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SUMMARY

This report presents the results of the 1992 cross-sectional data collection and analysis,
preliminary discussion of the data, and discussion of the data collecting techniques.

This report presents the channel cross-sections taken in the summer 1992 and a brief
discussion of the potential implications of certain cross-sections. Recommendations for the
location of future cross-sections for use in the ONE-D Model and recommendations for further
analysis are also included.

Although the cross-sections were profiled for use in the ONE-D model, a number of the cross-
sections may be used to determine trends in the flow through the Mackenzie Delta.
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1.0 INTRODUCTION

The Inland Waters Directorate (IWD) of
Environment Canada’s objective under the
Northern Oil and Gas Action Program (NOGAP)
is to provide information on the hydrologic and
sediment regime of the Mackenzie Delta area,
required for the assessment of environmental
impacts and adequacy of engineering design of
future oil and gas infrastructure.

The hydrology and hydraulics objective is
complete the development of a delta hydraulic
model capable of routing delta inflows through
delta distributary channels to the Beaufort Sea.
IWD is using the ONE-D hydrodynamic model
to achieve this objective.

2.0 ONE-D MODEL BACKGROUND

The Mackenzie Delta is currently being
modelled by the division of the delta channels
into 85 reaches representing all reaches
carrying significant flow. The deita flow model
is schematically illustrated in Figure 2.1.

To route flows, a representative cross-section
is used at either end of a reach. The channel
bathymetry is interpolated between the cross-
sections and the flow can then be channelled
down the reach. Each reach requires a
representative cross-section, preferably a cross-
section actually profiled somewhere on the
reach itself.

3.0 SCOPE OF WORK

The first configuration of the ONE-D model had
39 reaches. From existing field data, many of

the 39 reaches had cross-sections. In 1987 an

extensive field program was performed by
Wood and Wedel of NWT programs, IWD. The
fieldwork vielded two cross-sections for each
reach in the first configuration of the ONE-D
model. As calibration of the model continued,
it was realized that the first configuration with
39 reaches did not representatively model the

Mackenzie Delta, and a second configuration
was developed, consisting of 85 reaches. With
new channel reaches added and existing
channel reaches subdivided to accommodate
the new reaches, many reaches had only. one
cross-section and some did not have a cross-
section at all. Work in the winter of 1992
revealed that a total of 28 channel reaches did
not have representative cross-sections. These
reaches with no measured cross-sections are
illustrated as such in the schematic Figure 2.1.

The channel reaches without cross-sections are
clustered in six areas: East Channel and
Bombardier Channel, Horseshoe Bend and
Kalinek Channel, Aklavik Channel and Schooner
Channel, East Channel and Williams Channel,
and Shallow Bay and Kipnik River. Fieldwork
during the summer of 1992 filled this data void
by profiling cross-sections on reaches that
formerly had no measured cross-sections.

Future work on the ONE-D model may extend
the model beyond its current downstream
boundary at Middle Channel below Langley
Istand to potential oil and gas development
sites near the Beaufort Sea. A map of the
lower Mackenzie Delta illustrating a possible
extension of the ONE-D model is shown in
Figure 3.1. In 1990-91, Energy, Mines and
Resources Canada performed a study in the
Nigiintgak and Taglu areas, providing extensive
channel cross-sectional data for both sites.
Seven cross-sections were profiled in the lower
delta to assist future modelling efforts.

Although the cross-sections were profiled for
use in the ONE-D model, a number of the
cross-sections may be used to determine trends
in the flow through the Mackenzie Delta. This
report presents the channel cross-sections
taken in the summer 1992 and a brief
discussion of the potential implications of
certain cross-sections. Recommendations for
the location of future cross-sections for use in
the ONE-D Model and recommendations for
further analysis are also included.



40 DATA COLLECTION AND
PROCESSING

All cross-sections were taken on a straight
section of the required reach, upstream or
" downstream of a channel split, at a location
that appeared representative of the entire
reach. The cross-section was taken from the
cut bank to the fill bank, perpendicular to flow.

All cross-sections were measured from an
aluminum stern drive boat belonging to Water
Survey of Canada, Inuvik. Depths were
measured using a Lowrance X-16 depth
sounder with a 20° wide angle transducer
mounted at the stern of the boat. Distances
were measured using a Microfix distance
measurer. Distances were marked on the hard
copy trace produced by the depth sounder, and
the trace was then manually digitized. The
data was stored as a DOS text file on a
Compaq 386, and the data was plotted using
the spreadsheet Quattro Pro. Transiation of
the data from ASCII text files to Quattro Pro
format was performed using in-house software
entitled XSECT.

5.0 DATA SUMMARY

The cross-sections have been labelled 92-##,
where ## is the cross-section number, with the
number being assigned in the order that the
cross-sections were taken. The approximate
location of each cross-section on a map of the
entire Mackenzie Delta is illustrated in Figure
5.1. The location on 1:250,000 scale
topographic maps of cross-sections 92-01 to
92-25, excluding 92-11 and 92-12; 92-11, 92-
12 and 92-40; 92-26 to 92-32; 92-33 to 92-
37; 92-40; and 92-61 to 92-70 are illustrated
in Figures 5.2, 5.3, 5.4, 55, and 5.6
respectively.

The processed data is presented in Appendix A.
as: a plot of the cross-section labelled by the
cross-section number, information pertaining to
the location of the cross-section, and the cross-
sectional data. The information pertinent to
the location of the cross-section includes a

written description of the cross-section with
respect to the channel reach on which it is
located, the universal transverse mercator
(UTM) coordinates, the location of a temporary
benchmark, if placed on the cross-section
transect, and the approximate geodetic
elevation of the water level at the time that the
cross-section was taken.

The cross-sectional data is presented in the
form of a distance and a depth. The distance
is measured from the waters edge on the left
bank of the channel (looking downstream).
The depth is measured as the distance from the
water surface.

The cross-sections were also plotted on
1:50,000 scale topographic maps using
fieldnotes and the aforementioned 1:250,000
scale maps. The universal transverse mercator
(UTM) coordinates of the left bank waters edge
were then measured from the maps.

Some of the cross-sections taken may be
resurveyed in the future, thus wider cross-
sections were marked by temporary
benchmarks. Although the vertical and
horizontal distances from the waters edge to
the temporary benchmarks were not measured,
they were estimated. The temporary
benchmarks were nails placed in the base of a
mature spruce tree, with the area around the
nail blazed and the tree marked by flagging and
spray paint. The spruce tree was on the cut
bank, usually 10 metres from the top of the
bank so erosion will not destroy the temporary
benchmark prior to future resurveying. The
cross-sections that have been marked by
temporary benchmarks on the left bank are
presented in Table 5.1a, and the cross-sections
that have been marked by temporary
benchmarks on the right bank are presented in
Table 5.1b.




TABLE 5.1a  Cross-sections marked by temporary benchmarks on the left bank

92-02 92-11 92-12 92-17 92-18

92-21 92-22 92-23 92-24

TABLE 5.1b  Cross-sections marked by temporary benchmarks on the right bank

92-03 | 92-04 | 9213 | 9214 | 9216

Two other cross-sections were marked by
benchmarks that are not nails in mature spruce
trees. These are cross-section 92-20 that was
marked by a flagpole near the cabin on the
right bank, and cross-section 92-25 that was
marked by a flagpole at the hunt camp on the
right bank.

The approximate geodetic water level elevation
at the time the cross-section was taken was
graphically determined using the geodetic water
level profile method (see Kerr and Fassnacht,
1991). This method plots a continuous
logarithmic decay curve of water level versus
distance from the upstream boundary of the
delta. Water Survey of Canada operates gauge
stations throughout the Mackenzie Delta; at
both upstream inflowing rivers (Peel and
Mackenzie Rivers), along a mid-delta transect
between Aklavik and Inuvik, and at the
downstream outflow boundaries. All Water
Survey of Canada gauging stations in the
Mackenzie Delta have been geodetically tied-in,
except the downstream boundary stations
Reindeer Channel at Ellice Island and Outflow
Middle Channel below Langley Island
{Fassnacht, 1993). An datum correction has
been derived using tide levels that
approximates the geodetic elevation for these
two stations {Kerr and Fassnacht, 1991).

5.1 Data Accuracy

Although all efforts attempted to keep error to
a minimum, data inaccuracies did occur. The
cross-sectional data was scaled manually from
depth sounder traces typically within +0.1
metres, thus the accuracy of a particular depth
with respect to another depth on the same
cross-section is likely in the order of +0.2
metres due to manual digitizing, wave action
on the channel during data collection, depth

sounder trace shadows and other interferences.

The location of the cross-section was
transferred from fieldnotes and 1:250,000
scale topographic maps to 1:50,000 scale
topographic maps. The Universal Transverse
Mercator coordinates of the left bank of the
cross-section was measured from the 1:50,000
scale maps to the nearest 10 metres. The
topographic maps in the Mackenzie Delta area
are based on aerial photography and field
surveys in the early 1950’s, and most channel
reaches on which cross-sections were
measured have not shifted substantially over
the last 40 years. The accuracy of the UTM
coordinates is thus within +50 metres due to
scaling from maps and within + 100 metres
due to channel shifting.

The water level elevation was determined by
the water level profile method which assumes
a continuous logarithmic decay type curve
between upstream and downstream water level
stations in the delta. The water level elevation
was interpolated from the curve, thus the
accuracy is in the order of +0.25 metres.

6.0 DISCUSSION

The Mackenzie Delta is a physically dynamic
environment. Many channels actively shift,
with erosion rates as great as 29 metres per
year recorded at the Middle Channel below
Horseshoe Bend, on the right bank opposite of
Raymond Channel (Lapointe, 1984). Some
channels show evidence of silting-in while
others indicate scouring. Some of the cross-
sections presented in this report are in areas of
the delta where active morphologic changes are
occurring.

An example is the Horseshoe Bend area.
Cross-section 92-09 was taken at the mouth of
the lower Horseshoe Bend and cross-section



92-09B was taken in the Horseshoe Bend 3.8
kilometres from the mouth. Both cross-
sections carry the same flow but the cross-
section at the mouth is much smaller than the
mid-reach cross-section. This is an indication
that Horseshoe Bend is silting in. The explorer
Alexander Mackenzie logged his 1789 voyage
through the delta (Mackay, 1963). When
Mackenzie travelled down the Middle Channel,
his diary stated that the explorers journeyed
around the Horseshoe Bend loop. In 1898,
Sainville mapped the delta showing that the
Middle Channel was only beginning to cutoff
the Horseshoe Bend loop (Mackay, 1963). The
work of Mackenzie and Sainville shows that the
Middle Channel began to cutoff the Horseshoe
Bend loop within the last 200 years since
Mackenzie first explored the river and delta,
now bearing his name. Horseshoe Bend
appears to be silting in, and an oxbow lake may
form from the Horseshoe Bend loop.

The Shallow Bay area is likely silting in. By
comparing the Shatlow River cross-section 92-
65 to the Kipnik River cross-section 92-61, it
can be seen that Shallow River is silting in and
the flow is being diverted to Kipnik River. By
comparing upstream cross-sections to
downstream cross-sections; such as 92-17
Thrasher Channel to 92-68 Pederson Channel,
it can be seen that the downstream cross-
section is larger than the upstream cross-
section. This example is illustrated in Figure
6.1. (Also, cross-sections 92-37 can be
compared to 92-69 and 92-36- can be
compared to 92-70). The downstream cross-
section can carry more flow than the upstream
cross-section. The upstream cross-sections
92-17, 92-37, 92,36 may be silting in due to
their proximity to the bifurcation of the Middle
Channel. .

An interesting . phenomena discovered on
certain cross-sections is the appearance of
dunes on the channel bottom. Examples of the
dunes are cross-sections 92-24 and 92-33
presented in Appendix A. The cause of these
apparently longitudinal dunes has not been
investigated, but the data collection procedures
were considered and these undulations in the
channel bottom are not due to wave action or

other disturbances to the depth sounder
instrument.

All the cross-section were taken for use in the
Mackenzie Delta One-D model, but the data can
be used as preliminary work in investigating
phenomena in the Mackenzie Delta. Such
investigations include Hydraulic and
Morphologic surveys.

7.0 RECOMMENDATIONS

Prior to the acquiring of the data presented in
this report, 28 of the 85 reaches in the
Mackenzie Delta ONE-D model did not have
measured cross-sections. The fieldwork in the
summer of 1992 provided cross-sectional data
for 24 of these 28 reaches. The following four
outstanding reaches should be cross-section
profiled to complete the ONE-D model
database: the channel from Kalinek Channel
west branch to Lower Horseshoe Bend
Channel, Aklavik Channel from Schooner
Channel to West Channel, Marcus Channel
from Middle Channel to East Channel and
Jamieson Channel from Nikoluk Channel to
Shallow Bay.

The method of recording the location of a
cross-section that was used in this report
should be adapted as the minimum
documentation required for future cross-
sectional fieldwork, so future work can be
duplicated.

Horizontal control should be more accurately
tied-in to the cross-section to allow for future
resurveying. This would assist in determining
channel shifting. An estimate of the water
level elevation would assisting in determining
scour action or sedimentation.

All future cross-sections should be measured
using a digital depth sounder that records
continuously. This would assist in
investigations of longitudinal dune formations.
Near bank profiling is not as accurate as mid-
channel, thus new depth sounder equipment
and techniques should allow for near bed
profiling.
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Figure 5.1  Map of the Mackenzie Delta to illustrate the approximate location of the cross-
sections taken in the summer 1992 ‘ '
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Figure 5.3  Location of cross-sections 92-11, 92-12 and 92-40
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Figure 5.4  Location of the cross-sections 92-26 to 92-32
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