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FOREWORD

There is perhaps no single substance entéfing'inté the
structure of the earth, which has played, and is playing
8o lmportant é'part as water. It penetrates the soils, sands
and rocks in large quantities and exists there till removed:
by evaporation and transpdration of plants and vegetation.

Water has the greatest direct influence on man, his
health and industries. Its quality and especially its
quantity directly affect his occupations. If there is too
mﬁch;'the ground is marshy, malarial and unfit for culti-
vation; 1if too 1little, the plants valuable for food do
not thrilve. There is a narrow range between excess and
deficiency, and upen the nice adjustment of the balance
bétween molisture and drought depends the existence of
prosperous communities.

and at the present day, and especially in countries

well advanced in the mechanical arts, water has attained Lo . .w..

a greater significance because of the comparative ease with
which power developed by it, can be sent to industrial
communities further inland; without which power, those

industrial centres could not have existed.




WATER SUPPLY OF BRITISH COLUMBIA

The primary source of water supply is rainfall,
the chief source of which in British Columbia is evap-
dration from the Pacific Ocean, Brought from the Pacific
by the westerly winds warm and moist by the influence of
the Japan current, the moisture in the air is carried
easterly across the country in quantities varying at
different times of the year.,

Now, all air holds a certain amount of moisture
reainging from the amount suffielent to saturate it, to a
very smaii propdrtion of that quantity. The point of
saturation is much higher in warm air than in cold air,
that is, warm air can hold a much larger quantity of
moisture then can cold air. Whenever air is cooled below
the paint of saturation, rainfalls, and it can only fall
when thus chilled, There are several ways in which air
currenps may be cooled; the current may be forced upward
as when‘it climbs the slope of a mountain range; it mey
be cooled by intermingling with colder air currents; and
again by coming in contact with cold lands., The sea
recleves heat slowly and parts with it slowly; the land,
on the cﬁntrary, is rapildly heated and parts with its
heat as quickly. It reéults from these conditions that

the ocean has a fairly uniform temperature all the year
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round, while the land is much colder in winter than in
summer.

The west winds come off the Pacific laden with
moiéture, and'having the temperature of the ocean, if
they encounter land having a;lpwer'tampératﬁre, they are
chilled below the point of saturation and some of the
moigture is deposited in the férm of rain or snow. If, on
the other hand, the land is warmer than the alr, the air
currents pass over it ﬁithout'any reductiom in temperature
and with 1little or no’toss of molsture.

During the autusmm and winter, the Pacific cost 1s
colder than the sea, and hence the coplous precipitation
which it enjoys at that season of the year. This is ev-
ldenced by the excessive run-off at Capilano Creek

which averages about 160 inches per year. In the summer

- the conditlons are reversed, and the air currents,

although contalning at least as much moisture as in cold
weather, pass over the land with less loss by precipitation

In the vieinity of Vancouver, there are local condit-

ions affecting the quantity of precipi;atienjthat is,

¢ertain fairly high mountains which cool the moist air

currents and caus¢ abnormal rainfall (140 inches at Con=

‘quitlan Lake.) This quantity diminishes advancing inland




from Vancouver owing to the upward diversion of the
molsture laden winds, and the lower elevatioh-of'phe
hiils, till about 100 miles from the coast,‘the prec-
ipitation is so small that an arid district as resulted.
This arid sirip is nearly 100 miles wide and commonly
called the " Dry Belt " of British Columbla. After pass=
ing over this’belt, h;ghef mountains are again met and
they cool the air, consequentiy the precipitation in the
vicimity of the Selkirk mountain is abnormanally large,
averaging 60 inches at Glacler which is 4090 feet nigh,
In the upper Columbia Valley from Golden to Lake
Windermere, there is another arid or semi-arid region
lying between the Selkirks and the main fange of the
Rockies. The winds pass from one high range to another

depositing only from 10 to 20 inches of precipitaion per

- anmum in the valley (11 inches at Wilmer). The precipit=-

ation in the main range of the Rockles 1is large,
The following is an extract from the Monthly Weather
Review of the Meteorological Service:-

- ! British Columbia is a territory
with very pronounced geographic features, several lofty
chains of mountains parralleling the coast from the
extreme north to the most southerly boundary, Along the
exposed ﬁeatern goést the preciplitation is over a 100

inches, and eastward over Vancouver Island and the maine




land, the western slopes of the various ranges each claim
a much larger percentage of moisture from the Pacific winds
than do the valleys and the interior plateaus, Near the
eastern shores of Vancouver Island ,the annual precinitation
ranges between 35 and 50 inches, while in the valley of the
Fraser, it is generally 50 to 60. Eastward of the coast
ranges, the climate is dﬁier,_and annual péecip;tﬁtion is
from 5 to 20 inches according to geographic situation,
Approaching the Selkirk-range, the precipitation’increases
and at the higher eltitudes is very great, chiefly owing to
a heavy snowfall between October and Aprll

Although British Columbia has such a wealth of potential
water power, little has beeﬁ done to harness that POWeYr,

True it 1is that smalil hydro-electric plants do exist but
these merely serve the timber mills and are not used much in :
other iﬁdﬁstries!due no doubt,to the cheapness of coal; hencs,
if hydro-elsctric plants are to exist the economies effected
must be taken into account.

AIn all developments, the determination of available
water supply and water losses at the site *elected has been
one of the most difficult problems that confront the water
power engineer; and this difficultyfis paramount in British
Columbia,

Rainfall records afe few and those that do exist are;

- for the most part, located in valleys)and hence, are un-

suiltable for an accurate determination of thé rainfall in



the high,mountaiﬁ‘ranges where the gréatest part of the
water avallable for stream flow originates.

Run-off records although in the present case fairly
accyrate, are always to a certain extent unreliable due
to the short periods that the sgreams have been gauged,
and also to the difficulty in maintaining run-off records
at all stages and seasons.

In the study of hydroldgy of this or any other drainage
area, 1t immediately becomes apparent that some relation
must exist between precipitation and run-off' and it is as
equally obvious thet that relation instead of beilng simple
is complicated by a variety of factors which are themselves
of a complex and varying nature. '

It is the objectjtherefore;of this invesiigation to find
the relation between precipiﬁtion and run-off of the Kootenay
River Drainage Basin, and the effect of the other factors
as far as possible.

Since a study of toe hydrology of the whole of British
Columbia was too herculean a taslk, tle wrlter thought to de-
vote his attention to the eastern part of the province, and
to confine his study to that drainage area comprising the
Columbia and Kootenay Rivers, but even that prowed to be too
1arge a task for the.time allowed, and henqe, he devoted his
time to the conslderation of the Kootenay River‘and its trib-

utaries;
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METHCD OF PROCEDURE

The investigation was carried out by obtaining the rain-

fall records for different stations in or about the drainage

~ area over a perilod of ten years, from October 1914 to Sep-

tember 1924 inclusive. These records were'obtained from

- the Annual Reports of the United States Weather Bureau

for the stations in Idaho and Montana, and from the Water
Resources Papers of the Dominion Water Power Service for
the stations in British Columbia proper.

‘The mean precipitation, both seasonal and annual values,
onvthe whole érainage area was determined»for each yearband
also the run-off,

The altitudes of the stations used werelthen foﬁnd by

consulting the various maps of British Columbia and White's

"Dictionary of Elevations of Canada",

The varilatlon of precipitatioﬁ and altiﬁude were studied,
in order to determine if any reletion existed between them,

The peanvprecipit&tion on the whole drainage area, that
had been previously determined, was then studied with respect
to the run-off to see if any relation existed betweeﬁ them,

Graphs were plotted in order to bring out that relation

more clearly.




DRAINAGE BASIN

The Kootenay ﬁiéer rises in the Beaverfoot range of
the Rocky Mountains about 20 miles south of the Canadisn
Pacific Reilroad main line at Palliser, Britishbolumbia,
and flows for 175 miles in a southerly qirection, passing
within 1 mile of Columbie Lake, andccrossing the internation-
8l boundary line at Geteway British Columbia. It flows
through Montena and Idaho, reentering British Columbia 60
miles west of Gateway and 20 miles south of Kootenay Landing, .
at which'point it loses itself in“Kgotengy'Lake. -From Koot=
enay Leke, the river flows in a southwesterly ﬁirection, dis-
charging ihto Columbia River at Castlegar, about 20.miles
nbrth of the international boundary line. |

The drainage area of Kootenay River comprises 13,100
square miles iﬁ British Columbia, and SOOO square miles in
Montana and Idaho, making in all a drainage to mouth of

19,100 square miles.



AREA OF DRAINAGE BASIN

A'ﬁap of the drainaée.basin was“cénstructed by drawing
ridge lines on the key map enclosed in the Water*ﬂesources ”
Papers, as topographic maps of Eastern British Columbia were
unavailable. o DR

The area was then determined by planimeter, the scale of .
which had been previously found by planimetering the known area
of a quadrilateral of the map. The area of the drainage basin
80 obtained, proved to be accurate, checking ﬁithinvl%'when
cdﬁpared.with thg value of 19,100 squars miles as given in

the Water Resourcés Papers.
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WATER AREA

In the determination of'the éreﬁ‘of the water surface,
no allowance was made for the area of streams and rivers,
| and the only bodies of water considered, are the lakes
| shown on the map.

In determining the size of these water surfaceé, the
outlines of the water area as shown by the map were traced
through on e piece of tracing paper, in such & manner that
the different area were made to fit together and.present
a harmonious whole, which could be easily and quickly

- planimetered. The area found was 224.6 square miles, about
1.1% of the total drainage area, and, hence can be neg-

lected,
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SUPPLYING MISSING DATA

The records for the precipitation étations in Montana .
and Idaho as given by the Annual Reports of the U. S. Weather
Bureau were complete, but those records at the stations in -
British Coluﬁbia, as given in the Water Resources Papers of
the Dominion Water Power Service, were incomplete having
one or more mOnths':record missing. ”

These missing valq§s>were supplied from adjacent re=-
cords, using three stations forming a triangle which in-"
cluded the.station,fbr which the éstimate was to be made,
upon the assumption that the ratio of the record at the
latter for the missing month to the mean for that month will
be the same as a similar ratio for each of the surrounding
stationsg The mean of the three values so obtained from the
surrounding stations , was then used as the probable prec-
iﬁitation for'the missing'month, Where three stati@ns couid

not be obtained, two were used in a similar manner.

284
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DETERMINATION OF MEAN PRECIPITATION

The mean precipitation on the drdinage basin was ob-
tained by giving to the recofds of the various stations in
and about the area}various welghts ( vide- table of Area
Pactors page..‘§ ) that is multiplying the mean precip-
itation at a station by its corresponding factog{and ob-
taining the weighted mean precipitation for that portion
of the area. |

These Area Factors were obtained by dividing the drain-
-age basin according to the Theissen method which is, that the
precipitation at any one station should be used for that |
portion of the drainage area nearest that station: that is,
by erecting perpendiculars halfway betWeén adjacent stations,
the portion of the area nearest}any particular station may
readily be defined. The ratio of.each area thus found,
determined by planimeter, to the total area of the drain-
age basin ( see Table of Area Factors page i Q.) , 1s then
applied to the correSponding station records, and the sum '
of these amounts gives the weighted precipitation for the

- drainage area,
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DISCUSSION |

On comparing the run-cff with the_precipitation<in the
winter period from Cectober ‘to March inclusive (See Table of
| | Seasonal Preclpitation and Run-off), 1t was observed that the
run-off was small and the resulting loses large. This is of-
course perfectly natural in a country sc far north as British
Cbiumbia, where‘thertemperature‘;s_?apher low in winter and
most of the precipitation femains on the ground as snow.

| In the summer pefiod, however, just the reverse takes plsace.

The streams become raging torrents. The extreme high water

~or run-off 1s, during this period, in all probability obtain-

ed through a combination of heavy snowfall durlng the preceding

 winter with a series of hot days and nights in May and Jﬁne
and the later months. Warm réin also increases the flow by
melting the snow in the high altitudes. Considering the
wWhole year, however, a great discrepancy in the results was
discovered. The run-off was greater than the precipitation.
This at first proved puzzling, but oféourse, tiiis can be

?; accounted for in several ways, but the cnief and most impor-

| tant of which be1n6 that the pre01p1tation records were in-

aﬁfficient that 1s to say, too many. statlons were located

in the valleys where precipitation was least, and too few
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on the ridges or high altitudes where the precipltation was
greatest.

True it is, that the melting of the glacial‘ice sheet
that still covers some parts of Canada, and which‘Ggologists
claim is receding;,accentuated the run-off,'but this could not
be very great, probdbly about 5 to 7.5 per cent, the exact
emount being at @resent unknqwn;and incidentally the deter-
minat;on of which should prove an: Interesting study (see
Recomrmendations for further study).

Cn:a furthér_stﬁgy of the area it became evident that the
precipimation record at Wilmer with a mean annual value of
11.71 inches could not be used for a district which was com-
posed almost entirely of high mountainous country.

In an effért to obtain some relation between altitude
and precipitation which would off-set this error, graphs of
precipitation and altitude (seasonal and yearly values) were
cqnstructed, and it became 1mmgdiately evident, that no exact

values could be obtained as, first of all, too fewAstations

‘existed, and secondly, these were so scattered about the

drainage area, as to make as exact mathenatical determinatlon

impossible.
A curve could ofcourse, be approximated through the plot-
ted points but on solving‘this curve it was found that the

precipitation increased about 1.2 inches per 100 foot rise
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in altitude; this proved on testing to be entirely too high.
Another plan adopted, was oo také § h0riz6nta1 section
through the country, and plot values for the stations 1y-
';ng.abouilthat line;iThis ﬁas dqﬁe;'the.stations uged were
.ﬁelson, Cranbrook and ?ernie, but the valueg for Cranbrook
fhad’to be discarded as it lay on the western slope of a
ridge and its annuel value for precipitation 14.82 inches
was'far too low. | | o
The inorease in precipitation per 100 foot rise in

- altitude, using tﬁe values for Nelson #nd‘Fernie, was
determined as.b.78 inches. 'Thislseemed more reascnable a
,valge, and comparedufavburably wiﬁh the value of 0,58 inches
as'fdund by C. He Lee in his study of Altitude Relations in
califprnié, Waﬁer Supply Paper 446, of the U. S, Geological
Survey, élthough ofcourée the tﬁo countries have very little
in common yet this tends to show that some similar relation
does exist between precipitatien and altitude, ‘ ‘

' Td'obtain thexprabable precipitatidn, the average altltude
of the district had to be determined. This could not be'
: done exactl& as no t0pographi¢ maps of that portién-of
British Columbia {Wilmer aistrict) were available, but it
was appréximately taken as 1ying.betﬁeen 6000 and 7000 feet,

SN L LR W R




76

a vaiue which seemed perfectly fbaéable a8 there are some
very high mountains 1# this districte A mean annual valﬁe
of 48 inches was assumed for the prbbaﬁle precipitation
over the district, which then meant that a value 1y1ng well
below 0,78 inches was adopted for the variation factor.
This is rather a conservative figure, and in al;.probabilizy
correct as the resuitsrfinally bore out.

In 6rder té compare the yearly values of precipitation
and run-efr, 1t was esssumed that the ratio of yearly precs
1p1tation to the mean yearly precipitation over the total
period?would be the same as a2 similar ratio for Fernie.
This seemed reasonable és Fernie 1s oﬁ‘the easférn slope
" of the Rockies and in & mountainous dlstriect, although the
final resultswould practically be the same no matter on
what statlons the yearly values were to be based,

| Graphe were prepared of run-off and precipitation and
average va1ues were obtained.. These were satisfactory and

Justified the assumptions made,
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RECOMMENDATIONS FOR FURTHER STUDY

In reviewing the work performed in thls thesis,
the author wishes to state that he hes not carried this
; investigation té that degree of completeness and exactness
E ’ which he would deem dssirable, due principally to lack of
time and the incompleteness of the data avallable,

He would suggest for future study a determination

of the Physlographical Constants of the drainage area,
and‘also the probable amount that 1s contributed to-
- wards the run-off by the melting of the glacial ice
sheet.
It is recommended then that the followlng be studiedi=
(1) A contour map of the drainage area be con;v

structed.

(2) Average elevation determined.
(3)}}Mean slope of the streams.
(4) Mean land slope.

(6) Effect of evaporation.

E (8) Effect of the melting of the glacial ice sheet.
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RESULTS
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Area Factors by Theissen's Method

Station Area by Area in Ratio to
planimeter 8q. mls. total area

Waneta 0.02 22.3 . 001
Nakusp 1.26 1414.0 074
“..ilPorthill 2.00 2230.0 .126
Nelson 2.15 2395.5 «125
Wilmer 3.05 3400.0 .178
Libby 1.79 1995.,0 «104
Sandpoint 0413 145.0 « 008
Heron 0.10 111.5 .006
Golden 0.30 33445 .018
Kalispell 0.15 167.0 «00¢9
Fortine 1.45 1617.0 .085
Cranbrook 2,62 2920.0 »153
Fernie l.82 203040 +106
Glacier 0.30 _534.5 2018
19116.3 1.001



lieneta
Nakusp
Porthill
Nelson
Wilmer
Libby -
Sandpoint
VHeron
Golden
Kalispell
Fortine
Cranbrook
Fernie
Glacier

Total

Mean Annual

.00123::x
74 X
123 %
1253 x
'.178 X
1044 x

00758 x¥

+00584 x
017 x
.00874 x
« 08450 x
153 x
.1062 x
0175 =z

29

Precipitation

24.69
25.97
16.85
25.09
11.71
16453
26.56
31.88
17.82
14.04
17.90
14.82
37.01
60.03

«03
1.52
2.07
314
8.55
1.73

«21.

«19

31

.13
1.52
2.27
393
1.08

27.05
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3.6,

Supplying Missing Data

Monthly Prec.  =- ‘ Monthly Presc,.
Mean Msan
(missing) {:known ;)
{(station) (station)

Missing Data.

May June July Jan. Feb. Nov. Dec. Feb., Galcier

Golden 1918«19 16-17 15-16 wuse Wilmer
Feb. Mar. Apr.
. 14-15
Wilmer July
14-15 use Golden:
‘ Fernie
-Revelstoke Nay June July Aug. Sept. use Glseler
19=-20 Nelkusp
Nakusp June July Aug. Sept. use Nelson
. 22=23 _ Glacier
" Neélson May June July Aug. Sept. Jan. ‘
: 19=20 15-16 use Nakusp
, , Waneta
_ . Cranbroock
Waneta May June July Aug. Sept. Febe. Apr.
18-20 14-15 use VNelson
Cranbrook March
: 23=24 use Fernle
: Nelaon
Fortine HNov. Dec. Jan. Feb. Nov. Decs -
16-17 17-18 Kalispell
Nove. Dec. Jan. Peb. Mar,. use Porthill
20«21 Fernie
Heron Nove July
20-21 22-23 use Sandpoint
' Libby
Libby Octs ;
: 19-20 _ use Kallspell
. Heron
; Porthill
Fernie

—p

— e B = - . e
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Sample Computations
Supplying dMissing Data for Nelson
E"Z‘Q‘x * 7.08
* g’gi
Xa 6.1 using Waneta,

X s _1.95
204§ 5053

Xa 1.85 using Nakusp.

X L S 60 ,
2042 2.10

Xs 4.15 using Cranbrook.

Mean = 4.03
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DETERMINATION OF PLANIMETER SCALE.

Area of Quad " (from U.
Mid. lat. 49-15"
Mid late. 49-45"

Area of degree Quad
- (49-50)
Area by Plan
Value of 1 division
Area of Drainage Area

Area of Water Surface

Geol. Survey Bull.)

781.60 for 30' Quad

773,74 for 30' Guad

2(773.74 } 781.60)

3110.68 square miles
2.77

3110,68 = 1115.00
279

19100 square miles

224.6 squaré miles
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