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Peace River and of all the sireams which drain into Lake Athabasca.
The total drainage area of the Slave River at Fitzgerald is 23L,000
square miles. The river flows for about 285 miles in a generally
north-wvesterly direction and discharges into Great Slave Lake. Its
first 75 miles lie in Alberta, which it leaves at Fort Smith after
descending most »f the Smith Rapids. These rapids form the only
obstruction to navigation along the Slave River and to avoid them a
16-mile portage is necessary from Fitzgerald, Alberta, to Fort Smith,
Northwest Territories. They consist of a series of four important
rapids namely: Cassctte, Pelican, Mountain and Rapid: des Noyes, with

a totsl descent of 110,5 fe:zt,

Great Slave Lake

Greal Slave lsle, with an area of 10,L8¢ square miles,
receives the runoff from 381,000 square milss of drainage zrea. The
Slave River is by far the largest tributary, but numerous other rivers,
such as tne Taltson, Yellowlnife and Hay Rivers, in toizl, account for
about ona-quarter of the inflow. The lake is the source of the Mzckenzie

River, which carries the outflow to the Arctic Ocean.

RUNOFF

The runoff in the very large Mackenzie River drainage varies
enormously from arsa to area due to differences in topography, ground

cover and precipitation,

Hydromatric Records

Any hydrologic invectigalion of the Mackenzie River drainage

is hamperced by the scarcily and inndoqurey of hydromotric records. The
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records which are available are listsd in the publication of the Water
Resources Branch "Index of Stream Measurement Stations in the Mackenzie
River Drainage" dated July 1961,

The progranme of data collaction has been expanding in this
area since 1959, and sufficient records are availeble since that date
for a reasonably reliable analysis of the effect of Peace River storage

to be carried out.

Peace River

The runoff{ at the sitc of the proposed development at Hudscn
Hope on the Peace River is from a mountainous area and is about fifty
to sixty per cent of the total runoff of the 'river, although the drainage
area is only 25 per cent of the total area.

The long-term average yearly flbw at Hudson Hope is estimated
to be about 36,000 cubic feet per second, with the flow during the
winter months November - April being onl, about 15 per cent of the
total flow,

The maxinun flow recorded at Eudson Hope was 267,000 cfs on
5 June 1922 and the minimum recorded flow of 3,L4E0 c¢fs occurred from
28 Novermber to 2 December 1952.

) The tributary inflow between Hudson Hope and Taylor is from
the castern slopes of the Rocky Mountains; the runoff from this area
is fairly hisgh, although it is lower than the runoflf upstream of
Hudson Hope. Records obtained in the past on thz kiskalinaw River
show that the runoff from the area batween Taylor and thz B.C. - Albertia
boundary is comprratively low; the streams in this arca drain the foot -

hills and do not extend into the mountains, MNore sireams from the
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eastern slopss of the mountzins enter the Poace River between the

boundary and Peace River; this runoff is therefore greater than that
between Taylor and the boundary. The inflow batween Peace River and
the mouth is from the Great Central Plain, an area of comparatively

low runoff,

Lake Athabzsca

The hydrograph of Lake Athabasca reflects the runoff
characteristics of its main tributarics, the Athabasca and Fond-du-Lac
Rivers, although the maximum level is not reached until July because of
the effect of storage on the laks, The level then falls graduvally
through the autumn and winter, with the minimum lsvel bsing reached
about the end of the following iarch,

The outfléw through the Riviere des Rochers and the Chenal
des Quatre Fourches would follow the same seasonzl patterns were it not
for the control'imposed by the Poace Riéor, which has the effect of
retarding, and for a time reversing, the outflow in the spring and

delaying the meximum outflow unitil August or Septcrber,

Slave River

It would be expected that the Slave River flow should reflect
the combined runoff characteristics of the Peace and Athabasca drainoge
arsas, but this is not so since the Peacs River affects the outflow from
Lake Athabasca., During the spring, the Slave River flow is actually less
than ths Peace River flow for periods up to about six wecks when water is
flowing into Le,ke Athabasca from thz Peacc River: 'At such times, all
water flowing into the lake is stored therz, to be released into the

Slave River as the lovel of the Peace River falls, Thus the summer and
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autunn flows in the Slave River are sustained at a higher level than
would be the cass without the storage placed on Lake Athabasca through

the control imposed by the Pcace River,

Great Slave Lzke

The inflow-outflow pattern of Great Slave Lake is not com-
plicated as is that of Lake Athabasca. The lake acts as a simple natural
regulating reservoir, reducing the peak inflows and sustaining the out-

flows, The maximum elevation is generzlly reached in August.

NAVIGATION

The commercial navigation route extends for a distance of
1,700 miles from Waterways, Alberta, down the Athabasca River to Lake
Athabasca, through.either the Riviere des Rochers or the Chznal des
Quatre Fourchas to the Slavz River and thence through Great Slave Lake
to the liackenzie River and to Aklavik aid Tuktoyaktuk on the Arctic
Ocean; the only barrier on this route is created by the Smith Repids
on the Slave River., From this mzin route there are an additicnal
1,100 miles of branch routes to Fond-du-Lac on lake Athabasca, to
Fort Reliance and Rae on Great Slave Leke, and to Port Radium on Great
Bear Lzke, although a portage is neccssary on the Bear River leading
to Great Bear Lake and this route has not been used since the closing
of the Port Radium mine. Apart from the additional obstruction at
Vermilion Chutcs on the Pence River, there is also a navigable water-
way from the Arctic Ocean to Hudson Hope, B.C., although this is not

used commercially.
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Commercieal water transportation on the Athabasca-lackenzie
route increased rapidly for ten years up to 1956, The total freight
carried by the Northern Transportation Company in 1958 was 192,066
tons. During this ten year period the Coupany was abls, through
increased tonnage and improved methods of handling, to ccnsistently
reduce freight rates in tha face of a contrary trend in the transpor-
tation industry generally.

From 1959 to 1961 the tonnags carried has fallen each year,
In 1960 the tonnage was 142,632 tons, = drop of over 25 per cent frea
1958, and in 1961 there was a further drop of about 10 per cent., DMost
of the volume lost was due to the closing in 1950 of the Port Radium
mine and small mines in the Pcaverlodge area, Other factors now
affecting the volume of freight are: the completion in 1961 of the
highway from Edmonton to Yellowknife for year-round trucking; the
reduced diesel fusl requirements at Beaverlodge following completion
of the Waterloo Lake hydro projcct; anid the completion of major con-
struction projscts in the Mackensnie Raver area.

Transportation is a vital need in northern devzlopment to
get bulk commodities to settlements and industrial sites, and water
tra?sport may fill ihis need even though it is available only five or
six months of the year. With the development of storage on the Peace
and Athabasca Rivers, navigabtion on these rivers would be enhanced,
but the increasing competition that will come with the extension of
roads and raileways into the north will pose a problem for consideration

in the long-term planning of the future of navigation in the areca.
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PATHON OF woOTIIAT NG REGLIEN CHALGE

The greatest effects on the regimen of the waterways will
occur while the rescrvoir at Hudson Hepe is being filled.

To determine the effects of filling the reservoir on the
downstiream waterways it is first necessary to compute the reduced flow
of the Peace River at the mouth. This reduced flow is then co-ordinated
with the natural inflow to Lake Athabasca to yield modified elevations
for Lzke Athsbasce and modifizd flows fe¢* the Slave River. The change
in flow of the Slave River is then applied to the total inflow to
Great' Slave Lake, and the modified inflow is routad thrcﬁgh the lake to
determine the modified lake elevations and od%flows.

Sufficient information is available to provide a reasonable
estimate of the effects of the storage filling programme for the
period April 1959 through September 1961, The effects have also been
estimated for the summer of 1953 since tlis was a year of very low
runoff, but as fow datﬁ are available for 1953 these estimztes cannot

be considercd as rcliable as thoss for 1959 throuzh 1961,

Peace River

When routing modified Peace River flows from Taylor, British
Columbia to the mouth of the river it is nccessary to account for
changes in channel storage and for tributary inflow, However, sufficient
information ic nol availeble on the magnitude and distribution of the
tributary flow noc on the channel storage to justify a destailed flow
routing compat~tion. From an examinotion of the siream flow hydrographs

at Taylor, Feace River and Peace Point and the limited amount of data on
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tributary inrlow, it is considered that a reasona2vle estimate of the
effect of a reduction in the flow at Taylor on the flow at the mouth

of the river can be obtained by applying the reduction in daily mean
fiow at Taylor to the daily mean flow at Peace Point but lagged six
days. The river distance from Taylor to Peace Point is about 676 miles.,

Although the reservoir filling programme provided by the
British Columbia Elactric Company proposes flow criteria at ths B,C. -
Alberta boundary, these criteria have been §ssumad to apply at Taylor,
B.C., since flow records are available at this point and not at the
boundary. This has the effect of slightly underestimating the magnitude
of the effects, but as the runoff bztween Taylor and the boundary is
comparatively low the differsesnce is not sign{ficant in the estimates
provided in this report, Also, when the tributariss below Hudson Hope
are in flond 211 the water at Hudson Hope could be stored without
reducing the flow either at the bowndary or Teylor to the spzacified
20,000 cfs, Al these times when it is impossible to reduce ths flow
at the boundary to 20,000 cfs there is no difference between assuming
the criteria to apply at Taylor or the boundary,

If the final agreement between British Colwabia and other
interested partics specifies flow limitations at the B.C. - Alberta
boundary, then a ncw gauging station would have to bz established at
the boundary. The parties to the agrecment might consider the use of
the existing gauging siation at Taylor as the point at which to speeifly
flow criteria to avold the necessity of establishing a new station to

adminisior the agrecrent,
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Lake Athcobasca

Since the Peacc Rivor inposss a control on the outflow from
Iake Athabasca, the modified flows at the mouth of ths Peace will
affect the elevation and ocutflow of the lake.

Outflow: Under natural conditions the outflow may be
determined by subtracting the Peace River flow from the Slave River
flow, At the tires when Peace River water is flowing into Laks
Athabasca this outflow will have a negative value,

To determine the outflow undar conditions of modified Peace
River flows a set of curves, Plate 3, showing the relation betwsen
the élevation and outflow of Lake Athzbasca end the flow of the Peace
River, has been prepared. This relation was dstzrmined from date
collected under natural conditions, but since the cutflow depends
only on the elevations of Lake Athabasca and the Pcace River the same
relation will hold under modified conditions.

Inflow: To use thess curves to find the modified outflow,
the ret inflow to the lzke mustl first bs known, i.e., the total inflow
less eveporation loss from the lake, Most of ths inflow is known from
the discharge records of the Athabasca River below Meifurray and the
Fond-du-Lac River at Stony Rapids, but the remaining ungauged inflow,
from 35 per cent of the total drainage arza, must be estimated., In

1

the dotermination cof

v

1960, sufficient data warc collucted for
scasonal coefficicnts which, when applicd to the Fond-du-Lac flows,
provide estimates of the ungouced inflov to Lzke Athabasca, Vhile
the use of these coefficiants gives good resulls ist of thz time,

they have had to bz wodificd for certein poriods when it was knoun
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from field observations that unusual runoff conditions prevailed in
the area,

The net evaporation loss from ths surface of Lake Athabasca
has been assumad to tolal 0.80 foot during the year, with 0.8 foot
occurring at a constent rate from liay to September and 0,08 foot in
Octover; it has been assunsd that there is no evaporation from
November to April.

Elevation: The naturzl glevation of lake Athsbasca is

recorded < Crackingstone Point; it has bezn assumed that the
elevation here is the mecan elﬁvation of the lzke, A known change in
elevation then represents a definite change 1n the ouantlty of water
stored in the lake,

To conpute the modified lake elevation and outflow, a change
in elevation is asswned and the decrease in storage is computed. The
outflow is then compuled by adding the inflow and the decrease in
storage. The carrclation curves on Plalz 3 are then entered with the
outflow and the lakc elevation and the Peace River flow is read from
the curves. If tihis value agrecs with the flow of the Peace River at
its mouth as modificd by storage at Hudsnn Honz then tha assumzd
change in lake elevation is corrcct, If it does not agres, a different
change in elevation is assumed and the computation repeated until the

modified and computad Peace Rl“”r flows are equal,

Slave River
Having cerputad the modificd elevations and outflows of
Lake Athabascz, tho outflow is mddtd to the nodified Peace River flow

to give the modificd Slave Rivcr flow. Time lags of one day from
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lake ithebasca to ritsgerald and two days from Fitzgerald to Great

Slave Lake are taken into account.

Great Slave ILake

flthough records of thes elcvaticn of Greet Slave Lake are
available, outflow records ar: not available, since sufficient dis-
charge measurcments of the outflow have not been collzcted to eneble
an accurate leke level-discharze reletion to be prepared.

OQutflow: Four open-water discharge msasurcements have bzen
made on tiz HMackenzis River at Providince, and thess have boen used
to produce an approximate stage-discharge curve, based on the lake
elevation at Yellowknife, While this curve,will undoubtedly be revised
vwhen more mcasuremonts are made, it is balieved to be sufficiently
accurate for use in estimeting the modified leke elevation.

Inflow: The net total natural'supplj to the Great Slave
Lake is estimated by computing the outflow from the stage-discharge
curve and adding algebraically the change in storage computed from

the chengs in elcvation, The modified supply is then obtainud by

[Q]

reducing the natural supply by the same amount that the Slave River
flow is reduccd.

Elevatién: The modificd elevation is obtainzd by simple
reservoir routing of the modified supply using the approximate stage-

discharge cwrve,

MAGNITUDZ OF REGIMIN CHANGTS

The affects of the resorvoir filling prozrammz for ths Peace

=1

River poucr dovelopriint on water levels in the llckenzie River systen
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have been estimatod for the years 1959 to 1961 and 1953. This covers
a low water year (1953), a high water year (1960) and a medium water
year (1959). The computed 2ffects on the Peace River at Hudson Hope,
Taylor and Peace Point, on Loke sthobases, on the Slav. River, and

on Great Slave Lake are shown graphically on Plates L to 2L, The total
runoff of tho Pozce River at Peace Point from 1 Hay 1659 to 30 April
1960, which represents the runoff during a medium year, was 53,755,000
acre-feet, It is estimnted ih2t the modified runoff at Peace Point
during rese:voir filling would have been 27,027,000 acre-feet, a
reduction of 50 per cent, During the same period the runoff of the
Slave-River at Fitzgerald was 61,041,000 acre-feet and it is estimated

that this would have been reduced by 33 per cent during reservoir

filling, Gencrally, the magnitude of the effects would be greater in

. years of high runoff than in years of low runoff., Also, in any one

year, the effcct vould be greatest at the time of the peak flow,

Since the mist critical period for navigation is usually towards the
o v

end of the navigation s2ason, the magnitude of the regimen changes at

the beginning of Ocuvohir as wall 2s at the timo of peak flow has been
o L)

given in the follouing suamary,

Peace River

The pezk of the flood on the Peazce River at its mouth would
be reduczd by frem LG Lo 65 pur cent, depanding on the size of the
flood, This would be 2 lowering of from 6 to 12 feet of the water
lovel at Peace Peint 68 miles uﬁ:trcnm from the mouth. The effect on
the watar levels b b2 nouth of the Pesce River would be modificd by
the outflow from Inke Athilizsen and wouldd be a lowering of from ki to

6 fect,
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The effzcts would bz considershly less 2t th: beginning of
October, whan the level would be lowered by 2 to 5 feet at Peace Point
and by 2 to 3 feet 2t the mouth.

/

Lzke Athabasca /

The meximum scasonal elevation of Lake Athabasca would be
some 3.5 feet lower under modificd conditions than under natwral con-
ditions in a high water ycar, ‘and somz 2.5 feet lower in a low water
year. The lowering would bacomz lass as the seasons progresse. At the
beginning ¢ October the laks would be lowerad by 1.5 to 2.5 feet and
by the following spring it might be only 0.5 foot lower, It has bzen
determined that within the general range of g}avations of the lake,
the aclual level at the time of spring breakup has virtually no effect
on the maximum level reached by the lake in the following summsr, and

there is therefore no cumulative reduction in level from year to year.,

Slave River

Ti.e peak of the flood on the Slaves River would be reduced
by about 25 to 35 per ciant. This would be a lou.ring of wator levsl at
Fitzgerzld of from 2 to 3.5 feat. The lovering at the junction with
the Peace Rivar would bec L to 6 feet.

The drop in level at the beginninz of October would be 1.5
to 2 feet at Fitzgerald and 2 to 3 feet =zt the junction with the
Peace River and the Rivierc des Rochazrs.,

The drop in wztcr level abt other points on the Slave River
cannot be estimztod withont furtﬂ r data on the rslation betuesn stage
and discharge at these pointe, bubt it is belisved thzt it would not

excead the drop abt the mouth of Lhe Poace River,
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Great Slave Lake

The modified Slave River flow would lower the elevation of
Great Slave lake, The mexirum swmer elevation of the lake would be
lowered by about 0,6 foot. By October the drop in water level would
be about 0.l foot and by the following spring it would be about 0.1
foot, This residual would not affect the following summer elevations

and would not be cumulative from year to year.

Mackenzie River

1he Mackesnzie River at the outlet of Great Slave Lake would
have the peak of the flood reduced by about 25 per cent., The percent-
age reduction would progressively become less downstream as tributaries
add their contribution and =2lso since channel storage naturally modifies

the peak,

CONCLUSIONS

Navigation should not be adversely affzcted once the storage
reservoir at Hudson Hope is filled and the power plant is in operation,
but such a conclusion woula have to be verified when the method of
operation becomes known. In ysars of low runoff, navigation might be
improved by increased autumn flows in the Slave River if the power-
house were running at full capacity.

It has been reported that the maximum elevation of the
reservoir will be 2250 feet and.thnt the cepacity will be 868 million
acre-feet. It would tale aliost fowr years of average runoff to fill

a reservoir of this sizc. It has also becn reporticd that consiruction
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of the dam will. bsogin in the summcr of 196L and be completed in 1570.

If it were assum>d that reservoir £illing would start shortly after

.eonstruction begins, then the reservoir mey be full shortly after the

dam reaches its maximum heizht in 1970. Therefore, if there were to
be any adverse effect on navigation it would probably be felt in the
period from 1965 to 1971.

The purposs of this rsport has been to provide estimetes of
the effects of the Psace Rivar reservoir filling operation on flows and
water levels in the navigable waterway of ths Athabasca and Slave
Rivers so that those engaged in navigation will be in a position to
deterﬁine whether or not these effects would be detrimental to naviga-
tion. Howevar, the flow of the Athabasca River will be unchangesd by
storage on the Peace River, and it is understood that it is on the
Athabasca River that the most serious difficulties due to shallow waler
are found, It is believed that there are quite adecuate dzpths of
water along the waterway balow Lake Athozbasca and that the depths would
remain adequate when reduced by the amcunls estimated in this study.

The only doubtful arca is in Lake Athabzsca and thes ithabasca
River delta, where some dredging is necessary under naturel conditions.
If the meximum seasopal level of Lake Athabasca were lowered by two or
three feet, the water gradients in the delta would be increased. This
would undoubtedly cause changef in the delta, bub the nature of these
changes would be difficult to predict, At th2 present time it is
thought that the delta would move furthor into thz lake, and that it
is possible that more dredgzing might be necossary in the laks in a low

water year,



PO

-20-

The delbas at both ends of the Riviere das Rochers and the
Chenal dos Quatre Fourches, as well as the sandoars at the mouth of
the Peace River, will change with the modified lake levels and river
flows but it is believed that there would still be a sufficient depth
of water at all these points to satisfy the existing navigation
requirements,

The Water Resources Branch will shortly bagin a programme
of sediment data collection on the lower Athabasca and Fzace Rivers
which will help in assessing the effect of lowering the level of Lake
Athabasca on deposition of sediment in the dslta =rca, and of the

cnange in flow regimc on the behaviouwr of the lower Psace River.
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