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SUMMARY OF FINDINGS 
page 

Physiography 
1. The Takhini River drains some 3»1^0 square miles i n a region 

consisting of a high plateau on the north and the Coast Moun
tains on the south* 

2. The Takhini v a l l e y , the bed of former g l a c i a l Lake Champagne, 
i s floored with extensive deposits of laoustrine s i l t s . Large 
deposits of sand and gravel are found along certain reaches of 
the riv e r channel where g l a c i a l - f l u v i a l materials have been 
washed down by the creeks flowing In from the east. 

General Hydrology 
3. The climate i s predominantly continental with temperature 9.10 

extremes of about -60°F and +903F. 
10 4. Precipitation i s affected materially by orographic and mari

time influences. 
5. Runoff from the southern or Coast Mountain region averaged 13»1** 

about 17 inches annually; and from the northern, or plateau 
region, about U inches annually. 

6. About 12$ of the average annual basin runoff occurred i n the Table 
6-month period from November to A p r i l . 1 

Analyses of the 1965-66 winter Measurement Program 
7. Daily winter discharge data for the station at the outlet of 17-20 

Kusawa Lake can be obtained by applying d a i l y gauge-height 
records to the open-water rating curve. As long as the control 
section remains clear of i c e the accuracy of results w i l l be 
consistent with normal summer records, and the winter program 
for this station need be no more extensive than i s necessary 
to determine summer flows at the same station. However, at 
flows below U00 cfs s i g n i f i c a n t changes are apparent i n the 
stage-discharge relation from year to year. 

8. Winter discharges for the station at the Alaska Highway bridge 20-29 
can be computed to an acceptable degree of accuracy by using 
three winter discharge measurements spaced appropriately through
out the ice-cover period. A study of four computational methods, 
one of which did not require the use of d a i l y gauge-height records, 
indicates that a l l four methods can provide seasonal flow record 
totals to within 10$ of the results obtained from frequent d i s 
charge measurements; however, monthly means may have errors of 
25^' or more. 

iv 



REUOMMLMJAIIONS 

winter Research Program on the Takhini River 

1. An intensive program of winter measurements at the two regular 
gauging stations should be continued for one more season (winter 
of 1966-67) to test the a p p l i c a b i l i t y of using computed inflows 
to Kusawa Lake to estimate, by c o r r e l a t i o n , the l o c a l inflow 
between the two stations. The results should indicate whether 
i t would be worthwhile to carry out further research to determine 
the a p p l i c a b i l i t y of the method for estimating winter flows on 
the Watson, Lubbock, Wheaton, and other r i v e r s i n the general 
v i c i n i t y . 

2. Discharge measurements at the station on the Alaska Highway bridge 
should be taken once a day, i f possible, and not less frequently 
than once every second day throughout the ice-cover period. 

3. Discharge measurements at the station at the outlet of Kusawa Lake 
should be taken once every two weeks. When a measurement plots 
o f f the open-water rating curve consideration should be given to 
increasing the number of measurements to once every week. 

4 . L»aily gauge heights should be recorded at three gauging stations: 
at the Alaska Highway bridge, on the r i v e r at the outlet of Kusawa 
Lake, and on Kusawa Lake. 

5 . If possible, d a i l y snowfall records should be kept at the gauging 
station on the lake. Records at Haines Junction and Whitehorse 
may be an adequate substitute but t h e i r usefulness should be 
v e r i f i e d . 

6 . Additional data, such as atmospheric and water temperatures, i c e , 
wind, cloud and barometric conditions should be noted i n the same 
way as i n the 1965-66 winter program. Conditions at the lake out
l e t and the control section below the lake should be recorded at 
each v i s i t and photographs should be taken about once a month 
throughout the winter. 

7. Occasional measurements should be taken on the Takhini River just 
below the junction of the Ibex River. I f other factors are equal, 
consideration should be given tq locating the winter measuring 
section for the Alaska highway bridge s t a t i o n at t h i s point, 
rather than bnlow. the bridge, to obtain a better i n d i c a t i o n of 
the actual runoff from the drainage area above the ,*auge. 

8. Subsidiary measurements at other points i n the basin need not be 
taken for t h i s program. 

v i 



oummary o f F i n d i n g s ( c o n t i n u e d ) 

9. There are many possible applications of the daily open-water 29-31 
records for the station at the outlet of Kusawa Lake. By 
adjusting the recorded flows to eliminate lake storage effect, 
the resulting lake-inflow hydrograph may be used as a guide 
for estimating the local inflow pattern in other areas within 
the basin, and also for estimating the streamflow patterns of 
rivers in adjacent basins with similar climatic conditions. 
The possibility of using the computed lake inflows to deter
mine flows at other stations by correlative methods should 
be investigated. 

10. Daily fluctuations in discharge, gauge height, and ice forma- 33 
tion correspond very closely with daily variations in temperature. 

11. On rivers without appreciable lake storage, minimum winter flow 33 
can occur at any time during the ice-cover period, and will 
generally coincide with the day of minimum temperature following 
a prolonged cold spell. 

12. The "recession theory" for computing discharge may not be appli- 33 
cable for rivers without appreciable lake storage unless tempera
tures remain more or less constant throughout the winter. 

13. Negative inflow indicated by measurements taken on the same day 3^-37 
at successive points along the Takhini River may be attributed 
to: effects of ice formation which can cause a large amount 
of temporary storage of water in the river system; errors in 
measurements taken through slush; and losses to underground 
flow. 

Ik. Streamflow may occur through masses of frazil ice lodged in 35.36 
the cross-section of the stream where the measurement is taken. 
I f the presence of frazil affects more than 10% of the total 
cross-section, the error in the actual measurement may be 
substantial. 

Factors Affecting winter Streamflow 

15. Temperature, precipitation, frost and ice formation a l l have 38-51 
an important role in determining the characteristics and 
volune of winter runoff in the basin. 

1 6 . Groundwater and lake discharges account for a high percentage 
of the total winter streamflow. 51-54 



Recommendations (continued) 

Flow Through Slush 

9 . A study should be carried out to determine i f flows do occur through 
slush ice at a measuring section. 

It i s suggested that the gauging station on the Horsefly River i n 
B r i t i s h Columbia may be suitable for carrying out a program similar 
to that made on the Chemung River at Chemung, New York (described on 
pages 35 and 36 of this report). Some locations i n the Yukon may 
also be suitable and methods such as the use of fluorescent dyes 
should be t r i e d . The f i e l d investigation should be carried out under 
various temperature and slush conditions. 

v i i 



CHAPTER I - INTRODUCTION 

The Canadian Hydrometric Service of the Federal Water Resources 

Branch, through t h e i r Arctic Rivers Work Group, has undertaken studies to 

evaluate winter discharge measurement programs and the accuracy of records 

computed therefrom. This report describes the 1965-66 studies carried out 

i n the Takhini River basin by the B r i t i s h Columbia and Yukon D i s t r i c t f o r 

the Arctic Rivers Work Group. The Takhini River was selected to represent 

a t y p i c a l northern stream that originates from a lake with a large amount 

of storage. 

The objectives of the studies were: 

(1) to define the minimum program required f o r determining winter flows 
at two gauging stations ort the Takhini River within a 
specified degree of accuracy when compared to a standard 
established on the basis of frequent discharge measure
ments; and 

( 2 ) to obtain information that would be useful i n planning further 
research into the accuracy of winter streamflow records 
on "Arctic Rivers". 

The subject matter of t h i s report i s divided into four sections: 

a description of the physical features of the Takhini River basin; a 

general appraisal of the hydrology of the basin; a presentation of the 

results of analyses of data collected from the winter discharge measure

ment program; and a discussion of the factors which affect winter stream-

flow i n the basin. 

The f i e l d work for these studies was carried out by staff of 

the Whitehorse Sub-office under the supervision of M.E. Alford. P r e l i m i 

nary appraisal of the data was presented i n progress reports to the Arc t i c 

Rivers Work Group by Mr. Alford, a member of the Group. 
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This report was prepared by the Studies Section of the Vancouver 

D i s t r i c t Office under the supervision of W.Q, Chin, P.Eng. Assistance i n 

the analyses of the data was provided by A.G. Smith, P.Eng. 

Liaison with the Arctic Rivers Work Group was maintained through 

R.E. Brawn, P.Eng., member and secretary of the Group. 

Over-all direction of the studies was provided by H.T. Ramsden, 

P.Eng., D i s t r i c t Engineer, Vancouver, B.C. 



CHAPTER I I - DLSCHIPTION OF THE TAKHINI KIVEK BASIN 

1. LOCATION AND EXTENT 

The Takhini River basin (Plate 1) i s located i n the region west 

of Whitehorse, Yukon Territory, arid forms part of the Yukon River system. 

The drainage area of the Takhini River at i t s mouth i s some 3.140 square 

miles, of which about 2,760 square miles are i n the Yukon Territory and 

the remaining 460 square miles i n the northwest corner of B r i t i s h Columbia 

Not included i n the above t o t a l s are some 80 square miles which drain into 

the Fish Lake area where runoff i s diverted out of the basin to supply a 

small hydro-electric power plant on Porter Creek near Whitehorse. 

2. PHYSIOGRAPHY 

Two primary physiographic subdivisions of the Canadian C o r d i l 

l e r a are represented i n the Takhini River basin: the Boundary Ranges of 

the Coast Mountains l i e i n the southern portion and the northern section 

i s part of the Yukon Plateau (Bostock, 1948, p. 86). 

The Boundary Ranges have rugged topography with peaks that 

exceed elevations of 7,000 f e e t i n many places: one peak east of Kusawa 

Lake i s more than 8,000 feet high. Glaciers and perennial snowfields are 

found on the higher peaks. 

North from Kusawa Lake the boundary between the Coast Mountains 
and the Yukon Plateau i s i n d e f i n i t e . Although considered to be part of 
the Yukon Plateau, much of the northern portion of the basin actually 

3 
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l i e s i n a t r a n s i t i o n zone. This zone i s an upland surface that has been 

eroded into a network of interlocking U-shaped valleys enclosing mountain 

groups and ridges with summits over 7*000 feet i n elevation* The largest 

of these valleys i s not more than four miles wide. The f l o o r of the main 

Takhini valley varies i n elevation from about 2,100 to about 2,500 feet. 

The mountains i n the basin are composed mainly of granitic rocks 

while the valley f l o o r s are silt-covered i n most places. These thick 

deposits of s t r a t i f i e d s i l t s are believed to have settled from g l a c i a l 

meltwaters of former Lake Champagne (Kindle, 1953, pp. 14-17). At the 

time of maximum g l a c i a l a c t i v i t y during the Pleistocene period, the v a l 

leys were i c e - f i l l e d to an elevation of about 6,000 feet. Towards the 

end of the G l a c i a l Epoch, as the ice-sheet retreated northward, g l a c i a l 

Lake Champagne was formed i n the Takhini River vulley and the adjacent 

valley of the Dezadeash River. Evidence of the old shoreline of Lake 

Champagne i s found i n the widespread "beach" deposits of sand, gravel 

and boulders along the valley walls. The best developed "beaches" are 

between elevations 2,300 and 2,800 feet along the steep, exposed slopes 

where evidence of wave action i s the most pronounced. The s i l t beds 

have been eroded to depths of 100 feet and more by streams that now 

cross the former lake bed. Elsewhere, g l a c i a l debris may be observed 

on the h i l l s i d e s and terraces above the old shoreline and i n the higher 

v a l l e y s , with some areas containing numerous ke t t l e s , pitted outwash, 

and esker complexes. 
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3. THE STREAMS 

The Takhini River has i t s source i n the extensive i c e f i e l d s and 

snowfields of the Coast Mountains. In i t s upper reach the Takhini i s a 

small, turbulent mountain stream which empties into Kusawa Lake. The lake 

occupies a glacially-deepened v a l l e y about 45 miles long and has a surface 

area of some 54 square miles. Other important tributaries to Kusawa Lake 

are Kusawa and Primrose Rivers, both gl a c i a l - f e d streams from the Coast 

Mountains. 

From Kusawa Lake the main stem of the Takhini River flows f i r s t 

north and then i n an easterly d i r e c t i o n , dropping some 200 feet (Russell, 

1952) along a 71-mile course to meet the Yukon River 12 miles below White

horse. The gradient of the r i v e r i s f a i r l y smooth throughout i t s entire 

length, with no important f a l l s or rapids. However, i n the eight miles 

downstream from the lake there are numerous r i f f l e s where the gradient i s 

steep with an average drop of some eight feet per mile. For the remainder 

of the distance the river i s placid and meandering with gradients averaging 

between 2 and 2-l/Z feet per mile. 

The present ri v e r has entrenched meander belts more than 60 feet 

below the valley f l o o r . Bank material i s mainly lacustrine s i l t s except 

near mouths of tributary creeks where a l l u v i a l fans have been formed. Such 

an a l l u v i a l fan occurs immediately below the outlet of Kusawa Lake. Here 

the material grades from very coarse gravel on the east side of the v a l l e y 

through a coarse, sand-gravel mixture near the right bank of the r i v e r i n t o 
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sand overlain by s i l t on the west bank. The material i n general i s 

believed to be highly permeable (Campbell, 1955)* 

For several miles downstream from Kusawa Lake the r i v e r banks 

consist of sand which grades eventually into s i l t s , the tremendous quan

t i t y of sand along the valley f l o o r i n t h i s area i s believed to have been 

washed down from g l a c i a l deposits that occur on the higher t e r r a i n to the 

east: the coarser material deposited f i r s t at the mouth of the inflowing 

creek to form an a l l u v i a l fan, and the f i n e r material transported farther 

downstream. The pebbles and large boulders which are sparsely distributed 

i n the sand and s i l t beds throughout the r i v e r course are believed to have 

been dropped from icebergs that once floated on Lake Champagne (Kindle, 

1 9 5 3 , P. 16;. 

Streams entering Kusawa Lake from the Coast Mountains, such as 

Kusawa and Primrose Rivers, normally carry heavy sediment loads. Much of 

t h i s sediment i s deposited i n Kusawa Lake and the lake outflow i s usually 

clear; however, the river soon becomes turbid as velocity rapidly increases 

over a rather steep gradient i n the f i r s t eight miles of channel. Some of 

the f i n e r sediments eroded from bottom material i n the channel are carried 

i n the river throughout the remainder of i t s course. 

The larger tributaries of the main stem of the Takhini River are 

Mendenhall River, entering from the west about 13-l/2 miles below Kusawa 

Lake, and Ibex River, entering from the east some 15 miles farther down

stream. Along the lower reach are two minor t r i b u t a r i e s , Stony Creek and 

L i t t l e River, which drain from the north. In the headwaters of these 
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streams are small lakes some two to four square m:les In area. The topo

graphy west and north of the main stem i s generally lower than that on the 

east. 

The Mendenhall River has i t s headwaters i n the Sifton Range at 

an elevation of over 6,500 feet, but throughout most of i t s length the 

r i v e r flows i n the old bed of Lake Champagne. From Taye Lake (3.4 square 

miles at elevation 2,40C feet) the ri v e r follows a meandering course with 

l i t t l e grade. At a point where i t i s crossed by the Alaska Highway the 

r i v e r has cut a trench more than 125 feet deep into s i l t beds. 

Much of the Ibex River flow originates i n mountainous t e r r a i n 

where elevations of the peaks vary from 6,000 to over 7,000 feet. In the 

headwaters area there i s a complex system of "through" valleys with low 

passes of 3,000 to 4,000 feet i n elevation between adjoining basins. 

These valleys are f i l l e d with g l a c i a l and f l u v i a l accumulations. 

A hotspring i s located at the edge of the Takhini valley about 

l - l / 2 miles north of the Takhini River and 6 miles upstream from the 

r i v e r ' s mouth. The spring has a flow of about 50 gpm and a temperature 

of 116°F. Small lakes i n depressions between the h i l l s to the north are 

a natural source area for the waters, which may flow along a faul t zone 

in limestone and greywacke outcrop before emerging i n the spring (Brandon, 

1965). 
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U. VEGETATION 

Most of the valley bottoms i n the basin are wooded and the moun

t a i n slopes are forested to an elevation of about 4,000 feet. Trees include 

white spruce, lodgepole pine, a l p i n f i r , paper birch, balsam poplar, and 

trembling aspen. Alder and willow grow profusely i n small areas of damp or 

swampy ground throughout the area (Kindle, 1953, p* 4). 

In 1958 f i r e destroyed much of the forest stand i n the northern 

part of the Takhini valley below the mouth of Mendenhall River. 



CHAPTER i l l - GcNc.^L HYDROLOGY 

1. CLIMATE 

The Takhini River basin has a predominantly continental climate 

despite the proxinity of the P a c i f i c Ocean. The Coast and St. Elias Moun

tains form a generally effective barrier against Pacific influences, but 

occasionally maritime a i r masses penetrate the few breaks i n the coastal 

ramparts to moderate the climate i n both summer and winter. The basin i s 

characterized by semi-arid conditions i n the Plateau region and by heavier 

precipitation over the high mountains. (For a more detailed description 

see Kendrew and Kerr, 1955)* 

Unfortunately, no meteorological stations have been established 

in thtf hasin. Trie stations at Haines Junction and Whitehorse are probably 

f a i r l y representative of the climate i n the Takhini valley, but the high 

valleys, the uplands, and the summits are meteorologically unknown. 

In general, for the '-month period from November to March, the 

monthly mean temperatures along the lowlands are below JZ°Ft but only i n 

an exceptionally severe winter does a monthly mean temperature f a l l below 

0°F. Very low minima c.«n be expected at any time throughout the winter 

period but spells of intense cold seldom l a s t n-ore than a few days. An 

extreme of -62°F has been recorded at Whitehorse; however, usually at 

least one day i n each of the five months wil}. have a maximum temperature 

above J2CF. 

In the months of June, July and August the monthly m̂ an tempera

tures at Ahitehorse average 50CF and over. The highest recorded temperature 

9 
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i s f)l°F. Frost has been recorded at Whitehorse i n every month of the year. 

The mean duration of the frost-free period i s 78 days. Permafrost or per

manently frozen ground may exist somewhere i n the basin but no evidence has 

been found (Kindle, 1953. p.6; and Campbell, 1955. P-7). 

Precipitation at Whitehorse i n an average year i s about 11 inches, 

with about 50 days of rain and about 60 days of snow. July and August are 

the wettest months and much of the rain during this period f a l l s i n thunder

storms. From late October to early A p r i l precipitation throughout the basin 

usually occurs as snow. The average annual snowfall i s about 45 inches at 

whitehorse. Precipitation data at Whitehorse i s , of course, not indicative 

of the mountainous areas. Records for the Takhini River at the outlet of 

Kusawa Lake indicate runoff i s over 16 inches annually. Precipitation over 

the headwaters i n the Coast Mountains may conceivably exceed 20 and possibly 

30 inches annually i n places. 

Much of the precipitation i n the btsin originates from Pa c i f i c 

a i r masses that have undergone considerable orographic modifications i n 

passing over the Coast Mountains. Progressively less precipitation i s 

deposited as the a i r moves into the plateau region. 

2. STREAMFLOW RECORDS 

The Water Resources Branch have been collecting streamflow data 

at two stations on the Takhini River; one at the Alaska Highway bridge at 

Mile 9^6, and the second at the outlet of Kusawa Lake (Plate l ) . Both 

stations were i n s t a l l e d for navigation and power purposes. Occasional 
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discharge measurements have been taken of the Primrose, Mendenhall and 

Ibex Rivers. 

The stream-gauging station on the Takhini River at the Alaska 

Highway bridge was established i n August 1948. From 1948 to 1964 a manual 

gauge provided three river-stage readings weekly during the open-water 

season. Since 1964 a pressure-actuated nitrogen bubble recorder has 

provided continuous stage data. The station has a drainage area of 

2,640 square miles. 

In August 1952 a stream-gauging station was established on the 

Takhini River near the outlet of Kusawa Lake. The discharge rating for 

the station i s based on water l e v e l data obtained from a conventional 

f l o a t actuated recorder on Kusawa Lake. A pressure-actuated a i r diaphragm 

recorder was i n s t a l l e d on the r i v e r on December 2 1 , 1965t but i t did not 

become f u l l y operative u n t i l mid-March 1966. The station has a drainage 

area of 1,570 square miles.-i/ 

Records for these two stations are generally good for open-water 

seasons and the i r stage-discharge relations are well defined. Monthly 

flows for ice-cover periods have been estimated from the results of two 

or three winter measurements each year. 

l/ Drainage areas were determined from the l a t e s t editions of the maps 
of the National Topographic Series at scales of 1:50,000 and 1:250,000. 
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3. RUNOFF AND STREAMFLOW .CHARACTERISTICS 

12 

Runoff i n the Takhini River basin follows a pattern that i s 

t y p i c a l of regions which experience long, cold winters. The low-flow 

period i s from November to A p r i l when much of the precipitation occurs 

as snow, and freezing temperatures prevent i t from melting and contribu

ting to runoff. Groundwater and lake storages are the main contributors 

to streamflow during this period. Except for a short, swift reach on 

the Takhini River at the outlet of Kusawa Lake, the streams and lakes 

are completely frozen over. Minimum flows usually occur i n late March 

or i n A p r i l . 

A large part of the annual runoff occurs during l a t e spring 

and early summer. Runoff starts to increase rapidly i n May as a result 

of low-elevation snowmelt caused by r i s i n g temperatures, and by early 

June most of the accumulated snow i n the valleys has disappeared. As 

r i s i n g temperatures reach the higher levels, melt from the glaciers and 

mountain snowfields contributes to runoff. The streamflow of the Takhini 

usually peaks i n late June or i n July. A well-sustained flow occurs 

through August and September, maintained largely by r a i n f a l l , partly by 

meltwater from glaciers and snowfields i n the Coast Mountains, and partly 

from lake storage and groundwater discharge. 

The annual flow of the Takhini River at the Alaska Highway 

bridge during the 16-year period from 1948 to 1964 varied from 1,260,000 

acre-feet i n 1951 to 2,140,000 acre-feet i n 1949. The average annual 

runoff from the basin during the period amounted to 1,630,000 acre-feet, 
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or a flow of about 2,250 c f s . The recorded d a i l y discharge varied from a 

low of 153 cfs on February 19, 1951 to 17,200 cfs on September 2, 19^9. 

Streamflow hydrographs for the 1961-62 water year are shown on Plate 2. 

4. DISTRIBUTION OF RUNOFF 

An analysis of basic data relating to runoff i n the basin i s 

summarized i n Table 1. The analysis i s based on five years of concurrent 

discharge records for the two stations on the Takhini River. 

4.1 Takhini Basin Above Outlet of Kusawa Lake 

Much of the streamflow at the outlet of the lake originates i n 

the Coast Mountains. Streamflow at the lake outlet averaged about 1,940 cfs 

for the 5-year period, or about 16.8 inches annually over a drainage area 

of 1,570 square miles. This region, which constitutes about 60$ of the 

basin area above the Alaska Highway bridge, contributed about 87$ of the 

t o t a l runoff. 

Approximately 11% of the annual streamflow occurred i n the 6-month 

period from November to A p r i l and amounted to about 160,000 acre-feet or 

1.9 inches ovor the upper basin. I t i s estimated that about 40 to 50$ of 

the winter streamflow represents releases from natural storage on Kusawa 

Lake and the remainder i s mostly from groundwater discharge. The impor

tance of lake storage i n sustaining winter streamflow on the Takhini i s , 

therefore, quite evident. 
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4.2 Takhini Basin Below Outlet of Kusawa Lake 

Streamflow figures derived for t h i s area represent runoff o r i g i 

nating mostly i n the Yukon Plateau. Runoff volumes were obtained by sub

tra c t i n g recorded streamflows at the outlet of Kusawa Lake from those for 

the Takhini at the Alaska Highway bridge. The average runoff for the 

5-year period was about 300 c f s , or only about 3*9 inches annually over 

a basin of 1,070 square miles. This region constitutes about 40$ of the 

drainage area above the bridge but i t contributed less than 14$ of the 

t o t a l runoff. About 20$ of the annual streamflow, or 0.7 inches of run

off over the lower basin, occurred i n the 6-month period from November to 

A p r i l . 

The average annual runoff from t h i s area i s less than one quarter 

of the average annual runoff from the mountainous area above the outlet of 

Kusawa Lake. This large difference may be accounted for by the absence of 

glaciers and the generally semi^arid conditions i n the lower region. 



CHAPTcrt IV ANALYSES OF THE 1 9 6 5 - 6 6 WINTER STREAMFLOW 
MEASUREMENT PROGRAM 

1 . GENERAL 

During the winter of 1 9 6 5 - 6 6 a series of streamflow measure

ments on the Takhini River and some of i t s t r i b u t a r i e s was undertaken 

by the Whitehorse Sub-office of the B r i t i s h Columbia and Yukon D i s t r i c t 

as part of an investigation by the Canadian Hydrometric Service into 

problems associated with the gathering of hydrometric data f o r "Arctic 

Rivers". The results of a l l discharge measurements taken during t h i s 

program are tabulated i n Appendix I. 

Two of the principal objectives of the Takhini River program 

were: 

( 1 ) to obtain s u f f i c i e n t discharge measurements and stage 
records at two stations on the Takhini River, one at 
the outlet of Kusawa Lake and the other at the Alaska 
Highway bridge, to permit determination of t h e i r d a i l y 
winter discharges to a high degree of accuracy, and to 
use these discharges to assess the accuracy of records 
that might be produced using data obtained from a normal 
winter program; and 

(2) to i d e n t i f y some of the factors which influence r i v e r 
stage and discharge during the period of ice-cover. 
Such information would be useful i n planning further 
research into the accuracy of winter streamflow records. 

15 
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2. TAKHINI RIVER AT THli. OUTLET OF. KUSAWA LAKE 

16 

2.1 Basic Data 

The station i s located at the outlet of Kusawa Lake with natural 

control provided at a r i f f l e some 300 feet downstream from the measuring 

section. The riverbed at the r i f f l e appears to consist mainly of gravel 

deposits. 

Generally, the discharge rating for t h i s station i s based on 

water-level data obtained from a conventional float-actuated recorder on 

Kusawa Lake. Since this recorder i s affected by ice, a pressure a i r -

actuated recorder was i n s t a l l e d on the r i v e r , but unfortunately i t did 

not become f u l l y operative u n t i l mid-March 1966. 

Measurements for the 1965-66 winter period were made by wading 

at low stages and from a small boat at higher stages. Ve l o c i t i e s were 

determined by the 0.6-depth method. Ten measurements were taken at i n t e r 

vals of about once every two weeks during the period from November 10, 

1965 to Ap r i l 28, 1966. In addition, records were available for 36 

measurements taken during the winter seasons from November 1952 to A p r i l 

1965. 

At the time of each measurement water levels at the Kusawa Lake 

gauge and the r i v e r gauge were obtained, and atmospheric and water tempera

tures were recorded. Notations were also made regarding snow, i c e , wind, 

cloud and atmospheric pressure conditions. Photographs of the outlet of 
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Kusawa Lake and the control section downstream on the Takhini River were 

taken at each v i s i t . 

Daily maximum, minimum and mean atmospheric temperatures for the 

period were available from meteorological records at stations located at 

Whitehorse and Haines Junction, ebout 35 miles east and 50 miles west, 

respectively, from the gauging stations. 

2.2 Results of Analyses 

A schedule of about two measurements a month for the 1965-66 

winter investigation was chosen on the assumption that continuous r i v e r -

stage records would be collected from which d a i l y discharge could be deter

mined quite adequately using a stage-discharge relation. Since the recor

der f a i l e d to function properly during most of the winter the determination 

of d a i l y discharge using a rating curve was not possible. Therefore the 

d a i l y mean discharges were estimated using the interpolated-discharge 

method. 

The measured discharges were plotted on the appropriate days and 

a hydrograph of d a i l y discharge for the winter season was produced by j o i n 

ing the plotted points (Plate 3(F)). Temperature records at whitehorse and 

recorded flows at the downstream station on the Alaska Highway bridge were 

used as a guide i n shaping the hydrograph (Plate 3). 

An analysis was made of the records collected since 1952 and a 

stage-discharge relation was established using gauge-height records on 
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Kusawa Lake and streamflow measurements taken at the lake outlet. Plate 4 

shows that the relationship appeared f a i r l y stable i n early winter at the 

higher flows but that at flows below 400 c f s , usually from January on, 

there were si g n i f i c a n t changes from year to year. 

A " s h i f t i n g control** at low stages or backwater effect from shore 

ice could cause these changes i n the relationship. A s h i f t i n g control 

could occur as a direct result of physical changes i n the character of the 

channel along the r i f f l e control. On the other hand, i t i s possible that 

a new control becomes operative during low stages at a section much closer 

to the lake outlet where ice occurs more frequently. Thus the normal stage-

discharge re l a t i o n could vary from year to year, depending on the quantity 

and nature of the i c e . I f the l a t t e r condition does e x i s t , then i t i s con

ceivable that a more stable rating curve could be obtained by using stage 

records from the r i v e r station rather than the one at the lake. The r i v e r 

station i s located less than 900 feet above the r i f f l e control where the 

occurrence of ice i s apparently less frequent. 

A measurement taken on January 13, 1953 at a section about one 

mile downstream from the r i f f l e indicated a large backwater effect. The 

measurement was made through ice cover and "what appeared to be an even 

layer of slush". About 45 feet of the 178-foot-wide measuring section was 

completely f i l l e d with slush but the depth of slush was not recorded and 

therefore i t s cross-sectional area could not be determined. I t has been 

stated i n a study by Barrows and Horton (1907) that considerable flow 

could occur through masses of f r a z i l . Therefore the actual flow through 
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the section might have benn considerably greater than the recorded flow 

for that date and the backwater indicated by the measurement could be 

misleading. 

Another measurement showing considerable backwater effect was 

taken on March 22, 1957. The meter notes indicate about 30 feet of shore 

ice at the measuring section which, for this measurement, was located a 

few hundred feet upstream of the r i f f l e . I t i s conceivable that the ice 

accumulation could have been responsible i n part for the large backwater 

effect on this date. 

It was not possible to carry out s t a t i s t i c a l analyses because of 

the lack of accurate discharge data. Nevertheless, i t appears reasonable 

to assume that as long as the control section remains completely clear of 

i c e , the use of the open-water rating curve to determine d a i l y winter d i s 

charges could provide results to a degree of accuracy consistent with nor

mal summer records. In such instances the winter program need be no more 

extensive than i s necessary to determine summer flows at the same station. 

When s h i f t i n g control and backwater from ice effects are detected 

the stage records would have to be applied to a special rating curve deter

mined for each year. Under extreme backwater conditions such as occurred 

on March 22, 1957» i n which the discharge measurement did not plot on a 

curve, the special rating curve method would not be applicable. An alterna 

tiv e would be to estimate d a i l y discharges using the interpolated-discharge 

method. For a r i v e r having a large amount of lake storage, such as the 

Takhini, streamflow generally would decrease gradually to i t s minimum near 
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the end of winter. Thus the interpolated-discharge method should provide 

acceptable estimates of monthly and daily mean discharges. 

A recommended minimum schedule of winter measurements for t h i s 

station should Include one measurement i n November, one i n January and one 

i n March or A p r i l taken as close to the minimum stage as possible. 

Continuous gauge heights should be kept on the lake and at the 

r i v e r gauging station. Records f o r the lake station would be used i n 

determining change i n lake content for inflow computations and those f o r 

the r i v e r station to establish the rating curve. I f continuous stage 

records during the winter period are to be kept at one station only, i t 

i s suggested that the lake station be used. While i t may not provide the 

best data for rating purposes, i t s records are adequate for dual use. On 

the other hand i t i s uncertain at present whether stage records from the 

r i v e r station would produce a more stable rating curve 

The importance of obtaining records at the lake and ri v e r stations 

i s discussed further i n the section starting on page 29 where the two s t a 

tions on the Takhini River were treated as a network i n the analysis. 

3. TAKHINI RIVER AT THE ALASKA HIGHWAY BRIDGE 

3.1 Basic Data 

The station i s located at the Alaska Highway bridge about 

35 miles downstream from the outlet of Kusawa Lake. The riverbed at 
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the station appears to consist mainly of gravel deposits. The 1965-66 

winter measuring section was located some 300 yards downstream from the 

bridge and metering was carried out through holes cut i n the i c e . In 

open-water conditions, metering was made from the bridge using a portable 

r a i l or a truck crane. The two-point method at 0.2 and 0.8 depth was 

used for velocity determination i n deep water, and the 0.5-depth method 

was used i n shallow water under ice-cover. 

Thirty measurements were taken during the period from October 25• 

1965 to May 6, 1966, at intervals of once and sometimes twice a week. In 

addition, records were available for 53 discharge measurements taken dur

ing the winter seasons from November 1950 to May 1964, and for daily d i s 

charge measurements taken during the period from January 5» 1965 to 

March 12, 1965. 

The water level at the bridge was obtained at the time of each 

measurement. A nitrogen bubbler-type recorder was i n s t a l l e d at the bridge 

i n 1964 and continuous stage records have been collected for much of the 

1964-65 winter and a l l of the 1965-66 winter. 

3.2 General Approach to the Study 

Analyses of the data f o r th i s station were carried out i n three 

parts: 

( l ) using a l l available data a "best estimate" of the d a i l y mean 
discharges for the 1965-66 ice period was made. This provided 
the standard to compare the accuracy of records that might be 
obtained from a normal winter hydrometric program at the 
station; 
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(2) various methods were used to process data selected from 
the 1965-66 winter measurements and the degree of accuracy 
of the results was determined. For these analyses i t was 
assumed that this was the only station on the r i v e r . 

(3) the data were examined as being part of the information 
available from a two-station network composed of the 
station at the Alaska Highway bridge and the station at 
the outlet of Kusawa Lake. 

3.3 "Standard H Discharges 

The "best estimate" of the dai l y mean discharges was computed, 

i n part, by applying recorded d a i l y mean gauge heights to special rating 

curves, each covering a segment of the winter season. Because of the 

a v a i l a b i l i t y of a large number of actual discharge measurements and 

corresponding gauge heights i t was possible to closely define each curve 

and the period for which i t was applicable. A composite version of the 

special rating curves i s shown on Plate 5« From the diagram i t i s evident 

that there were periods of unstable stage-discharge r e l a t i o n for which the 

rating-curve method could not be used. For such periods the mean daily 

discharges were estimated by interpolation using temperature data as a 

guide. The resulting hydrograph of the "-standard" discharge for the 

1965-66 winter season i s shown on Plate 3(c)« 

As a comparison, an analysis was made using the normal backwater 

method to compute the da i l y mean discharges. After adjustments were made 
t 

with reference to temperature data, the resulting hydrograph was almost 

i d e n t i c a l to that obtained by the special rating curve method. I t should 

be noted that the open-water rating curve used i n the backwater method of 
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computation had to be extended to cover flows below 5 0 0 c f s . The lower 

flows invariably occurred during the ice-cover period and i t would be 

v i r t u a l l y impossible to define the lower end of the open-water rating 

curve by actual measurements. 

Single-Station Analysis 

Stage-discharge relations were examined using a l l the ice-cover 

measurements available for the period of record. It was evident from the 

graph (Plate 6) that development of a rating curve for "under i c e " condi

tions which could be applied from year to year would not be possible. 

Backwater at any given discharge varied as much as 1-l/Z feet from one 

winter to the next. 

Assuming t h i s to be the only station on the r i v e r , i t was cott

er 1u.ied that a number of streamflow measurements would have to be taken 

each winter before discharges could be estimated with any degree of r e l i a 

b i l i t y . For the purpose of the present study i t was assumed that three 

measurements spaced appropriately through the ice-period would constitute 

the normal winter program. The a v a i l a b i l i t y of daily gauge heights would 

depend on the method selected for processing the data. 

A rigorous s t a t i s t i c a l treatment such as that used by C o l l i e r 

(1962) and by Rosenberg and Pentland (1966) was not attempted, partly 

because of the gap i n daily measurements and partly because of the time 

element involved i n such an approach. Instead, an endeavour was made to 

select a series of programs from the 196.5-66 measurements to define the 
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l i m i t s of accuracies under the various methods of processing. Five pro

grams, each consisting of three winter measurements, were analyzed. I t 

was recognised that i n a program of only three measurements per winter, 

the date at which a specific measurement was taken could affect the 

accuracy of a large portion of the derived records. 

Four methods were considered for processing the winter records. 

The interpolated-discharge method was examined f i r s t since no gauge-height 

records would be required. The special rating curve method, the backwater 

method, and the adjusted-discharge method, a l l requiring d a i l y gauge heights 

were then examined to determine i f gauge heights improve winter records 

and to assess the a p p l i c a b i l i t y of the various methods f o r use at th i s 

s t a t i o n . Detailed descriptions of the methods, with the exception of the 

special rating curve method, are given i n papers by C o l l i e r (1962) and 

Rosenberg and Pentland (1966). 

( l ) Interpolated-Discharge Method 

In each of the f i v e tests of th i s method a hydrograph was pro

duced by drawing a smooth curve through three measurements plotted on 

appropriate days and using open-water flows on November 4, 1965 and May 6, 

1966 to define each end of the hydrograph. These dates corresponded to 

the l a s t day before freeze-up and the f i r s t day after break-up. Tempera

ture records and other relevant data which are often used to modify the 

shape of a hydrograph were not used i n th i s study. 
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Test No. 1 was selected specifically to measure the maximum posi

tive error that could occur i n using the interpolatedHiischarge method. 

Similarly, Test No. 2 was used to determine the maximum negative error. 

(Plate 7). The maximum range of error for the 1965-66 winter season was 

found to be about t 10$ for the season total, and as high as t 20$ i n the 

monthly means. 

(2) Special Winter Rating-Curve Method 

Early i n the studies attempts were made to determine daily d i s 

charges by using a special rating curve defined by only three winter 

measurements. It was soon evident that such a limited number of points 

would not define the curve sufficiently well to give good results for the 

entire winter period. To obtain additional points for constructing the 

curve, monthly mean discharges estimated by the interpolated-discharge 

method were plotted against corresponding monthly mean gauge heights. 

The discharge on November 9* the day of maximum winter gauge height, was 

also estimated by interpolation to define the top end of the rating curve. 

A "best-fit" curve was then drawn through a l l the points. 

Using this approach, special "under-ice" rating curves were con

structed for each test and daily gauge heights were applied to estimate 

the daily discharges. Obviously the curves would not be applicable for 

the transition periods of freeze-up and break-up so these were f i l l e d i n 

by using values obtained from the interpolated-discharge method. A hydro-

graph of the daily discharges was plotted for each test and adjustments 
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were made, i f necessary, using temperature records as a guide. The winter 

rating curve developed for Test No. 1 and the resulting hydrograph are 

shown on Plates 8 and 9* Accuracies of about t ki> for the season t o t a l , 

and t ll£ for monthly means were indicated i n the tests of the 1965-66 

winter records. 

(3) Backwater Method 

The difference between the gauge height as read at the time of 

the measurement and the gauge height that would occur for the measured d i s 

charge i f open-water conditions existed i s termed the "backwater effect". 

In the present study the open-water curve for the station had to 

be extended to cover flow below 500 cfs (Plate 10). From t h i s curve the 

"backwater e f f e c t " was computed f o r each day on which a discharge measure

ment was taken. The backwater data were then plotted on the appropriate 

days and a curve of estimated backwater effect f o r the entire winter was 

produced by joining the plotted points. For each of the f i v e tests i t was 

necessary to have a supplemental point using a discharge value obtained by 

interpolation to define the curve on November 9f 1965t the day of maximum 

gauge height. Backwater effect f o r each day was read from the backwater 

curve and used to adjust the d a i l y gauge heights to obtain "effective" 

gauge heights. The "effective" gauge heights i n turn were applied to the 

open-water station rating to produce estimates of daily discharges. A 

hydrograph of the d a i l y discharges was plotted for each test and further 

adjustments were made, i f necessary, using temperature records as a guide. 

An example of the method used i n Test No. 1 i s given on Plate 1 1 . 
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Accuracies of about _ 5$ for the season t o t a l and 1 14$ for the 

monthly means were indicated i n the tests for the 1965-66 winter records. 

( 4 ) Adjusted-Discharge Method 

"Equivalent open-water discharges" were computed:using observed 

gauge heights and the open-water rating curve for the station. The adjust

ment necessary to obtain the actual discharge was determined f o r each day 

on which discharge measurements were taken. The data were then plotted on 

the appropriate days and an adjustment curve constructed by joining the 

plotted points. A supplemental point, based on a discharge value obtained 

by interpolation, was used to define the curve on November 9. 1965t the day 

of maximum stage during the ice period. Corrections required for each day 

of the winter season were read from the curve and applied to the "equiva

lent open-water discharges" to produce estimates of the actual daily d i s 

charges. A hydrograph of the values was plotted for each test and further 

adjustments were made, i f necessary, using temperature records as a guide. 

An example of the method used i n Test No. 1 i s given on Plate 12. 

Accuracies of about 1 5$ for the season t o t a l were indicated i n 

the tests of the 1965-66 winter records. Errors of 1 25$ and more were 

found i n some of the monthly means. 

(5) Discussion of Results 

A comparison of the accuracy of records computed by the various 

methods i s given i n Table 2. The study showed that a l l four methods gave 
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good results and that the lnterpolated-discharge method, which does not 

require the use of daily gauge heights, provided streamflow records with 

the same general order of accuracy as the other methods. However, the 

methods using d a i l y gauge heights produced streamflow hydrographs that 

showed essenti a l l y the same pattern of variation throughout the ice 

period as the hydrograph based on numerous measurements. 

The results are i n general agreement with e a r l i e r studies by 

Rosenberg and Pentland (1966). However, the results should be re s t r i c t e d 

i n application to streams having a large amount of lake storage i n the 

system and a f a i r l y uniform flow pattern. For comparison, i t would be 

interesting and useful to carry out the same study approach f o r a stream 

of similar size with similar c l i m a t i c conditions but without the effect 

of appreciable lake regulation. 

A minimum program for the station at the Alaska Highway bridge 

should include at least three winter measurements; one i n November soon 

after complete freeze-up, one i n mid-winter, and one i n March or A p r i l 

taken as close to the minimum stage as possible. When winter thaws are 

frequent the number of measurements should be increased to better define 

fluctuations i n the hydrograph. By using the interpolated-discharge 

method for processing records the requirement for d a i l y gauge heights 

could be eliminated, but since an automatic recorder i s already i n s t a l l e d 

at the station, gauge-height records should be continued to provide a 

useful guide for shaping the streamflow hydrograph. 
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The area under study l a known to have wide v a r i a t i o n * i n c l i 

matic conditions from year to year. The 1965-66 winter was p a r t i c u l a r l y 

severe: sub-zero temperatures persisted over long periods w i t h - v i r t u a l l y 

no mid-winter thaw. In other years mid-vlnter thaws might be more frequent 

and the quantity and character of the ice might produce quite different 

effects on r i v e r stage and discharge. Therefore there i s no assurance 

that the same degree of accuracy could be obtained from s i m i l a r data c o l 

lected at the same station i n another year. On the other hand, winter 

flows constitute less than 15$ of the annual runoff for t h i s station and 

a 10$ error i n the estimates of winter flow would amount to only a l-l/ 2 $ 

error i n the records of the t o t a l annual runoff. Sim i l a r l y , a 25$ error 

i n the t o t a l winter flow would produce an error of only about 4$ i n the 

t o t a l annual runoff. 

3.5 Two-Station Network 

Since records for the station at the outlet of Kusawa Lake are 

not affected by i c e to any appreciable extent, d a i l y discharge data of an 

acceptable degree of accuracy could be obtained during the winter through 

a regular open-water program. By using d a i l y discharge data from the 

"lake" station as a guide, records produced for the "bridge" station under 

a normal winter program, as described i n the preceding section, undoubtedly 

could be improved no matter which computational method was used. Since 

res u l t s from a l l four methods were within acceptable l i m i t s of accuracy, 

no attempt was made to carry out further analyses tp assess the degree 

of possible improvements to the records determined. 
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There are many possible applications for the data from the "lake 1 9 

station. By adjusting the recorded flows to take out the storage effect of 

Kusawa Lake, the resulting lake-inflow hydrograph would be a valuable i n d i 

cator of daily changes i n the runoff pattern. Such a hydrograph could be 

used not only as a guide for estimating the l o c a l inflow pattern downstream 

from the lake station but also for estimating the flow patterns of a l l 

ri v e r s i n the general v i c i n i t y where climatic conditions are similar. In 

certain instances the computed lake-inflow data might be used to estimate 

flows at other stations by correlation. 

Unfortunately, without actual gauge-height records on Kusawa 

Lake, i t was not possible to carry out any thorough investigation of such 

applications. An example of the possible use of lake-inflow data to e s t i 

mate flows at the "bridge" station was made using synthesized lake gauge-

height records. For convenience the example was based on monthly mean 

values; but d a i l y , weekly or other time units could be used. 

F i r s t , the gain or loss i n lake storage for each month was com

puted from lake gauge heights at the beginning and end of each month and 

from the lake area. The outflow at the lake station was then adjusted f o r 

change i n lake content to obtain values of lake inflow. Estimates of the 

l o c a l inflow to the Takhini River between the "lake" station and the "bridge 

station were made using values of 35$ of the lake inflow f o r the month of 

November and 60$ for each of the other months. Flows at the "bridge" 

station were obtained by adding the computed values of l o c a l inflow to 

the "recorded" flows at the "lake" station. The example i s i l l u s t r a t e d 
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on Plate 13. I t should be noted that the values of 35$ and 65% were based 

on synthesized records only. Additional data would be required to deter

mine the actual correlation. 

Some of the factors which might affect the accuracy of the 

results are ice and snow. The presence of i c e on the lake should have no 

sig n i f i c a n t effect on the accuracy of the inflow computations but the 

weight of new snow on the ice surface would have a tendency to raise the 

lake stage and must be accounted f o r . Snowfall records at Whitehorse or 

Haines Junction might be adequate for determining the days on which adjust

ments should be made, and the amount of correction to be applied. Further 

studies would be required to properly assess the effects of these factors 

on the computations. 

Whenever possible, stations for winter records should be located 

near the outlet of lakes where the water temperature i s usually higher and, 

i f r i f f l e s and rapids are present, the channel may remain open throughout 

winter. Such open-water stations can provide more accurate winter d i s 

charge records with fewer measurements and at lower cost than stations 

where ice i s present. The study of station records known to be unaffected 

by ice w i l l help greatly i n estimating flows at stations where ice i s 

present; and the greater the number and d i s t r i b u t i o n of such stations the 

greater w i l l be the accuracy of winter records throughout the entire region* 
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4. OTHER OBSERVATIONS 

A previous investigation of winter flows i n the Takhini River 

basin was carried out i n 1964-65 by the B r i t i s h Columbia and Yukon D i s t r i c t 

for the Hydraulics Division of the Branch. The results indicated certain 

complexities i n the streamflow pattern that appeared worthy of further 

study. To thi s end, data additional to those obtained at the two regular 

gauging stations were collected at subsidiary points on the Takhini River 

system during the 1965-66 winter program. 

This subsidiary program included 8 measurements on the Ibex 

River, 6 measurements on the Mendenhall River, 1 measurement on the 

Takhini River at a point 1-3/4 miles below the outlet of Kusawa Lake, 

2 measurements on the Takhini River above the junction of the Mendenhall 

River, and 4 measurements on the Takhini River below the junction of the 

Ibex River. On 3 separate occasions measurements were taken at many of 

these locations within a 24-hour period. A summary of the measurements 

used i n the following discussions i s shown on Table J. 

4.1 Temperature Effect 

The r e l a t i o n of d a i l y discharge, gauge height, surface ice 

thickness and temperature from November 1, 1965 to A p r i l JO, 1966 i s 

i l l u s t r a t e d on Plate 3* 
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Daily fluctuations i n discharge and gauge height at the station 

at the Alaska Highway bridge corresponded very closely with variations i n 

temperature. The small d a i l y fluctuations of discharge and gauge height 

were probably due i n part to the regulating effect of Kusawa Lake. 

To i l l u s t r a t e the probable fluctuations that would occur with

out appreciable lake storage, l o c a l inflows to the Takhini River between 

the two regular gauging stations were computed and the results shown on 

Plate 3(G)» Very large fluctuations i n discharge were apparent and the 

depletion pattern conformed to a l l changes i n temperature. Streamflow 

increased immediately with a r i s e i n temperature even though the tempera

ture was s t i l l below freezing. I t i s evident that very low flows could 

occur on any day of exceptionally low temperature. The minimum winter 

flow indicated on the hydrograph coincided with the date of minimum winter 

temperature which occurred i n January after a 2-week period of below-zero 

temperatures. 

I t might be appropriate at this point to mention the "recession 

theory" for computing discharge with reference to the l o c a l inflow hydro-

graph shown on Plate 3(G). In a region where streamflow could be so much 

affected by temperature variations, i t i s obvious that without lake stor

age the "recession" method for determining d a i l y flows would not be a p p l i 

cable unless temperatures remain more or less constant. 

As winter progressed, ice thickening gradually increased, reach

ing i t s maximum thickness i n early March. The rate of thickening appeared 

to have a close r e l a t i o n to changes i n a i r temperature, decreasing with 
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dropping temperatures and. increasing with r i s i n g temperatures as long as 

the temperatures remained below freezing l e v e l . (Plate 3(D) and (E).) 

4.2 Streamflow Losses 

Measurements taken within a 24-hour period at successive points 

along the r i v e r below the outlet of Kusawa Lake indicated apparent losses 

i n discharge at several locations. Whether the discharge measurements 

provided s u f f i c i e n t evidence f o r any positive conclusion i s questionable. 

However, some general observations would appear to be warranted. 

(1) Effect of F r a z i l (Slush) Ice 

The February 3» 1966 measurement on the Takhini River above the 

Mendenhall River and the March 9» 1966 measurement at a point 1-3/4 miles 

below Kusawa Lake were taken through ice-cover at sections where consid

erable slush ice was present. Slush occupied about 18$ and 35$ of the 

t o t a l cross-sectional areas at the respective measuring section. A i r tem

peratures were -20°F and 0°F on the respective days. No doubt considerable 

f r a z i l was being formed i n the open-water reach of r i v e r at the time of 

measurement. On both days the recorded flows were less than the flow 

recorded at the regular upstream station at the outlet of Kusawa Lake. 

In general, increments of flow determined from records of two 

gauging stations on the same stream taken during periods of active ice 

formation would not represent the actual runoff from the corresponding 

increments of drainage a r e a . The recorded increments would be too low 
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by at least the amount of flow that has gone Into temporary storage as a 

re s u l t of backwater from i c e . This effect might account i n part f o r the 

apparent discrepancies i n the data collected on February 3 and 4, 1966 

when recorded inflows from the Mendenhall and Ibex Rivers exceeded the 

increment of flow determined from measurements taken at the two regular 

gauging stations located above and below the intervening t r i b u t a r i e s . 

On the other hand, the set of measurements taken on March 31 and A p r i l 1, 

1966, when the d a i l y mean temperature was 34°F and ice formation was pre

sumably inactive, showed no such discrepancies i n the records. 

In discussing the ef f e c t of f r a z i l on streamflow measurements, 
Hoyt (1913) made the following statement: 

"The presence of f r a z i l i n a stream makes the determination of d i s 
charge exceptionally d i f f i c u l t . Whether fl o a t i n g throughout the 
cross-section of the stream i n small quantities, compacted i n large 
quantities either under i c e or i n the open, or lodged i n connection 
with anchor i c e , i t tends to decrease the effective cross-section 
of discharge and to raise the stage by an amount depending on i t s 
quantity. When carried with the current i n small quantities, i t s 
effect on the stage i s probably so s l i g h t that i t can be ignored, 
though i t may temporarily raise the stage at the control section. 
When, however, i t i s present i n s u f f i c i e n t quantities to completely 
f i l l the channel, i t forms temporary jams that raise the water 
u n t i l the ice i s overflowed or u n t i l the increased pressure pushes 
the f r a z i l forward." 

"The general effect of f r a z i l on cross-sectional areas and v e l o c i 
t i e s i s shown on the accompanying diagram. (Note: See Plate 14) 
At the upper section the channel underneath the surface i c e was 
almost completely blocked by f r a z i l or needle i c e ; at the lower 
section, 200 feet downstream, there was but l i t t l e f r a z i l , yet 
the observed v e l o c i t i e s (shown by the figures) at the lower sec
tion were so great as to indicate considerable flow through the 
masses of f r a z i l . " 

Using the v e l o c i t i e s indicated on the diagram, the discharge at 
the upper section would be about 110 cfs and at the lower section about 
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640 c f s . I t would appear that a flow of at least 530 cfs oust have ocourr® 

through the masses of f r a z i l i n the upper section* Since the f r a z i l area 

measured about 860 square feet, the average v e l o c i t y of flow through the 

f r a z i l would have had to be about 0.6 feet per second. 

On page 62 of the Hoyt report the following statement was made: 

"I f the presence of f r a z i l or of fl o a t i n g anchor i c e at the section 
affects more than about 10 per cent of the t o t a l cross-section, the 
measurements should, i f possible, be made at another section where 
such conditions do not e x i s t ; for example, at rapids, where v e l o c i 
t i e s are high enough to carry away the i c e quickly. Although such 
sections may not be so desirable, i n view of the depth and d i s t r i 
bution of velocity, as the regular sections, the measurement w i l l 
probably be more accurate than that obtained i n a section which i s 
partly clogged with f r a z i l . " 

In view of the above quoted statements, and the present practice 

of assuming negligible flow through slush i n computing discharge measure

ments, i t i s suggested that permeability of slush should be another area 

for study. 

(2) Losses to Underground Flow 

Three separate sets of measurements taken between March 9, 1966 

and A p r i l 6, 1966 indicated a loss of about 30 to 60 cfs i n the reach from 

the mouth of the Ibex River to the measuring section at the Alaska Highway 

bridge. F r a z i l ice was not present at either of the measuring sections 
i 

and the ice-cover had apparently reached i t s maximum thickness i n early 

March and was i n the:process of melting. I t therefore appears unlikely 

that the loss was due to excessive ice formation, p a r t i c u l a r l y i n such a 

short reach of r i v e r . Assuming the measurements are accurate, one possi

b i l i t y i s that streamflow i n f i l t r a t e d more permeable materials i n the 
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riverbed at the downstream section to continually recharge underground 

flow. I f such were the case, consideration shculd be given to locating 

the winter measuring section below the Ibex River rather than below the 

bridge to obtain a better indication of the actual runoff from the drain

age area above the gauge. 



CHAPTER V - A DISCUSSION OF FACTORS AFFECTING 

WINTER STREAMFLOW 

Winter flows i n the Takhini River basin are influenced by many 

complex climatic, geologic and physiographic factors which are so i n t e r 

related that i t i s d i f f i c u l t to i s o l a t e the effect of one from that of 

another. Much more hydrologic and geologic investigation i s needed before 

the various influences can be adequately interpreted and explained. Never

theless, to obtain a better appreciation of the natural processes involved, 

some generalizations regarding the modifying effects of the more important 

factors are discussed below. The views expressed r e f l e c t the present stage 

of thought resulting from the study of available l i t e r a t u r e and the analysis 

of the 1965-66 winter data, and they may be considerably modified by further 

research and studies. References used i n the preparation of the following 

discussions are l i s t e d i n the bibliography. 

1. CLIMATIC FACTORS 

Climatic conditions have perhaps the most important influence on 

winter runoff i n the basin. Temperature, prec i p i t a t i o n , f r o s t formation 

and ice formation d i r e c t l y or i n d i r e c t l y determine the characteristics and 

volume of the winter runoff. 

1.1 Temperature and Precipitation 

There i s a very close r e l a t i o n between temperature and the pat

tern of winter flow in the basin. Temperature influences f r o s t and ice 

38 
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formation, the character of winter precipitation and the amount of winter 

snowmelt. 

In the Takhini basin the a i r temperature generally drops to 

freezing i n October, f i r s t at the higher altitudes and then throughout 

the basin. By November preci p i t a t i o n usually ocours as snow, and melting 

of the accumulated snow i s generally inhibited by the low temperatures 

which persist during most of the winter season. As a r e s u l t , surface and 

subsurface runoff i s gradually reduoed during the early part of the season 

u n t i l streamflow i s sustained almost e n t i r e l y by groundwater discharge and 

outflow from lake storages. As groundwater and lake storage become depleted, 

minimum streamflows on the Takhini are reached, usually i n la t e March or 

early A p r i l . The t o t a l volume of flow during the winter period, therefore, 

depends to a large extent on the amount of groundwater and lake storage 

present at the beginning of the season, which i n turn depends on the amount 

of precipitation during the preceding period of replenishment. 

Occasional surges of maritime a i r enter the basin through a few 

depressions i n the Coast Mountains to moderate the winter climate by r a i s 

ing l o c a l temperatures above the freezing point. When warm temperatures 

preva i l for a prolonged period snowmelt occurs even i n mid-winter, to add 

perceptibly to streamflow; but usually such warm periods are of short dura

t i o n and winter snowmelt contributions are believed to be li m i t e d . 
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1.2 Frost In So11a 

Frost penetration of the s o i l s apparently has a very important 

effect on the pattern of winter runoff i n the basin. Under certain con

d i t i o n s the movement of fros t into and out of the s o i l s can act much l i k e 

a valve i n regulating the discharge of groundwater into the streams. 

Movement of frost i n s o i l s depends on complex interr e l a t i o n s 

between atmospheric temperature, s o i l temperature, moisture content of 

the s o i l s , snow depth, vegetal cover, exposure, and many other factors. 

In general, the depth of fros t penetration i s influenced mainly by atmos

pheric temperatures; the lower the temperature) the deeper the penetration 9 

Snow and vegetal cover are important factors i n providing an insulating 

effect against f r o s t penetration, and the presence of moving water has a 

tendency to retard freezing and accelerate thawing. 

Frost i n s o i l s i s usually formed p r i o r to snowfall. I t can 

also form after snowfall under severely cold temperatures; however, snow-

cover may provide s u f f i c i e n t insulation against the colder atmosphere to 

allow thawing to occur at the bottom* of the f r o s t l i n e and proceed upward 

by transfer of heat from greater depths i n the s o i l (Linsley, Kohler, and 

Paulhus, 1949, p. 152). With r i s i n g temperatures, even i f the r i s e does 

not extend above 32°F, bottom thawing i s accelerated. 

Bottom thawing occurs because of warmer ground temperatures. 

As long as soil-freezing i s a c t i v e l y progressing, freezing of each gram 

of water releases 80 calories of heat. This high heat of fusion of water 
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tends to warn up the s o i l previously frozen and thus counteracts the 

depression of s o i l temperatures resulting from low a i r temperatures 

(Garstka, 1945, p. 848). Therefore, s o i l temperature at the frost l i n e 

always remains near 32°F. Once freezing stops, the warmer ground tem

perature dominates and the thawing process begins. 

In areas where an insulating layer i s absent, or where water 

can move through the s o i l , f r o s t i n the s o i l i s dissipated rapidly once 

the a i r temperature rises above freezing. Under such conditions thawing 

takes place from above as well as at the bottom of the f r o s t layer. 

The effect of fros t on groundwater discharge depends largely 

on the character of the area under consideration. In areas of shallow, 

permeable overburden resting on s o l i d rock or g l a c i a l t i l l , extreme cold 

can freeze the ground almost to the impervious zone and cause a large 

reduction i n groundwater discharge. Such areas i n the basin are found 

on the steep slopes of the mountains and along some of the smaller t r i b u 

tary valleys. 

On the other hand, i n areas of deep, permeable overburden con

taining a large amount of groundwater, freezing affects only that portion 

of the stored water near the ground surface. Groundwater discharge into 

the streams continues below the frost l i n e as long'as water i s available 

and an adequate hydraulic gradient i s maintained. In the Takhini basin 

t h i s condition may be found i n some of the larger d r i f t - f i l l e d valleys 

at the higher elevations where groundwater can be discharged into the 

channels downstream at much lower elevations. 
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Conditions along the main valleys of the Takhini and Mendenhall 

Rivers are somewhat different from those already described. These v a l 

leys are f i l l e d with thick deposits of lacustrine s i l t s through which th® 

r i v e r s have eroded trench-like courses some 50 to over 100 feet below the 

terraces. Although the s i l t s have high porosity with appreciable water-

holding capacity, t h e i r permeability i s generally poor. Therefore, while 

the groundwater table under the terraces may be a considerable distance 

above the riv e r l e v e l , the groundwater contribution to winter streamflow 

i s believed to be small because the movement of water i s slow i n this type 

of s o i l . Nevertheless, groundwater discharge i s affected s i g n i f i c a n t l y by 

f r o s t penetration. Along the steep riverbanks, p a r t i c u l a r l y where insu

l a t i n g layers of vegetation and snow-cover are absent, extreme cold can 

freeze the slopes to considerable depth. Along the low r i v e r terraces 

t h i s penetration may even extend below the l e v e l of the riverbed. In 

t h i s way a continuous barrier can be formed to i n h i b i t groundwater d i s 

charge through the r i v e r banks, and lengthening of the percolation path 

introduces additional f r i c t i o n to check the flow entering through the 

riverbed. 

Frost penetration of fine-grained s o i l s , such as s i l t s , sets up 

a c a p i l l a r y tension that draws water from the horizon below i t (Garstka, 

1945, p. 849). Even without freezing, lowering of the temperature of 

moisture i n the s o i l results i n an increase i n surface tension and con

sequently i n the amount of moisture held by c a p i l l a r i t y . This upward 

movement of c a p i l l a r y water causes a lowering of the water-table and thus 

affects the amount of groundwater discharge. 
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1.3 Ice In Streams 

During most of the winter period a l l streams and lakes i n the 

Takhini River basin are ice-covered, except for a turbulent reach on the 

Takhini River which extends from the outlet of Kusawa Lake for some fi v e 

miles downstream. In winters of great severity much of t h i s reach may 

also be frozen over. Usually a continuous surface ice-sheet i s formed 

on the Takhini River by the end of November and break-up occurs early 

i n May. Kusawa Lake freezes over by December and opens i n late May or 

early June. 

The occurrence of i c e i n the streams has s i g n i f i c a n t effects 

on the streamflow regime, and presents special problems and considerable 

d i f f i c u l t y i n the coll e c t i o n and interpretation of winter streamflow 

records. The following paragraphs outline some of the theories of ice 

formation and discuss the more important effects of ice on streamflow 

characteristics. 

River ice may be c l a s s i f i e d as f r a z i l i c e , anchor i c e , or sur

face i c e , depending on the method of formation and where i t occurs on the 

r i v e r . 

( l ) F r a z i l Ice 

F r a z i l ice forms within a body of turbulent water whenever i t 

has been cooled to a fraction of a degree below 32°F, and always under 

open-water conditions. Cooling of the water i s carried out by direct 

contact with the colder atmosphere. Agitation and thermal convection, 
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caused by the sinking of cold, dense surface layers and the upwelling of 

warmer water, gradually bring the entire water body to freezing tempera

ture. Since the temperature tends to be uniform throughout a turbulent 

stream, f r a z i l ice forms at a l l depths. Although the density of f r a z i l 

i s the same as that of other forms of i c e , i t s buoyancy i s not su f f i c i e n t 

to bring i t to the surface i n a turbulent, awift-flowing stream. However 

when large quantities of f r a z i l ice are formed the water becomes viscous. 

This causes a reduction i n v e l o c i t y and a corresponding increase i n stage 

thereby reducing the turbulence of a stream. I t i s then possible for 

f r a z i l to rise to the surface, jam together and freeze to form surface 

ice. 

when f r a z i l i s present i n large amounts the water temperature 

does not vary more than a fr a c t i o n of a degree from the freezing point. 

Under such conditions there i s a delicate balance between ice and water: 

only a very small temperature change i s required to either form or d i s s i 

pate f r a z i l ice (Linsley, Kohler, and Paulhus, 1949, p. 145). 

In turbulent open-water sections the formation of f r a z i l ice i s 

promoted by the agitation of the water. The turbulence exposes a greater 

water surface to the cold atmosphere and permits rapid carrying away of 

the heat of fusion. On clear, bright, sunny days, however, the water 

tends to absorb part of the sun's heat. This counteracts surface cooling 

to some extent and thus affects f r a z i l - i c e production even at times of 

exceptionally low atmospheric temperature. 
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F r a z i l ice does not form in sections where there i s an ice-cover. 

The surface ice acts as an insulating layer against the cold atmosphere, 

and the warming effect of the streambed helps i n maintaining the water tem

perature at a l e v e l where f r a z i l ice cannot form. F r a z i l ice carried down

stream under ice-cover i s often rapidly melted away. At times i t has a 

tendency to be grounded i n shallow water or freeze against the surface i c e . 

The masses of accumulated f r a z i l are usually porous and saturated with 

water, although i n severely cold weather enormous quantities of f r a z i l can 

form and jam s o l i d l y under the ice-sheet to become an almost impervious 

mass. Perhaps some flow can occur through these masses but i t i s believed 

the velocity would be small (Barrows and Horton, 1907, p. 11). 

The accumulation of f r a z i l can gradually constrict a channel so 

that i t becomes too small for the volume of flowing water. Thus a con

siderable amount of water i s temporarily stored upstream causing an appre

ciable rise i n r i v e r stage and a change i n the r i v e r regime. As a result 

of increased head, the flow under the obstruction can sometimes attain con

siderable velocity and thus scour the r i v e r bottom. Increased hydraulic 

pressure may also force the water l a t e r a l l y to permeate porous materials 

i n the banks or i t may force the water to the surface by breaking through 

the ice-sheet or through the ground at some distance from the r i v e r chan

nel, water issuing from such breaks freezes i n successive layers of ice 

to cause a temporary loss of flow. 

On the Takhini River the formation of f r a z i l ice usually occurs 

i n the swift and turbulent section below the outlet of Kusawa Lake. I t 
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a l s o fo rms t h r o u g h o u t the l e n g t h o f the r i v e r d u r i n g l a t e f a l l or o a r l y 

w i n t e r b e f o r e t h e w a t e r has a c h a n c e t o f r e e z e o v e r . F r a z i l has been 

c a r r i e d under t h e i c e - s h e e t as f a r as the mouth of the M e n d e n h a l l H i v e r 

where d e p o s i t s have been o b s e r v e d a t a m e a s u r i n g s e c t i o n some 13 m i l e s 

b e l o w t h e o u t l e t o f Kusawa L a k e . D u r i n g t h e measurements t a k e n i n t h e 

w i n t e r o f 1 9 6 5 - 6 6 a t t h e m e t e r i n g s e c t i o n n e a r t h e A l a s k a Highway c r o s s 

i n g some 35 m i l e s b e l o w Kusawa L a k e , f r a z i l i c e was not i n e v i d e n c e ; b u t 

i t has been o b s e r v e d a t t h e s e c t i o n i n o t h e r y e a r s . 

( 2 ) A n c h o r I c e 

Anchor i c e fo rms on b o u l d e r s , b e d r o c k and o t h e r o b j e c t s a t t h e 

b o t t o m o f s h a l l o w b o d i e s o f open w a t e r . I t h a s n e v e r been o b s e r v e d u n d e r 

an i c e - c o v e r and d o e s not o r d i n a r i l y fo rm i n s t r e a m s w i t h e a r t h beds 

( B a r r o w s and H o r t o n , 1 9 0 7 , p . 1 3 ) . 

A n c h o r - i c e f o r m a t i o n h a s been a t t r i b u t e d t o t h e l o s s o f heat by 

u n d e r w a t e r o b j e c t s due t o r a d i a t i o n to the a t m o s p h e r e ( B a r n e s , 1906, p. 137). 

T h i s mechanism o f f o r m a t i o n has been q u e s t i o n e d b e c a u s e w a t e r i s known to 

be g e n e r a l l y opaque to most, r a d i a t i o n (Chow, 1964, p. 1 6 - 7 ) . In any case, 

the ice fo rms u s u a l l y on c o l d , c l e a r n i g h t s and most r a p i d l y on dark-

c o l o u r e d r o c k s , bach n i g h t ' s p r o d u c t i o n t e n d s t o become detached f r o m 

the r i v e r b o t t o m d u r i n g t h e day a s a r e s u l t o f any s l i g h t i n c r e a s e i n tem

p e r a t u r e . Once r e l e a s e d the a n c h o r i c e r i s e s and f l o a t s away, and i t s 

a p p e a r a n c e and e f f e c t on s t r e a m f l o w is. then v e r y • s i m i l a r to f r a ? . i l ice, 

p r e v i o u s l y d e s c r i b e d . 
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Anchor ice affects the regimen of streams mainly by forming tem

porary obstructions which cause an increase i n r i v e r stage as well as stor

age of water. The d a i l y formation and l i f t i n g of anchor ice results i n a 

diurnal fluctuation i n discharge. 

Anchor ice i n the Takhini River i s believed to be of minor impor

tance. The streambed, which i s mainly sands and s i l t s , i s generally not 

conducive to the formation of anchor ic e . 

(3) Surface Ice 

There are two kinds of surface i c e : the clear c r y s t a l l i n e type 

which forms on the surface of lakes and i n quiet reaches on streams; and 

the type, usually formed from agglomerations of broken surface crystals and 

f r a z i l ice, which occurs on the swift, smooth-flowing reaches of r i v e r s . 

Iri lakes and i n s t i l l - w a t e r areas of streams the surface layer of 

water i s f i r s t cooled by contact with the colder a i r . As a result of the 

increased density, the upper layer sinks and i s replaced by the upwelling 

warm, lig h t e r , bottom layer. Gradually, an isothermal condition occurs at 

39°F when the entire mass of water i s at i t s maximum density. Further 

cooling decreases the density of the surface layer so that the colder sur

face water no longer sinks and can readily cool to the freezing point. Ice 

crystals are then formed which unite without crushing, to grow into a clear 

unbroken sheet of surface i c e . Generally, the ice f i r s t forms i n the shal

low areas near the shores where cooling of the water i s rapid because of 

contact with the colder more conductive material of the banks. 
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Generally, the e a r l i e r a lake freezes over the warmer the water 

i n the lake w i l l be. In an early freeze-up the ice-cover w i l l act as an 

insulating layer to i n h i b i t the escape of heat from the water to the atmos

phere. Thus the water may remain at 39°F at depths not too far below the 
ice-cover. On the other hand, i f there i s a l a t e freeze-up preceded by a 

prolonged period when a i r temperatures are just above the freezing point, 

a large amount of heat can be dissipated to the atmosphere causing the 

lake water to be cooled to below 39°F f o r a considerable depth. 

The formation of ice-cover on a lake does not reduce its d i s 

charge at a given stage i f the point of control at or near the outlet 

remains free from ice-cover. Thus, the effective head of water on the 

control section i s unchanged since the weight of the ice-cover on the 

lake i s exactly the same as the weight of the water displaced. 

In moving water, ice crystals f i r s t form on the surface near 

the riverbanks where velocity i s low. A network of crystals tends to 

b u i l d out towards the middle of the stream where the current is swifter, 

but generally the crystals are broken off and dispersed as fast as they 

are formed. Considerable quantities of f r a z i l produced i n riffles and 

turbulent reaches are usually carried downstream to the smoother sections 

where they r i s e , and, together with broken surface c r y s t a l s , freeze into 

solid pans of i c e . These ice-pans soon jam together and, by further 

freezing, form a dense water-tight ice-cover on the stream. 

The period of ice-cover formation on a r i v e r is generally 

accompanied by a rapid increase i n stage and a sudden temporary decrease 
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i n discharge. During this period the under-surface of the ice has many 

projections formed by protruding edges of ice-pans. F r i c t i o n losses 

against t h i s rough under-section cause a reduction i n the mean velocity 

of the water, and the rive r must r i s e to pass the same volume of flow. 

At the same time, rough, porous masses of f r a z i l are caught under the 

ice-sheet and obstruct flow. Thus a considerable volume of water must 

be stored i n the channel before the stage i s raised s u f f i c i e n t l y for 

discharge to return to normal. The sudden decrease i n discharge and 

the subsequent return to normal are definite indications that the r i v e r 

has changed to a winter ice-cover regime. 

The sudden decrease i n discharge i s not so noticeable on the 

Takhini River because of the regulating effect of Kusawa Lake and the 

short reach of channel available for bank storage. The rapid r i s e i n 

r i v e r stage i s very evident, however, with as much as a 2- to 3-foot 

increase i n stage to pass the same flow as before the formation of the 

ice-cover. (Plate 3) 

As time passes the rough underside of the ice-cover i s smoothed 

by the moving water, and any adhering masses of f r a z i l ice are melted or 

flushed away. Thus the stage required to pass a given flow has a tend

ency to decrease. However, t h i s effect is, counteracted to some extent by 

the growing thickness of the ice-cover since some increase i n stage i s 

required to accommodate the increase i n weight of the f l o a t i n g ice-sheet. 

The ice-cover i s normally i n f l o t a t i o n because i t s specific gravity i s 

lower than that of water and i t s tensile strength i s too small to main

tain an ice-cover r i g i d enough to bridge any but the narrowest o f streams. 
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Thickening sometimes occurs when overflows of water saturate the snow on 

top of the ice-cover and freeze. Usually, however, the ice crystals grow 

downward into the water i n the shape of pencils or columns and the bottom 

surface has a very jagged appearance during the process of development. 

This may introduce additional f r i c t i o n which tends to reduce the current 

and increase the stage. 

The temperature of the bottom surface of the ice i s always just 

a fraction of a degree below freezing while the top surface (depending on 

the thickness of the insulating layer of snow-cover) can a t t a i n tempera

tures of the a i r , which may be as low as -60°F. During the ice-thickening 

process, the heat of fusion must be carried through the ice and snow-cover 

to the atmosphere. Consequently the thickening process i s very slow since 

ice and snow are poor conductors of heat. 

An abnormal phenomenon i s associated with the thickening of the 

or i g i n a l ice-cover as stated i n a paper by w'.J. Parsons (19^0); 

" I t has been observed that during a prolonged cold s p e l l when the 
air-temperature remains continuously below 0°F, the rate of t h i c k 
ening of the o r i g i n a l ice-cover decreases at an abnormally rapid 
rate, when, on the contrary, the. low temperature fluctuates enough 
to approach the freezing point, the ice thickens at the normal r a t e . 
A possible explanation of t h i s phenomenon l i e s i n the theory that 
l i q u i d water i s a mixture of several molecular forms of H 2 O , only 
one of which can change into s o l i d i c e . At temperatures well above 
freezing, the forms maintain their normal proportions by continuous 
interchange of form. As the freezing point i s approached, the speed 
of interchange i s greatly slowed down. During a prolonged cold 
s p e l l , the ice-making form i s soon exhausted and further ice-making 
i s delayed u n t i l t h i s form can be replenished from the other forms. 
Fluctuating temperatures permit the maintenance of normal propor
tion of the different forms." 
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An estimate of the ice thickness at the metering section on the 

Takhini River near the Alaska Highway bridge i s shown on Plate 3(D). Ice 

thickness was considered to be the average of the distances from the bot

tom of the ice-cover to the height that the water rose i n the holes cut 

for the measurements. In general, the records appear to substantiate the 

observation made by Parsons. 

The general break-up of the ice-sheet begins i n late winter or 

early spring when a i r temperatures rise above freezing. F i r s t the insu

l a t i n g snow-cover i s melted; then the ice-cover begins to disintegrate by 

thawing at the surface as well as the bottom and by the erosive action of 

the moving water. Meltwater rapidly increases the flow and causes the 

ri v e r stage to r i s e and break the ice-sheet into cakes. These cakes are 

carried downstream and eventually disintegrate into slush which quickly 

melts away as the water temperature r i s e s . 

2. GEOLOGIC AND TOPOGRAPHIC FACTORS 

2.1 Groundwater 

Groundwater discharge accounts for a high percentage of winter 

streamflow in the Takhini River basin. Groundwater conditions vary from 

place to place, and to adequately assess the location and movement of 

groundwater requires the c o l l e c t i o n and analyses of a great variety of 

basic data. Data are required on l o c a l geological formations and on 

i n f i l t r a t i o n , porosity and percolation characteristics of materials at 
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and beneath the ground surface. Topography, the a v a i l a b i l i t y of recharge 

from snowmelt and r a i n f a l l , and frost penetration of the s o i l s are also 

important factors. The following i s a very general discussion of the 

possible occurrence of groundwater i n the Takhini River basin. 

A large part of the basin i s mountainous and the slopes consist 

mainly of hard, dense, granitic rocks, which i n some places are bare and 

in others are mantled by glaciers and thin deposits of g l a c i a l d r i f t . In 

general, the steep, mountainous slopes do not store groundwater i n great 

quantity and t h e i r contribution to runoff during the winter i s undoubtedly 

meagre. 

Much of the winter contribution i s believed to originate from 

water stored i n the g l a c i a l d r i f t deposited along the valleys. These 

deposits are thin i n some places and hundreds of feet thick i n others; 

they vary from very permeable, coarse, well-sorted sand and gravel to 

highly impermeable g l a c i a l t i l l . 

The "through" valleys i n the upper region of the Ibex and Prim

rose Rivers may be f i l l e d i n places with gravelly and sandy material 

deposited by streams which issued from the g l a c i a l ice-sheet. Although 

these valleys are not p a r t i c u l a r l y large i n extent, they may be capable 

of yielding an abundant supply of groundwater to the r i v e r s . 

The g l a c i a l lake sediments deposited i n the valleys of the 

Takhini and Mendenhall Rivers are prevailingly of fine texture. These 

s i l t s have high porosity and can retain a large amount of water i n 



C h a p t e r V 53 

storage; but because of molecular attraction t h e i r permeability i s low 

and the rate of movement of water i n the material i s exceedingly slow. 

Nevertheless, the deposits may contribute substantial amounts of ground

water discharge because of the large area over which they occur. Ground

water y i e l d may be greater i n the sandy material found along certain 

reaches adjacent to the Takhini River, and at the higher elevations along 

the shorelines and deltas of former Lake Champagne. 

Chara c t e r i s t i c a l l y , the rate of movement of groundwater i n any 

type of s o i l and rock i s very slow* whereas stream v e l o c i t i e s are usually 

stated i n feet per second, groundwater v e l o c i t i e s are measured i n feet per 

day, and i n feet per year i n denser materials. Even i n coarse sand, which 

has high permeability, groundwater velocity may be only a mile or two a 

year depending on the pressure head (Meyer, 1917, p. 268). 

During winter periods the movement of groundwater i s generally 

towards the stream, the surface of which i s usually below the adjacent 

groundwater l e v e l . When backwater from ice-jams causes a sudden rise i n 

the stream, groundwater discharge i s reduced and occasionally a temporary 

landward movement of water may take place. 

2.2 Lakes 

Analyses of winter records of streamflow and lake levels i n the 

Takhini River basin indicate the importance of lake storage i n sustaining 

winter flows. From November to A p r i l the drawdown on Kusawa Lake i s 

usually between 2 and 3 feet. The lake has an area of about 5^ square 



Chapter V 54 

miles and with a storage drawdown of 2 feet can provide an average flow 

of about 200 cfs over the winter period. Considering the average winter 

flow of the Takhini River at the outlet of Kusawa Lake and at the Alaska 

Highway crossing to be about 450 cfs and 570 cfs respectively, i t can be 

seen that lake storage accounts f o r a substantial amount of the winter 

flow. 

S i m i l a r l y , 2 feet of storage on Primrose, Rose, Takhini and 

Taye Lakes, with surface areas aggregating some 15 square miles, can 

provide an average winter flow of almost 50 c f s , or about 10 to 15 cfs 

from each of the lakes depending on thei r s i z e . 
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