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ASSESSMENT OF IMPACTS ON THE SLAVE RIVER DELTA
OF PEACE RIVER IMPOUNDMENT AT HUDSON HOPE

STUDY PERSPECTIVE

The filling and operation of Williston Reservoir
created by the W. A. C. Bennett Dam in British
Columbia in 1967, altered the natural flow patterns of
the Peace River. The effects of this change are
discernable most immediately downstream of the
dam, but are also apparent in the Peace - Athabasca
Delta, almost 2000 km downstream and in the Slave
River Delta, a further 500 km downstream. People
associated with these riverine environments had
previously raised concerns about the effect of flow
regulation on the aquatic ecosystem. The Northern
River Basins Study Board identified flow regulation as
an area requiring further investigation. A program of
studies was initiated within the Hydrology component
to investigate the effects of flow regulation. The
studies included a number of impact related
investigations into the effects of flow regulation on
river morphology, flows, ice jamming and aquatic
habitat of the Peace and Slave rivers and their
associated deltas. Considerable attention has
previously been directed at the Peace-Athabasca
Delta with minimal examination of possible effects on
the Slave River Delta. The effect of flow regulation on
Great Slave Lake levels was not investigated.

Related Study Questions
10.

13.

How does and how could river f/ow
regulation impact the aquatic
ecosystem?
a) What predictive tools are required to
determine the cumulative effects o f man
made discharges on the water and
aquatic habitat?
bjWhat are the cumulative effects of
man made discharges on the water and
aquatic environments?

14.

What long term monitoring programs
and predictive models are required to
provide an ongoing assessment o f the
state of the aquatic ecosystems. These
programs must ensure that all
stakeholders have the opportunity for
input.

The Peace-Athabasca and Slave River Deltas are
dynamic systems continually changing to variations in flow and sediment transport. Alteration of flow on the
major tributary to the Slave River was likely to have impacts on the Slave River Delta. The report is describes
the results of an investigation into the likely impacts of flow regulation on the Peace River on the natural
propagation of the Slave River Delta into Great Slave Lake. Investigators used a combination of aerial
photography from 1946, 1966,1977 and 1994 and ground truthing to interpret changes in plant assemblage
patterns and delta channel geomorphology at selected locations. Collected information aided an assessment
of pre-regulation and post-regulation delta growth.
The growth rate of the cleavage bar islands in the Slave River Delta for the period 1977 to 1994 was less than
that for other periods of study. The reduction in the growth of the selected cleavage bar islands is being
attributed to a reduction in the suspended sediment load since 1968. This suggests there is a positive link
between reduced flows in the Slave River as a consequence of the Bennett Dam and altered delta
development. The research documented a narrowing in the width of three of the four distributary channels,
while a fourth expanded in the period 1946 to 1994. Subsequent changes appear to continue without regard
to changes in flow regime. With the drier environment on the four representative cleavage bar islands, there
has been an increase in plant species favourable to these conditions. These changes appear to be made at
the expense of more biologically important plant species preferred by migratory birds and muskrats.
A compilation of information from this project and others examining the effects of flow regulation on the
Peace River will form the foundation for a synthesis report. Further study of the effects of flow regulation on
Great Slave Lake is needed.

REPORT SUMMARY
The objective of this study is to examine the impact o f regulating the Peace River in 1968 on the
natural progradation o f the Slave River Delta into Great Slave Lake. The report describes the
hydrological relationship between the Peace and Slave Rivers both before and after impoundment.
Changes in the flow regime of the Peace River that have occurred since impoundment and impacts
of this change on the sediment transport regime o f the Slave River are discussed. Implications o f the
altered sediment regime on the continued progradation o f the Slave River Delta into Great Slave
Lake are presented by examining change in the geomorphological and botanical dynamics o f the
Slave River Delta both before and after impoundment.
Hydrometric data collected by the Water Survey o f Canada is used to compare mean monthly
discharge o f the Peace River at Peace Point with the Slave River at Fitzgerald. The percentage
contribution of Peace River water to the Slave ranges from a low o f 42% in September to a high o f
77% in April. In the post-impoundment period, the monthly discharge o f the Peace River has
declined 16% for the ice-off period but increased 40% during ice-on. periods.
There is no pre-impoundment sediment data for the Slave River. Therefore, a sediment rating
approach is used, which incorporates the mean monthly discharge o f Peace River at Peace Point, to
predict mean monthly sediment load for the Slave River at Fitzgerald. Projections based on this
approach indicate a 33% (372,491 t yr"1) reduction in the average annual sediment load o f Slave
River at Fitzgerald in the post dam period. The seasonal shift in the hydrograph has changed the
sediment transport dynamics o f the Slave River for ice-on and ice-off periods. Sediment load has
increased 315% during ice-on flow, which represents approximately 24% o f the total annual load.
In contrast, sediment transport has decreased 46% for ice-off flow. Flow reduction during ice-off
periods will cause an increase in fine-grained sediment transport to the delta. The change in sediment
transport regime has implications for the progradation of the Slave River Delta into the Great Slave
Lake.
In order to compare geomorphological and botanical change in the delta before and after
impoundment, two sets o f aerial photographs taken 20 and 18 years apart respectively were
examined. As the outer portion o f the Slave Delta is the most productive and rapidly changing,
geomorphological and botanical change are examined primarily in this area by comparing the aerial
photographs for 1946, 1966, 1977 and 1994. This analysis is further supported by field work
conducted on the delta from May to July, 1995. Generally, the growth rate o f cleavage bar islands
has reduced from 1946 to 1994 and is related, in part, to changes in morphology o f the distributary
channels. The widths o f Old Steamboat Channel and East Channel have decreased 59 and 45%
respectively, while ResDelta Channel has increased by 47% between 1946 and 1994. ResDelta
Channel transports approximately 90% o f the flow and sediment through the delta. In addition, bars
have formed at the mouths o f several of the smaller distributary channels. Partial closure o f channel
entrances and reduction in channel width has reduced the capacity o f these channels to effectively
transport sediment which, in turn, has affected the growth rate o f cleavage bar islands.

i

Plant assemblage patterns on the cleavage bar islands at the mouths of Old Steamboat Channel, Mid
Channel West, East Channel and ResDelta Channel are examined to assess botanical change from
1946 to 1994. General trends in the wetter outer delta cleavage bar islands include a general shift
toward a drier environment characterized by the increased areal coverage o f Salix, Salix-Alnus and
Alnus assemblages. On the Mid Channel West and East Channel islands there is a noticeable
decrease in the aerial coverage of Equisetum assemblages.
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1.0
1.1

INTRODUCTION
PROBLEM STATEMENT

This research is undertaken to investigate the impacts o f damming the Peace River in 1968 on the
natural progradation o f the Slave River Delta into Great Slave Lake.

1.2

OBJECTIVES

There are several steps involved in arriving at the principal objective o f determining how Peace
River regulation has impacted the Slave River Delta. The first involves understanding the
hydrological relationship between the Peace and Slave Rivers both prior to and after regulation.
Allied with understanding the seasonal influence o f the Peace flow upon the Slave River is the
timing o f peak flows and spring breakup o f the river ice cover.
The second step focuses on changes in the suspended sediment regime in the Slave River before and
after impoundment. Changes in the quantity and quality o f the suspended sediment load have
important implications for the continued progradation o f the Slave Delta into Great Slave Lake.
The third step examines two distinct periods o f development on the Slave River Delta: a twenty year
period o f time prior to, and a seventeen year period after impoundment, as defined by aerial
photography taken in 1946 and 1966, and 1977 and 1994 respectively. The reasoning behind
selection o f these dates for comparison is that they: 1. represent periods o f time when aerial
photography is available and 2. characterize development o f the Slave River Delta during
non-regulated and regulated periods o f time.
The fourth step examines geomorphological and botanical change on the Slave Delta over the course
o f the forty eight years of change that have been documented photographically. In addition results
o f the 1995 field season will be used to assist in understanding some o f the fluvial geomorphological
processes ongoing within the delta environment which may help explain patterns o f channel closure
and changing transport o f sediment along channel distributaries.

1.3

HISTORICAL PERSPECTIVE

The formation o f the Slave River Delta began approximately 10,000 years before present with the
retreat o f the Keewatin Ice Sheet. Prior to this time, ice extended across the southwestern com er o f
the Northwest Territories and well into the Peace and Athabasca River valleys (Cameron 1922). The
retreating ice eventually lead to the formation o f glacial Lake McConnell which, in turn, was drained
through the present day Churchill River system into Hudson Bay. Isostatic rebound in this region
restricted flow to the east after melting o f the Selwyn ice tongue, which blocked northern drainage,
Glacial lake McConnell began draining north through the Mackenzie valley. After a period o f time
when the lakes boundaries were significantly reduced, the distinct present day features o f Lake
1

Athabasca and Great Slave Lake were formed. Since that time sediment carried by the Peace,
Athabasca and Slave Rivers has deposited in the southern arm o f Great Slave Lake (fig 1.1). Since
8070 BP the deltaic deposits o f the Slave River Delta have prograded into Great Slave Lake at an
average rate o f 20.7 metres per year (Vanderburgh and Smith 1988). Today sedimentary deposits
from the Slave River cover approximately 8300 km2 (Vanderburgh and Smith 1988); however only
about 5% o f this area is classified as the actively prograding portion o f the delta (English 1984).
Hydrologically the Slave River provides a very significant portion o f the w ater contribution to Great
Slave Lake. This point is underlined when examining the relationship between monthly discharge
in the Slave River and Great Slave Lake water levels (fig 1.2). The relationship is significant at the
99% confidence level. As well, the Slave River provides approximately 80% o f the flow o f the
Mackenzie River. So, aside from potential repercussions on the natural progradation o f the Slave
River Delta into Great Slave Lake caused by altering the flow regime o f the Peace, there are
potential but as o f yet unmeasured implications on Great Slave Lake and the Mackenzie River. For
example, reduction o f ice-free season flows and increase in ice season flows in the Slave River could
potentially affect the heat budget o f Great Slave Lake and concomitantly affect the spatial and
temporal variability o f ice cover.

2.0

The Slave R iver Delta

2.1

IN TR O D U C TIO N

The active delta o f the Slave River is approximately 400km2which represents approximately 5% of
the total area o f deltaic deposits laid down by the Slave River over the past 10,000 years (Cameron
1922, Vanderburgh and Smith 1988). This active arcuate delta has, for the past several hundred
years, been directly influenced by the bifurcating nature o f its distributaries, (fig 2.0) by annual or
periodic flooding, significant sediment accumulation and erosional influences o f Great Slave Lake.
2.2

T H E A C TIV E DELTA AREA

Based on botanical and geomorphological differences which affect flooding frequency, the delta is
broken into three areas of interest: the outer delta, the mid delta and the apex (fig 2.1). As a transect
is drawn from the outer perimeter o f the delta to the apex, a distance o f approximately 15km, levee
height increases (fig 2.2). Spatial distribution o f flooding in the delta is governed, in part, by levee
height but instances o f ice jamming during mechanical or even radiation ice breakup can elevate
flooding levels considerably.

2

Fig. 1.1: Location of the Slave River Delta, NWT

3

Fig. 1.2: Great Slave Lake water level vs. Slave River
discharge

r = .68
p = .005

1. Convert to G.S.C.Datum add 155.1m (a.s.l.)

4

Fig.2.0: Major channels of the Slave River Delta
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2 . 2. 1

Outer Delta

Ninety-five percent o f the outer subaerial delta supports aquatic and/or emergent vegetation. The
outer delta is essentially a large marsh flat which is an important staging, breeding and feeding
ground for migratory bird species. Additionally the Equisetum fluviatile and other emergent species
o f aquatic vegetation attract a diverse range o f wildlife including muskrat and moose. As a
consequence o f annual spring flooding, nutrient rich sediment is deposited on the large expanses o f
Equisetum plant assemblages occupying the interlevee depressions in the outer delta. The principal
depositional structures forming in the outer delta are cleavage bar islands and wave-built barrier
bars. Cleavage bar island development is discussed by Dahlskog et al (1972) for deltas in Swedish
lakes and for the Slave River Delta in English (1984). Fig 2.3 illustrates cleavage bar development
at the mouth o f Old Steamboat Channel on the Slave River Delta. In this figure, the submerged levee
is forming in a 'V' or cleavage shape. The buildup o f the submerged levee is largely due to
deposition o f bedload during spring flood (Dahlskog et al 1972). When the levee builds up to a
sufficient elevation, driftwood plays a major role in stabilizing the landform. Emergent vegetation
such as Equisetum fluviatile initially colonize the landform. The oldest part o f the cleavage bar, the
upstream portion, is also the most elevated and once it becomes subaerial, Salix spp. invade and
further stabilize the landform. Allogenic succession, where plant succession is controlled by
environmental factors, is predominant in the outer delta area where the levees are either submergent
or elevated above the water level by a few centimetres (English 1984). Continued development o f
the cleavage bar into an enclosed island is further aided by the formation o f wave built barrier bars
along the open end o f the V-shaped cleavage bar.
The erosional influences o f Great Slave Lake are important for limiting the sediment accumulation
on the subaqueous topset beds of the delta but once the island landform is elevated above Great
Slave Lake water levels and plants have taken root, the effectiveness o f waves or currents to alter
the landform are much reduced. In many places the barrier bars running parallel to the arcuate shape
o f the outer delta afford protection from the significant wave action o f the lake. The distance
between the barrier bars and the cleavage bar islands along the perimeter o f the delta can range from
100 to 250m and the backwater aquatic environment between the islands and the bars is typically
shallow (< 2m). The barrier bars provide protection against the forces o f the lake and, in the
backwater, provide an aquatic environment o f reduced turbulence wherein fine-grain sediment can
settle out and accumulate.

2.2.2

Mid delta

The mid delta area is transitional between the water-dominated landscape o f the outer delta and the
elevated, relatively dry apex area and comprises approximately 45% percent o f the active delta area.
The levees in the mid delta area average approximately lm above Great Slave Lake summer water
levels (fig 2.2). Continued sedimentation and buildup o f these landforms over long periods o f time
results in a transition in the major controls o f plant succession. Assessing flooding frequency from
soil pit evidence is problematic. The soils are cumulic regosols and the stratigraphy consists o f
alternating deposits o f organic material and sediment deposited during floods. Historical flooding
8

Vertical distance (m)
(vertical exaggeration: x 88)

Fig.2.3: Cleavage bar development at the mouth of Old
Steamboat Channel, Slave River Delta, NWT

n--------------1-------------- r
0

-_’50

500

Horizontal distance (m)

9

750

1000

frequency is determined by measuring the thicknesses o f organic deposits between flooding events.
The thinnest deposit is assumed to represent one year o f litter. The thickness o f the organic layers
is then divided by the thickness o f the thinnest layer to derive a crude approximation o f flooding
frequency. For periods assumed to be before impoundment o f the Peace River the flooding
frequency is assumed to be each 5-7 years. Evidence after impoundment is sketchy however
excavation o f the 1977 field season fire pit during the 1995 field season reveals sediment
accumulation in two flood events totalling 15cm over the past 18 years. Based on little evidence we
cannot state with any confidence that flooding frequency has increased from 5-7 years before
impoundment to each 9 years after impoundment.
The landforms in the mid delta elevated above that of the wetter outer delta support plant species
adapted to a mesic environment including Equisetum arvense, Cornus Stolonifera, Salix spp, Alnus
tenuifolia and Populus balsam i f era . The Alnus-Salix- plant assemblage is by far the most
representative in the mid delta zone. Plant succession on the Slave River Delta is discussed in detail
by English (1979,1984). The shift from allogenic to autogenic succession, where ecological factors
are the principal control, occurs where flooding frequency is much reduced and is prevalent in the
mid delta.

2.2.3

Apex

The average elevation of levees above summer water levels in the apex zone is approximately 2.0m.
Flooding frequency in the apex zone was reported to be approximately 35 years (English 1984). This
interval was based on interviews with elders in Fort Resolution in 1977, particularly Mr. John
Beaulieu and Mr. Angus Beaulieu. English (1984) reports that the presence o f a significant
bryophyte carpet over large portions o f the forest floor in the apex area is indicative o f low flooding
frequency as the bryophytes cannot tolerate the sediment that accompanies flooding on the Slave
Delta. Approximately 6% o f the apex zone is classified as aquatic and most o f these areas are
elevated and cutoff from the Slave River flow. Autogenic succession dominates in the apex area. A
significant portion o f this zone has reached the climax forest stage o f Picea glauca. The climax
forest stage in the mid delta zone is decadent poplar as the flooding frequency within the mid delta
area is sufficient enough to prevent bryophyte colonization. When bryophytes are able to grow
successfully they are very efficient insulators o f the ground. Due to this factor large areas o f the apex
zone covered by carpets o f bryophytes have permafrost. The cold ground conditions are reported
to promote the efficient germination of Picea glauca (Gill 1975). Where the bryophyte carpet is o f
significant depth (ie., > 30cm) the active layer in the soil beneath the bryophytes in late July is
approximately 15cm (English 1979).
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3.0

HYDROLOGY

The source o f the Slave River flow is principally the Peace River and the Lake Athabasca-Peace
Athabasca delta system. The proportion o f flow which originates from each o f these sources varies
seasonally and is a function o f ice jamming conditions. As the Athabasca River is unregulated,
w inter flows are very low relative to the regulated Peace River. Ice jamming in the Slave River
and/or the Peace River can significantly impact the hydraulics and thus the flow o f water from the
Peace River into the Slave and the Peace-Athabasca Delta (Prowse, Pers. Comm 1995) .
An understanding o f the impacts o f damming the Peace River on the Slave River Delta, several
hundred kilometers downstream must begin with some qualification o f how closely linked the flow
in the Peace River is with that of the Slave River. To do this the monthly mean flows on the Peace
River at Peace Point, Alberta are compared with the monthly mean flows recorded at Fort Fitzgerald,
approximately 180 kilometers downstream on the Slave River. Assuming a mean velocity of
lm/second, the travel time between the sites is approximately fifty hours. As such a comparison of
monthly flow values between sites introduces a small amount o f error. The Peace Point data base
has been collected from 1959 to present. The Fort Fitzgerald data base is sporadic from 1921 to 1958
and then more or less continuous to the present time. Both stations are regularly sampled by the
Water Survey o f Canada.
Accounting for all data for all years (regardless o f impoundment on the Peace) the percentage
contribution o f the Peace to Slave River flow remains quite significant for all months, from a low
o f 41.7% in September to 76.5% in April (fig 3.1), For all years the proportion o f contribution of
Peace River water to the Slave River is highest in April, May and June and lowest in August,
September and October.
Examining the data base for the period prior to and after Peace River impoundment reveals
interesting differences (fig 3.2). Averaged over 12 months, the Peace River contributes 54% o f the
Slave flow during preimpoundment years (before 1968). After impoundment this average increases
to 66% due primarily to higher winter (ice-on) period flows in the Peace River. In May, June and
July postimpoundment contributions o f Peace flow to the Slave River are notably lower than
preimpoundment years. The overall flow records, pre and post impoundment, for the Slave River
indicate that there is virtually no change in total annual discharge for the two periods o f time. The
preimpoundment mean value is 3468.08 m’/sec (o2062.46 m3/sec) and the post impoundment mean
value is 3368.5 m3/sec (o l 183.91 rd/sec) Therefore we can assume that year to year climatic
differences influencing our interpretation o f flow differences before and after the period o f filling
the W.A.C. Bennett dam reservoir are negligible.

Figure 3.3 illustrates the annual hydrograph for the Slave River at Fort Fitzgerald for all recorded
years prior to 1968 and after 1970 when the Bennett Dam reservoir was filled. The apparent change
is typical o f rivers which have undergone alteration due to impoundment (Townshend 1973, Aitken
11
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Fig.3.2: Peace River contribution to Slave River flow:
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Fig.3.3: Slave River mean monthly discharge Predam and
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and Sapach, 1993). The peak flows occurring during the ice-free months have been dampened as the
Bennett reservoir is filled to capacity after winter drawdown and winter flows are elevated above
preimpoundment levels. If we define the ice-free period as being between May and October
(inclusive) there is a 16% reduction in Slave River flow after impoundment. This figure is based
upon all existing discharge data for the Slave River recorded at Fort Fitzgerald intermittently from
1921-1958 and from 1959 continuously to 1967. Similar statistics for the ice-on period
(October-April, inclusive) reveals a mean increase o f 40% in under-ice flow.

3.1

RIVER ICE HYDROLOGY AND ICE JAMS

The winter hydrology o f a large, northern river such as the Slave can be complex. Figure 3.4 is a
schematic plan which describes the various hydrologic scenarios during the winter for a river. It
should be noted that for most northern rivers such as the Slave, mid-winter break-ups are very rare.
Otherwise, the flow chart covers all the processes.

3.2

FREEZE-UP

Average ice thickness on the Slave River at the end o f the winter range from 0.9 to 1.25 m, with an
average maximum thickness o f 1.1 m (Environment Canada, 1974). Thinner ice is found in areas
with strong currents and there is a total absence o f ice throughout the winter on some areas o f the
rapids (Jones, pers. comm., 1995). In fact, at the Water Survey o f Canada site at Fitzgerald, portions
of the river never freeze over because o f turbulence above the rapids (the site is approximately 500
m above the top o f the rapids). On account o f the open water, ice thickness and winter stream
velocity measurements since 1993 have been carried out at a location approximately 3 km upstream
from the Fitzgerald site (Jones, pers. comm., 1995).

3.3

SLAVE RIVER BREAK-UP

The Slave River breaks up relatively late (last week of April to the first or second week o f May),
which allows a large amount o f deterioration o f the river ice surface by sensible heat and solar
radiation. The maximum annual discharge in the Slave River normally occurs in June and July due
to a combination o f alpine snowmelt and rainfall. However, in 1974, 79, 81, 85, 92 and 93
maximum annual discharge occurred during break-up. It is likely that at the location where ice jams
form, they can result in peak annual water levels. The average date o f break-up for the 1960-1993
period for the Slave River at Fitzgerald is May 9, although break-up has been recorded over a 26 day
period, as early as April 25 (1980) and as late as May 20 (1979) (Table 3.1).

3.3.1

Ice Jams: types and characteristics

An ice jam is defined as “a stationary accumulation o f fragmented ice or frazil that restricts flow”
(IAHR, 1986). Such jams may occur during freeze-up, because o f the accumulation o f ice pans as
15

Fig. 3.4 The General Sequence o f Events during the Freeze-up and W inter
Spring Breakup Periods for a Northern R iver
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Table 3.1
Summary o f break-up conditions for the Slave River at Fitzgerald,
1 9 6 0 -1 9 9 3
Date Last
Back
Water

Break Description of break-up period
up

I960

13-May

11-M ay M ay 4 solid, 7th ice w eak, v quiet break-up, clear o f ice lOhrs after break-up

1961

19-May

1962

15-May

18-May M ay 7 solid, 10-12th drop 60cm jam upstrm ?, 14- 18th rise 114cm, gauge broke
15-May M ay 4 solid, 7th drop 37cm - jam upstream ?, 13th candling, drop >60cm 14th

1963

11-M ay

7-M ay A pr 30 ice start to candle, stage rise 105cm 5-6th, 7 th riv er 60-90cm over bank

1964

15-May

1965

10-Mav

13-May gradual rise 90cm A pr 26-M ay 7 , M ay 11-13, rise 100cm to quiet break-up
9-M ay rise 35cm M ay 1 -2 ,3 rd candling, 7th ice v w eak, rise 115cm 5th-7th

1966

14-May

1967

17-May

13-May snow gone 4th , cks running 6th, ice v w eak 12th, rise 145cm 11th-14th, no flood
15-May M ay 8 cks running, 11th ice solid, 15th w eakening, rise 90cm May 13-14

1968

12-May

12-May gradual rise 67cm M ay 6-11, anchor block m oved M ay 12

1969

5-M ay

1970

10-May

1971

5-M ay

1972

12-May

1973

7-M ay

3-M ay gradual rise 180cm A pr 18-24, rise 45cm A pr 30-M ay 3 , line break
no record
3-M ay rise 75cm A pr 25-29, drop 40cm M ay 1, rise 160cm M ay 3 -4
10-May rise 45cm M ay 2-3, drop 50cm M ay 5, orifice cu t M ay 10 at 20cm rise
7-M ay 30cm rise A pr 30, 75cm fall to M ay 4 , 150cm rise to M ay 7

1974

8-M ay

1975

8-M ay

1976

30-A pr

29-A pr stage rise 80cm from A pril 26-29, m aj. fluctuations A pril 29-30

1977

3-M ay

28-A pr drop in stage 30cm from A pril 27-28, anchor o u t by ice 28th

1978

14-May

11-May sm peak M ay 8 =30cm , 9 -1 1th 76cm rise, an ch o r o u t by ice 11th

1979

21-M ay

20-M ay stage drop M ay 13-18 120cm, rise 120cm M ay 18-20, anchor out 20th

1980

26-Apr

25-A pr stage rise o f >40cm from A pril 23-25, anchor taken ou t by ice A pril 24

1981

11-M ay

9-M ay stage fluctuations M ay 2-3, drop 40cm M ay 4 -6 , rise 100cm M ay 6-9

1982

18-May

15-May A pril 29-M ay 7 rise o f 80cm , M ay 15 o rifice c u t by ice, >35cm rise

1983

13-May

11-M ay orifice buried in silt on 13th, estim ated peak on 11th

1984

2-M ay

1985

11-M ay

10-May stage fluctuations since 6th, 50cm rise o f 10th, o rifice tom evening 10th

1986

14-May

13-May record starts 13 M ay, break-up uncertain, stage d rop 30cm after 13th

1987

3-M ay

1988
1989

8-M ay
11-M ay

1990

7-M ay

1991

8-M ay

1992

3-M ay

1993

1-May

2-M ay 50cm rise since 27th, fluctuations on M ay 1, no record for actual peak

2-M ay M ay 1 60cm drop in stage, orifice line tom M ay 2?
7-M av break-up observed v little increase in stage (35cm ); ice ju st let go
9-M ay no m aj. stage var., M ay 8-9 45cm rise
5-M ay M ay 3 -5 45cm rise, 25cm rise on 5th
7-M ay orifice line tom 1830h, 60cm stage v ar., M ay 6 -8 80cm rise
2-M ay orifice line tom m id-aft, A pr 28-29 45cm drop, A pr29-M ay 2 85cm rise
30-A pr 30cm stage var., A p r 29-M ay 1 fluctuations, drop in stage after break-up
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the initial ice cover forms, or during break-up, on account o f highly unsteady flow caused by
significant rainfall, snowmelt, or surges in discharge caused by ice jam releases upstream. Figure
3.5 shows the stage record for the 1971 break-up at Fitzgerald and the 1973 break-up at Peace River.
During the latter break-up, an ice jam occurred, increasing the stage by over 4 m, while during the
1971 break-up at Fitzgerald, the stage increased by just over 1 m with no ice jam. It is break-up ice
jams which have the greatest potential for creating large increases in river stage, and are o f primary
interest here.
Table 3.2 lists 20 possible ice jam regions along the length o f the Slave River, which were identified
from the 1:50 000 topographic maps o f the river. Although such sites can easily be identified from
topographic maps or during field reconnaissance, it is impossible to predict where and when an ice
jam may occur in any given year. This is because an intact river ice cover downstream o f open
w ater is capable o f withstanding an ice run and may exist at almost any location along a river,
making the locational possibilities for ice jams almost limitless.
3.4

ANALYSIS O F SLAVE R IV ER DISCH A RG E AND STAGE DATA (FITZG ER A LD ,
A LBERTA) AND M E T E O R O L O G IC A L DATA TO D ETER M IN E FR EQ U EN C Y
AND M AG N ITU D E O F IC E EFFEC T S

The entire stage chart record from the W ater Survey o f Canada site on the Slave River at Fitzgerald
have been analyzed for the break-up period (April-May). The characteristics o f break-up have been
analyzed for the period o f 1960-1993 (see Table 3.1). In some cases, observers reports give the
exact date and time o f break-up, while in other years break-up is assumed to occur when there is a
rapid increase in stage, or when the water level recorder orifice is tom by ice movement. In no years
w ere ice jams actually described at the Fitzgerald site. However, in 1963, break-up flooding
occurred, with water 60-90 cm over the bank, and it is likely that high water levels at break-up in
1974 and 1979 also caused flooding. The Fitzgerald site is located just above a rapids and will not
register the affect o f ice jams downstream with an increase in stage. However, it is possible that ice
jams upstream will register at Fitzgerald as a decrease in stage just prior to or during break-up. In
fact, such drops in stage, 30-120 cm, occurred in 1961, 62, 71, 73, 77, 79, 81, 87, and 92. In many
cases, the maximum stage reached during break-up is not known because o f the loss o f the recording
device when break-up occurs. The record o f break-up has been limited by ice damage to the
recorder in 1961, 68-70, 74, 75, 77-80, 82, 84, 85, 87, 91, and 92, or on 16 o f the 34 years o f record.
Average daily discharge and stage were obtained for break-up and freeze-up. Commonly, higher
discharges and stages will occur at break-up than at freeze-up, as the ice needs to be lifted and
broken up before it will move downstream. Higher break-up discharges were measured in all but
three years, 1960,77 and 80 (fig 3.6). In these three years, the decay o f the river ice must have been
sufficient for break-up to occur at a very low stage. In cases where the break-up discharge is much
higher than the freeze-up discharge, it is likely that the river ice was still relatively intact and
w ithstood a significant increase in stage before failing. Break-up discharges significantly higher
than freeze-up discharges occurred in 1963, 73, 74, 79, and 81 (fig 3.7). In such cases, the
probability for ice jamming is high because o f the relatively strong river ice and the high discharges.
Flooding during break-up in the Slave River was recorded in 1963, 74 and 79. Ice jam flooding in
18
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Fig.3.5: Slave River at Fitzgerald breakup, No ice jam, 1971;
Peace River at Peace River Breakup and Ice Jam,
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Table 3.2
Probable frequent ice jamm ing locations along the Slave River as identified
by river channel geometry
K ilom etres
from month
o f Resdelta
Channel
7 .5
18
34-40
52-57
72-79
8 8 .5
95-120
126-148
178*181
203-206
219-230
293-295
304
3 2 2 .5

326-332
357-359
3 6 7 .5
378
3 8 9 .5
409
423-427

Description o f site

Beginning o f R esdelta C hannel; channel becom es 2 and bend 400m w ide
Severe bend 450m wide
Large bend
Bend w ith 2 islands in m id-stream
M cConnell Island and bend; 350-600m w ide
R iver sp lit by island; shoals in right channel
Channel sp lit into 2 -4 by Long Island, num erous shoals and sm aller islands
Bends at Pointe Ennuyeuse
T w o islands and severe bends as riv er passes them
T w o islands sp lit channel into 3 thin channels
B ig bend w ith 2 islands and several shoals a t Grand D etour
R apids o f the D row ned a t Fort Sm ith
M ountain R apids; bend and narrow ed channel
F itz g e r a ld s ite - n o c h a n c e o f ic e ja m m in g h e re

Ryan Island; tw o narrow channels around large island
Stony Islands; 3 channels; w idest 350m
N ear H ay Cam p; large island dissects flow
Island splits channel, w idest 250m
D em icharge R apids; 200m w idest; several islands
Sharp 9 0 degree bend; w hole channel only 300m w ide
Scow Channel (Peace R.) enters at several islands in the Slave
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Fig. 3.7 Breakup D ischarge M inus Freeze-up Discharge
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the Peace River at Peace River during break-up was recorded in 1973, 74, 79 and 92 (Nuttall, 1974;
W arner and Thompson, 1974; Fonstad, 1994). Ice jam flooding in the Athabasca River at Fort
McMurray during break-up was recorded in 1977, 78 and 79.
M eteorological data from Fort Smith and Fort Resolution was analyzed to determine the likely
extent of decay o f the river ice at break-up. River ice will not begin to decay until the snowpack has
ablated. It is assumed that the measured snow on the ground at Fort Smith is reasonably
well-correlated with the snow cover on the river ice at Fitzgerald. The number o f days and positive
degree days (PDD) between the ablation o f the snowpack and break-up at Fitzgerald were
calculated, giving two rough measures o f the decay o f the river ice. The years with the longest
period between the ablation o f the snowpack and break-up (>14 days), thereby signifying the
weakest ice, are 1960, 69, 70, 82, 83, 84, and 86. The years with the shortest period between the
ablation o f the snowcover and break-up (<7 days) are 1966, 68, 72, 73, 87, 91, and 92. The years
with the lowest PDD totals between the ablation o f the snowpack and break-up (<125 °C) are 1961,
62, 64, 67, 73, 74, 83, 88, 90, 91, and 92 (fig 3.8). Years with low PDD totals and with a short time
period between snow ablation and break-up are potential years o f ice jamming because o f the
presence o f relatively strong ice at break-up.
Ice jamming and flooding in the Slave River delta is most likely to occur if the break-up front arrives
when the delta river ice is still intact and relatively unaffected by radiation melt. Comparing the last
date o f snow on the ground at Fort Resolution and Fort Smith, it was discovered that for several
years, the disappearance o f the snowpack was considerably later (^7 days) in the Slave delta (fig
3.9). These years are 1961, 62, 63, 64, 67, 69, 70 and 92. Comparisons for the years 1974-80, and
1982-89 were not possible because of missing data from Fort Resolution. High break-up discharges
were recorded at Fitzgerald in 1963 (6740 m3/s) and 1992 (5640 m3/s), which suggests ice jamming
and flooding in the delta to be a definite possibility. Ice jamming and flooding likely also occurred
in 1974 and 1979 on account o f very high break-up discharges, 9060 m3/s and 7310 m3/s
respectively.

3.5

CLIMATE WARMING

Several climatic trends are evident in the records from Fort Smith, Fort Resolution, Peace River, and
Fort McMurray. The Fort Smith average annual temperature ten year running mean shows an
increase from -3.6<>C in the mid-1960s to -2.3°C in the late 1980s. Average winter temperatures
(October 15-May 15) have changed to a greater degree, rising from -14.4°C in the mid-1960s to
-12.5°C in the late 1980s (fig 3.10). Perhaps more importantly, most o f the winter warming has
occurred during the break-up period (April 15 to May 15), rising from 1,6°C to 4.2°C. Figure 3.11
shows that a basin-wide warming has been underway since the mid-1960s, reaching close to 3°C
at Peace River. The warming during April and May is probably the cause o f the advanced break-up
date at Fitzgerald, which comes 5 days earlier than it did in the 1960s. Paralleling closely the earlier
date o f break-up, the average last date o f snowcover at Fort Smith has moved from May 1 from
1960-67 to April 25 from 1968-1992. The overall snow depth throughout the winter is also less.
Snow depths in late April and early May have decreased by approximately 2-4 cm, which is
significant to the decay o f the river ice. On account o f the marked climate warming in the Slave
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Fig. 3.8 Positive D egree Days (max + min) at F t Smith between the Last Day
o f Snow Cover and Breakup o f the Slave R iver at Fitzgerald, 19601992

Last clay of snow on ground

Fig. 3.9 Date o f Last Snow on Ground at F t Smith and F t Resolution, 1960/61,
1972/73,1980/81 and 1989/90-1991/92
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Fig. 3.10 Average W inter Temperature (Oct 15 - May 15) at F t Smith, 19601992

Fig. 3.11 Average Breakup A ir Temperatures (10 year running means) at
Three Locations in the Slave R iver Basin, 1960-1992
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River basin during the break-up period, it is unlikely that the earlier break-up dates in the
post-regulation period are as a result o f the altered flow regime.

3.6

CONCLUSIONS

Flow from the Peace River constitutes a significant proportion o f the flow in the Slave River which
ranges from a low of 41.7% in September to a high o f 76.5% in April. The proportion o f Peace River
flow contributing to Slave River flow averaged over the year during preimpoundment is 54%. After
impoundment this average increases primarily due to higher winter (ice-on) period flows in the
Peace River. For ice-free periods (May to October), there is a 16% reduction in the Slave River flow
after impoundment. However, for the ice-on period (October to April) the flow has increased on
average 40% for under-ice-flow.
Given the lack o f data pertaining to ice jamming in the Slave River, no definite statement can be
made in terms o f a decrease or an increase o f ice jamming as a result o f the instalment o f the W. A.C.
Bennett Dam. It has been confirmed that ice jams occurred in the Slave delta in 1979, and ice
jamming is considered likely in 1963, 1974, and 1992. In theory, ice jamming should be less
common in the delta and along the length o f the river after the implementation o f the dam because
o f the smaller increases in discharge during the break-up period. This reduction in the spring surge
should result in a lessened frequency o f mechanical break-ups, the type o f break-up which is in all
cases responsible for the formation o f ice jams. In a study which examined ice scars on trees along
the Peace River near Fort Vermillion, Gerard (1981) dated scars from the 1910s to 1980. Results
showed that much higher levels of scarring were found previous to the regulation o f the Peace. The
highest pre-regulation flood scars were up to 8 m above summer flood stage, while the highest
post-regulation floods reached only 5 m above summer flood stage. A warming o f the regional
climate, predominantly in the April-May break-up season, has lead to earlier melting o f the
snowpack and may be responsible for earlier break-up dates. It is possible that this warming may
be creating more over-mature or thermal break-ups and therefore is at least partially responsible for
the suggested reduction in ice jam flooding in the Slave River.

4.0

ALTERED SEDIMENT REGIME

4.1

INTRODUCTION

The transport o f solid and dissolved materials by rivers varies over time and space with changes in
environmental controls. The major controls affecting riverine transport o f sediment include climate
and watershed characteristics such as geology, vegetation, relief, land use, discharge and sediment
availability. A change in one or any combination o f these variables will alter the timing as well as
the rate and magnitude o f sediment delivery (Richards, 1982).
In northern river basins, the timing and delivery o f sediment to downstream environments is affected
by flow regulation. In the case o f the Peace River, the natural flow has been altered because o f the
W.A.C. Bennett dam near Hudson’s Hope, British Columbia. In the post-impoundment period (1971
to present), the monthly discharge o f the Peace River for the ice-off period has decreased 16% but
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increased 40% during ice-on periods (fig 4.1). As demonstrated in the Hydrology section, outflow
from the Peace River provides a major portion o f the flow in the Slave River and effects o f
regulation alter the Slave's seasonal flow regime. The corresponding change in discharge
characteristics o f the Slave River will also affect the rate and magnitude o f sediment delivery to its
deltaic environment.

4.2

GENERAL APPROACH

This section reviews available evidence as it pertains to the impact o f the W.A.C Bennet Dam on
the sediment regime o f the Slave River and discusses its potential for change in the structure o f the
Slave River Delta. Changes in delta structure are later related to changes in channel morphology and
sediment transport within the Slave Delta.
A sediment rating approach is used in this study to infer change in sediment source, availability and
transport dynamics o f the Slave River for periods o f pre-impoundment (prior to 1968) and post
impoundment (1971 to present). This approach is used because no pre-impoundment sediment data
is available for the Slave River at Fitzgerald. Also, sediment data for this river is only available for
the months of May to October in the post-impoundment period. Since the Peace River is recognized
as a key factor in providing outflow to the Slave River, a sediment rating curve has been constructed
based on the mean monthly discharge for Station 07KC001 (Peace River at Peace Point) to predict
mean monthly sediment load at Station 07NB001 (Slave River at Fitzgerald). In this manner,
existing pre-impoundment discharge data o f the Peace River can be used to estimate sediment
loading o f the Slave River for ice-on and ice-off conditions during this period. The approach has
some statistical rigor and serves the useful purpose o f providing practical results in a simple and
meaningful way.
The rationale for comparing historical data at these two stations is based partly on the findings o f
previous work as well as the close geographical proximity o f the two stations. The Peace River has
a significant impact on the sediment transport regime o f the Slave River at Fitzgerald (Carson,
1992). The Peace River provides 45 to 78% o f the flow to the Slave River and mean monthly
discharge for the hydrometric stations o f Peace River at Peace Point and Slave River at Fitzgerald
are similar. During the post-impoundment period, mean annual suspended sediment loads for the
two stations were: Peace Point 36.4 Mt ± 20.0 and Fitzgerald 33.6 M t ± 16.4 (Carson, 1992). It is
assumed this similarity holds true for the pre-impoundment period.
Because o f its long period o f historical record, some consideration was given towards comparing
the sediment transport regime o f Slave River at Fitzgerald with Peace River at Peace River.
Although strong statistical relationships were found between these stations, this approach was
abandoned because o f the masking effects o f tributary flow from contributing watersheds between
Peace River at Peace River and the Slave River at Fitzgerald. Also because o f autocorrelation, no
attempt was made use discharge/sediment data for the Slave River at Fitzgerald.
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The relationship between mean monthly discharge for Peace River at Peace Point and mean monthly
sediment load for Slave River at Fitzgerald is shown in Figure 4.2. From these data, a sediment
rating curve was constructed. The rating curve
Load(sed) = 0.669 Q 1502

(1)

is based on 97 observations and uses the mean monthly discharge for Peace River at Peace Point to
predict mean monthly sediment load for Slave River at Fitzgerald. The predam discharge in the
Slave River ranges between 1000 and 6000 m3/sec (mean annual discharge: 3468 m3/s). In the post
dam period the maximum discharge is 5000 m3/s (mean annual discharge: 3368 m3/s). Confidence
in equation 1 is highest between 1000 and 4000 me/s). At discharges greater than 4000 3m /s
confidence in the prediction is reduced due to a few notable outliers. These data reflect periods o f
extremely high discharge and sediment load (>500,000 tonnes) which often follow years o f low
annual flow. The sediment pulse evident in the data effectively skews the relationship between
discharge and suspended sediment load. Despite the effect o f the outliers on this relationship the
equation has an r2 value o f 0.59 and is significant at a - 0.01. M ost o f the projections employing this
equation fall within the 95% Confidence Limits. In this regard we believe the equation represents
a reasonable predictive tool given the lack o f supporting data in this subarctic river system for the
preimpoundment years.

4.3

IMPLICATIONS OF ALTERED SEDIMENT REGIME

Based on the above sediment rating curve, comparisons o f sediment transport during pre and post
impoundment flow conditions are shown in Figure 4.3. This figure is based on projected sediment
loads for ice-on and ice-off periods (Table 4.1 - Columns b and e). Adjusted sediment loads
corrected for ice-on conditions are listed in Columns c and f o f Table 4 . 1 and plotted in Figure 4.4.
A complete discussion o f the use o f correction factors for ice-on periods is presented below.
In the post-impoundment period, the annual sediment load at Fitzgerald has decreased by 33%
(372,491 t/yr) (Table 4.2). According to projections (Table 4.2), the sediment load o f the Slave River
has increased 314% from 57,1261 to 179,8951 during the post-impoundment period for ice-on flow.
For ice-off flow, the sediment load has decreased 46% from 1,077,581 1 to 582,321 1. The percent
change in pre/post sediment load and discharge for the Slave River at Fitzgerald is shown in Figure
4.5.
The seasonal shift in the hydrograph o f the Slave River resulting from regulation will alter the
source, availability and texture o f sediment delivered to the delta. The changes in sediment transport
at Fitzgerald during ice-on and ice-off periods are discussed in the following.

4.3.1

Ice-on Conditions

Rivers in high latitude regions are often ice-covered in winter which can significantly affect
hydraulic and fluvial processes. Although an extensive literature on fluvial processes under ice-free
surface conditions exists studies for ice-covered conditions are limited. Krishnappan (1983)
29

Fig. 4.2

Suspended Sediment (tonnes)

Peace Point discharge versus Slave River suspended sediment
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Table 4.1: Projected Change in Discharge and Adjusted Sediment Load for the Slave River at Fitzgerald
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Fig. 4.4 Slave River-Mean Monthly Load
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Table 4. : Projected Change In Sediment Load o f the Slave River at Fitzgerald (t)
Adjusted for Ice-On Conditions

Ice-on

Total Load
Mean Monthly Load

Pre-dam
57,126
9521

Post-dam
179,895
45,562

Change
122,769

%
+314

Ice-off

Total Load
Mean Monthly Load

1,077,581
179,596

582,321
97,053

-495,260

-46%

Avg Total Annual Load 1,134,707

762,216

-372,491

-32.8%
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analyzed vertical sediment concentration profiles under ice and Lau and Krishnappan (1985)
developed a method o f calculating sediment transport in ice covered channels. Additional research
was conducted by Al-Abed (1989) to examine sediment transport under ice in a laboratory flume.
The above studies indicate that sediment transport will be substantially reduced under a floating icecover.
Little is known about sediment transport dynamics (as suspended or bedload) under-ice in the Slave
River. However, in a recent study o f under-ice sediment transport, Milbum and Prowse (1995),
constructed pre-breakup and post-breakup rating curves for the Liard River. Their w ork shows that,
for a specific range o f discharge conditions (300 to 2100 m V 1), suspended sediment concentrations
are 10 to 40% lower during pre-breakup conditions for a similar range o f discharge. In northern river
basins, this in part is related to the effects o f permafrost on sediment source and availability prior
to and during break-up. Studies have shown that bank materials are frozen in these environments
and bottom-fast ice can reduce bed sediment scour (Scott, 1978; Walker, 1970). Freezing limits bank
and bed sediment availability during spring breakup. After breakup, bank undercutting characterized
as thermo-erosional niches are one o f the dominant causes o f bank retreat in northern areas (Scott,
1978). This causes bank stability to decrease as the active layer develops. Therefore, during ice-on
conditions, the Slave River is supply limited.
In the present study, the rating curves o f Milbum and Prowse (1995) are used to correct projected
mean monthly sediment loads for pre-breakup. This correction corresponds to a reduction o f the pre
impoundment sediment loads o f January, February, March, April, November and December by 13,
43, 48, 44, 18 and 21%, respectively (Table 4.2). Adjusted sediment loads for pre-dam ice-on
conditions are shown in Figure 4.4. During ice-on conditions, flow regulation has resulted in a 16
to 48% increase in discharge for the preimpoundment period. This has resulted in a projected
increase o f 36 to 86% in sediment load at Fitzgerald for ice-on conditions (Table 4.1).
During the post-impoundment period, bars have continued to form at the mouths o f distributary
channels in the Slave River Delta such as Nagle and Old Steamboat. This observation is based both
on field work and an examination o f aerial photographs o f the delta. These depositional features
narrow channel entrances and reduce the input o f larger sand size materials from the Slave River
into smaller distributary channels Figure 4.6. Due to its longer residence time in the water column,
only the finer-grained silt and clay size fractions, rather than coarser sand fractions, will enter the
smaller channels o f the delta. We conclude therefore that a process o f selective sorting by grain size
is occurring within in the smaller distributaries. During winter, the combined effect o f ice formation
and bar development will further reduce sediment transport through the smaller distributary
channels. Progradation o f the delta front is most pronounced near the mouth o f ResDelta channel
(Vanderburgh and Smith, 1988). The depth o f ResDelta channel ranges from 10 to 20 m. It is likely
that sediment will continue to be transported in this major distributary under ice conditions to Great
Slave Lake.
During field work in May 1995, massive boils were observed on the surface o f the Slave River
between Nagle channel and Steamboat channel. These surface w ater features indicate the
morphological structure o f the river bed. Vanderburgh and Smith (1988) conducted a longitudinal
36

Fig-4.6: Old Steam boat C hannel e n try point ( 4 r
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profile of this portion o f the river and reported the presence o f sand waves 0.5 -1 .2 m in height and
averaging 30 m in length. The presence o f these major bedforms suggests that coarse materials are
transported as bedload in this section o f the river. Unless bed sediments freeze in deeper sections
o f ResDelta channel, coarse-grained bottom materials will be transported as bedload under ice
conditions. This would have the effect o f transporting sediment to the delta front; thus, further
promoting progradation o f the delta during a period when the effects o f wave action are reduced.

4.3.2

Ice-off C onditions

Based on projections, flow regulation has reduced the mean monthly discharge o f the Slave River
by 25% after breakup (fig 4.5). The flow reduction during this period has resulted in an 46%
reduction o f sediment load (Table 4.2). The reduced flow during this time has the effect o f
decreasing stream power which in turn reduces sediment transport rate. The reduced competency
and capacity o f the river will increase the transport and delivery o f fine grained materials (silt and
clay) to the delta.
There is a lack o f flow and sediment data for the distributary channels o f the Slave River Delta. A
small data set was collected by the W ater Survey Branch o f Environment Canada in May and
August, 1980 during low flow (Table 4.3). During this period, flow and discharge were monitored
in seven major distributary channels o f the Slave River Delta. Here the Environment Canada data
is used to estimate the proportion o f sediment load and discharge routed through each distributary
channel as well as to compare the total sediment loads measured at Fitzgerald and the Slave River
Delta. The comparisons are based on a three day time lag between Fitzgerald and the Slave River
Delta. Approximately 90% of the flow and sediment is routed through ResDelta channel (Table 4.3).
This further suggests that progradation o f the delta front is most pronounced near the mouth of
ResDelta channel. For the two periods o f low flow, the data suggests that sediment loads measured
at Fitzgerald provide a reasonable approximation o f sediment loading at the delta. For May 14, 1980
and August 20, 1980, sediment loads at Fitzgerald were higher than at the delta by 751 and 14681
y r'1, respectively. This suggests that some sediment is deposited between Fitzgerald and the delta.
This is not surprising given that over 90% o f the sediment transported at Fitzgerald is < 63 yum
(Table 4.4). Because o f the turbulence in the Slave River most o f this fine-grained material will
remain suspended in the water column during lower flows and therefore be transported to the delta.
During break-up and associated flooding, some o f this material would be deposited on levees and
perched basins o f the floodplain.
4.4

CO NCLUSIO N S

Flow regulation o f the Peace River from 1971 to present has reduced its discharge by 40% during
ice-offbut increased the ice-on flow by 16% compared to pre-impoundment conditions. The Peace
River provides 45 to 78% o f the Slave River discharge. Changes to the seasonal flow regime in the
Peace have affected the stream power and carrying capacity o f the Slave River which have altered
the timing and magnitude o f sediment delivery to the Slave River Delta.
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Table 4.4: Mean Textural Composition of Suspended Sediment

River
P eace @ Peace

07HA001

Season
F a ll
S p rin g
Sum m er

S la v e @ F itz g e ra ld F a ll

07NB001

S p rin g
Sum m er

n

% sand

SD

% silt

SD

% clay

SD

11
138
105

16.09
17.58
17.95

8.04
9.02
8.3

47.73
54.03
53.95

9.25
10.9
10.17

36.18
28.39
28.1

8.52
9.98
9.54

18
14
116

44.28
39.29
50.07

9
6.74
14.96

41.44
40.21
38.87

5.25
3.76
7.52

14.28
20.5
11.06

6.1
5.45
11.13
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No sediment loading data is available for the Slave River prior to impoundment. In the present
study, a sediment rating approach was used to estimate sediment loading o f the Slave River by
relating discharge data o f Station 07KC001 (Peace River at Peace Point) with Station 07NB001
(Slave River at Fitzgerald). Sediment loads measured at the delta are compared with loads at
Fitzgerald and discussed in the context o f sediment delivery and availability to the delta. Based on
our projections o f pre and post-impoundment sediment loading the following conclusions are made:
1.
2.
3.
4.
5.
6.
7.
8.

Flow regulation o f the Peace River has increased winter (ice-on) flows but reduced spring
(ice-off) flows.
D ue to changes in flow regime, the annual sediment load o f Slave River at Fitzgerald has
decreased by 33% (372,491 1 yr'1) during post-impoundment.
For ice-on flow, sediment loads have increased 314% from 57,1261 to 179,895 t. For ice-off
periods, sediment loads have decreased 46% from 1, 077,581 to 582,321 1.
During ice-on periods the Slave River is sediment limited.
Approximately 90% o f the sediment transported at Fitzgerald is fine-grained (< 63/zm).
Flow regulation has reduced the competency and capacity o f the Slave River which has
increased the delivery o f fine-grained materials to the delta.
About 90% o f the discharge and sediment load is routed through ResDelta channel.
Progradation o f the delta is most pronounced at the mouth o f ResDelta channel.
Selective sorting o f sediment by grain size in smaller distributaries o f the delta has resulted
from the formation o f bars at the mouths o f these channels which promotes the transport o f
finer grained materials through smaller channels.

5.0

G EO M Q RPH O LO G IC A L IM PA CT O F PEACE RIVER IM PO U N D M EN T ON TH E
SLAVE R IV E R DELTA

5.1

IN TR O D U C TIO N

Assessing geomorphological change on the Slave River Delta attributable to impoundment o f the
Peace River at Hudson's Hope, British Columbia is a difficult task. However, it has been established
that there is a definite link between impoundment and change in the natural flow regime o f the Slave
River monitored at Fort Smith. Empirical calculations relating changes in river flow to changes in
suspended sediment transport indicate the total annual suspended sediment load in the Slave River
is reduced by 31%. Relating a decline in sediment load in the Slave River at Fort Fitzgerald to
changes in sediment load approximately 200km downstream at the delta is problematic. However,
as indicated in the previous section on altered sediment load in the Slave River, the dates when
simultaneous sediment records exist at Fort Fitzgerald and the Slave River at the Slave Delta
indicate very comparable suspended sediment loads. If seasonal flow and sediment transport load
have changed in the river system then it follows that this change may be reflected in the
geomorphological change in the delta since impoundment.
5.2

G E O M O R P H O L O G IC A L CH AN G E D U RIN G PR EIM PO U N D M EN T (1946-1966)
AND PO STIM PO U N D M EN T (1977-1994) PERIO DS

41

The rate o f growth o f the subaerial delta has been evaluated from aerial photography between 1946
and 1966, 1966 and 1977, and 1977 and 1994 (Appendix A). The area most susceptible to
geomorphic change due to annual sedimentation from the Slave River and erosional impacts from
Great Slave Lake is the outer delta. Figures 5.1a, b, c, d illustrate the aerial growth o f outer delta
landforms between 1946 and 1994. The areas o f pronounced growth are in the vicinity o f the mouths
o f ResDelta and Nagle Channels. This is attributable to the significant sediment load carried by
ResDelta channel (85% o f the total suspended sediment load o f the Slave River) and the protective
environment afforded by Moose Deer Island which promotes rapid deposition o f the sediment
discharging from Nagle Channel.

5.2.1. Changes in growth rates of cleavage bar islands in the outer delta
In order to demonstrate the changes in growth rates of landforms in the outer delta prior to and after
impoundment, four cleavage bar islands at the mouths o f four major distributaries are examined: Old
Steamboat Channel, Mid Channel West, East Channel and ResDelta Channel (fig 5.0). One o f the
problems associated with comparing the areal dimensions o f the outer delta landforms over time is
that Great Slave Lake water levels vary from one year to the next. The Great Slave Lake water levels
recorded at Yellowknife for the dates o f photography in 1946 (11 July), 1966 (16 September), 1977
(7 September) and 1994 (17 June) are: 156.588 m asl, 156.990 m asl, 156.734 m asl and 156.750
m asl respectively. The differences from one year to next equate to over or underestimates o f
subaerial surface differences. The differences in elevation o f Great Slave Lake from 1946-1966
(increase o f .373 m) translates to a conservative estimate o f subaerial landform surface change. The
differences in lake surface elevation between 1977 and 1994 are negligible. From 1966 to 1977
(increase o f .23 m) the measurable differences in subaerial landform surface change would slightly
overestimate the real change. The observed and recorded changes between 1977 and 1994 o f 0.16m
results in a small underestimate o f the areal change during this time period. Thus change recorded
from 1946 to 1966 compared to changes in the 1977 to 1994 period are therefore conservative
estimates.
The year to year change in areal extent o f the cleavage bar islands is listed in Table 5.1. Figure 5.3
illustrates the percent surface area change o f these features through time. Generally the results
indicate that the growth rate for all cleavage bar islands has reduced from 1946 to 1994. The relative
positive change between 1946-66 and 1966-77 for Old Steamboat Channel and East Channel may
not be as pronounced as indicated or perhaps may not exist in light o f the much lower 1946 water
levels. However, examination o f the suspended sediment load record for the Slave River between
1966 and 1977 (1971-1977) reveals that during June and July there is a significant increase in mean
monthly suspended sediment load above that recorded for the 1977-1994 period (fig 5.4). O f
particular note is the cessation o f growth o f the monitored landforms at the mouth o f East Channel
and some erosion o f the island at the mouth o f Mid Channel West during the 1977-1994 period o f
time. In Figure 5.4 changes in surface area are shown for the three periods o f time: 1946-66,
1966-77 and 1977-94. For the three cleavage bar islands which are geomorphologically and
botanically representative o f landforms in the outer delta, the rate o f subaerial surface growth
decreases from the pre-impoundment (1946-66) to the post-impoundment (1977-94) period.
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Fig. 5.2: Location of cleavage bar study sites
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Table 5.1

Area of cleavage bar islands, Slave River
Delta, NWT

C h an n e l 1

C hannel 2

C hannel 3

C hannel 4

Year
1946

1 1 1 .5 *

4 7 .4 9

108.19

4 0 8 .9 7

1966

154.91

85.9

119.94

4 3 2 .3 8

1 977

19 8 .1 8

101.03

142.09

47 6 .3 1

1994

226.69

99.63

142.81

493.75

1.
2.
3.
4.

R e sD e lta C h a n n e l
M id C h a n n e l W est
E ast C h a n n e l
O ld S te a m b o a t C h a n n e l

* a ll a r e a s in h e c ta r e s
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Fig. 5.3: Subaerial surface area change of cleavage bar
islands, Slave River Delta
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Fig. 5.4: Slave River suspended sediment comparison
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Fig. 5.5: Cleavage bar island changes in surface area, Slave
River Delta
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The reduction in the rate o f surface area increase in the subaerial landforms may be a function o f a
reduction in suspended sediment load in the Slave River after impoundment. Calculations for total
mean annual sediment for pre-impoundment years is 1,134,707 tonnes and post-impoundment years:
762,216 tonnes, a 33% reduction in total suspended sediment load. During the ice free year (May
through October, inclusive), when the water levels in the Slave Delta are historically the most
elevated, calculations indicate a 46% reduction in suspended sediment transport. There is strong
probability that this may equate to reduced sediment accumulation rates on the outer delta
landforms. W inter flows (November-April, inclusive), though elevated above the preimpoundment
levels, and carrying a 315% increase in suspended sediment (relative to the pre-impoundment
ice-free period), are restricted from providing sediment to the cleavage bar islands o f the outer delta
because o f ice. Even though there is a predicted increase in post-impoundment winter sediment
transport, it equates to a small fraction (24%) o f the annual sediment load in the Slave River.
Therefore, the probable reduction in sediment accumulation rates on the delta during the ice-off
period is probably not offset in any significant way by an increase in postimpoundment winter
period under-ice sediment transport.

5.2.2

Changes in channel morphology

Reduction in the growth rate o f cleavage bar islands in the outer delta may be, in a large or small
part, affected by changes in channel morphology. A reduction in the effectiveness o f the
distributaries to transport sediment efficiently may play a significant role in the reduced rates of
growth. Changes in channel morphology may refer to features that are difficult to ascertain from the
photographs available for assessing longer term change between 1946 and 1994. Such features may
include submerged bars forming along channels or at the channel entry points. There are, however,
certain channel features that are easily observed. One obvious physical feature that can be measured
from the aerial photography and provides some indication o f change in the channels capacity to
maintain discharge is channel width. For example, the entry point to Old Steamboat Channel from
1946 to 1994 reveals that it has been reduced in width by approximately 55% (fig 4.6). Notable
reductions in the entry point widths to Mid Channel West and East Channel are illustrated in
Figures 5.1a, b, c, d.
Changes in channel width over time are measured for Old Steamboat Channel, Mid Channel West,
East Channel and ResDelta Channel. These channels provide sediment to the four cleavage bar
islands examined for subaerial change during 1946, 1966, 1977, and 1994. To evaluate change in
width and total area o f the channel, water surface is calculated using the TERRASOFT and
ARCINFO GIS software. Length is determined by tracing the cursor along the middle o f the channel
from its entry point to its mouth. The area is determined by creating a polygon by tracing the cursor
along the distributary shorelines extending from the same upstream and downstream boundries used
to determine channel length. The mean width o f the channel for each time period is determined by
dividing the area by the length. Figure 5.6 illustrates changes in mean width through time for each
channel. O f particular note is the 47% increase in the width o f ResDelta Channel from 1946 to 1994
and the noteable decrease in the widths o f East Channel and Old Steamboat Channel by 59% and
52

Fig. 5.6: Slave Delta changes in distributary width
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45% respectively. The change in Mid Channel West width from year to year is slight. If the 1946
water levels o f Great Slave Lake were at the same elevation as the other years, the calculated 1946
channel widths might be somewhat wider.
There is a positive relationship between river channel width and discharge (Leopold and Wolman
1957, Knighton 1984, Petts and Foster 1985). Similar calculations were constructed for all recorded
data in the Slave River Delta. This relationship is shown in Figure 5.7 and is statistically significant
at the 99% Confidence Interval. The power equation describing this relationship is employed to
predict how discharge has changed in the four channels given the measured channel widths for the
four years in question. The results are illustrated in Figure 5.8.
The projected discharge in ResDelta Channel increases by approximately 100% from 1946 to 1994.
The period o f most rapid increase in predicted discharge is between 1946 and 1966 when there is
a major change in channel configuration in the central portion o f the active delta (figs 5.1a, b) and
ResD elta Channel increases in importance to become the major distributary o f the delta. It is
interesting to note that despite the apparent increase in flow and assumed concomitant increase in
sediment load, there has been an overall reduction in the rate o f subaerial growth o f the cleavage bar
island at the mouth o f ResDelta Channel. This may be attributable to the noteable reduction in Slave
River suspended sediment after impoundment o f the Peace River. The significant reduction in
predicted flow in East Channel and less so in Old Steamboat Channel may relate to reductions in
the subaerial rate o f growth o f the cleavage bar islands at the mouths o f those channels. A reduction
in flow may equate to a reduction in the capacity o f the channel to transport sediment. As such the
effectiveness o f certain channels to transport suspended sediment may have been reduced because
o f a reduction in channel width.

5.3

CONCLUSIONS

The growth rate o f the outer delta is evaluated with aerial photographs for the years 1946, 1966,
1977 and 1994. The areas o f pronounced growth in the vicinity o f the mouths o f ResDelta and Nagle
Channels are due to the significant sediment load carried by ResDelta Channel and the protective
environment afforded by M oose Deer Island which promotes rapid sedimentation o f the sediment
discharging from Nagle Channel. In general, there has been a decrease in the growth rate o f
cleavage bar islands from 1946 to 1994. The cessation o f growth o f the monitored landforms at the
mouth o f Mid Channel West and East Channel during the 1977-1994 period is a function o f the
reduced sediment load in the Slave River after impoundment
Reduction in the growth rate o f the cleavage bar islands is attributeded to changes in the morphology
o f distributary channels in the delta. Coupled with the formation o f bars at the mouth o f the smaller
channels, such as Steamboat and Nagle Channel, is a reduction o f channel width. The widths o f East
Channel and Old Steamboat Channel have decreased 59% and 45 % respectively from 1946 to 1994
and therefore reduced the sediment transport potential in these channels. In contrast, ResDelta
channel which transport most o f the sediment and flow through the delta has increased 47% in
width.
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6.0

PLANT ASSEMBLAGE CHANGE DURING PREIMPOUNDMENT (1946-1966) AND
POSTIMPOUNDMENT (1977-1994) PERIODS.

6.1

INTRODUCTION

The natural succession o f plant assemblages on the Slave River Delta is discussed in English (1979,
1984). The sequence o f allogenic succession o f plant assemblages on the outer delta is Equisitum,
Salix-Equisetum, Salix, Salix-Alnus, Alnus-Salix and Alnus. The environmental controls on
succession on cleavage bar islands in the outer delta include levee avulsion, sediment accumulation
and, to a lesser extent, erosional impacts o f the lake. Freezing o f the saturated sediments in the
winter months is reported to damage root stalks o f emergent vegetation (English 1984). In section
5 the rate o f growth o f the cleavage bar islands is reported to have significantly reduced from the
1946-1966 period to the 1977-1994 period.
Im portant to the maintenance o f high biological productivity on the outer delta is the continued
development o f cleavage bar islands. These landforms provide the environment for highly
productive stands o f Equisetum fluviatile, an emergent plant species o f significant biological and
economic importance on this delta. Cessation or reduction o f growth o f the outer islands due to a
reduction in suspended sediment from the Slave River may result in reduction o f the areal coverage
o f th e Equisetum assemblage. As the levees o f these outer delta features are either below or slightly
above the low water summer levels o f Great Slave Lake, annual sediment accumulation does occur
even with the calculated 33% reduction in suspended sediment load in the river after impoundment
o f the Peace River. Over a period o f years the levees and interlevee depressions o f these cleavage
bar islands will increase in elevation to a point where Salix spp. will succeed Equisetum fluviatile
as the latter is shade intolerant. Because Equisetum fluviatile is a food source for muskrat, many
species o f migratory birds, and large mammals, a reduction in the areal expanse o f this emergent
plant species will have significant repercussions on the biological diversity and productivity o f this
delta.

6.2

PLANT ASSEMBLAGE CHANGE 1946-1994

To assess botanical changes during the pre (1946- 1966) and post (1977-1994) impoundment periods
the spatial plant assemblage pattern on the cleavage bar islands described in section 5 at the mouths
o f Old Steamboat Channel, Mid Channel West, East Channel and ResDelta Channel is examined.
These landforms were selected as they are on the mouths o f major distributaries and thus reflective
o f changes ongoing within the distributary system over long periods o f time. The boundaries o f plant
assemblages were mapped from the aerial photography and digitized into TERRASOFT GIS for
calculation o f plant assemblage areas for each year. The aerial photography used for 1946 is black
and white and the scale is 1:25200; for 1966: colour at 1:24000, for 1977: colour infrared at 1:25000
and for 1994: colour infrared at 1:24000.
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The quality o f the 1946 and 1966 images is not as good as those taken ini 977 and 1994. It is
impossible to ascertain error of the plant assemblage boundaries for the early photography. The 1977
images were rigorously ground truthed in 1977 and small portions o f the 1994 aerial photography
were ground truthed during the spring and summer o f 1995.

Figures 6.1, 6.2, 6.3, 6.4 illustrate the spatial and temporal changes in plant assemblages for the
cleavage bar islands at the mouths o f Old Steamboat Channel, Mid Channel West, East Channel and
ResDelta Channel. Figures 6.5, 6.6, 6.7, 6.8 summarize the plant assemblage changes from year to
year in a easily comparable format. The cleavage bar islands at the mouths o f Mid Channel West,
E ast Channel and ResDelta Channel are, in 1946, essentially submergent whereas the island at the
m outh o f Old Steamboat Channel is significantly drier, more representative o f the mid delta area
(figs 6.9, 6.10, 6.11, 6.12). General trends in the wetter, outer delta cleavage bar islands include a
general shift toward a drier environment characterized by the increased areal coverage o f Salix,
Salix-Alnus, Alnus-Salix and Alnus assemblages. On the Mid Channel W est and East Channel
islands there is a noteable decrease in the areal cover o f the Equisetum assemblage from 1977 to
1994. The loss o f Equisetum assemblage cover observed in the 1994 photography is, in part, related
to river erosion o f part o f the cleavage bar island at the mouth o f Mid Channel West. The island at
the mouth o f Old Steamboat Channel increases in surface area from 1977 to 1994 (note: the summer
w ater levels in Great Slave Lake are slightly higher in 1994 than 1977, so the estimates o f change
here are conservative) yet this increase in area is not accounted for in any increase in plant
assemblages, such as Equisetum, normally associated with new subaerial sediment deposits.
6.3

CONCLUSION

Plant assemblage change on the outer delta as represented by the cleavage bar islands examined at
the mouths o f Mid Channel West, East Channel and ResDelta Channel indicates a trend towards a
drier environment. On these islands where subaerial growth between 1977 and 1994 has either
stopped (East Channel and ResDelta Channel) or some erosion o f the landform has taken place (Mid
Channel W est), the area occupied by the biologically important Equisetum assemblage is either
reducing (Mid Channel West and East Channel) or, expanding slightly (ResDelta Channel).
The cleavage bar island at the mouth o f Old Steamboat Channel is, in the upstream portion,
botanically and geomorphologically more representative o f the mid delta. The plant assemblages
normally associated with the wetter environments on the Slave Delta, Equisetum and
Salix-Equisetum have, over the years of observation, occupied a decreasing proportion o f the islands
environment and typify the transition period from an outer delta landform to mid delta landform.

7.0

IMPLICATIONS
TRANSPORT

OF

ALTERED

SEDIMENT

REGIME

ON

NUTRIENT

Phosphorus (P) is the limiting nutrient in many aquatic ecosystems and its distribution is linked to
sediment transfer and conveyance processes between the land and receiving waters (Miller et al.
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i ig 6.4: Resdelta Channel Vegetation
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Slave River Delta, Old Steamboat Channel: Cleavage Bar
Island, Plant Assemblage Change
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Slave River Delta, Mid Channel West: Cleavage Bar Island,
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Slave River Delta, East Channel: Cleavage Bar Island, Plant
Assemblage Change
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Fig.6.9: Cleavage b ar island, Old S team boat Channel:
Slave River Delta
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Fig.6.10: Cleavage b ar island, M id-Channel West:
Slave River Delta
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Fig.6.11: Cleavage bar island, East C hannel:
Slave River Delta
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Fig.6.12: Cleavage b ar island, ResDelta Channel:
Slave River Delta
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1982). The forms and amounts o f P in aquatic ecosystems are a function o f the input, output and
interchange between sediment and water compartments. The relative mobility o f P in these systems
is a highly complex phenomenon, dependent upon the rates o f interrelated physical-chemical
processes (adsorption/desOrption, precipitation/dissolution), biological processes (bioturbation,
microbial induced dissolution o f particulate P) and mechanical processes (wave induced suspension,
mixing dynamics) (Bostrom et al. 1988).
The release o f P from sediment in rivers is governed primarily by adsorption/desorption processes
(Stone et al. 1991). The extent to which this occurs is a function o f temperature, competitor ions,
sediment type, particle size and oxidation-reduction status. Laboratory and field studies show that
finer grain size fractions o f sediment are enriched in P (Stone and English, 1993) and the most active
for P release (Stone and Mudroch, 1989; Stone et al. 1991; Stone et al. 1995).
Due to the lack o f data regarding the nutrient dynamics o f the Slave delta, it is only possible to infer
how the hydrograph shift and subsequent altered sediment regime in the Slave River might impact
the delivery o f nutrients. Flood frequency and subsequent sediment loading have been reduced
during spring breakup in the post-dam period. This will affect the delivery o f sediment bound P to
the lower and middle sections o f the delta. The reduced flooding will reduce the delivery o f nutrient
rich sediments to the middle and upper parts o f the delta. Also, the potential shift in texture o f
suspended sediment to finer grained materials suggests that P bound to these fine-grained materials
will be transported through the distributary network directly into the lake where release is likely to
occur.
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8.0

CONCLUSION

The degree to which impoundment has influenced the natural growth and development o f the active
delta o f the Slave River is a difficult problem to assess. The W.A.C. Bennett dam and the Slave
River Delta at Great Slave Lake are separated by several hundred kilometers and the basin o f the
Slave River is approximately 660,000 kmJ. Therefore, the first question is how much has
impoundment influenced the natural flow regime o f the Slave River. The Water Survey o f Canada
site at Fort Fitzgerald, Alberta is the sole gauging station on the Slave River, some 200 km upstream
from the Slave Delta at Great Slave Lake. Examination o f the annual hydrograph prior to and after
impoundment reveals a significant change in the flow. Ice-free period (May-October) discharge
levels are 16% lower after impoundment; and ice-on period flows (October-April) are 40% higher.
Changes o f this nature in river systems which have been regulated are widely reported. When month
to month comparisons o f flows between the Peace River at Peace Point and the Slave River at Fort
Fitgerald are examined, it is found that there is significant seasonal variation in the contribution o f
w ater from the Peace River to the Slave River. For most o f the ice-on period the contribution o f
Peace River water to Slave River flow is higher during the postimpoundment period. The reverse
occurs for the ice-free portion o f the year. During the preimpoundment period, the mean monthly
contribution o f water from Peace River to the Slave River is 54%; after impoundment this increases
to 66%. These data verify that the Peace River regulated flow does impact the natural flow o f the
Slave River and that the influence o f the Peace River upon the flow o f the Slave varies on a seasonal
basis.
A lack o f data on ice jamming in the Slave River and particularly in the Slave River Delta, makes
it difficult to conclude whether impoundment o f the Peace River may have resulted in a decrease
or an increase in ice jamming. In theory, ice jamming should be less common in the delta and along
the length of the river after the implementation o f the dam because o f smaller increases in discharge
during the break-up period. A reduction in the spring surge should result in a lessened frequency o f
mechanical break-ups, the type o f break-up which is responsible for the formation o f ice jams. A
warming o f the regional climate, mainly in the April-May spring break-up period, has lead to earlier
melting o f the snowpack and may be responsible for earlier break-up dates. It is possible that this
warming may be creating more thermal break-ups and therefore is at least partially responsible for
the suggested reduction in ice jamming in the Slave River and Slave River Delta.
A reduction o f ice jamming in the Slave Delta will decrease the flooding frequency on the more
elevated portions of the delta and potentially will affect the pattern o f plant succession. A reduction
in flooding frequency and concomitant reduction in sediment deposition may result in the successful
grow th o f bryophytes on the ground surface o f the mid delta area. This would eventually result in
a change in the microclimate o f the soil and invasion o f Picea glauca (English 1984). The timing
on this is highly speculative.
It is expected that a change in the flow regime o f the Slave River will result in a change in the
suspended sediment load. Suspended sediment load has only been sampled at Fort Fitzgerald since
1971 and only during the period: May to October. In order to determine suspended load in the Slave
River prior to and after impoundment o f the Peace River, a sediment rating curve was constructed
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from the mean monthly discharge for Peace Point, Alberta to predict mean monthly sediment load
in the Slave River at Fort Fitzgerald. Carson (1992) reports that the Peace River has a significant
impact on the suspended sediment regime in the Slave River at Fort Fitzgerald. The results o f this
sediment rating curve project that the annual suspended load in the Slave River has been reduced
by 33% (372,491 tonnes). On a seasonal basis, the suspended sediment load o f the Slave River has
reduced 46% during the ice-off period and increased 314% during the ice-free period o f the year.
According to Milburn and Prowse (1995), under-ice suspended sediment loads in the Liard River
are significantly less than would be expected during the ice-free period. Imposing the under-ice
sediment reduction coefficients determined by Milburn and Prowse (1995) for flow in the Slave
River results in an increase o f 314% increase in suspended sediment transport. There are only two
dates in 1980 when it is possible to compare the flow in the Slave River at Great Slave Lake with
that recorded at Fort Fitzgerald. The differences, accounting for lag in w ater movement between the
tw o sites, are minimal. As such it is possible that there is little change in the total suspended
sediment load between Fort Fitzgerald and Great Slave Lake. However, comparative data for particle
size distribution in suspension at both sites is not available. Approximately 90% o f the sediment
transported at Fitzgerald is fine-grained (< 63um). As the flow competency and capacity o f the Slave
River has been reduced, it is assumed that there is an increase in the delivery o f fine-grained aterials
to the delta.
To assess geomorphological and botanical change on the Slave Delta before and after impoundment
o f the Peace River, aerial photographs o f the delta were examined from 1946, 1966, 1977 and 1994.
Digitizing o f the perimeters o f the delta landforms for all years using TERRASOFT and ARC INFO
GIS was completed and allowed for detailed comparison o f the changes in subaerial surface area,
changes in lengths and widths o f channels and plant assemblage distribution. As the outer delta area
is the most rapidly changing part o f the delta, selected cleavage bar islands at the mouths o f four
major distributaries are compared over the 48 year period o f time. Rates o f change before and after
impoundment are compared. The areas o f pronounced subaerial surface area increase are in the
vicinity o f the mouths o f ResDelta and Nagle Channels. This is attributable to the significant
sediment load carried by ResDelta Channel (85% o f the total suspended load o f the Slave River) and
the protected environment afforded by Moose Deer Island which promotes rapid deposition o f the
sediment discharging from Nagle Channel.
Evaluation o f growth rates o f the selected cleavage bar islands indicates that there has been a general
reduction from 1946 to 1994. O f interest is the cessation o f growth o f the islands at the mouth o f
Mad Channel West and East Channel during the 1977-1994 period. The overall reduction in growth
rates may be attributed to the reduction o f the suspended sediment load in the Slave River since
1968. Changes in channel width o f the four major distributaries from 1946 to 1994 indicate that
ResDelta Channel has increased by 47% while East Channel and Old Steamboat Channel have
decreased by 59% and 45% respectively. Mid Channel West has basically maintained the same
width for the past 48 years.
Evaluation o f the change in the temporal and spatial distribution o f plant assemblages on the four
representative cleavage bar islands over the course o f the aerial photography coverage indicates that
there is a noteable shift to a drier environment as the areas occupied by the biologically and
economically important emergent species. Equisetum fluviatile are being reduced and replaced by
74

assemblages which are less productive and less biologically important to species such as migratory
birds and muskrat.
In summary, the Slave River flow regime has been significantly altered by impoundment o f the
Peace River. Ice-free period flows have been reduced by 16% and ice-on flows have increased by
approximately 40%. It has been established that the influence o f Peace River water on Slave River
flow varies seasonally.
A lack o f data on ice jamming in the Slave River and particularly in the Slave River Delta make it
difficult to conclude whether impoundment o f the Peace River may have- resulted in a decrease or
an increase in ice jamming. Because o f lower discharge levels in the Slave during break-up, it is
thought that the probability o f mechanical break-up will be reduced. In addition, a warming in the
regional climate especially during the break-up period, over the past several years has resulted in
earlier melting o f the snowpack and may result in earlier break-up dates. This warming may be
promoting more over-mature or thermal break-ups and thus accentuating any tendancy the altered
river regime has to undergo thermal break-up. Reduction in flooding frequency due to reduction in
ice jamming in the Slave River Delta will result in reduced sediment accumulation in the mid delta
area which may promote vegetation succession to a less productive Picea glauca assemblage.
Reduction in flooding o f any portion o f the delta will result in a loss o f productivity as the sediment
is a significant source o f nutrients for plants.
Sediment rating curves relating flow in the Peace River at Peace Point to the suspended sediment
load in the Slave River at Fort Fitzgerald, some 180km downstream, indicate that there has been a
33% reduction in suspended sediment transport in the Slave River since 1968. Cleavage bar islands
examined from aerial photographs in the outer delta indicate cessation o f surface area growth in 50%
o f the cases examined. Changes in the temporal and spatial distribution o f plant assemblages on
cleavage bar islands o f the outer delta indicate a transition to a drier, less productive environment.
W hether this change is related to the change in the Slave flow and sediment transport regime is
debateable. As the Slave River Delta progrades into Great Slave Lake the basin o f the lake becomes
much deeper at the leading edge o f the subaqueous topset beds. As such the amount o f time to build
up the beds so that subaerial features are evident may take a longer period o f time. As the sediment
load in the Slave River is predicted to have decreased 33% since impoundment the projected
lengthening time period necessary for creation of subaerial features may be accentuated by the
reduction in sediment.

9.0

FU TU R E RESEA RCH

A comprehensive assessment o f the impacts o f impoundment on the progradation o f the Slave River
D elta into Great Slave Lake is hampered by the lack o f historical data as well as quantification o f
the rates and magnitudes o f physical processes in the delta region. This goal is further complicated
by the cost and logistical problems associated with research in such an environment. Several
recommendations for future research are presented here.
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One o f the fundamental requirements to assess geomorphic change over time is knowledge o f
hydrological and sediment transport processes both for ice-on and ice-off conditions. Such
information is required to model sediment delivery to the delta and to address seasonal change in
sediment source and availability in the Slave River system. N o information is available concerning
the sediment transport in ResDelta Channel during ice-on flow. Since ResDelta Channel transports
90% o f the sediment through the delta, it is necessary to understand progradation rates under ice
which may be significant in light o f increased winter flow and reduced effects o f wave action. It is
also necessary to develop and refine sediment transport models to simulate sediment transport
between Fitzgerald and the Slave River Delta as well as the routing o f sediment through the
distributary channel network o f the delta into Great Slave Lake. Further quantification o f channel
parameters such as channel morphology, slope, discharge and bed characteristics are required for
sediment transport models. In addition, a regional assessment o f sediment transport in the Slave
River is required to examine change in sediment source and availability over time. This could be
accomplished by using multiquadric equations to generate a surface o f sediment yield for the basin
and to assess annual and seasonal variability in sediment dynamics.
There is a lack o f information concerning the transport o f sediment-associated nutrients and
contaminants through the Slave River system and their biological impact on the Slave River Delta.
Changes in flow o f the Peace River system have affected both the competence and capacity o f the
Slave River. This has implications for change in the textural (grain size) composition o f sediment
and associated nutrient and contaminant transport characteristics. Further studies o f the grain size
and associated sediment chemistry are required to model nutrient and contaminant dynamics in the
delta.
An assessment o f botanical change in the delta was conducted by examining tw o sets o f aerial
photographs taken 20 and 18 years apart. This analysis permits gross scale changes in plant
assemblages to be discerned. However, detailed field scale investigations are required to properly
assess how botanical composition o f the plant assemblages has changed over time.
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NORTHERN RIVER BASINS STUDY
APPENDIX B - TERMS OF REFERENCE
1521-D1:

I.

Regulation Effects on the Slave River delta: Landform and Distributary
Sensitivities to Changes in River Regime

BACKGROUND & OBJECTIVES

Since 1968, the flow of the Peace and Slave Rivers has been regulated by the Bennett dam in British
Columbia. Such regulation is believed to alter the morphology and the related ecosystem habitat of
the downstream river channel. In response to the NRBS Study Board Question #10 ("How does and
how could river flow regulation impact the aquatic ecosystem?"), research has been initiated to study
the effects o f flow regulation on the morphology and riparian vegetation o f the Peace River main
stem (Project 1321-C l). This study serves to extend this type o f assessment to the downstream end
o f the flow system ie., the Slave River Delta (SRD); an important freshwater-delta ecosystem, the
health of which depends upon the seasonal rise and ebb o f the river and the significant sediment load
which the river transports. Some research was conducted in the late 1970's to ascertain the potential
impacts of flow regulation resulting from a proposed hydroelectric project on the Slave River system.
The principle investigator of this study conducted these studies, based on photogrammetric analyses
and detailed field studies. The objective o f the current study is to evaluate how the hydrologic flow
regime from 1977 and 1994/95 has modified the morphological features sensitive to flow changes
and o f the major changes that have resulted from the regulation o f the Peace/Slave River system.
These assessments will rely on historic flow records, ice regime conditions, a comparison o f aerial
photography from 1977 and 1994, (note that this latter photographic record will be obtained on an
extremely cost effective basis as part of general surveys being conducted by the Government o f the
Northwest Territories in the summer o f 1994), and a 1995 field program to verify the results o f the
photogrammetric comparative analyses.
A secondary benefit o f this study is to identify long-term, sediment deposition zones for use in
identifying long-term deposition zones o f fine sediment in the Slave River Delta. This is to be used
in guiding future contaminant-sediment sampling in this area.

II.

OBJECTIVES

1.

Determine changes in the channel morphology, spatial coverage o f notable bars, shoals and
the main islands o f the delta by photogrammetric comparisons.

2.

Perform a field check of the results found in the photogrammetric study.

3.

Interpret observed geomorphic changes relative to hydrologic regime changes that have
occurred from approximately 1960 to present.
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III.

REQUIREMENTS

1994/95
1.

Determine changes in the channel morphology, spatial coverage o f notable bars, shoals and
the main islands o f the delta by photogrammetric comparisons.

2.

Submit interim report on results of photogrammetric comparisons.

1995/96
3.

Perform a field check of the results found in the photogrammetric study.

4.

Interpret observed geomorphic changes relative to hydrologic regime changes that have
occurred from approximately 1960 to present.

5.

Submit final interpretive report summarizing results of 1, 3 and 4, above.

IV.

DELIVERABLES

1994/95
1.

Interim report o f preliminary results from photogrammetric comparisons. Due March 1,
1995

1995/96
2.

Draft "Final" report including results from ground-truth surveys. Due September 30, 1995

3.

Six to ten 35 mm slides that can be used at public meetings to
summarize the results and major findings along with relevant
photographs.

Due September 30, 1995

V.

REPORTING REQUIREMENTS

1.

The Contractor is to provide draft, interim and final reports in the style and format outlined
in the NRBS Style Manual. A copy of the Style Manual entitled "A Guide for the Preparation
o f Reports" will be supplied to the contractor by the NRBS.

2.

Ten copies o f the Draft, Interim and "Final" reports along with an electronic disk copy are
to be submitted to the Project Liaison Officer by March 1, 1995 and September 30, 1995.

89

Three weeks after the receipt o f review comments on the draft reports, the Contractor is to
provide the Project Liaison Officer with two unbound, camera ready copies and ten cerlox
bound copies o f the final report along with an electronic version.
3.

The "Final" report is to include the following: an acknowledgement section that indicates any
local involvement in the project, Project Summary, Table o f Contents, List o f Tables, List
of Figures and an Appendix with the Terms o f Reference for this project.
Text for the report should be set up in the following format:
a)
b)
c)
d)
e)

Times Roman 12 point (Pro) or Times New Roman (WPWIN60) font.
Margins; are 1" at top and bottom, 7/8" on left and right.
Headings; in the report body are labelled with hierarchical decimal Arabic numbers.
Text; is presented with full justification; that is, the text aligns on both left and right
margins.
Page numbers; are Arabic numerals for the body o f the report, centred at the bottom
o f each page and bold.
If photographs are to be included in the report text they should be high contrast black
and white.
All tables and figures in the report should be clearly reproducible by a black and
white photocopier.
Along with copies of the final report, the Contractor is to supply an electronic version
o f the report in Word Perfect 5.1 or W ord Perfect for Windows Version 6.0 format.
Electronic copies o f tables, figures and data appendices in the report are also to be
submitted to the Project Liaison Officer along with the final report. These should be
submitted in a spreadsheet (Quattro Pro preferred, but also Excel or Lotus) or
database (dBase IV) format. Where appropriate, data in tables, figures and
appendices should be geo-referenced (latitude and longitude).

4.

All figures and maps are to be delivered in both hard copy (paper) and digital formats.
Acceptable formats include: DXF, uncompressed E00, VEC/VEH, Atlas and ISIF. All digital
maps must be properly geo-referenced.

5.

All sampling locations presented in report and electronic format should be geo-referenced.
This is to include decimal latitudes and longitudes (to six decimal places) and UTM
coordinates. The first field for decimal latitudes / longitudes should be latitudes (10 spaces
wide). The second field should be longitude (11 spaces wide).

90

VI.

CONTRACT ADMINISTRATION
The Project Liaison Officer (Component Coordinator) for this project is:
Firstly;

Dr. Terry Prowse
National Hydrology Research Institute
11 Innovation Blvd.
Saskatoon, Saskatchewan
Bus. Phone: (306) 975-5737 Fax: (306) 975-5143

OR
James Choles P. Eng.
Component Coordinator
Northern River Basins Study
690 Standard Life Centre
10405 Jasper Avenue
Edmonton, Alberta
T5J 3N4
Home Phone: (403) 455-4812
Bus. Phone: (403) 427-1742 Fax: (403) 422-3055
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