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ICE JAMS RELATED TO CLIMATOLOGICAL AND HYDRAULIC 

PARAMETERS - YUKON RIVER AT DAWSON CITY 

H.R. Kivisild and J. Penel 

BREAK-UP MECHANISM OF THE YUKON RIVER AT DAWSON CITY 

Break-ups of the Yukon River at Dawson have been 
r e corded since 1896, just after the founding of the settlement. 
The Water Survey of Canada has been measuring the river 
discharge and gauge height since 1945 and the winter ice 
thickness since 1957. 

Records of break-up on the Klondike River started 
in 1956 and complete flow measurement in 1965. 

Each year break-up follows the same general pattern: 
First, the small creeks on the hill around Dawson start to 
flow. This triggers the break~up of the Klondike River, 
usually a day or two after. Then, an average of 5 days later, 
the Yukon starts to break up. This time lag between both 
break-ups is crucial. It can allow the formation of an ice 
jam at the mouth of the Klondike because the ice sheet on the 
Yukon prevents the downstream movement of the heavy flow of 
ice and water of the Klondike. Several times in the past, 
this situation did result in the flooding of the southern part 
of Dawson and in .the washout and flooding of the highway along 
the Klondike. 

ICE JAMS IN DAWSON 

By analyzing the past record of gauge height and 
discharge measured and computed by the Water Survey of Canada, 
and by comparing the result with the rating c urves, it has 
been possible to determine the time and length of ice jams on 
the Yukon River at Dawson. This was complemented by informa­
tion from the Water Survey data books, by materia l from the 
archives, and by personal recollections of Dawson residents. 
It shows that the ice jams on the Yukon are very frequent at 
break-up time. Analysis of past records show that out of 27 
years of records there was 17 years of ice conditions and ice 
jams during break-up (Table 1) . These ice jams last from a 
few }-,ours up to 10 days, but only a small number of the jams 
r e ach flood level. 
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ANALYSIS OF ICE JAMS 

All the parameters that can be measured and that 
are possibly related to ice jamming have been computed and 
analyzed. These parameters are: 

(a) River ice thickness prior to break-up. 

(b) Water elevation at time of freeze-up. 

(c) Froude number at break-up time and evolution of the 
Froude number during ice jamming (Table 1) • A winter 
Froude number has been computed corresponding to 
winter water depth and velocity. 

(d) Total number of degree days above 32°F up to the 
time of break-up and up to the last day of ice 
jamming. 

The results show that the hydraulic considerations 
are the governing factor for ice break-up starting and jamming 
formation. Break-up occurs for a Froude number between 0.04 
and 0.09 (Fig. 1). 

An increase in the Froude number will either help 
to evacuate the ice or start ice jam conditions. Ice jams 
are found to happen for Froude number between 0.08 and 0.13. 
It shows that it takes a higher Froude number to break a jam 
than it takes to start the river break-up. No ice is found 
for Froude number above 0.13. Ice jam equilibrium seems to 
be independent of the ice thickness. As previously stated 
by Kivisild (Ref. 1) the Froude number of the flow in front 
of an ice cover is a valid criterion of ice cover stability. 

Degree days, as computed, did not show any rignificant 
relation to break-up and ice jamming formation. However 
indirectly, hydraulic conditions and degree days are related: 
an increase of the degree days start the snowmelt which in turn 
change the hydraulic conditions. 

Water elevation at the time of freeze-up has been 
plotted (Figure 2) for the years 1946 to 1973. Results show 
that this has very little influence on spring ice jamming, 
although there seems to be a slightly higher frequency of ice 
jam when water level was low at freeze-up time. In this case 
ice will freeze solid to the bottom in the shallow reaches 
of the river an~ increase the danger of ice jams during spring 
break-up, although this type of jam is the mildest one and 
causes least danger of flooding. 
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CONCLUSIONS 

With 80 years of break-up records and 30 years of 
flow and ice thickness measurement Dawson City i s a unique 
case in the Canadian North. Results show that the hydraulic 
considerations are the governing factor for ice break-up 
starting and jamming formation. 

From the flow charts it was relatively easy to 
determine for each year the length of time of the ice condi­
tions and jams but it was not possible to assess the type and 
the importance of each jam. Distinction between "ice 
conditions" and "ice jams" was in some cases difficult to 
establish (in general the distinction was based on the shape 
of the recessio n part of gauge height versus time curve). Thus 
jams are known mainly indirectly by their consequences (change 
in the gauge reading, floodings etc.). There is no recorded 
description of the ice jam behaviour itself. 
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Yukon Jtlver at O.waon 

areak- Up and t ee Jamminq 

Jaar Data of 
lreak-11!> 

U7l flaY I 

U72 *Y ll May U-11 

t~axl•~ Min . 0 at 
~ecorded Ti .. of 
Ht. of .J•• 
Jce *•· 0 

1,0)5.10 %4~000 to 
71,000 

1971 May 11-ll May ll 1,0)5.51 

1970 May 11 May ll-1) 1,0)5. 49 

U,OOO to 
62,000 

56,000 to 
12,000 

1969 ... , 5 1,0)4.17 49,500 

un May 9 

U67 .KayU 

lt" Mayll 

1965 *Y 11 

ltU May 5 

ltU May U 

Ull May 9 

U5t ""Y 15 

lUI ll.oy 4 

lt57 May 7 

1956 May 7 

1955-
1953 

1952 May 12 

USl May I 

u~o May 10 

un May u 

lUI May U 

lt47 May 9 

uu May t 

ltU May U 

uu May 5 

May 11-17 1,0]).11 :U,500 to 
61,500 

May ll-ll 

May 11-ll 

""Y lt-20 

May 7 

May 15 

May 3 

May 10 

till 
May 22 

May 1l 

May 17 

May l9 

May 11 

till 
May H 

1 , 037 . 41 41,000 to 
110,000 

1,051.17 40,000 to 
100 , 000 

1,041.00 68,000 to 
90,000 

1,015.10 160,000 

1 , 0)].21 76,000 

49,600 

]1,000 

1 ,050 . ~0 134,000 

1,017 .64 118,000 to 
112,COO 

1,033.75 39,000 to 
45,100 

1,041.00 52,000 ~ 
u,ooo 

1,032.64 11,800 to 
10,000 

1,032.84 112,000 

1,0U.37 NOT 
AVAILAIILE 

1,041.74 NOT 
AVAILAIILE 

1 ; 540.17 NOT 
AVAILABLE 

1,042. 14 120,000 to 
U%,000 

1,015.94 

1,040.24 50,000 
161,000 

May 6- 10 1 , 052.37 

23.11 
21.65 

21 . 19 
23.02 

22 . 05 
ll.OO 

:u.u 

20.60 
20.42 

24.20 
u.u 
27.24 
35.21 

24 . 05 
28.51 

20.70 

27.17 

20 . 63 
20 . 15 

20.52 

22 . 57 

16.·75 
20 . 79 

20 . 35 

29 . 65 
J2.55 

Table 1 

Corraepond1~9 Winter 
Proude No. Froude 

llo. 

0.035 
0 . 124 

o.on 
0.090 

0.017 
0.119 

0.07!1 

0.039 
0.119 

0.051 
0.171 

0.045 
0.076 

0.092 
0.095 

0,129 

0.152 

0 . 202 
0.161 

o.on 

o.ou 

0.021 
0.135 

0.1U 

0.121 
0.110 

0 . 06 

0.04 

0.12 

0 . 10 

0.06 

0 . 04 

0 .114 

o.o~ 

o.os 

0.07 

0.04 

0.01 

0.05 

o . ot 

0.07 

0.06 

5 daya of lee condition, 
hl9hvay floodin9, ice ja• 
vpriver. 

one day , ... level fro• 
1,033. 61 to 1,035.51. 

TWo daya ja•, level fro. 
1,014.70 to 1,035.49. 

No 1••• level dropped, 
alld run-off. 

Jce jaa on xlond ike on May 4, 
1 daya ice j&~, level trcm 
1,012.99 to 1,013.18. 

I deya lee condition • ja•, 
level froa 1,036.69 to l,037 . 4c 

One day j••· level from 
1,0]7.14 to 1 , 051 . 87, flood, 
jaa on ~lon~ike too. 

Two daya j .. , level fro• 
1,034.50 to 1,041.00. 

No j••· flnod in .June due to 
hea..y rvn-off. 

Mo jaa, ja• on xlondike 
April lO. 

Cau9e l1eiqht IRis• i nq, so~ 
, ... log in xlondika. 

Cau9a Hei9ht ~isain9, flood~~; 
Aear end of A~ril on ~lon~1ke 
vit.b xoad vaah-out. 

Extenalve flood ~ue prol>ablr. 
ta ice j .. co•in9 fro~ U?s~:e~~ 

TWo days 1••· Klondike ja=ned 
on ~y 11-12. w•ter leve l frc~ 
1,011.12 to 1,037 . 64. 

One clay jaa before break-up. 

•••¥Y volu.e of vater ccminq 
frON Klondike, level froa 
1,019.06 to 1,045.00. 

110 RECORD 

110 aECORD 

Ten d~y• of ice conditione 
and jaa. 

llo j••· 
One day j•~ l daye after 
break-up. level from 
1,037.77 to l , Cl9.l7 . 

5 day• ice conditi on ' jam, 
1a¥el froa 1,035.2t to 
l,Ot1.74. 

7 daya lee conditi on • )aa, 
1e¥el free 1,0)3.5t to 
1,040.94 . 

See j .. after break-up. 
layel fro• 1,035.04 to 
1,042.14. 

lea condition & ja• for 
1 daya. level fro• l.Olt . 69 
to 1,035.94 . 

~-- I 4aya •fter break- up, 
1•••1 fro• 1,030.54 to 
1,040.24. 

15 aile lon9 lee j ftft laetinq 
four d.ya. cona idcr •ble 
U-iniJ. 
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DISCUSSION 

J.P. Jolly 

T\-JO questions: ( 1) What was the overall objective 
of the study? (2) You have related ice break-up and ice jam 
at one location on the River to Froude number for the flow at 
another location on the River, how can one know the flow 
regime . at an ice jam location from flow parameters measured a 
few miles away? 

J. Penel 

Since there is a distance of several miles between 
the hydraulic measurements (in front of Dawson City) and the 
actual location of the ice jam, Froude number values of O.OB 
and 0.13 for jamming cannot be used as a design criteria 
for maximum water level forecasting. The results of the 
study merely show ·that break-up and ice jamming are related 
to the Froude number. The actual value of the Froude number 
could be different at another location. In the past, attempts 
have been made to improve the relation by including the ice 
porosity;* unfortunately it adds a new parameter on which we 
do not have data. 

In an i ndirect way the hydraulic conditions are 
partially controlled by the meteorological conditions. 
Increased degree days accelerate the snowmelt which in turn 
changes the hydraulic conditions. 

*B. Hichel (1968) Ice covers in Rivers, Proceedings of the 
Conference on Ice Pressure. NRC Technical Memorandum 92, 
pp. 231-247. 
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