -11.4 18.. 393 21.. 22 -4.6 -7.5 -6.1 113 1.6 1.8 119 5.1 bE 81 -8.9 HU 378 22
23 -.8 .... -3.4 112 1.1 1.3 113 3.8 ESE 84 -4.4 Hit 348 23

, ,...., 24 -1.1 -4.7 -2.9 136 1.4 t.4 138 3.8 SE 91 -3.4 IHI 335 24

aJ 25 .5 ...7 -J.l 138 1.4 I.S 159 3.8 SE 79 -5.2 IHt 358 25
: ' . 26 -4.9 -7.3 ".1 tl6 2.4 2.4 lit 5.7 ESE 76 -9.7 lUI 359 2D

17 -3.8 -n.8 -7.8 I" 1.5 1.6 114 4.4 E II -1.5 HH 363 27r-
28 -tl.3 -14.7 -u.S "I 2.7 2.7 "8 4.4 E " -13.8 368 28

.Iai
IIH

29 -5.4 -10.1 -7.8 197 1.1 1.2 131 3.8 £HE 31 -1~.~ 1ft. 2S8 ~

31 -5.8 -12.D -8.9 259 .4 .7 %16 3.B U 69 -12.2 lUI 273 3D- . IIDITH .5 -22.2 -1.9 114 1.4 1.6 113 7.6 ESE TI -13.6 HI' 12061

~ GUST VEL. AT MAX. GUST MINUS 2 INTERVALS :;. t
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 5.7-.. GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.B

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

~
ONE METER PER SECOND. SUCH READINGS HAVE HOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

.... **** SEE NOTES AT THE BACK OF THIS REPORT *** •.

II,-
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Table 5 (Cont'd)

. I~" ~ M CONBl.JI... TAN·-f·~:;;
"

:J: NC .
~:n.J ~5 :1: "r' N A H Y I) 1'<: (:) I::: 1._ I::: c; -r J~ J: (::: F=- I:.c: l:) .:r E:: C T

MONTHLY SUMMARY FOR DE:.t~L CANYON WEATHER STATION
DATA TAKEN DURING J.anuar Y.' 1983

~
RE5. RES. AVG. tIAX. W. DAY'S

*X. JtIM. )£AN WIND WIND tallm .GUST GUST ,'VAL itEAH ItEAM SOLAR
DAY TEMP. mtP. T£.~. DIi. SPD. SfD. DIR. SPi. DIR. RH DP PIECIP EhERGY DA'(

liEG C DE' C »E& C DEii it/S illS liEG lVS , vEri t Jitl WiiiSQI'I

1 -1.1 -7.,2 -4.2 HI *HI IHI Itt Uttl HI B2 -~.8 tiff 265 1
2 -1.4 -4.2 -2.8 114 2.1 2.1 111 5.1 ESE 78 -8.9 HII 26B 2
"3 -4.2 -n.1 -S.I 115 .9 La 117 4.4 ESE 71 -n.4 IHI 253 3
4 -11.3 -21.0 -16.2 897 1.3 1.5 092 4.4 tNE 67 -18.6 HII 218 .4

5 -17.9 -24.9 -21.4 102 1.5 1.7 .92 4.4 £ 79 -25.6 11** 278 5
6 -10.3 -21.1 -18.7 112 2.4 2.5 106 8.9 ESE 67 -22.S lID 290 6
7 -17.2 -25.4 -21.3 no 2.5 2.6 .,4 8.9 ESE 67 -25.4 tin 34. ":

I

8 -22.4 -27.0 -24.7 124 1.2 1.5 888 5.1 ESE 66 -29.1 Hit 363 S
9 -23.2 -26.4 -24.8 . 133 2.3 2.-4 109 5.7 SE 57 -30.4 Ift* 363 If

10 -2D.2 -26.2 -23.2 123 2.2 2.3 121 5.7 SE 52 -29.7 IltD 3'1:' 10b""
11 -16.2 -31.0 -24.9 115 1.1 2.0 140 6.3 E 68 -32.1 HU ·311 11
12 .**** tlltl HRI 1M "I. HIt II. Htl HI It IH" HII Hut.. 12
13 HUI HI.t IUH hi HtI HIt HI HIt 1ft II IHitt HU IntH 13
14 HI" HHt HUt ... Hli H" III Hli HI •• Hili HII ...111 14
15 .HII Iilll* .IHI I" Hlit .UI H' ftt. HI tt Hltl HU **IIM 15
16 II'.' HHI 111ft HI .... Hli HI IH. III H . 11111 HH tllHI 16
17 nu. ....It IIHI Iitl HItt U" 18 IHt HI M HU' IHIt ....... 17
18 HUI IH.I .HII ... .... HII HI IHI Hf H "I" "II iiliUt 18
19 -~.8 -7.4 -6.6 102 .6 .9 274 2.5 SE 51 -10.8 HI' .269 19
20 -5.8 -12.3 -9.1 119 1.5 1.6 111 5.1 ESE 82 -ta.l HII 35'3 2il
21 -4.4 -11.~ -7.9 128 1.6 1.7 124 4.4 Sf 54 -14.4 IHt ~2& 2l
22 -B.8 -18.0 -13.4 QB4 2.6 2.6 089 7.0 E ·63 -19 •.2 H" 416 22
23 lob -15.u -tt.7 l2v 2.3 2.1 131 8.3 £5£ iJ -19.2 .... 5eJ Z3
24 -3.8 -9.9 -6.9 1GB 2.~ 2.6 100 9.5 ESE 33 -20.5 •••• 663 ~4

25 -5.8 -9.9 -7.9 11" 2.2 2.3 182 8.3 ESE 42 -18.8 11** 55B Q
26 -1.9 -7.3 -4.6 115 1.8 2.8 123 7.6 ESE 59 -11.3 "Iii 503 26
'li -S.S -16.6 -S.1 099 2.2 2.6 113 6.3 ENE 74 -12.3 H.lI 4i~ 27
28 -3.9 -12.2 -B.l 109 1.9 2.1 137 4.4 ESE 61 -SO.S lilt 53i1 28
21 -S.4 -13.9 -9.7 i91 2.1 2.3 1.24 5.1 £ 81 -11.8 ft•• ..ju 21
3D -""il -9.7 -6.9 121 1.7 1.9 104 6.3 ESE 62 -8.7 H.t 533 36
31 1.9 -5.3 -1.7 1:37 1.1 1.3 115 4.4 5£ 73 -".9 IHI 573 31
nuNiH 1.9 -31.6 -12.0 112 1.B 1.5 100 9.5 Est &5 -17.3 HH 9i3S

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 7.6
GUST VEL. AT MAX. GlJST MINUS 1 INTERVAL 8.9
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 7.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 5.1

NOTE: ~Ei""HTIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE: LE.SS Thf
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCi..UDED IN T!-it: DAIL"'
OR MONTHLY MEAN FOi< RELATIVE HUMIDITY AND DEW POINT.

'/1;-),*'''' SEE NOTES AT THE BACi( OF THIS REPORT '/I;·k ... ·»
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From "Preliminary Susitna River Ice Report,
1983-84," R&M Consultants, Feb. 84.

Table 8

TABLE 8
SUSITNA R1VER HISTORICAL ICE THICKNESSES.

"1983

.Q!!! Location Distance from Left Bank (Feet) Solid Ice Slush

Feb. 5 LRX-45 (Gold (;"~k) 36 1.8 0
W.S.E. =684.50 92 1.4 O.S

148 1.3 3
232 1.9 3r-"
288 1.7

Feb. 5 LRX-24 (Curry) 229
I"" W.S.E. =522.60 291 1.8 12

337 2.1 12
377 1.8 0
416 2.0 0

Feb. 5 LRX-3 (7[;/~p~tl'1~) 138 3.7 0
W.S.E. =342.80 210 2.0 0

312 2.6· 4
.' 464 3.9 2- 721 2.1 0

"'""

....
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Table 9
MAXIMUM WATER/ICE PROFILE

1982 FREEZE-UP

Maximum Water/Ice El.-Ft.
Station (RM) Computed Observed Diff.

LRX-3 (98.5) 345.5 345.5 0.0

LRX-9 (103.3) 382.4 383.9 -1 .5

McKenzie Creek (116.7) 492.6 493.3 -0.7

Curry (120.7) 526.0 524.6 +1.4

LRX-28 (124.5) 560.9 559.3 +1.6

Slough 8 (127.0) 588.0 579.3 +8.7

Slough 9 (130.9) 625.1 620.1 +5.0

Gold Creek (136.6) 684.4 685.3 -0.9
====

Avg. +1.7
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Parameter

Table 10
1982 FREEZE-UP

INSTREAM ICE MODEL
CALIBRATION COEFFICIENTS

Final Value
From Simulation

Normal Range
of Value

1. Open-water-heat­

transfer coefficient C20+2V
W

)W/m 2-0C 12-20 W/m~oC

where V =Wind Velocity-m/s
w

I"""
,

2. Cohesion coefficient

for frazil slush

3. Critical Froude No. for
Leading Edge Progression

4. Critical Velocity for
under ice deposition

700 N/m
2

0.0935

0.9 ml s

500-2000 NI 2
m

0.06-0.11

0.6-1.4 m/s

5. Lateral ice coefficients 0.1 V- 2 • 8 m/day
where V=Water Velocity, m/s

-

Notes: 1. Ice inflow at Gold Creek based on assumed slush
thickness = 0.15 m and slush porosity = 0.6.
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Table 11

From "Preliminary Susitna River Ice Report,
1983-84," R&1Y1 Consultants, Feb. 84.

TABLE 2 (cont.)
GOLD CREEK WIRE WEIGHT READINGS (FEET)

with corresponding values in USGS
Datum (feet), Mean Sea Level (feet) and Discharge (cflsec)

* Backwater effect from ice bridge at LRX-43 and advancing ice cover.



Table 12

From "Preliminary Susitna River Ice Report,
1983-84," R&M Consultants, Feb. 84.
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Table 13
~ .

From "Preliminary Susitna River Ice Report,
1983-84, " R&H Consultants, Feb. 84.

"F'" SlJ~:~:I: TNA 1··1 Y X) I~ (:l J::: 1_0 EO (:: T I~ l: C: I=> .~ (:) ':J. I::: (:: 0y-

C_
MONTHLY SUMMARY FOR SHERMAN \lJEATHER STATTON
DATA TAKEN DURING Decet'lber~ 1983

r-.
RES. RES. ING. 1tAX. t1AX. DAY'S

tIAX. IIIN. lEAN lIND lIND IID1D GUST GUST ,'VAL IIEAII toN SWIll
,- lAY TElf. mtP. mP. Dll. SPI. SPD. DIR. SPD. Dll. lit IP 'REeIP ENERGY DAY

Be IRe Be B illS illS lEG liS Z Be "" WJVSU"

t 2.2 -3.1 -.5 1S9 .7 .7 16. 2.5 ENE 63 -5.7 ••• 2f.5 1
"jIJIJIlJIr, 2 -2.9 -8.5 -5.7 126 .2 .3 .75 1.9 .., H HIH '.8 280 2

3 -3.4 -6.5 -5.0 142 .1 .t .59 1.3 If H 11111 I.' 265 3
4 -2.8 -8.8 -5.B 152 .2 .2 1..6 1.9 II: II lUll 1.1 170 4

~. 5 -2.4 -3.8 -3.1 158 .3 .2 162 1.9 lIE H IRII ••• tSS 5
6 -1.5 -to.7 -6.1 171 .2 .2 167 1.3 £HE H llUI ••• 245 6
7 -10.7 -15.6 -13.2 IH I.' ••• 125 .6 III II IRn ••• 29' 7
8 -11.4 -2'.6 -16.1 HI 1.1 1.1 m .6 HI H HHt ••8 255 8, -12.9 -22.9 -17.9 .54 .4 .4 149 J.8 ENE 68 -19.4 1.1 &!S. 9
II -6.1 -14.5 -11.3 t7D 1.8 1.8 .66 5.1 ENE 63 -15.3 0.1 290 10
11 .....5 -9.5 -7.1 167 1.6 1.6. 181 4•• ENE 67 -11.6 1.1 US 11

I!""" 12 -7.2 -16.1 -11.7 146 .8 .9 138 3.2 ME 81 -13.9 1.1 24. 12
13 -5.S -14.3 -9.9 159 .9 I., 166 4.4 ENE 71 -11.6 ••• 215 13
14 -1••' -21.2 -18.' 157 .3 .3 .45 1.9 ME II HHt '.8 215 14

Cr 15 -t8." -25.7 -22.1 D12 .2 .2 072 2.5 ENE H HHI '.1 27. 15
16 -12.5 "'17.7 -15.1 154 .8 .8 159 3.8 ME 13 -17.1 '.8 255 1f,

i 17 -8.5 -12.6 -11.6 152 .9 1.1 159 3.2 ENE 85 -13.0 1.1 17' 17
18 -7.1 -17.8 -12.8 lSI .7 .7 175 2.5 ENE 93 -13.9 '.1 215 18

IfiI1JiIIf' 19 ...6.8 -17.5 -12.2 "7 .5 .5 '65 1.9 ENE 91 -16.6 I,' 191 19
21 -3.3 -7.1 -5.2 .64 .5 .6 15t 2.5 ENE H HIli 8,0 180 2D
21 -2.2 -5.8 ...... 159 .5 .5 .46 1.9 BI£ H lUll '.1 175 21
22 -4.3 -19.8 -12.1 .62 .5 .5 022 1.9 ENE H HI" 0.0 220 22
2J -1£.S -21.3 -t8.9 .57 .3 .4 161 1.9 ENE H IfHI 1.1 245 23
24 -9.4 -19.5 -14.5 166 .11 .6 174 1.9 DE H IHII 1.1 258 24
25 .6 -11.1 -4.7 151 I., 1.1 .39 ".4 IE 67 -8.6 1.1 291 25
26 -7.7 -17.1 -12.4 180 .8 .8 153 2.5 ENE 7J -13.4 '.8 24D 26
'D -13.3 -22.2 -17.8 .52 ... .4 .82 1.9 ME 91 -15.6 1.1 25. 27
28 -21.1 -23.9 -22.3 144 .3 .4 809 1.9 tIE .. I"U '.0 255 2R
29 -21.7 -Z6.' -23.9 .57 •3 .J 142 1.3 HE H 11111 I.' US 29
3D -16.7 -27.3 -22.0 151 .1 .t 185 1.3 NNE H HUI 1.1 265 3.
31 -11.2 -16.3 -13.3 154 .5 .6 139 1.9 ENE H IIIH ••• !4' 31

..... ttONTN 2.2 -27.3 -12.1 159 .5 .6 .66 5.1 £HI 11 -13.5 8.0 1405

~;; GUST VEL. AT MAX. GUST MINUS 2 INTER\IALS 3.8
GUST VEL. AT MAX. GUST MINUS t INTERVAL 4.4
GUST VEL. 'AT MAX. GUST PI.US 1 INTERVAL 3.8
GUST VEL. AT "AX. GUST PLUS 2 INTERVALS 4.4

!"""NOTE: RELATIVE HUMIDITY READINGS ARE UNr·n::I_I ABLE WHEN WIND SPF.:EDf; ARE I..ESC THAN

0
ONE: METER PER SECOND. SUCH READINGS HAVE: NOT BEEN INCLUDED IN· THE DAILY

.. OR MONTHLY MEAN FOR RELATIVE HUMIDITY' AND DEW POINT.
~,
i,

I"'"
r



1"", .

,..,,

From "Preliminary Susitna River Ice Report,
1983-84,"R&M Consultants, Feb. 84.

TABLE 5 (cont.)
SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Qi = Ci Vs 8 1 ts (1-~)

Table 14
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TABLE 5 (cont.)

SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Q j =Cj Vs 8 1 t s (1- Es )

Ice Surlace Channel Slush
Concentr-ation Velocity Width" Thickness

i"'" pate --.£i (\) Ys (m/s) 8 1 (m) ....!S (m)

Table 14 (Cont'd)

I""'"

!

....
I

CI.
.,

..
~IL ....
- . Or .

I
l

r
I
~

(J...
:1""

"......:
~ l.; .

January
1984

1
2
3
4
..s
6

"7
8
9
10
11
12
13
14
15
16
11
18
19
20
21
22
23
24
25
"26
27
28
29·
30
31

20
10
20
50
30
20
20
20
15
5
5
5
5

--

0.8
0.8
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

78
78
78
63
63
63
63
63
63
63
63
63
63
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
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Table 15

From "Preliminary Susitna River Ice Report,
1983-84," R&M Consultants, Feb. 84.

No Cover No Cover No Cover RM 42.0 RM 82.5Location of Leading Edge

Discharge.(USGS Gold Creek) 8800 7800 6900 3900 2800

-
* Surveyed from Arbitrary Reference Datum of 10 feet.



Table 15 (Cont'd)

TABLE 1 (cont.)
SUSITNA RIVER Between the

CHULITNA CONFLUENCE (RM 98.5) and
GOLD CREEK (RM 136.5)

Water Surface Elevations in Feet (MSL)

Date of' Survey- Location 12/13 12/22 12/28 1/5 1/27i
i

~ LRX-45 RM 136.5 681.59 681.96 682.73 683.49 684.64
Gold Creek

LRX-40 RM 134.2 653.86 654.55 655.23 657.58

Near
LRX-35 RM 130.9 617.55 617.05 618.16

Near
LRX-31

."
RM 128.7 593.95 596.54 595.58 594.99

." '. ~

Cr LRX-29 RM 126.1 . 563.49 573.53 572.59 571.53 571.08
0"
J

LRX-27 RM 123.3 545.31 544.35 544.43

LRX-24 " RM 120.5 520.82 522.26 523.58 523.89

LRX-18 RM 113.0 461.87 461.36 461.13

Near

*""" LRX-10.3 RM 106.2 7.65

LRX-9 RM 103.3 383.57 381.32 381.41
I"""

LRX-3a.I RM 98.6 342.80 343.07 343.00 341.34

LRX-2.3 RM 98.4.-

LRX-2.2 RM 98.2

Location of Leading Edge RM 108 RM 116.2 RM 129.5 RM 130.2 RM 130.2
RM 127.0 RM 136.3 RM 136.8

--
Discharge (USGS Gold Creek) 3400 BACKWATER

* Surveyed from Arbitrary Reference Datum of 10 feet.

8. A max imum stage of 344.63 feet was reached at. 1530. on Decemb~r 9,
coincident with the leading edge of ice cover passing thiS cross section.

1983
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Location

Table 16

From "Preliminary Susitna River Ice Report,
1983-84," R&M Consultants, Feb. 84.

SUSITNA RIVER ICE THICKNESSES
at Selected Cross-Sections

on January 5, 1984

Description

r'"
I

r\
V

I!"'"

LRX-45 at Gold Creek

LRX-40

Near LRX-31

LRX-27

LRX-24 at Curry

LRX-18

LRX-3

Drilled one hole through border ice 30 feet
from the left bank. lee thickness 1.7 feet.
Open water width is 208 feet. Shore ice
width is 40 feet.

Ice thickness was 1.0 feet at edge of 10 foot
border ice on right bank.

DrHled one hole in ice cover beyond edge of
old border ice at mid-channel. Ice thickness
1.7 feet with no slush.

Drilled' two holes. The first, 200 feet from
the left bank. No water in this hole. Ice
thickness 1.5 feet with ai r pocket, then 3
feet of slush. Second hole' drilled at 350
feet from the left bank.. Ice thickness 1.7
feet with no slush.

Drilled one hole at last observed location of
open water, about 100 feet from right bank.
Ice thickness was 1.8 feet and slush ice to
bottom at 10. 7 feet.

Drilled one hole at mid-channel through ice
bridge, about 300 feet from left bank. Ice
thickness was 1.6 feet with slush ice greater
than 12 feet thick as measured from top of
ice.

Drilled one hole at last observed location of
open water and near an open lead. Ice
thickness was 4.5 feet with no slush.

Open lead at mid-channel. Ice thickness at
edge was 2.3 feet with no slush.
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SUSITNA RIVER
198~ ICE THICKNESSES (Cont.)

Distance From Water Water Solid Slush Total
, Location Left Bank Dmlb yeloclty Ice ....l..Q.L Thickness

River MII'e 61.2
(near Kashwltna River) 200 13+ - 2.9 5.1 7.0 I'rJ, ~OO 10.0 - 2.7 5.3 8.0 IiDate: January 21t 600 10.0 - 3.0 ".0 7.0 0

;3
Total Width = 700 't.
Average Thickness = 7.3 ft. I-' =

I.OI-d
COli

RIVB r MI Ie 68. 5 WID
II-'(near Sheep Creek) 200 13+ - 2.8 5.2 8.0 co 1-'"

400 13+ - 2.0 3.0 5.0. .f:::o!3
Date: January 24 600 7.0 - 1.7 5.3 7.0 ... 1-'"::s
Total Width =800 ft. ::dill

R">1iAverage Thickness. 6.7 ft.
~"<:

(JCJ:l
River Mile 77.0 o C
(at Montana Creek) 200 7.0 - 2.0 5.0 7.0 ::s en

ItOO 6.0 - 2.3 3.7 6.0 en 1-'.
Date: January 24 600 13+ - 1.3 0 1,3* Crt

I-'::S
rtlllTotal Width = 700 ft. III

Average Thickness =6.5 ft. ::S::d
rt 1-'.
en <:

River Hlle 92.6 ... ID
Ii(near Birch Slough) 200 13+ - 2.3 0 2.3 I'rJ400 10.0 2.5 ft/s 1,8 a 1.8 IDH

Date: January 2~ 600 ".It - 2.3 0 2.3 O'Cl. ID
Total Width = 700 ft. CO::dAverage Thickness =2.1 ft. .f:::oID

'U
0

Rive r MI Ie 98. 6 Ii
(Chul Itna Conf Iuence) OPEN LEAD rt

88 6.2 4.4 n/s 1.5 4.7 6.0 ...
Date: January 26 = 1-3

IIITotal Width = 300 ft. 0'
Average Thickness =6.0 ft. I-'

ID

I-'
-..,J
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SUSITNA RIVER
1984 ICE THICKNESSES (Cant.)

01 stance From Water Water Solid Slush Total
; Location left Bank ~ yeloCItY Ice -'.£.L Thickness

River Mile 103.3'
( lRX*9) 313 9.0 a 2.0 1.0 9.0

Date: Janua~ 26
439 12.0 1.9 ttls 1.5 5.0 6.5
558 10.6 a 2.0 7.0 9.0

Total WIdth = 600 ft.
Average Thickness 8.2 ft.

River Mile 113.0
(LRX*18) 238 6.6 1.6 ft!s 2.0 0 2.0*

341 7.6 a 2.5 5.1 7.6
Date: January 26 467 6.0 a 2.3 3.5 5.8

Total Width = 500 ft.
Average Thickness =6.9 ft.

Rive r MI Ie 120. 6
( lRXa 24) 218 12.2 a 2.8 9.4 12.2

313 11.7 a 2.0 6.6 8.6
Date: January 26 441 8.0 2.3ft!s 1.5 0 1.5*

Total Width = 500 ft.
Average Thickness = 10.4 ft.

River Mile 123.4
(LRX*21 ) 284 11.5 a 1.8 8.9 10.1

368 12.2 a 1.8 8.7 10.5
Date: January 26 461 5.0 4 ft!s 2.4 0 2.4*

Total Width = 500 ft.
Average Thickness = 10.6 ft.

Rive r MI Ie 126.2
( lRX*29) 252 4.5 a 2.3 1.7 4.0

381 6.5 a 1.8 4.7 6.5
Date: January 26 513 8.0 4.5 rtls 1.8 0 1.8*

Total Width = 575 ft. 1-3
PI

Average Thickness = 5.3 ft. 0'
I-'
CD

I-'
-.J

..-..
n
0
;:1
rt-p.,
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SUSITNA RIVER
198_ ICE THICKNESSES (Cont.)

DIstance From Water Water SolId Slush Total
; J..mml.1!m left Bank I2J!I!.t!! Velocity 'ce --I.£L IhJckness

RIver MIle 128.5
(near lRX-31) 369 _.8 - 1.8 0 1.8*

469 6.6 - 1.6 3.6 5.2
Date: Janua")' 27 569 7.0 _.5 ft/' 1.0 0 1.0*

Tota' WIdth = 600 ft.
Average ThIckness =5.2 ft.

RIver MIle 136.6
( lRX-_5) 96 6.0 5 ft/. 1.1 0 1,1

188 9.5 - 0.9 3.1 4.0
Date: January 21 287 7.1 - 1.0 0.5 1.5

Total WIdth = 350 ft.
Average Thickness =2.2 ft •

• The.e values were not Included In the aver_ge Ice thickness. SIte evaluations were used to determIne
the probable representatIve Ice thickness at the time of Ice cover progressIon.

1-3
III
tJ
I-'
CD

I-'
-...J

n
o
::l
rt
p,
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Date

October 26
27

November 1
4
7
9

15
16
17
18
19
21
25
26

December 8·
13
22

28

January 5

27

Table 18

From "Preliminary Susitna River Ice Report,
1983-84," R&M Consultants, Feb. 84.

SUS ITNA RIVER ICE COVER
LEADtNG EDGE LOCATIONS DURING

1983 FREEZE-UP

Cook Inlet = River Mile (RM) 0.0

Leading Edge Location

Initial Ice Bridge at RM 9.0
RM 15.0

RM 31.5
RM 42.0
RM 57.0
RM 66.0
RM 77.0
RM 78.5
RM 79.5
RM 82.5
RM 84.5
RM 89.0
RM 91.0
RM 95.5

RM 98.5
RM 108
RM 116.2

···--New Ice Bridge at RM 120.7
Second Leading Edge at RM 121
RM 129.5

RM 130.2
New Ice Bridge at RM 135.7
Third Leading Edge at RM 136.3
RM 137



Table 19
MAXIMUM WATER/ICE PROFILE

1983 FREEZE-UP

Maximum Water/Ice Profile
r- Station (RM) Computed Observed Diff.

LRX-3 (98.6) 345.2 344.6 +0.6
IP"\'

LRX-9 (103.3) 381.5 383.6 -2.1

LRX-18 (113.0) 465.2 461.9 +3.3

LRX-24 (120.5) 525.2 523.9 +1.3

LRX-27 (123.3) 548.3 545.3 +3.0

LRX-29 (l26.1) 574.8 573.5 +1.3

LRX-31 (l28.7) 601.3 596.5 +4.8

LRX-35 (130.9) 620.4 618.2 +1.8
".,..

====

Avg. +1. 75

-
-
....



Parameter

Table 20
INSTREAM ICE MODEL

CALIBRATION COEFFICIENTS

Best Value from Simulations
1982 Freeze-Up 1983 Freeze-Up

1. Open-water-heat

transfer coefficient

2. Cohesion coefficient
for frazil slush

(20+2V
W

)W/m 2-0C Same

where V =Wind Velocity in mls
w

700 N/m
2

Same

3. Critical Froude No. for
Leading Edge Progression

4. Critical Velocity for
Underice Depoition

0.0935

0.9 m/s

0.096

Same

5. Lateral Ice Coefficients -2.8
0.1 V mlday Same

where V=Water Velocity~ m/s

Note: Ice inflow at Gold Creek based on assumed slush
thickness = 0.15 m and slush porosity = 0.6.
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EXHIBIT 1

NORTH

j I

HARZA-EBASCO SusitnaJoint Venture. J.nuary 1984 SUSITNA BASIN



Exhibit 2

SUSITNA PROJECT
HYDROLOGIC AND HYDRAULIC STUDIES

F

(HJ.storJ.ca.L (HJ.storJ.eal RELATED TO
Sediment Stream Flows ASSESSMENT OF PROJECT IHPACTS

Data (USGS R&M) ON
(USGS. R&M) AQUATIC ECOSYSTEH .:

,

Channel Ac1Justment tor
Geometry and Glaeiers Contrib-
Stage vs Q
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A.

INPUT DESCRIPTIONS - ICECAL

Five Read Files for Input Data

1. DESCRP - Set-up for 10 lines of 80 characters each,
describing the project.

2. INITIL - Free format input data for:

a) No. of days in simulation

b). No. of cross sections

c) No. of stations

d) Stationing of meteorological stations (i.e.,
dist. along river in meters, use same base
as river cross sectioning).

3. DISAIR - Free format

a) Day

b) Inflow Q (m3/s)

c) D/S W.S. Elev (m)

d) Inflow Ice Discharge (m3/day)

e) Inflow Water Temp (oC)

f) Air temp, (oC), up to 10 locations

g) Wind velocity - (m/s), up to 10 locations

r
....,

4a. CROSS

a) Stationing of cross section (meters)

b) Number of ground points in cross section

c) Discharge factor as percentage of inflow Q

d) Bed roughness - nb

e) Ice roughness - ~

-1-
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-
....
I a) Ice cover porosity

b) Erosion velocity (m/s)

c) Cohesion of ice cover (N/m2)

d) Beat transfer intercept, (w/m2-co )-a

~
! !

i
I

e)

f)

g)

Heat transfer slope, (w-sec)_f,
M3_oC

Lateral ice growth coefficient -J
Lateral ice growth slope - d

-2-
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SUB DEPO$!

When the ice cover cannot progress upstream, the incoming floating

ice must be deposited under the ice cover as the leading edge

remains stationary. This condition can occur before 1) a set of

rapids such that the water level must rise and drown out the

critical or super critical flow depth and then the leading edge

can proc~ed and 2) when the flow velocity beneath the leading edge
\

is too hfgh that ice is transported dis to increase the uls water

and decrease t;he velocity below the erosion velocity value.

The ice deposi.ts in a dis direction, filling each section until

the critical ,~locity is reached. Then it progresses to the next

dis section. This process generates what is called a "hanging

dam. n

The ice discharge that comes into the section is distributed within

the downstrearn reach, ·and if the reach cannot accept all incoming

ice, it is transported to the next downstream reach and so on.

SUB VELPRO

~ This routine calculates the progression of the ice cover usptream.
II
ii The ice cover porosity in the leading edge is assumed to be 0.5.

The porosity is probably related to the velocity, but a constant

value is norm,ally adequate.

-3-
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SUB BYDTHC

This subroutine determines the initial thickness of the slush

ice cover as it progresses upstream (i.e. prior to any underice

deposition). Based on -Formation of Ice Covers and Ice Jams

in Rivers· by Pariset, Hausser and Gagnon, 1966, two possible

mechanisms for ice cover progression are considered,

(1) Hydraulic Progression, applicable to wnarrow· rivers,

in which a stable ice thickness is determined by hydra.u1ic

conditiclns at the leading edge of the ice cover. The

theoreti.cal governing equation is

Where V, B • Velocity, depth just upstream of ice cover

t • thickness of advancing ice

f' • density of ice cover

It can be shown that a solution exists for the above

equation only when a modified Froude No., V / /i"iH" '
is less than a certain maximum value which corresponds

to t /H II: 1/3. When V/ J2 ga' exceeds the maximum va lue ,

incoming slush ice is swept underneath the leading

edge of the ice cover and no progression takes place.

Researchers have suggested that this maximum Froude No.

may va~, from .06 -.11.

-4-



'.l'he model prlovides for the followinq possibilities in determining

the ice cove:r proqression:

-

­,

1
I

1

rtil
rr
!I

r
,I

r
l

(2)

a.

b.

Shoving is applicable to ·wide n rivers and is the

mechanical consolidation of an existing ice cover

w}lich has insufficient thickness to resist the river

forces. Successive shoves increase the ice

~lickness until it reaches a stable level. The

governing equation for this stable ice thickness

iJ5

where VU .. velocity under ice, cover

B .. channel width

p .. coefficient of internal friction for ice

C .. Chezy coefficient of friction

lit = hydraulic radius

0( = cohesion ,of ice cover

~~draulic conditions just upstream of the ice

clover show a Froude No. greater than the

maximum. Therefore, no advancement can occur.

Froude No. is less than maximum value. Both

B:ydraulic Progression and Shoving equations

are then solved for t. The mechanism which

rlesults in the greater t controls.

-5-



SUB UNDAVC

This subroutine determines whether erosion or deposition is

occurring beneath the ice cover•. The critical velocity is read
in as input. Typical values reported in literature range from
0.6 m/s to 1;4 mls. 'rhe high values for the velocity are when.
the frazil ice is very active and the low values are for inactive
frazi1 ice. Th4a air temperature is sometiJqes used as a basis

for the correction factor to account for this spread in erosion
velocities.

Temp

0° to _,DC

-7 to -19°C

-18 to -30°C

SUB ICEPRO

Vc

0.9 m/s
0.9/0.95 m/s
0.9/0.9 m/s

Computes the frazil ice production in the open water reaches. Uses
the heat transft!r coefficient approach to determine the heat loss
from the water surface. The ice discharge (daily) for a reach is
computed and prlnted in the dIs section output.

Oi IK - b w B (~X ) Ta .. 86,400 /p~ A

a+b Vw (heat transfer coefficient)

r
r
'I

-

V l=r average wind speedw

a - 3 (input).
b = 4 (input)

B - average open water width between cross sections
p~ = density of ice

A = heat of fusion for ice
'r. == average air temperature (below OOC)

~x _. distance between cross-sections.

-6-
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SUB LATICE

Lateral ice CO'\7er growth. Empirical relationship developed from
Newbury's field data for river flowing with a heavy concentration
of slush ice and air temperatures - IOoe.

Latic = a~

Latic = ice growth from both shores
a = constant = 0.1

b = constant = 2.8

V = open water velocity at the cross section

SUB StmQI

Subroutine keEtps track of ice discharge in the downstream direction,
i.e., a summation routine for ice continuity.

SUB LCMELT

This subroutine allows for lateral ice cover melting in accordance
with Ashton (1979).

-7-
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SUB ICEGRO

computes the solid ice growth at each cross section on ice cover

forms. When the solid ice growth overtakes the initial cover

thickness, 1:he initial cover thickness values are set equal to the

solid ice c()ver value for printout purposes. The ice thickness

equation is

t i = predicted ice thickness, m.

t i -1 = previous day ice thickness, ffi.

~ t i = lncremental ice thickness growth per day, ffi.

= ~r .. 86400/{P* A" e)/{t.-l / K. + l/Ea )a 1 ~

T = rleach ave. air temp below DOC
a

K. = thermal conductivity, W/m-oC
1

H = surface heat exchange coef, W/m2 _oC
a

e = pc:>rosi ty of ice cover

= ht!at of fusion of ice, J/kg.

= density of ice, kg/m3 •

-8-



- SUB ICWTDK

computes the w,ater temperature decay beneath an ice cover and

melts the ice ~over thickness accordingly. The computation

- begins at theU/S boundary and progresses downstream. Reach
averaged values are used for the hydraulic and meteorological

variables.

The equation from Ashton (1979) and Calkins (1983):
.-
i 1

i !

'I. TWl (T)= wo

2. hwi = 2 * kw * f * Be * Pr /4x(8*D*(1.07 + 12.7 f/8 Pr· 667 -1»)

TwO = water temperature at upstream section

TW1 = water temperature at downstream section

T
; I

,I

,.
~ I

r
i.1

-

hwi = heat transfer coefficient at ice/water interface

flo X = distance between reaches

h = aveJ~age depth

Vu = average velocity beneath ice cover

Re = Reynolds Number = Vuh
2~

f = Dar«::ys friction factor for the ice cover

KW = thermal conductivity of water

P = Prandt1 Number = il C /K
r p w

-9-
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SUB OWTDK

Computes the water temperature in an open water condition beginning

at the most u/s section. The u/s boundary condition is a water

temperature value •

The temperatur'e preduction at the next dis cross section is based
on the reach average of the hydraulic and meteorological variables.
The equation is from Ashton (1979):

TWl = (Two - Ta ) * exp (ht, A X/ P Cp V H) +Ta

Ta = reach average air temperature

Two = water temperature at upstream section

TWl = water temperature at downstream section

h w = reac:h average heat transfer coefficient

A X = dis~Ance between cross sections

p = density of water

Cp = specific heat capacity of water

J
,I

H,V = reac::h average depth, velocity

a = constant = 3

Vw = aVell:'age wind speed
r

r
I
I

....
!

~
! i

b = COnlrltant = 4

r­
!

-10-
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SUB TRAVEL

computes the travel time from one cross section to another for

either opem water or ice covered conditions.

SUB AIRDIS

Computes t:he air temperature and wind speed at every cross sec­

tion loca1l:.ion on a daily basis. The daily air temperature and

wind velocity maybe input at up to 10 sites along the river.

The location along the river for each meteorological site

mus~ be input, measured from the downstream cross section. A

linear inberpoloation between met sites is used to determine

intermedi,ate values.

SUB CONVEY

Computes the flow conveyance for each section. The program

tests for the ice cover to decide which conveyance will be

used, i.e., open water, lateral ice + open water, or fully

ice covered.

SUB CHNGEO

Computes the geometric elements for the cross section with or

without t:he ice cover. The intersection pts of the water level

with the banks is solved using the surveying procedure of

latitudes; and departures. The area is solved using the

trapezoidal rule both in the- Jopen water and beneath the

lateral ice cover.

-11-
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SUBROUTINE BKWTR

computes a backwater profile using the procedure followed by

the HEC-2 program. The program tests if an ice cover is pre­

sent and computes the profile with or without ice at a particu­

lar section.

The progrcm checks for critical depth using the same test as

HEC-2 (V
2
/29:> 0.95 A/2 x Top width). If the test is positive,

the program computes critical depth for that section and proceeds

upstream.

An ice cover cannot exist with critical or super critical flow~

The downstream water levels have to rise to drown out the

critical depth section before the leading edge can progress

upstream.

During true deposition of ice beneath the cover the program may

thicken the ice cover to where the flow hydraulics indicates

critical depth. When this occurs, the program reduces the ice

thickness at the section until the test for critical depth

passes.

-12-
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ICE MECHANICS AND REAT TRANSFER

'The &'rody, analysis or p1:'edict1oll of vater levels 1%1 n,7erJi dIlring ~he

win~er requires a knowledge of the flow hydraulics, the ice mechanics and

the heat transfer processes in the river system. All three occur simul-

taneously and tel properly analyze or predict a certain quantity such as

river stage means they bave to be understood to some degree. Figure 1 is a

flow chart reprE~senting the possible phases a river might follow during the

freeze-up condition. See Appendix 11 for a 11st of selected reference.

Conditions Leadj.ng to Ice Bridging

Basically the river flow BUst cool to its freeZing temperature~ .a.O°C

befor·e any ice product1.on caD be significant. Once the river has cooled to

its freeZing point ice generation begins and the lateral ice cover grows

from the shore (shore ice), anchor ice may form on the bed and ice is

transported downstream. These processes continue until a sect1.on is

reached where t[~ ice cover fully bridges the river (also known as ice

arching).

The ice cover now caD begin to progress upstream as well as continuing

to grow la~erally in the open water reaches. The rate of upstream progres­

sion is a functj.on of the flow hydraulics. and the mechanical. properties of

the incoming iee and downstream cover. The air temperature has an effectr on the physical aDd mechanical properties of the moving and stationary .t.ce.

although it is DOt well documented.
I"""

I The follow:1.ng analysis assumes the river flow has been cooled to the

freeZing temperature. The procedures and analytical developments given ~

Ash~on (1979) can be applied to determine the time at which the river flow

F ruches 32°F (O·C). or one can deve~op his own heat loss 'IIIOdel.

The follow:1.ng physical. processes are occurring simultaneously in a

rt..er Teach duri.ng ~e freue-utl period.
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1a Ice ProdtLct1on: The equation for predicting the volume of ice

di8chargE~ is -

,.

3(: ) (7]

p
'i
I I

...-~

II

r
r
r

where hiwa • ice production heat transfer coefficient- W/_Z-°C

Ao • open water area _2

7.. -.:Lr ~er~llre 1Ielow 0°C

• deus1ty of wat:er "q/m 3 (l000)

• heat of fusion J/kg (3.34 x 10 5)

1b Ice Floe Growth, (flocuatiou): The growth of ice floes ~raveling

dOWl1StreillDl. 1& often viewed as a flocuation process, but it is one

that: is not well understood. The groW1:h of the floes result in

larger floe Si%e9 and increased ~h1ckDess. It is suspected that

the flocuation process depends upon the ice discharge (especially

at the surface), flow veloci~y, air temperature and the channel

characteristics.

Ic Lateral Ice Caver GroW1:h (shore ice): The shore ice or lateral

J.ce cover jrowth 18 another area of :iJwdequ.at.e dDCWIe~aUQn. ~

empirical relationship relating the lateral growth (Li) to the

mean flaw velocity (V, mls) for a Northern Canadian river

(Newbury' 1968) yielded

L _ 1.8 V-2 •85
i

alday {8]

­!
I
I

where the 8urface J.ce CODcentration was nearly 100% and the ~hickness of

the slush ice cov.~r ..vin! cloWU$tre•• W&S esti..~ed at 15 CIIl. Also, the
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air temperature VlilS less than -20·C. For lover ice concentrations and

warmer air temperntures the intercept value will decrease and the negative

slope vill also ~~crea8e in magnitude. 1.e. (-2). Recently a study On a

small New EnglaDd stream showed the overall lateral growth rate ranged from

0.1 to 0.2 Mters per ·C day. where the average freeze-up flow velocity was

roughly 0.7 to 0.8 a/s with low surface ice concentrations.

1d Flow Hydraulics with Laterally Growing Ice Cover: Ihe £low

velocity distribution in a partially ice covered Itream bas been

evaluated analytically, documented in the field, and experi-

mentally measured 1n a flume. The flow velocity concentrates in

the opezl water portion and can be described as a ratio

T
l-

IT'
'I where V2 • flow velocity beneath ice cover segment

V1 - flow velocity in open water legment

Y1 • flow depth in open water segment and

t • ice c~ver thickness.

(9)

r
r

.....

-

Xbe paper by CaJk~Qs et &1. (1982) CD%ttains tbe cieri-..ti= faT 'the_...

above equation pllllS additional information on the assumptions used to

derive the eltpression.

Somewhere along the river reach the ice cover will completely bridge

from shore to shore. Determining the location of this bridging may be the

location of • Datural construction; i.e. a wide river bend is a classical

site. The asymetric flaw d.1.str1buticm ~e.acis ~ a rapid lateral 1.ce CQver

growth 111 the llend which causes the open. water width to decrease. This in
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~...
turn create8 • 8urface constriction for the ice floes traveling downstream. ".

where the floe 8i;e may be increased which significantly enhances their

arching capabiltie8. Predicting the ice bridging 10caUons from an

analytical standpoint 18 Dot possible at this time with any confidence.

ODce the ice cover bridges. progression upstream of the leading edge

1& governed by the ineom1ag ice discharge. flow hydraulics. ice mechanics

and the a1r t.emper.~ure.

Ice Cover Progression and Thickening

The .cst logical step to determine the progression and thickening of

the ice cover woul.d be to write down the continuity equation for ice dis-

charge. The ice 1.nflow to a river reach or to the leading edge of the ice

cover is

110]

where Qi • ice discharge .3/5

Ci • surface ice concentration %

v. • surface flow (./.)

-1 • open _,ter width em)

t s • equivalent thickness of the floating ice em)

Ie • porosity of the floating SlU8h.

The amount of ice that is DOt floating at the water surface is a small

~ quantity and is considered negligible for sub critical flows in channel
i

slopes of 0.002 or milder. ~re are four possible conditions for the

progression of the leading edge. Vp •

('-" ~

1....•
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Progression, but the arriving floes thicken to values greater
than the initial thick.... of the arriving iee, tjlB < 0.33,or tj/B ) .33.
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Progre••ioo ~ .i_pl. juxtapo.ition nf the arriving flo•• With nothickening.

»Y

1.

2.

-

1

rr
II

~~J

T

r

l. ..'



ported beneath the cover.

3. Progr'ession with ice Cover thickening and icp also being trans--

...-.~
< ) -'-'"---5'c

v,~

: ----....,- -,
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-::;:;:5

--v
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rr
I

4. No pr,ogressing of the Cover, all ice is transported beneath the

cover.

T

'S2-

....

,YV'

The type of: condition encounted above depends upon the flow hydraulics

upstream of the Cover Or beneath the cover, the ice discharge and size of

the floes, the ~eha~ies of the ice accumulaticD and the .iT temperatuTe.

T



Juxtaposition:

The progressing of the leading edge ~ ice floe juxtaposition results

- in a rapid cover devel'opment. Analytical formulations have been put forth

and experience usually dictates the cboice. If the thickness and planar

dimension of the arriving floes can be predieted. their stability can be

analyzed. U the flow velocity just upstream of the leading edge is less

than .ome cr.1Uca.l ve.loc1ty for aae ice floe to underturn. dive or be

entrained; the arriving ice floe will remain stable and come to rest

against the leading edge. Ashton (1978) presents this equation

slush floes) will go under the cover; R - flow depth just upstream of the

When the river fll~w velocity V > Vc ' the solid ice floes (not fraiil

leading edge.

Progression, Thickening and No Undercover Transport

[11 ]iJ
1/2

Pi

e_ 2 (1 - i: )[st. (1

Vc r. t 2]1/2

L.5 - 3 (1 - :J

1
, I

-1

1

IT

T

1. %he equa~OQ describing the equilibrium thickness of the iee cover

(tj) when the val.ue of tj III is less than 0.33 is related to the flow

velocity upstrea:rll of the cover (Pariset et al •• 1961)

t [ Pi ~1/2v- (1-~) 2gt (1--)
R j P

[12]

:T
The use of this laquaUon implies the forces along tbe bank are .uf£ic1ent

to withstand the internal forces within the ice cover which are greater

~han the driving forces such that no shoving or further thickenug can take



.- place. In other Wl)rds. the thickness at the leading edge is sufficient to

transmit the forces to the bank, even when the leading edge at a new time

r has progressed upstream. The driving forces of water shear stress and the

cover weight component are small. The limitation of tj/B • 0.33 lIUst be

checked beeause a different mode of thickening will oecur at tj/B >

0.33. The use of ~his relationship will be for long backwater reaches

where ~ flow veJ.oc1ty 15 J.a- aDd riVeT i. DM 'gery s'teep. See Pariset

and Hausser (1961, 1966) for further details.

2. The majority oj: ice cover thickening occurs as a result of crushing or

shoving of an ice c~ver sometimes called staging. The cover may initially

progress upstream nccording to equation [12} just presented, but in order

for the leading edi~e to progress further upstream the ice cover bas to

thicken by shoves 1~0 withstand the larger forces, which creates a larger

head loss and in ttirn higher water levels upstream and lower flow

velocities.

There have been several formulations (see references 3, 14, 19, 20,

T 23) presented to ClLlculate the equil1brium thickness of a cover when the

driv1.Dg %Qrcu (wat.er sbear atre•• , ..ybe wind U ~ aDd U1e cover

weight co.ponent 1111 the downstream direction) require a cover thickness

greater than .33B, to withstand the forces. The basic formulation is

r
T

.. '~. ,
<

!I""
I

where 11 - ice 011 ice 11l'terDal friction type coefficient • 1.3

c • cohesion of the 1.c.e cover Jil/JIiL

TW • shear stress on the ice cover underside N/. 2

[l3}
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and ~he o~her quan~i~ies have been previously defined.

The applica~;Lon of ~his equation requires a knowledge of LW (water

shear s~ress) and c (cohesive force wi~hin ~he ice cover). The values of

the shear s~ress may range from 1 to 20 N/m 2 and c could vary from a low of

100 N/m"to maybe lIS high as 2000 H/m!"- The value of c has not been well

documented in the field although a conserva~ively low value (100-200) will

yield thick ice Q)vers aDd produce higher water levels. High values of

cohesion will OCC11%' during the freeze-up when the air tempera~ures are

low. A composite ice shee~ of fragmen~ed ice with a thin upper solid ice

cover is very strl)ng in shear while the same cover thickness without the

thin 801id sheet 1fill be 1II1ch weaker. For ice jam analyses, c is a low

value because of this non-freezing condition during the break-up and

jamming process.

3.. Thickening anci Undercover Transport

This combine.! process is not well documented analytically. hlt has

been observed in the field. The state of the art has not advanced

sufficiently to p]~operly address this combined topic ..

4. 'Undercover Trllnsport and No Thickening

There is very little field data to suhstan-tiate the only equation put

forth to estimate the ice discharge beneath a cover.. Pariset and Hausser

(1961) used the P.~ter-Keyer 1947 equation. Recently researchers at the

r

Univ. of Iowa have looked at the individual ice block stability beneath icer covers, 1ut application to field eondi-t1ons has not lIeen attempted. The

main reason 18 lacs of field data.

-
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There is some field dat.a on the transport of small frar.ll flocs

beneath ice covers in shallow streams and the criteria has been generally

related to .. minimum flow velocity 0.7 to 1.-0 _Is," The value may be even


