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FOREWORD 
Evaluation of sediment related issues in the Mackenzie Delta requires improved 
knowledge and understanding of the source, sediment transport and fate of within and 
upstream of the delta. Reports included in this document update analyses of sediment 
measurements done in the Mackenzie Delta during 1991 by IWD, and provide a 
synthesis of Mackenzie River tributary sources. 

Analysis of the entire 199.1 NOGAP suspended sediment dataset for Mackenzie Delta 
in_flow and delta stations reveals continuing problems with the conventional river 
discharge/sediment‘ concentration rating curve approach. Rating curves for the 
Mackenzie River at Arctic Red and, especially, the Peel River above Fort McPherson 
show considerable scatter at high flows, and are not entirely satisfactory for 
computing total sediment loads to the Mackenzie Delta. The presence of 
relationships between sediment concentrations at |WD’s Mackenzie East Channel near 
lnuvik station and delta inflow, mid—, and outer-delta stations provides one possible 
option for calculation of sediment loads throughout the delta. This relationship will 
require further‘ investigation to verify it's use-.

' 

Dr. Carson's analysis of miscellaneous sediment samples for west bank Mackenzie 
River tributaries provide an early indication of the importance of source areas for 
sediment entering the Mackenzie Delta. Clearly, a more systematic effort is required 
to progress beyond the current SV-based program. Such improvements will be 
relevant to current climate change studies based in the Mackenzie River Basin (ie 

GEWEX, Mackenzie Basin Impact studies etc.). 

Jess Jasper 
A/Manager 
NWT Programs 
inland Waters Directorate 
Conservation & Protection 
Environment Canada 
Yellowl<_ni_fe, NWT
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Executive Summary 

This report updates a prior report, prepared last year, dealing with the suspended 
sediment sampling program of Inland Waters Directorate, Yellowknife (Environment 
Canada) in the Mackenzie Delta, Northwest Territories. 

The update provides a full analysis and review gf sediment data collected by lWD in 
1991, the first year of a three—year program, part_ia||y funded by NOGAP. 

The 1991 data discussed in the update were collected at two delta-head stations 
(Mackenzie River at Arctic Red River and Peel River upstream of Fort McPherson), 
three mid-delta stations (Peel Channel upstream of Aklavik Channel, Middle Channel 
below Raymond Channel and East Channel near lnuvikl and three outer—delta stations 
(Reindeer Channel below Lewis Channel, Middle Channel near Langley island, and East 
Channel below Tununuk Point). 

The primary purpose of this sediment program is to obtain mathematical relationships 
that will allow predictions of sediment concentration at delta stations in the absence 
of actual sampling. This task is a prerequisite to the development of a sediment 
adjunct to the one-dimensional hydraulic model being developed for the delta. 

The pre|imi_nary analysis is encouraging i_n indicating strong correlations between 
sediment concentrations at different stations in the delta. It is tentatively proposed 
that sediment concentrations at all east-central stations in the delta could be predicted 
from sampled concentrations at lnuvik, and_, hopefully, concentrations on the west 
side might be predictable from Peel River station. 

A sampling strategy for Year ill of the NOGAP program is provided in order to test 
these relationships more fully.
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Section 1: Suspended Sediment 
Sampling in the Mackenzie Delta, 
Northwest Territories: 1992 - 93 
Update 

1. INTRODUCTION 

1.1 Purpose of report 

As part of the first year of IWD Ye|lowknife's 
3-year NOGAP-funded program dealing with 
sediment-related aspects of northern hydrocar- 
bon development, a complete review was 
undertaken of |WD’s sediment sampling pro- 
gram in the Mackenzie Delta (Carson, 1992a,). 

This revi_ew covered sampling undertaken in the 
mid-1970s and late 1980s as well as the initial 
data collected during the first year of the 
NOGAP program. 
The purpose of this document is to update the 
previous report. by the addition of data‘ col- 
lected during the rest of 1991 and to provide 
reassessment of the »database in the light of 
this additional information. 

1.2 Purpose of delta sediment program 

The purpose of) the delta sediment sampling 
program is threefold: 

0 sampling at mid-delta stations to determine 
the pathways of suspended sediment land 
related contaminants) through the delta 
complex and, in turn, to assist in interpreta- 
tion of regional patterns of overbank sedi- 
mentation in the delta.‘- 

0 sampling at outer-delta stations to determine 
the sediment flufx from the delta to the 
Beaufort Sea; 

0 comparison of sediment outflows to the 
Beaufort Sea with sediment inputs from the 
Mackenzie, Arctic Red and Pool rivers to 
assess the net overall sedimentation rate in 
the Mackenzie Delta itself.

' 

1.3 Summary of 1991 program 
Sajmpling i_n the first year of the three-year 
NOGAP program was undertaken at two delta- 
inflow stations (Mackenzie River at Arctic Red 
River and Peel River above Fort McPherson), at 
three mid-delta stations (Peel Channel above 
Aklavik Ch., Middle Channel below Raymond 
Ch. and East Channel near lnuvik). and at three 
outer-delta sites (Reindeer Ch. below Lewis 
Ch., Middle Ch. near Langley Island and East 
Channel below Tununuk Point). 

Only the mid-delta (Chapter 2) and outer-delta 
(Chapter 3) stations are considered in detail in 
this report. In-depth analysis of delta-head 
stations has been provided previously as part of 
the overall program for t_he Mackenzie River 
Basin (Carson, 1992b). In view of the import- 
ance of the delta-head stations to the delta 
program, however, some linkage in interpreta- 

' tion and planning is obviously needed. This is 
undertaken in Chapter 4. 

The time-consuming nature of the June- 
through-September 1991 program, together 
with the numerous proble_ms encountered, have 
been documented separately by C. Brumwell 
(1991). 

The 1991 program involved three multiple- 
vertical (MV) suspended sediment measure- 
ments at all sites (except 5 for East Ch. at 
Inuvikl and 11 single-vertical (SV) suspended 
sediment samples at the three mid-delta sta- 
tions and 10 SV -samples at the three outer- 
delta sites. The second of the MV sampling 
was particularly useful in most cases in coincid- 
ing with relatively high sediment concentra- 
tions. Two separate sessions of bed material 
sampling (across the measurement section) 
were undertaken at all six stations. 

1.4 Reassessment of sediment rating 
diagrams 

The construction of sediment rating diagrams 
for these sites has been hampered by the lack 
of discharge data on most of the days when 
SV samples have been taken. Hydrometric 
measurements were made during the late



1980s and 1990s at times of MV sampling, but 
derivation of discharges for days ofVSV sampl- 
ing awaits development of the 1-dimensional 
flow model for the. delta and its hind casting to 
past years. For th_is reason, no sediment rating 
diagram was presented for the three outer-delta 
stations in the previous report (Carson, 1992_a). 
Reliable estimates of discharge at the delta 
stations for dates corresponding to SV sampl- 
ing in the 1980s and 1990s are not expected 
to be available until the beginning of Year -lll 

(Kerr, 1993, pers. comm.) and thus no further 
development of any sediment ratings for the 
delta stations is undertaken in this report. 

Some additional comment, however, is war- 
ranted in connection with mid-delta sites where 
most of the data were obtained in 1974 and 
1975. Discharge data are available for these 
stations in the mid-1970s: these were taken 
from the report by Davies (1975), derived as 
part of a special IWD hydrometric study in 

those two years. 

It was noted previously (Carson, 1992a, p. 9- 
.11) that the sediment rating diagrams for the 
mid-delta stations are inferior to that for Mac- 
kenzie River at Arctic Red River and show 
considerable scatter. In particular, it was noted 
that June samples showed concentrations 
lower than expected on the basis of the rating, 
while July and August were correspondingly 
higher than expected. Possible reasons for 
this, focusing on differences in sediment pro- 
duction between June and the rest of the open- 
water season, were put forward. 

Further investigation of the matter, however, 
now leads to the belief that some of the scatter 
may be due to systematic error in the discharge 
data. It has been determined in recent years 
that estimates of early June discharges at the 
delta-head (Mackenzie River at Arctic Red 
River) have usually been too high (sometimes 
fa_r too high) because of backwater effects 
arising from ice in the delta. This has led to 
downward revision of many of the May and 
June discharge values at that station (Carson, 
1992b, p. 9). 

In the delta itself, it is clear that water levels 

ar'e‘strong’|y controlled not only by ice jams 
during breakup in early June, but also by water" 
level fluctuations in the Beaufort Sea (Carson, 
1992c, p. 6) throughout the open-water sea- 
son. 

In this context, the accuracy of the 1974 and 
1975 data for daily mean discharges seems 
uncertain, given that flow measurements were 
made no more frequently than once a month 
and that discharges were estimated from stage- 
flow ratings based on four or five points (Fig. 
1.1). On the other hand, it must be recognized 
that the scatter in the sediment rating diagrams 
was not restricted to SV data: it also applies to 
MV data collected at times of actual measure- 
ment of discharge. 

1.5 Sediment concentration values: 
methodology 

In the 1970s and early 1980s almost all depth- 
integrated sediment sampling in the Mackenzie 
Basin used D-49 samplers integrating through 
the _fu_|l water column, even though the depth 
limit for the (3-49 sampler is theoretically‘ 5 
metres. In the mid-1980s, changes were made 
in sampling protocol, and deeper water col- 
umns were generally sampled with point-inte- 
grating instruments that allow split-sampling of 
the column in increments of up to 5 metres. 
This is the procedure generally used in the 
NOGAP delta program. On some occasions and 
at some sites, split.-sample intervals of more 
than 5m (up to 10m at Peel Ch. in 1991) have 
been used. In at least some of these cases, 
this was due to malfunction of the sampler 
(Brumwell, 1991). 

The procedure of split.-sampling introduces 
certain problems in determination: of the mean 
sediment concentration for the full vertical. 
This arises from the fact that near=surface 
water (usually less turbid) is generally moving 
more quickly than near-bed water (usually more 
turbid). Thus, in computing the mean of two or 
more split-samples in a vertical, the simple 
mean (weighting the splits equally) will tend to 
overestimate the true mean.



Ideally, the concentrations of the different split- 
samples in a vertical would be weighted by the 
local velocity at the depth of the split sample. 
This is comparable, for example, with the 
established IWD-procedure in pooling concen- 
tration values for different verticals in a MV 
sampling to get the mean for the cross-section: 
in that case the concentration in each vertical 
is weighted by local panel discharge. In the 

- case of split-sampling at the SV site, however, 
current-metering usually does not accompany 
the sediment sampling program. 

One possible approach in circumventing this 
problem would be to ensure that the duration 
ofsampling in a given vertical is the same for 
each split-: in this way, smaller volumes of 
suspension would be sampled in the slower- 
moving water nearer to the bed. Then, if the 
splits were combined in a single suspension 
prior to analysis, the composite sample would 
automatically have produced a weighting of 
concentration in the different splits according 
to local velocity. 

In the absence of the above-‘procedure, an 
alternative is to estimate the local velocity for 
each split in a given vertical-by the quantity of 
suspension sampled (determined in the labora- 
tory) relative to the nozzle intake time during 
the sampling (recorded on the sampling field 
sheets). This procedure requires that the same 
nozzle is used at all depths in a given vertical. 
Then, the concentration of each split-sample in 
a vertical could be weighted by local intake 
velocity, in precisely the sa_me way that individ- 
ual concentrations for different verticals in'a< 

sediment measurement are weighted by local 
discharge. ' 

None of the data received in the preparation of 
the present report has been adjusted in any of 
these ways. Thus the sediment concentrations 
given in the following chapters for the 1991 
sampling refer as follows’: 

0 any SV concenvation which is derived 
from split sampling is the simple mean of 
the splits in that v'era'caI;’ 

0 an y'MV concentration is the simple mean 

ofvthe concentration for different verti- 
cals; except that, 

0 any Mll concentration which involved 
split-sampling of one or more verficals is 
the simple mean of all the splits in the 
cross-section. 

The last procedure, while not as accurate as 
the lWD's normal MV procedure using weight- 
ing by local discharge, is generally satisfactory 
because deeper verticals are at least weighted 
more than shallow verticals, arising from the 
larger number of splits at deeper points. 

It is recommended that IWD develop a suitable 
standard for consistent calculations using split- 
sample data. The need for this becomes es- 
pecially important in the context of expressing 
grain size data for the suspended sediment, 
these data invariably indicating coarser» sedi- 
ment in the lower parts of the water column. 

2. MID-DELTA STATIONS 
This chapter updates information provided in 
the Yearl report: locations of all stations are 
given in that report and are not repeated here. 

2.1 Peel Channel below Akl_avik Channel 

The 1991 bathymetry at this section is consist- 
ent with that shown in the 1970s hydrographic 
chart-:- a straight channel with a left side thal- 
weg and right side shoal. The 1991 SV sampl- 
ing was done at the Coast Guard buoy, o_n the 
rne_asu,rement -section, at 195m from the right 
bank. 

2.1 .1 Cross-sectional distribution of 
sediment 

The 1991 bed material sampling show much 
the same pattern as those in 1975 (July 17);: 
silt-clay in the thalweg (zone but more than 
50% sand (fine and very fine) on the right bank 
shoal. It is presumed that, while the sand 
represents modern in-channel a,||u'vium-,- the silt- 
clay is older floodplain sediment that is current- 
ly being scoured.



The locus of peak current speed shows some 
variation: mean velocity in the vertical peaked 
over thethalweg at 0.63 m/s on June 12 1991 
(1060 m-3/s), but occurred to the right of the 
thalweg at about 170m RB (almost. at channel 
centre) on July 25 1992 (710 m3/s) averaging 
0.51 m/s. 

The, suspended sediment distribution found in 
-the above-average concentrations of August 
29, 1991 (but with discharge of only 749 
m3/s) is shown i_n Fig. 2.1. The systematic 
increase in concentrations from right bank to 
thalweg matches the pattern shown at lower 
sediment levels on June 12, 1991 (Year I 

report: Fig. 2.4) and found in the 19705 (Year 
I report: Fig. 2.3). 

The k-value for the August 29-, 1991 flow was 
1.00, and that for the weaker and less turbid 
Sept. 11, 1991 flow was 0.97. All the data 
collected to date indicate that the SV location 
used is representative of this section. It is 

suggested that Year Ill sampling at this site can 
be restricted to the SV location, subject to a 
MV check if a high flow occurs. 
2.1.2 Additions to the sediment. rating file 

The updated sediment rating file is given in 
Table 2.1. The additional samples collected in 
1991 provide no really high concentrations 
which are needed for the development of a 
good sediment rating. Yet the 496 mg/L level 
for August 29 (with 0 only 749 m3/s) plots 
well above the main swarm of points in the 
sediment rating diagram (Year l report). 

It is not clear whether the lack of high concen- 
trations in the data set reflects genuinely lower 
sediment levels in Peel Channel (compared to 
Peel River upstream) or whether it is simply the 
result of sa_mpli_ng on these particular dates. 
On the Peel River near Fort McPherson, sedi- 
ment Ievels were quite high in August 1991 
(especially between 5th and 24th), frequently 
being over 1000 mg/L, and at 10,000 mg/L on 
August 5. Only two samples were taken on 
Peel Channel during this time, both being close 
to 400 mg/L, much lower than upstream, but 
this may reflect the flashines_s of the sediment 

pulse. 

The low sediment concentration on June 12, at 
a time of high discharge, is cons,iste_r1t with 
previous observations regarding the tempera.) 
pattern of sediment concentrations during the 
open-water season in the delta. 

2.1.3 Suspended sediment g’rai_n size 

Suspended sediment grain size, usually 
measured only in samples with more than 300 
mg/L, was available for four sampling dates in 
1991-. 

Sand made up only a small percentage (<5%) 
in all the samples. The balance between silt 

and clay ‘was, however, quite variable, the silt 
content ranging from 37 to 61 percent in the 
fully depth-integrated samples. 

2.2 Middle Channel below Raymond 
Channel 

The measurement section occurs downstream 
of the abrupt right-hand turn below Horseshoe 
Bend, almost at the downstream limit of the 
right inner-bank bar. _ln the Year I report, the 
SV location was given as 300m from left bank 
on the measurement section. The location was 
changed, however, after July 4_, 1991, with the 
introduction of a sediment "buoy at 650m LB 
and 320m upstream of the section, 

2.2.1 Cross-sectional sediment 
distribution 

The bed material samples collected in 1991 
indicate the section to be essentially sand 
throughout the full width. In the deeper left 
half of the channel this is mostly fine sa_nd-, 

while very fine sand increases towards the 
right bank. 

The MV sampling of August 28 (10,500 m3/s) 
and September 12, 1991 (12,000 m3/s) were 
consistent with that of June 12 (16,600 m3,/s) 
(Year) report: Fig. 2.11) in showing a weak 
increase in concentrations from the thalweg to 
the inner right bank. The k-value on both dates 
was 0.98 compared to 1.06 in June. This 
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difference is consistent with the shift in the SV 
location. The cross-sectional pattern for 
August 28 is shown in Fig. 2.2. 

The 1991 k-values are all quite acceptable and 
suggest that the two SV locations are represen- 
tative of the section. However, no data are 
available at rea|l_y high flows and at concentra- 
tions above a few hundred mg/L. Given the 
time-consuming nature of MV sampling at this 
site, and given the consistency shown, it is 

suggested that any MV sampling in Year Ill be 
restricted to times when either flows are very 
high (above 20,000 m3/sl or the water is very 
turbid. 

2.2.2 Additions to sediment rating file 

The ‘updated sediment file is given in Table 2.2. 
The 1991 open-water season provided three 
additional sampling at co‘nce,nt'rations close to 
or above 1000 mg/L. All three sampling for 
which discharge data are available (the MV 
sa_mpli_'ng) plot within the existing sediment 
rating swarm. 

2.2.3 Suspended sediment grain size 

The sand fraction‘ on the four sampling days 
with concentrations above 300 mg/L ranged 
from 2 to 21 percent. The ranges shown, for 
each day in Table 2.2, reflect the increase in 
sand content from the near-surface split sample 
to the near-bed split_._ 

The sand fraction of the suspended load in .‘ 

1991 was relatively small given that very fine 
and fine sand dominate the bed r_nateria| in this 
reach. 

The silt fraction ranged widely from 37% to 
63%, mostly in the 40-50% range, with no 
obvious pattern in the ratio of silt-to-clay in the 
database. 

2.3 East Channel near lnuvik 

The measurement section at this station is 

located in a straight, roughly symmetrical reach 
with a generally flat bed. The sediment buoy 
for SV samples was located at 100-1 10m from 

the right bank, on the measurement section in 
1991. 

2.3.1 Cross-sectional distribution of 
sediment 

The bathymetry shows a slight preferential 
shoaling tov'v‘ard_s the left bank. This appears to 
be reflected in the bed material distribution 
which, while mostly clayey silt in the right half, 
is dominantly fine sand to the left of mid-chan- 
nel (Fig. 2.3), on the basis of the 1991 sampl- 
mg. ' 

Sampling of suspended sediment on multiple 
verticals was done on four dates in 1991 after 
the June 6 sampling discussed in the Year I 

_ 
report. These were July 26 (374 m3/sl, 
_A,ug‘u'st 27 (226 m3/sl, September 17 (145 
m3/s) and October 4 (148 m3/sl. The last 
three were all are very low concentrations 
(< 60 mg/L). 

The July sampling is particularly i_mportant 
because it corresponds to quite high concentra- 
tions. The cross-sectional distribution on that 
date is given in Fig. 2.3. There is a slight 
increase in concentration from the right bank 
towards the area of the left-of-centre sandy 
shoal, a pattern also found in the August 
sampling. The k-value was 0.99. The values 
for the following three ranged from 0.96 to 
1.06. 

The data collected to date therefore indicate 
that the SV location is representative of the 
cross-section at this station. It is suggested 
that all Year lll sediment sampling be restricted 
to the SV locatiofn, except for an occasional 
MV sampling if a high, turbid flow occurs. 
2.3.2 Additions to sediment rating file 

The sedimejnt rating file for the East Channel 
near lnuvik is much bigger than for the other 
mid-delta stations (Year I report Table 2.8) 
reflecting the proxi_m_ity to the IWD office. 

The extra data from the 1991 season (Table 
2.3) were especially useful in adding three days 
of relatively high concentrations (> 750 mg/L),



and in providing more ‘MV sarnpl_ing days with 
measured water discharge. All of the latter 
plot within the existing sediment rating -swarm. 
However, the much lower sediment concentra- 
tion on May 27 than on July 26, with almost 
twice the discharge, indicates, as at other delta 
stations, the problems that will be encountered 
in attempting to develop a good sediment 
rating relationship. 

2.3.3 Suspended sediment grain size 

Suspended sediment in East Channel is finer- 
grained than in Middle Channel and more 
comparable with Peel Channel, as might be 
expected from the reduced intensity of flow. 

Sand concentrations were less than 5%, 
except fo_r the sample taken on August 7 with 
very high sediment levels (1271 mg/L of which 
19% was sand). Silt contents ranged between 
33% and 63%. As in Peel Channel, these 
variations in depth-integrated values reflect 
dayeto-day‘ changes, unlike in Middle Channel 
where they were, in part, controlled _by 
changes in depth through the water column. 

2.4 Conclusions 

It was argued in the Year I report that mainten- 
ance of sediment sampling at the mid-delta 
stations could not be regarded as highepriority 
in comparison with monitoring sediment at the 
delta-head and outer-delta stations. In addi- 
tion, attention was directed to the real prob- 
lems in developing sediment rating relationships 
for these stations. 

One possible strategy for estimating sediment
V 

concentrations more accurately at these sta- 
tions is through correlation with their upstream 
sources: the Mackenzie at Arctic Fled R_ive_r (for 
Middle Channel and East Channel) and Peel 
River above Fort McPherson (for Peel Channel). 
A second strategy - at Iea_st for the stations. 
with dominantly Mackenzie River water - is to 
predict mid-delta sediment concentrations from 
just one (frequently sampled station), as sug- 
gested in the Year I report (p. 11-12). 

2.4.1 Predicting mid-delta concentrations 
from upstream sources 

In the case of both Peel and East Channels, 
sediment concentrations at mid-delta would be 
expected to be lower than at the upstream 
source. This statement is based on the as- 
sumption that deposition en route exceeds 
bank scour; "in addition, both side channels 
receive near-surface water as they branch off 
from the main stems, and this water. is gen- 
‘erally less turbid than the water at depth. In 

contrast, Middle Channel would be expected to 
have higher concentrations, using the reverse 
arguments. 

The task of developing a correlation between 
upstream and mid-delta stations is complicated, 
however, by the variable time-lag between the 
stations, probably 3 to 4 days on average. The 
task is beyond the scope of the present update, 
but it is certainly worth investigating when all 
the NOGAP data are available. Preliminary 
results seem to sustain the expectations above; 
Peel Channel concentrations in June-July 1991, 
for example, averaged 181 mg/L compared to 
233 mg/L_ on Peel River. 

It is not yet clear, however, whether the data 
are sufficiently consistent to enable reliable 
predictions of mid-delta concentrations from 
upstream. This’ must await a larger database-. 

2.4._2 Predicting mid-delta concentrations 
from lnuvik 

In the case of East and Middle channels, the 
question logically arises as to whether concen- 
trations in Middle Channel could adequately be 
predicted from the lnuvik station itself. If this 
were the case, it would provide a large saving 
i_n resources. a 

Preliminary data for 1991 show that, on aver- 
age, concentrations in Middle Channel were 
about twice those at lnuvik (Table 2.4).. There 
are, however, three major departures from this 
value, with the adjustment factor of 2.14x 
markedly under predicting on two occasions (a_t 
low concentrations) and seriously over pre- 
dicting twice (at high concentration). The 
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standard deviation in the percentage, error 
(54%) is high. Examination of the 1970s data 
for the two stations showed a similar pattern 
with the adjustment factor, again, much higher 
at low flows than at" high flows. 

. This systematic change in the adjustment 
factor according to the level of concentration 
suggests tha_t a direct log-log regression of the 
sediment concentration in Middle Channel on 
that at lnuvik would be more effective than the 
use of a constant adjustment factor. Analysis 
bears this out. The regression of log (c) at 
Middle Channel on that at East Channel for 
1974-75 (15 points) produced a prediction 
percentage (coefficient of determination) of 
89%. This is much higher than the actual_ 
sediment rating [|og(c) against |oglO)l for 
Middle Channel using the same data set, where 
the percentage prediction was only 56 percent 
(Year I report: Table 2.6). The stand_ard error 
of estimate was similarly improved to only 0.14 
log units in the regression between the two 
stations-, compared to 0.29 for the Middle 
Channel sediment rating. 

Application of the same approach to the entire 
dataset (including 1991 for which no discharge‘ 
data are available) produced essentially the 
same regression and standard error, the correla- 
tion diagram being shown in Fig. 2.4. 

The success of this approach suggested that it 
be extended to other mid-delta stations derived 
from Mackenzie River water: Aklavik and N. 
Kalinek, where 1974-75 data are available 
(Year I report). The same dramatic improve- 
ment in prediction of log concentration was 
found. On Aklavik Channel (Fig. 2.5), percen- 
tage prediction using |og(c) at lnuvik as a 
predictor increased to 90% (compared with 
52% in the Aklavik logic)-|og(O) sediment 
rating), and SEE‘ decreased to 0.14 log units 
(from 0.30 units). On the North Kalinek (Fig-. 
2.6), percentage prediction improved from 62% 
to 95% and SEE decreased from 0.30 to 0.11 
log units. In both cases the sample" size is 

small. 

Similar successes were not found, as _vvo‘u_ld be 
expected, for stations with water largely 

derived from‘ Peel River. On Peel Channel the 
use of lnuvik loglcl values as a predictor (rather 
than Peel log(O) values) decreased the predic- 
tion, although on West Channel (which receives 
Mackenzie-derived water via Aklavik Channel’) 
a slight’ improvement in prediction did occur. 

The results described above pro‘vi,d'e an import-
d 

ant breakthrough in the modelling of sediment 
concentrations at mid—delta stations and sug- 
gest that this is the logical approach to be 
taken in the development of the sediment flux 
model. The possibility of similarly “hind cast- 
ing‘-‘ concentrations on Mackenzie River at 
Arctic Red River from lag-adjusted readings at 
lnuvik is a question that also should be 
explored. Indeed it may be central to the 
development of a satisfactory sediment flux 
model for the delta (see Section_ 4.1). 

3. OUTER-DELTA STATIONS ' 

This chapter updates information provided in 

the Year) report: locations of all stations are 
given in that report and are not repeated here. 

3.1 Reindeer Channel below Lewis 
Channel 

The 1990s sampling station in this reach is 

located about 1600m downstream of a sharp 
right hand bend in Reindeer Channel. In this 
location the inner righ,t—bank shoal has almost 
disappeared and the channel is only slightly 
asymmetrical. 

The collection of SV samples was usually done 
at mid-channel, except June 28-July 12 when 
done at 100m RB. After July 12, the buoy 
was reinstalled at 270m RB (320m LB) where 
it was used (until destroyed) until August 21. 
The remaining SV samples were taken at mid- 
chan_nel with anchor support. 

3.1.1 Cross-sectional distribution of 
sediment 

Bed sediment is largely very fine sand, especial- 
ly in the deeper part of the channel (Fig. 3.1),



though the margi_ns may contain up to 50% silt 
as well. The channel bed i_s noticeably finer 
grained than Middle Channel at mid-delta (Fig. 
2.2). 

The Year I report noted a systematic increase 
in sediment concentrations towards the right 
bank in this reach which was still evident at’ the 
1990s section, though not to the extent of 
further upstream, closer to the bend. The two 
additional MV sampling in 1990 confirm this 
asymmetry, peak concentrations occurring in 

both cases to the right of channel centre. The 
suspended sediment distribution for July 30, 
1991 is shown in Fig. 3.1. A similar pattern 
was found on September 20, 1991, when 
concentrations were only about 100 mg/L. 

The k-values for 1991 were as follows: 0.97 
(June 20), 0.90 (July 30) and 0.95 (Sept. 20) 
using single vertical sampling at 250m from the 
right ba_nk. It should be noted that the actual 
SV samples on September 20 were, according 
to field notes, taken at 400m from the left 
bank (approximately 200m R8), in the region of 
higher concentrations. This SV site would have 
produced a_ k-value of 0.84.. It is not clear why 
the September 20 SV sample was taken at a 
different location, but, clearly, the usual SV site 
provides a much better estimate of the mean 
section concentration. 

The k-values are relatively consistent, but it 

may be _significant that the biggest departure 
from unity (0.90) occurred in the MV sampling 
with the largest concentrations. ln other 
words, this suggests that sampling errors at the 
section may increase at times of high loads. 
For this reason it is recommended that addi- 
tional MV sampling be undertaken in Year Ill at 
times when the water is especially turbid or 
when flows are high. At lower flows, there 
appears to be no reason for taking MV sampl- 
ing in 1993. 

It is recognized that full sediment measure- 
ments combined with hydrometric measure- 
ments are very time-‘consuming. Yet there is 

no compelling reason why hydrometric 
measurements have to be done in all cases of 
MV sampling. The actual MV sampling at this 

site takes only 45 minutes. At. times of turbid 
flow, the extra half-hour of sampling for MV 
data provides invaluable data. Section -1.5’ 

provides comments on the weighting of sedi- 
ment data in the absence of current meter 
data. 

A final point. to note at this section is the 
marked difference between concentrations in 

the upper and lower’ parts of the vertical, 
especially in the right half of the channel, a 
feature noted in the Yearl report. 

3.1.2 Additions to "the sediment rating file 

The updated sediment rating file is given in 
Table 3.1. The additional samples collected in 
July-August 1991 provided data for high-con- 
centration flows. The much higher concentra- 
tions on July 30 compared to Ju_ne 20, with 
very similar measured discharges-,- are consist- 
ent with previous observations at stations in 
the Mackenzie Delta (Year I report: p. 10). 

Building on the approach developed in connec- 
tion with the mid-delta stations, the rating of 
Reindeer concentrations on those of the East 
Channel at lnuvik has been explored. While it 

is unlikely that any lnuvik water actually pas_ses 
down_Reindeer Channel, both stations receive 
water that is derived largely from the 
Mackenzie River. 

The analysis was restricted "to 1991 data 
because no sampling was_done at lnuvik at the 
time of the late 1980s sampling program in the 
Outer Delta. As far as possible, the concentra- 
tions used for lnuvik are those occurring about 
two (2) days prior to those at Reindeer. 

The scatter diagram is shown in Fig. 3.2. 
Although only 9 points are available, the rela- 
tionship is very encouraging, with a percentage 
prediction of log (cl in Reindeer Channel of 
93% and a standard error of estimate (SEE) of 
onlv 0.11, log units. The prediction is much 
better than would be expected from a rating 
using discharge at Reindeer Channel as pre- 
dictor.



3.1 .3 Suspended sediment grain size 

Silt typically constitutes 50-60% of the sus- 
pended sediment, and most of the remainder is 
generally clay. Sand concentrations are, how- 
ever, quite variable (Table 3.1) arnounting to 
20-30% of the sample in several cases. 

As indicated in Fig.3.1, sand concentrations are 
greater (as expected) in the bottom half of the 
sampling ‘column. The 24% sand indicated in 
Table 3.1 for July 30 was the bottom half of 
the single-vertical. 

lt is interesting to note that sand generally 
forms a very low fraction of the suspended 
‘sediment even though the bed material is 

largely very fine sand. 

3.2 Middle Channel near Langley Island 

The measurement section ‘in this reach is 

downstream of the confluence of East and 
West Twin Channels of Middle Channel, follow- 
ing a left-hand bend in the latter. There is a

_ 

slight asymmetry in the section with the thal- 
weg being close to the right bank. 

‘*5 

The Year I report gave the SV location as being 
175m RB on the measurement section. How- 
ever, all subsequent 1991 sampling were done 
at 100m RB. Little difference is expected 
between the two verticals based on data from 
the Year "I report, and the fact that both verti- 
cals are located in the thalweg. 

3.2.1 Cross-sectional sediment 
distribution 

The bed material on the section, to the left of 
the thalweg (Fig. 3.3), is almost entirely sand 
(fine and very fine); the bed is somewhat_ 
coarser than ‘in Reindeer Channel. To the right 
of the thalweg, the bed sample is largely silt, 
and presumably represents older floodplain 
alluvium that is currently being undercut by the 
|'|Vel'. 

The sediment diistribution for July 30, 1991 
(Fig. 3.3) shows conditions at relatively‘ high 

sediment concentrations. There is, as 
expected, a weak increase in concentration 
from the right bank thalweg towards the left 
margin. The same pattern was noted for the 
June 13 flow (Year I report) and September 20 
(when concentrations were only 60-80 mg/L). 

The k-values for 1991 were: 1.05 (June 13), 
1.01 (July 30), and 1.11 (Sept. 20). These are 
reasonably satisfactory, the biggest departure 
from unity occurring during the lowest sedi- 
ment levels. As at other stations, it is sug- 
gested that no MV sampling be done in Year Ill 

except at high or turbid flows. 

3.2.2, Additions to sediment rating file 

The updated sediment file is g_ive_n in Table 3.2. 
As in Reindeer Channel, the late July and early 
August data provide useful high-concentration 
data. Again, the increase in concentration, 
compared to June 6, is much greater than 
would be expected on the basis of the increase 
in discharge. 

The "cross,-delta" sediment relationship using 
measured concentration in East Cha_n_nel at 
lnuvik as a predictor is shown in Fig. 3.4. 

Again, while recogni_?_z_i'ng the limited database, 
the relationship is very encouraging. The 
percentage prediction is 96% and the SEE is 

only‘ 0.09 log units. 

3.2.3 Suspended sediment grain size 

Suspended sediment grain size is generally 
comparable with that noted for Reindeer Chan- 
nel below Lewis Channel. Silt generally‘ made 
up 50-60% of the sample in the 1991 data, the 
balance being mostly clay. Sand was generally 
less than 8%, except for isolated samples from 
the lower part of the sampling column. 

The ma_k_e-up of suspended sediment contrasts 
markedly with that of the bed which, over most 
of the channel, is 90% fine and very fine sand.



3.3 East Channel below" Tununuk Point 

The measurement section at this station is- 

located in a wide, shallow straight reach about 
2 km downstream of Tununuk _Point. Though 
the section is essentially symmetrical, most of 
the flow originates from Neklek Channel which 
swings around Tununuk Point in a sharp left 

hand bend before merging with upper East 
Channel, the flow of which is confined to the 
right. side of the section. 

The sv sampling in 1.991 -was done at the 
Coast Guard buoy, 6_00m above the measure- 
ment -section and 375m from the right bank. 

3.3.1 Cross-sectional distribution of 
sediment 

The bed material throughout the full width of 
the section is dominantly (80%) gravel, though 
two sampling just to the right of ‘mid-channel 
did show 30-50% finer than 2mm (Fig. 3.5). 
The actual stone-size distribution of the gravel 
is more difficult to determine because of the 
limited size of many of the samples (mostly less 
than 350 9), but the data indicate that more 
than 50% of the sediment is generally coarser 
than 8mm. 

It seems likely, therefore, that the bed is quite 
stable at this section. In addition_, little contri- 
bution to the samples of suspended load is 

expected. 

The Year I report noted that the first MV sam- 
pling (June 13, 1991llshowed a systematic 
increase in concentration towards midstream 
from both banks, the right bank flow being 
much clearer than the left. On the other hand, 
the SV sampling (near m_id-chann_eI but 
upstream) showed a concentration near to the 
average for the section, with a k-value of 1 .08. 
However, the overall sediment level (at about ' 

130 mg/L) was low». 

The later two MV sampling produced k-values 
that were much lower: 0.89 in the sediment- 
rich July 31 flow, and 0.86 in the much clearer 
September 19 flow. In other words, in con- 
trast to the June 13 sampling, the SV site over- 

10 

estimated the mean section‘ concentration. 

This inconsistency in the k-value is perhaps not 
surprisijng given that the SV site» appears to be 
directly on the mifixing front between the flow 
from Neklek Channel (usually more turbid) and 
the flow from upper East Channel. As- 
remarked in the Year I report, it may be difficult 
to find a SV site with consistent k-values until 
further downstream when mixing will be more 
complete. A 

Additional MV sampling are clearly needed in 

this reach in Year Ill, especially when flows are 
turbid. 

3.3.2 Additions to sediment rating file 

The updated sediment rating file is given in 
Table 3.3. The 1991 concentration data are 
similar to those at the other two outer-delta 
stations with the same build-up to about 1000 
mg/L at the end of July. Again, the much 
higher concentration on July 31, compared to 
June 13, _at essentially the same discharge, 
should be noted. 

The relationship between sediment concentra- 
tions in Lower East Channel with those at 
|n_u'vil_< is shown in Fig. 3.6. The percentage 
prediction of loglcl below Tununuk Point is 

90% with a SEE of only 0.13 log units. 

3.3.3 Suspended sediment grain size 

Suspended sediment grain size seems to be 
slightly more variable in East Channel, based on 
the 1991 data, than in Reindeer and Middle 
channels. Silt content ranged from 42% to 
66%, though the statistical significance of the 
difference with the other two channels is very 
weak. - 

Sand concentrations, on the other hand, were 
generally more constant, at no time exceeding 
10%. The lower sand concentrations in East 
Channel are consistent. with the bed material 
which is largely gravel and a poor source ‘of 
sediment for the suspended load. in addition,- 
because of the abrupt '-‘step-up" in level of the 
bed in moving from Neklek to East Channel, no



large movement of sandy bed load from Middle 
Channel into East Channel would be expected. 

The aberrantly high sand concentrations in 

isolated near-bed samples on Reindeer and 
Middle Channel near Langley Island are presum- 
ably the result of pulses of bed load temporarily 
in suspension in these two sand—bedded chan- 
nels. Such pulses should be much less evident 
on Lower East Channel. 

3_.4 Conclusions 

3.4.1 Sampling strategy 

The Outer Delta ‘sampling program is a time- 
consuming and expensive operation, but is 

essential if data are to be obtained to compute 
sediment fluxes to the Beaufort Sea. Delta- 
head inputs on the Arctic Red River, Mackenzie 
at Arctic Red River and Peel River cannot‘ be 
assumed to be representative of outflow vol- 
umes because of deposition within the delta 
area, and because of bank erosion on delta 
channels. 

A major source of concern at the present time 
‘with the delta sediment program (both outer 
delta and mid-delta) is the large amount of 
scatter in the sediment rating diagrams. At 
present there is no simple strategy availdable for 
dealing with the large errors that would be 
introduced in applying these sediment rating 
relationships to the delta stations. 

On the other hand, preliminary examination of 
the sparse data s_up_p_ly so far available suggests 
that fairly systematic differences exist between 
the sediment levels in the three outlets. In 

addition, and perhaps more importantly, sedi- 
ment concentrations at the outlet stations 
appear to be readily predictable, with good 
accuracy, f_rom measured concentrations in 

East Channel at lnuvik. 

The data currently available are insufficient to 
provide reliable sediment regressions for the 
outer station using lnuvik data, but with addi- 
tional information gained from the 1992. and 
1993 field seasons, this should become poss- 
ible. Once that has been achieved, it seems 
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likely that a single regular sampli_ng program at 
lnuvik. with frequent sampling (once a week at 
low flows, daily at high flows) would be suffi- 
cient to generate data in the years ahead for 
virtually the entire Mackenzie Delta. 

To this end, it is importafnt that, as far as 
possible, sediment sampling at the outer-delta 
stations in 1993 be done on the same day at 
all three stations, a_n_d preceded (by the appro- 
priate time lag) by sampling at lnuvik. 

3.4.2 Comparison of sediment levels in the 
Outer Delta 

The data provided in Table 3.4 show that, on 
average, 1991 concentrations at the Reindeer 
station are 1.41x those at the Middle Channel 
station; those on East Channel are, on average, 
0.87x those of Middle Channel. 

In the case of East Channel, the lower concen- 
trations are presumably mainly the result of 
dilution of the sediment-rich Middle Channel 
(Neklek) flow with clearer water from the 
middle reach of "East Channel upstream of 
Tununuk. Variations in the percentage of the 
East Channel flow that originates from Neklek 
(as well as variation in the turbidity contrast 
between the two channels) would be expected 
to produce variation in the ratio. 

In the case of Rein_deer Channel, the average 
41% increase in concentration compared to 
Middle Channel is presumably related to extra 
bank scour in the former reach. Again, the 
error term seems to vary systematically during 
the .summer being consistently negative in June 
and mid-(July. 

It should be noted that application of the same 
approach to the 1988 data set did not produce 
the same ratios: that for Reindeer was only 
1.12x Middle Channel; and East Channel aver- 
-aged essentially the same concentrations as 
Middle Channel. The errors in the above 
approach clearly need to be borne in mind, and 
their magnitude should be reappraised with the 
addi_tiona_l data from 1992 and 1993.



A preliminary comparison along East Channel 
between lnuvik and Tununuk Point is given for 
1991 in Table 3.5. This shows, that, on aver- 
age, concentrations at Tununuk are 50% 
greater than at lnuvik- As in the comparison 
between Middle Channel and lnuvik (Table 
2.4), however, this mean is affected by a 
number of aberrant values, notably for July 16 
and August 21, the same dates as in the com- 
parison with Middle Channel. These are the 
sampling days immediately before and after the 
turbid flows of late July and early August. No 
attempt has been made to ascertain the rea- 
sons for these anomalies. The implications of 
this downstream increase in sediment concen- 
tration is considered in the next‘ subsection. 

3.4.3 Delta sediment budget 

An important goal of the delta sampling pro- 
gram is comparison of incoming sediment loads 
with those delivered to the Beaufort Sea. 
Ultimately this requires comparison of loadings 
at the different stations. Such loadings are not 
yet developed for the mid- and outer-delta 
stations because of lack of discharge data, but 
a preliminary insight into this balance can be 
gained by comparison of sampled concentra- 
tions, provided that they are done at compar- 
able times. 

The preliminary data for 1991, which do not 
involve sampling of the same "parcel" of water 
at the delta head and in the Outer Delta, indi-: 

cate that concentrations‘ in Reindeer Channel, 
especially, but also in Middle Channel, seemed 
to be substantially higher than in the incoming 
Mackenzie River. The 1991 time trend of 
concentrations in East Channel below Tununuk 
Point (the outer station with the lowest sedi- 
ment levels) is compared ‘with spot sa_mp|i_ng on 
the Mackenzie River at Arctic Red River in Fig. 
3.7. The concentrations on Iower'East Channel 
seem to be comparable with, if not higher than, 
those on the Mackenzie at the delta-head. 

The implication appears to be that, in 1991 at 
least, the delta was an area of net erosion 
(bank erosion exceeding overbank and lake 
deposition) rather than a zone of net deposi- 
tion. On lower East Channel, concentrations 
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are still comparable with those on the i',nco_r'nin'g 
Mackenzie, presumably representing a balance

_ 

between the effects of loss of sediment along 
the upper a_nd middle East Ch. and acquisition 
of sediment along Middile Cha_nne|_. Si_mila'r” 

comparisons using the 1988 data are much 
more difficult because of" the timing of outer- 
delta sampling. 

In addition to same-day sampling at the Outer 
Delta stations, therefore, it would be useful if 

Year Ill sampling on Mackenzie River at Arctic 
Red River could also be arranged in such a way 
that it meshed with sampling in the Outer 
Delta, allowing for the travel time of the water. 

The rudimentary first attempt at a semi-quanti- 
tative input-output analysis for the delta, 
described above, with all its limitati,on_s, does 
suggest that the delta sampling program may 
yield data‘ that are somewhat at variance with 
popular ideas regarding the role of the delta as 
a sink for sediment. This may prove to be an 
important finding of the NOGAP program if 

verified by analysis of the 1992 and 1993 
data. 

4. DELTA-HEAD STATIONS 
Analysis of the delta-head stations is, strictly 
speaking, beyond the terms of reference of this 
report. However, given the importance 
attached to "cross-delta" sediment relat_i_on- 
ships in the two previous sections, it seems 
essential to include such analysis here. 

No sampling was ‘planned for Arctic Red River 
in the NOGAP program, but sampling was done 
on both the Mackenzie River at (upstream of) 
Arctic Red River and Peel River above Fort 
Mc-Pherson. 

4.1 Mackenzie River at Arctic Red River 

4.1.1 Accuracy of SV data 
Sampling. in this reach has always posed a 
problem because ofthe cross-sectional gradi_en't 
in sediment concentration, increasing from the 

E
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rockwall right bank towards the left bank shoal 
(the downstream end of the left ba_nk point 
bar). Typical patterns were given by Carson 
(1988, Fig. 7') for the 1980s. The traditional 
SV location was about. 200m from the left 

bank, close to Arctic Red River village, and 
about -3 km downstream of the 1980's mea- 
surement section. In this position, notwith- 
standing its location towards the left bank, it 

was gefi_nera_lly representative of the wash load 
(finer than 0.125 mm); in part, this seems‘ to 
have been due to its location well downstream 
from the left bank bar. 

During the course of the 1980s, however, it 

A 
was clear that elongation of the left-bank bar 
towards the SV site was taking place. This 
was accentuated during the major floods of 
1988 with massive buildup and extension of 
the bar. In the belief that the SV site would no 
longer be representative of the reach, it was 
therefore recommended in the 1988 report that 
SV sampling at this station be abandoned and 
replaced by limited MV sampling until an alter- 
native section and SV station could be estab- 
lished. 

These were summarized in 

the Year I report on sediment sampling i_n the 
delta (Carson, 1992a, p.20). Subsequent 
sarnpling in 1991 confirmed these concerns, 
though interpretation of the data is complicated 
by a shift in SV sampling to a near-right bank 
location (125m RB) on the measurement sec- 
tion. The unweighted k-values for the three 
1991 sampling were: 

June 4 rnean mg/L = 319 k=1.46 0=17600 m3/s 

June 28 mean mg/L .= 314 k=1.52 Q=‘l97OO m3/s 

July 25 mean mg/L = 1080 k=1.24 Q=2460O m3/s. 

The lower concentrations in the right side of 
the channel are indicated in Fig. 4.1 for the 
h_igh-flow event. The pattern is fully consistent 
with the observations noted i_n the 1980's, 

In view of these data it is clear that spot SV 
sampling at 125m RB cannot be relied upon to 
provide accurate estimates of" the mean con- 
centration in the section. Inspection of the 
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cross-river pattern suggests that a‘ SV location 
at about 370m RB to 41 Om RB would be much 
better, though the location of the vertical that 
corresponds to mean concentration in the 
section appears to shift from flood to flood. 
Brumwell (1991) notes that "the 1992 SV site 
may be moved to mid-channel where we hope 
a buoy might survive. The 1991 site was 
subject to heavy debris." The 1992 SV data 
may, therefore, be more representative of the 
cross-section. 

ln view of the importance of this station it is 

recommended that as many as half of the Year 
III sampling here be MV sampling and that the 
rest be SV sampling at 390m RB. The MV 
sampling need not be unduly time-consuming if 
they are not preceded by hydrometric 
measurements. As noted in Chapter 1, an 
appropriate procedure could be developed 
simply using the existing five verticals, sound- 
ing them for depth prior to split sampling, and 
using local nozzle velocity x depth as an appro- 
priate weighting factor for each split. 

4.1.2 Sediment rating data 

No additions have been made to the sediment 
rating data file, given the difficulty of assessing‘ 
the appropriate k-value to use in adjusting SV 
values. However, a large sediment rating file 
exists. The purpose of the 1991 program was 
primarily to assess the cross-sectional pattern 
rather than to add new data to the sediment 
rating file. 

4.2 Peel River above Fort McPherson 

Previous assessment of sediment data on Peel 
_River was undertaken in the Mackenzie Basin 
Sediment Station Analysis (Carson, 1992b) but 
was incomplete. This subsection represents an 
update of" that evaluation. Almost all analysis 
at. this site is based on data from the new 
(1988) SV site at the ferry crossing-, because of 
uncertainty regarding the reliability of most of 
the 1970s SV data (Carson, 1989).



The purpose of the 1980s-1990s sediment 
program (inc|ud_ing the NOGAP program) at this 
site is threefold: 

0 development of a procedure to ensure 
that the new SV location is representa- 
tive of the cross-section; 

0 development of a mathematical model that 
will predict daily -sediment concentrations 
with acceptable accuracy; 

0 development of a relationship between 
sediment concentration on Peel River and 
sediment concentration at the Peel Channel 
station. 

4.2.1 Representativeness of SV site 
The new SV location at the Peel River ferry 
crossi_ng has the major advantage that it allows 
convenient sampling from the in-channel end of 
the ferry by reliable non-WRB observers. There 
is, however, one definite problem with the site: 
this is that the SV location is near the outer 
bank immediately downstream of a meander 
bend, and SV concentrations usually need 
adjustment because they are generally less 
than elsewhere in the cross-section. The k- 
value data from this site are su'rnmar'i2ed i_n_ 

Table 4.1. They range between 1.08 and 
1.33. 

- ln 1988, the two k-value_s were used by WRB 
to produce a k-value curve for the sampling 
season, adjusting each day's concentration by 
a value given‘ by this curve. A similar curve 
was used by Carson (1:992b, Fig. 3.5 top) for 
1989, based on three k-values, and for 1990, 
based on no k-value data. No k-adjustme_nt h_as 
yet been made to the 1989 and 1990 data by 
WRB. The 1989 WRB Sediment Station Analy- 
sis sheet for this station includes the comment: - 

"Because single vertical samples‘ were 
collected on the top 2.5 metres on/y,ithe 
relationship between single verticals and 
the sediment measurements l "k "l is not 
clearly defined. " 
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This remark could be ,m_is|eading_. it is true that 
regular SV sampling by the observer in 1989 
was restricted to the ‘top 2.5m, but this was 
not t_he case at the time of k-factor sampling by 
WRB staff... The 1989 field sheets indicate that 
the May 25 SV sampling was done through the 
top 5 metres (SV depth was 10.2ml, the June 
3 SV sampling was done through the top 4 
metres (SV depth was 4.5m) and the October 
3 SV sampling was done through the top 6m 
(SV depth was 7m). There are therefore no 
grounds for believing that the k-value data are 
ina_ccu_rate, though it is unfortunate that the 
May 25 sampling was not done by split sampl- 
ing through the full depth. 

The actual k-curves, based on such few k-value 
data, may or may not be accurate. It may be 
more reliable, as well as more objective, in 
d_evelopi_ng such curves to search for a relation- 
ship between the k-factor’ and d_isc_ha_rge (Fig-. 

4.2: top). The impression gained from data so 
far available is that there is an abrupt increase 
in k-value at about 2000 m3/s from about 1.13 
to about. 1.33. The reason for this is presum- 
ably the change in cross-section with 
discharge: as water level rises and helical flow 
from the previous bend increases, more of the 
turbid flow moves over the left bank shoal and 
away from the right bank (Fig. 4.3). However, 
stage is not uniquely controlled by discharge, 
but also by backv_va‘ter effects f__rom ice and 
high water levels in the delta. The three high 
k-values all relate to late May or early June. it 

may be that the best predictor of the k-value is 
stage (Fig. 4.2: bottom). Additional k-value 
data are needed at stages in the range 7.0 to 
8.0 metres. ‘ 

As far as the future is concerned, such k- 
curves might not be needed if a satisfactory 
mathematical model for sediment concentration 
could be developed.‘ The" reason is that the 
model would use k-adjusted data to develop 
the relationship, so that any subsequent output 
of predicted concentrations would auto- 
matically be k-adjusted.

.

,,



4.2.2 Modelling daily sediment 
concentrations 

The sedirnjefnt rating diagram for Peel River is 
still not fully established, the. problem being the 
uncertainty of predicting sediment concentra- 
tions in post-snowmelt summer floods when 
concentrations can be much higher than 
expected on the basis of the sediment rating 
(Carso_n, 1992b, p. 24-5). The sediment rating 
developed in the 1992 report (having been 
adjusted for bias on detran,sfor'ma'tion from 
logarithmic values) was: 

c = 2.252 x 10* x 0”“ 
the regression having been derived from 1970s - 

MV data, 1988 data (daily mean concentration) 
and 1989-90 data (instantaneous conceritjr'a_- 

tion), k-factor adjustments having been made 
to all the SV data. A_ll discharge values were 
daily means. The total number of data pairs 
was 187. The percentage prediction of log(c) 
from log(O) was only 61 % with a SEE of 0.34 
log units. 

Most of the scatter appeared to be due to 
above-average concentrations during summer 
floods from rai_nstorr'i_1s. A preliminary model 
was developed in the 1992 report to include 
the variable effect of summer rainstorms on 
sediment l_eve|s at this station (Carson, 1992, 
p. 24-25). The model decreases all predicted 
concentrations on days before June 14 (based 
on these flows being largely snowmelt) and 
increases them on and after this date (assum- 
ing all floods to be rainstorm-induced)-. The 
actual correction factor used depends on the 
number of days that h_ave elapsed since the 
start of the flood that contains the day in 

question. These factors were based on com- 
parison of predicted concentrations with actual 
concentrations in the 1988-90 database. 

The comparison of actual versus predicted 
concentrations (using this flood adjustment 
factor) showed a definite improvement in the 
regression compared to the ordinary discharge- 
concentration sediment rating. Though the 
percentage prediction increased only marginally 
(from 61% to 67% and the SEE decreased 
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only from 0.34 to 0.32 log units, the reduction 
at scatter at high flows was nonetheless signifi- 
cant, 

One of the problems with the data set is the 
use of insta_ntjan_eous concentration data for 
1989 and 1990. In both years, summer storms 
produced sharp peaks in sediment (up to 
19000 mg/L in late June 1989 and up to 9700 
mg/L in June 1990) with these sampled instan- 
taneous values being many times higher than 
the instantaneous values of adjacent days-. It 

was believed that replacement of instantaneous 
concen_tration data with daily mean values (not 
available for the 1992 report) would further 
reduce the standard error of both the sediment 
rating and the more complex model. 

Unfortunately it is still not possible to use daily 
mean concentration values for 1989 and 1990 
as IWD lnuvik believes that data are inadequate 
for digitizing. The reason appears to be the 
fact that SV sampling by the observer in 1989 
and 1990 was restricted to the top 2.5 metres 
of flow, whereas actual 'ri_v'er (depth at the SV 
site varied between 4.5 m and 10 m. 
The reluctance of WRB staff to process these 
data further is understandable. Certainly a 
program of comparative sampling of 0-2.5m 
depth integration versus full-depth integration 
is needed at the SV site in order that the 198.9 
and 1990 SV data can be adjusted to make 
them representative of the full vertical.» This 
program was recommended earlier (Carson, 
1992, p. 15). However, preliminary analysis of 
these data indicates that the underestimation of 
concentration by these. shallow-depth samples 
may be only about 15 percent (Carson, 1992, 
p. 15). Such adjustment, while important, 
amounts to “fine-tuning" ofthe data. This is in 
marked contrast to the development of a sedi- 
ment rating curve where the "errors" at this 
site'in predicting concentration from discharge 
range from more than 50% underprediction to 
more than 4x overprediction (Carson, 1992, 
p. 25). 

These 1989 and 1990 concentration data. 
even without "fine-tuning", are still important 
in the development of the sediment rating



relationship for this station because of the 
many high flows that occurred in these two 
years, with frequent concentrations above 
1000 mg/L. 

The only other way of possibly resolving this 
issue is _to replace the daily mean discharge 
data from.1989 and 1990 that were used in 
the sediment rating with instantaneous values. 
Thus a new composite set of sediment rating 
data has been developed based on 1970s MV 
daily means, 1988 daily means and 1989-91 
instantaneous data. The 1991 data were not 
k-adjusted-. At least individual O,c data pairs 
are now consistent: no pairs are in mixed-mode 
format with a daily mean value associated with 
an instantaneous value. However, the error in 
using daily mean discharge (rather than instan- 
taneous discharge) was generally very small. 

The new data set gives the following sediment 
rating (Fig. 4.4) after adjustment. for bias: 

c = 3.04 x10‘ x Q “*5 
with a percentage prediction of 55% and a SEE 
of10.36 log units. The overall scatter is worse 
than in the dataset of the Year l report. 

The simple sediment rating itself (Fig. 4.4) 
indicates severe problems as is apparent from 
the instantaneous 1991 August data summar- 
ized below: 

Date m3/s mg/L 

2 913 82 
4 1320 191 
5 

3 
1640 10033 

0 1330 1616. 
7 1430 1605 
8 1400 . 738 
15 1 130 667 
18 1390 121 1 

19 "1630 2167 
20 1720 ‘ 1549 
23 1560 259 
24 1630 2077 
25 1510 823 
31 1020 153 

1.6 

The sediment peaks at 10038, 2167 and 2077 
mg/L do correspond-to flood pulses, but the 
magnitude of the first sediment peak is quite 
rem_a,rl<a_ble. _ln addition, the peak at 20.77 mg/L 
is an order of magnitude higher than on the 
previous day, while discharge was only mar- 
ginally higher. 

Unless there were major sampling problems 
(none being indicated on the field sheets) it can 
only be concluded that the sediment regime is 
much flashier than the hydrological component 
during summer floods. 

It had been hoped to use the new 198,9-91 
data to update the "flood adjustment factors" 
of the more complex model, but. it was felt that 
it was now inappropriate to do this given the 
lack of daily mean concentrations for the three 
years. 

It had also been hoped to test both the sedi- 
ment rating and the more complex model by 
comparing predicted monthly loads with actual 
WRB-computed loads. This had been done for 
1988, but that year was not representative 
given the lack of significa_nt sumfrner floods. 
Unfortunately the lack of daily mean concentra- 
tions for 1989, 1990 and 1991 means that this
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assessment is also impossible. 

The general conclusion to emerge from this 
reanalysis of the data therefore is one of con- 
siderable uncertainty regarding any model for 
the prediction of daily mean concentrations at 
this site. It is clear that the sediment regime is 
far too flashy to be modelled with a sediment 
rating approach alofinde-. And, until depth- and k- 
adjustments have been made, followed by 
interpolation to give. daily mean values, (or ‘until 
additional years of data have been acquired to 
compensate for 1989 and 1990) no proper 
assessment of the complex predictive model 
can be undert_'a_ken.; 

4.2.3 Relationsh_ip with Peel Channel data 

In the absence of regular sampling at Peel 
Chan_n_el in the years ahead, it seems that the 
best approach for prediction of sediment 
concentrations there will be by correlation with
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those at Peel River, for the same reasons as in 
the case of the stations with Mackenzie River 
water. ' 

Unfortunately most. of the sediment rating file 
for Peel Channel dates from 1974 and 1975, 
during which years sediment concentration 
data from Peel River are suspect (Carson, 
1989). This comparative approach will there- 
fore have to be based on the three years of 
NOGAP data only, the first year of which 
(Table 4.2) allows little comparison at high 
sediment levels. 

As in the case of the other delta stations, 
therefore, it is suggested that the Year lll 

program involve weekly (at least) SV sa_mpling 
at the upstream station ("Peel River) and, using 
an appropriate time lag, at the downstream 
station (Peel Channel). 

5. CONCLUSIONS 
5.1 Introduction 

As noted by Brumwell (1991), the NOGAP 
Mackenzie Delta sediment sa_r'npling program 
(including the two delta-head stations) is an 
expensive and time-consuming operation. 

It is clear that a longterm (10 years or‘ more) 
program of sediment sampling at 8 or more 
delta stations, undertaken frequently enough 
(at least once a week in the open water sea- 
son), is far beyond lWD's resources. Yet such 
data are needed if the fundamental issues 
related to sediment. transport to the Beaufort 
Sea are to be adequately addressed. The 
solution to this dilemma is the prediction (rather 
than measurement) of sediment concen_t'ra'tions 
at delta stations, using established mathemat- 
ical relationships.

' 

The problem is that no simple mathematical 
relationship appears to be adequate for this, 

purpose in the delta area. The use of the ONE- 
D-SED model (Morse, 1991; Wisfner, 1991), 
previously being contemplated (Kerr, 1991, 
pers. comm.), is entirely inappropriate because 
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of its inability to deal with wash load, which 
constitutes essentially‘ all the delta suspended 
sediment (Carson, 1992a, p.3). 

The obvious alternative is the use of sediment 
rating curves. However, the preliminary results 
to date, including the data gathered in the 
1970s and 1980s, indicate that prediction of 
suspended sediment concentrations from 
discharge at these stations, using rating curves, 
is far from satisfactory. A more definitive 
assessment must await generation of dis- 
charges using the 1-d model and the additional 
sediment data for 1992 and 1993._ 

One of the major problems with these sediment 
rating curves in the delta is that, for given 
discharge, there can be a wide range of con- 
centrations, depending only in part on the 
month of sampling. On the other hand, a_nom- 
alous concentrations at a given station on a 
given date tend to be repeated at other stations 
at the same time (allowing for lags in travel 
time). It is for this reason that more accurate 
predictions of sediment concentrations, at most 
delta stations, occur through '-‘cross-delta" 

correlations, i.e. correlation with measured 
concentrations at another station, as noted in 
Chapters 2 and 3. 

5.2 Use of East Channel at lnuvik as a 
base station 

The possibility of using lnuvik data for this 
purpose, not only for predicting concentrations 
at eastern mid-delta stations, but also at the 
three outer delta stations, seems extremely 
promising, and warrants further investigation. 
It offers the option of a regular sediment pro- 
gram at a single convenient location being used 
to generate the sediment data at many delta 
stations with limited cost. 

It is hoped that, ultimately, a good sediment 
rating can be developed at lnuvik between 
logic) and log(Q), after which time, little addi- 
tional sampling would be needed at lnuvik. 
Sediment concentrations at lnuvik in the future 
might then be predicted from discharge at



lnuvik; and sediment concentrations in the rest 
of the delta could be predicted from lnuvik 
concentrations. 

Yet, from exarnfination of the lnuvik (and other 
delta) sediment ratings to date, it is doubtful if 

such prediction ofthe lnuvik concentratons can 
ever be done with a great deal of accuracy. ln 

other words, any sediment flux model for the 
Mackenzie Delta is likely to require full-program 
sediment sampling at lnuvik, in the future, for 
any year in which the model is to be applied. 

This should not be regarded as a serious prob- 
le_m. Sa,mpling at lnuvik is relatively easyand 
convenient because of its proximity to the 
WSC district office. It is generally recognized 
that some "bench mark" sediment stations are 
required across Canada forlongterm monitoring 
of sediment transport. In the Mackenzie Basin, 
East Channel at lnuvik is a logical site as the 
bench mark station, provided that no system-‘ 
atic alteration in morphology of the distributary 
entrance from Mackenzie River takes place. 

The only real drawback with this approach is 
that an lnuvik-based sediment flux model 
cannot be applied to past years in which sedi- 
ment data have not been collected at the lnuvik 
station. This applies to all years prior to 1991 
except for 1974 and 1975. There is, however, 
one possible solution to this problem: provided 
that a good correlation is determined between 
concentrations at lnuvik and those for the 
Mackenzie at Arctic Red River, it should be. 
possible to predict lnuvik concentration_s from 
measured Mackenzie concentrations-.’ Inspec- 
tion of data from the Mackenzie station indi- 
cates that sufficient data exist for the period 
19_80-1988, at least, for this purpose, provided 
that a satisfactory between-station relationship 
can be established. 

Unfortunate_ly only limited data are currently 
-available for such a comparison between the 
two stations (Fig. 5.1) because of the sparse 
1975 sediment data and complete lack of 1977 
data on the Mackenzie, two of the three years 
of pre-1991 data at lnuvik. On the other hand, 
the preliminary data are very encouraging‘. The 
percentage prediction of logic) on the 
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Mackenzie from |og(c) at lnuvik is 90% with a 
standard error of estimate of only 0.15 log 
units. This is far- superior to the ar':tual sedi- 
ment rating for the Mackenzie River station in 
which the percentage prediction is 6.8 % and 
SEE is 0.22 log units (Carson, 1992b, p. 22). 
The regression would, of-course-, need to be 
inverted for prediction of concentrations at 
lnuvik from the Macken_zie River station in the 
period 1974-92. 

It should be borne in mind that the 1970s data 
are daily mean values and the 1991 data are 
instantaneous. The 1970s data for Mackenzie 
River were taken as exactly three days prior to 
the sarfnpling date at lnuvik. In the case of the 
1991 data, the chosen lag was forced by data 
availability and it ranged from 1 to 4 days. It 

should also be noted that lnuvik‘ data for 1974 
August 12, 14 and 16 were not used. Only 
one Mackenzie sample was available during this 
period (12th) with a daily mean of 9640 mg/L, 
the highest on record by far. The value has 
previously been regarded as suspect (Carson, 
1988, p. 28). 

Notwithstanding the limited database for Fig. 
5.1, the relationship is encouraging. More 
comparative data, es'peci_al]y for concentrations 
above 500 mg/L, are needed, and this should 
be a major goal of the Year lll program. 

5.3 Year lll program: stations that are 
dominantly Mackenzie River water 

With the above perspective, it is therefore 
important. to design the Year lll sampling pro- 
gram in a way that permits unambiguous 
comparisons in concentrations between sites. 

Sampling at Mackenzie at Arctic Red River 
should precede sampling at lnuvik by the time 
of water travel between the two points; and 
sampling at the Outer Delta sites should lag 
that at lnuvik by the appropriate travel time. In 
addition, given the li'rn'ited expense of sampling 
at lnuvik compared to other sites, it would be 
useful to sample on the day before a_nd the day 
after the scheduled sampling day at lnuvik in 
order to allow for errors in estimating the travel 
time through the delta.



The acquisition of appropriately time—lagged 
sediment data at lnuvik and Mackenzie at 
Arctic Red River constitutes the most crucial 
part of the Year Ill sediment program for rea- 
sons given at the end of the previous section. 
in addition it is clear that concent'r‘a,tion data for 
the Mackenzie must be fully representative of 
the cross-section. For this reason, much of the 
sampling on the Mackenzie at Arctic Red River 
should be MV sampling as noted in Section 
4.1. 

Sampling on Middle Channel should as far as 
possible be done on the same day -as the sche- 
duled sampling at Inuvik. Ideally, if sufficient 
resources are available, it would be useful to 
sample on Aklavik and North Kalinek Channels 
lSV sampling at the 1970s sites) to increase 
confidence in the relationships established with 
Inuvik data in Chapter 2. Again, sampling 
would need to be done on the same day at all 
mid-delta sites. 

Samp|_ing at the three Outer Delta stations 
would ideally also be done on the same day, 
lagged appropriately after Inuvik. This strategy 
has generally been followed in the NOGAP 
program. 

The MV data collected to date are generally 
sufficient to "indicate the representativeness of 
the SV sites. In view of the limited resources 
available, it is recommended that (with the 
exceptions noted below) no MV s_ampling be 
undertaken at these stations in 1993, and the 
savings be used to increase SV sampling (at 
the regular SV site in each ca_sel to once a 
week. In the event of a major flood, it would 
be useful to have more than one day's sampl- 
ing at each site, but always lagged in such a 
way that the sampling program attempts to 
follow the water downstream. 

The exceptions regarding MV sarflpling are as 
follows. In the event that a very high flow 

I 

and/o_r turbid water coincides with a regular 
visit to _a__r_1_y_ of the statio_ns, it is highly desirable 
that MV sampling be done during that visit. |_n 

addition, on East Channel below Tununuk Point 
and the Mackenzie River at Arctic Red River, 
additional MV sampling is still needed under 
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normal summer flow conditions. Much of this 
MV' sampling could use the A"abbreviated'A' 

sediment measurement approach (without 
current metering) discussed in Section 1.5. 

No more bed material sampling would seem to 
be needed at any of these sites in the near 
future. 

Acquisition of 1993 data in the above manner, 
together with existing data (and 1992 data not 
yet examined), should allow a proper evaluation 
at the end of Year ll) of the most appropriate 
statistical procedure for predicting sediment 
concentrations at these delta stations. 

5.4 Year lll program: Peel River and Feel 
Channel 

The problems with these two sites are much 
more serious than at the Mackenzie River 
stations. 

Peel Channel sediment concentrations will be 
largely controlled by Peel River sedimentinputs, 
with concentrations at the downstream station 
tending to be lower than upstream for reasons 
given in Chapter 2. Unfortunately sampling at 
Peel Channel i_n August 1991 seemed to miss 
the two sediment pulses on Peel River, thus 

_ 

making it difficult to develop a good cross-de_|t”a 
relati_on_ship between the two stations. 

The sediment rating diagram for Peel. River is 

mediocre at best. Some (small) part of the 
scatter may be related to uncertainty in the 
appropriate k-adjustment of S\__/ data, and the 
use of near-surface sampling rather than full 

depth integration, during 1989 and 1990. The 
major problem, however, is the flashiness of 
the sediment regime, with small summer 
storms being capable of producing large (but 
variable) short-lived pulses in sediment concen- 
tration. 

lnjspection of the catchment upstream might 
identify the cause of these pulses (e.g. sites of 
major bank instability or mudflows), but will not 
solve the‘ problem of load computation.



No progress has been made on further"develop- 
ment of the complex sediment model for the 
station because of lack of daily values for 
sediment concentration for 1989-91. There is 
no guarantee that the model developed in the 
Year I report will solve the problems of sedi- 
ment prediction at this site, but at the moment 
this approach appears to be the only one that 
offers hope, unless a Iongterm full-time sea- 
sonal program of sampling is envisaged at this 
site over the next five years or so. 

The sediment rating diagram for Peel Channel 
is still incompletely developed but shows con- 
siderable scatter with several points (two of 
which are MV values) being an order of magni- 
tude away from the value predicted by the 
sediment rating. This presumably results from 
the same factors at work as at the Peel River 
site. In the c_ase of Peel River, the modelling 
approach developed utilizes the full hydrograph 
of each flood for predicting sediment levels at 
any point in a flood. This approach can not yet 

. be extended to Feel Channel because of the 
lack of reliable hydrometric data at present. 

As noted in Chapter 4, it seems |_ikely, there- 
fore, that the best approach for prediction of 
sediment concentrations at Peel Channel will be 
by correlation with those at Peel River. As in 

V the case of the other delta stations, therefore, 
it is suggested that the Year lll program involve 
weekly (at least) SV sampling at the upstream 
station (Peel River) and, using an appropriate 
time lag, at the downstream station (Peel 
Channel). 

The program suggested above for Peel River 
and Peel Channel is, however, confronted with 
two serious hurdles. 

The first is the much more "'flashy" sediment 
regime on the Peel than on the Mackenzie, with 
sediment pulses being short-lived in many 
cases. This is evident in the data for early 
August 1991 (Table 4.2). In such a situation, 
comparison of isolated daily mean concentra- 
tions between Peel River and Peel Channel is 
difficult: comparison of instantaneous values is 
even more so, given the marked changes in a 
day. The instantaneous 463 mg/L at Peel 
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Channel on August 7 presumably represents a 
parcel of water that flowed through the Peel 
River station at some time. on August 4 (191 
mg/L inst.) or August 5 (10038 mg/L inst.).. 

A meaningful Year lll program of comparison 
between Peel River and Peel Channel would 
therefore require a frequent SV program at Peel 
River, with at least_ one SV per day at times of 
turbid flow correspondisng to summer storms, 
and at least one SV per week during between- 
flood periods. This could, however, be done 
largely by the regular observer. 

The second problem is the uncertain represen- 
tativeness of the SV site (off the ferry) at the 
Peel River station. The program is therefore 
likely to need MV sampling at‘ all times of 
heavy flows or turbid water, and this requires 
the presence of‘ lnuvik technical staff. This 
does not necessarily require current-meter work 
as well. It could be done with the "abbrevi- 
ated" approach using nozzle velocity described 
in Section 1.5. 

5.5 Additional sediment stations ? 

The preliminary success of’ the cross-delta 
sediment relationships raises the question of 
whether additional stations should be sampled 
to develop similar relationships for new sites in 
the delta. While this may seem to conflict with 
the limited resources currently available for 
sediment work, and the difficulties of delta 
work previously noted, the question should at 
least be raised because much of the expense of 
the delta program is in travel. Additional sta- 
tions en route between existing stations may 
not involve enormous extra expense. 

In fact it has already‘ been recommended that 
two of the 1970s stations be reactivated in 
.Year Ill: Aklavik Channel above Schooner 
Channel and North Kalinek Channel above 
Oniak Channel. These two sites constitute 
distinct gaps in the mid-delta transect "(Year I 

report, p. 12). No other important gaps exist 
on the mid-delta tra'ns_ec't, except possibly for 
_Ray'mo_nd Channel and Kalinek Channel (after
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the branch-off of North Kalinek Ch. and before 
it joins Middle Ch. just downstream of Horse- 
shoe Bend). 

The amount of sediment transported in these 
two channels is assumed to be insignificant 
compared to Middle Channel below Raymond 
Channel. However, given the proximity of both 
sites to Station 1OMC8, any SV sampling at 
these two sites would involve minimal extra 
work. Raymond Channel could be sampled 
downstream of the branch-off before the first 
bend; Kalinek Channel could be sampled in the 
straight reach just" before it joins Middle Chan- 
nel. 

lt should be recognised that the mid-delta and 
outer-delta sampling programs probably do not 
allow satisfactory computation of sediment 
loads to Shallow Bay, but this is not. a stated 
goal of the NOGAP program. In theory it might 
seem that the sediment contributed by branch- 
offs from Middle Channel to -Shaallovv Bay 
between Raymond Channel and Reindeer 
Channel could be determined as the difference 
in sediment load at 10MC8 (Middle Ch. below 
Raymond Ch.) and the combined tot_a_l of the 
three outer delta stations. However, as previ- 
ously noted (Section 3.4.3), it appears that 
there is an increase in sediment load along 
Middle Channel because of bank scour which 
would mask any loss in sediment through the 
channel branch offs. 

A program to monitor the sediment flux to 
Shallow Bay would therefore require sampling 
on West Channel (reactivating the 19705 
station), Jamieson and Schooner channels (all 

sampled while in the Aklavik area), together 
with Raymond, Napoiak, Pederson, Crooked 
and Amagokvik channels (which branch off 
Middle Channel). The latter five channels could 
be sampled at their branch-offs from Middle 
Channel while en route from 10l-.C0O8 to the 
Outer Delta stations. It may be useful to 
attempt this comprehensive Shallow Bay 
sampling pjrogram once during Year III in order 
to assess its practicability. However, it is likely 
to complicate the already complex Year Ill 

‘sampling program, and could not be justified on 
a regular’ basis-, unless it is shown that a speci- 
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fic important goal warrants it. 

It is therefore suggested that additional sedi- 
ment stations in Year Ill be restricted to Aklavik 
and North Kalinek channels, and possibly 
Raymond.a'nd Kalinek channels. 

5.6 Endnote 

The review of suspended sediment data in the 
delta is now beginning to indicate one method 
of predicting sediment concentrations to be 
more preferable than others. The ONE-D-SED 
model has severe theoretical limitations and 
sediment rating approaches contain too much 
statistical error. The cross-delta relationships, 
developed in this report, however, look to be ' 

extremely promising. 

Further development of the appropriate data- 
bases in Year lll requires careful timing of 
sampling to ensure that, as far as possible, a 
given "parcel" of water’ is sampled as it moves 
downstream from the delta-head, through mid- 
delta stations to the outer-delta sites. 

This will require prior determination of times’ of 
travel between stations as a function of di_s- 

charge. In addition, frequent sampling is 

needed at the base stations (East Channel near 
lnuvik; Peel River above Fort McPherson) to 
allow for variability in the time of travel. 

Finally, at the two main delta-head stations, 
great care is needed to ensure that sa_mp|es 
taken are representative of the cross-section, 
given the marked cross-sectional variability in 

these reaches.
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Year Month Day Type m5/s mg/L 2 sand 
74 6 12 H 1883 222 
74 7 12 S 952 536 
74 7 18 H 833 71 
74 8 1 H 1116 349 
74 8 8 5 1000 107 
74 8 15 S 1289 749 
74 8 29 S 1065 193 
74 9 9 S 765 99 
74 9 18 S 549 33 
75 6 17 3 1500 597 
75 6 23 S 1210 317 
75 7 17 M 864 153 
75 8 13 H 733 71 
75 8 20 H 742 82 
75 9 11 H 575 39 
91 6 12 H 1060 126 
91 6 18 S 255 
91 6 26 S 211 
91 7 4 S 121 
91 7 13 S 80 
91 7 16 3 110 
91 7 28 S 296 3 
91 7 30 S 255 
91 8 7 S 463 2 
91 8 21 S 420 V 2 
91 8 29 H 749 496 1-5 
91 9 4 3 145 
91 9 11 H 490 50 
91 9 30 3 66 

M denotes multiple vertical; 8 single vertical 
A11 1974 data are daily mean values. 
1975 sediment concentrations are instantaneous values; 
1975 discharge data are daily means." 

TABLE 2.1 

PEEL CHANNEL UPSTREAM OE AKLAVIK CHANNEL (IOHCDO3): 
SEDIHENT RATING DATA



Year 
74 
74 
74 
74 
74 
74 
74 
74 
75 
75 
75 
75 
75 
75 
75 
75 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 

MIDDLE CHANNEL DOWNSTREAM OF HORSESHOE BEND: 

Middle Channel 10HC6 and 10HC8 

Month Day >TYDe 

11 
19 
31
8 
14 
29
9 

19 
13 
17 
23 
18 
12 
20
5 

11 
12 
18 
26
4 
13 
16 
28 
30
7 

21 
28
4 

12 
30 

0\D11@(DODH‘d\JV‘Q0‘O(F¢>00DM‘d0‘0JF1)0IN0lm'fl\JV 

<»3<n3¢nm<nm<»m4ow<n3:z3<n:::m 

bx 

xl(Dm 

N3 

in 

m3/s 
18000 
15800 
19000 
16800 
21700 
16700 
15700 
12600 
24800 
21800 
16500 
13900 
13200 
12700 
11000 
10000 
16600 

10500 
12000 

All 1974.ya1ues are daily means. 
1975 sediment concentrations instantaneous; 
1975 discharges are daily means. 
* denotes verticals not known 

TABLE 2.2 

SEDINENT RATING DATA 

mg/L 

638 
249 

2320 
1100 
1390‘ 
387 
192 
81 

904 
741 
365 
492 
164 
617 
204 
91 

2141 
272 
294 
325 
213 
285 
1350 
930 
1080 
238 
119 
86 
82 
79 

10-14 

2f18 
8-21 
10—21



Year Month Day Type m3/ s m9/ L as sand 
91 5 27 S 692 266 
91 6 6 H 392 135 
91 6 11 S 113 
91 6 19 S 145 
91 6 26 S 180 
91 7 4 S 217 5 
91 7 13 s 111 
91 7 16 S 91 
91 7 26' H 374 816 2-3 
91 7 30 S 799 2 
91 8 7' S 1271 19 
91 8 21 S 43 
91 8 27 M 226 55 
91 9 4 S 35 
91 9 17 H 145 27 
91 10 4 H 1&8 20 

TABLE 2.3 

EAST CHANNEL NEAR INUVIK (1oLc0O2): 

1991 SEDIHENT RATING DATA



Year 
91. 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 

Month Day 

12 
18 
26 

13 
16 
28 
30 

21 
28 

12 
30 

0\0()@0Dm‘dH‘dV*J0(!O 

1oMc8 
actual 
mo/L 
214 
272 
296 
325 
213 
285 
1350 
930 
1080 
238 
119 
86 
82 
79 

10LC2 
actual 
mg/L 
113 
145 
180 
217 
111 
91 

816 
799 

1271 
43 
55 
35 

Mean 

ratio 
Middle/ 
East 10Mc8 

predicted 
mg/L 

1.89 242 
1.88 310 
1.63 585 
1.50 464 
1.92 238 
3.13 195 
1.65 1746 
1.16 1710 
0.85 2720 
5.53 92 
2.16 118 
2.46 75 

2.16 $tan.devn 

predicted 10HC8 concentration equals 2.14x 10LC2 

COMPARISON OF SEDIHENT CONCENTRATIONS FOR 
MIDDLE AND EAST CHANNELS 

TABLE 2.4 

ON HID—DELTA TRANSECT 

10MG8 
(p—a) 

0.12 
0.12 
0.24 
0.30 
0.10 
-0-46 
0.23 
0.46 
0.60 

-1.59 
-0.01 
-0.15 

0.54
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I 
Year Month Dav TYDe m3/s 

87 8 25 «H 378 
88 6 16 D 769 

I as 6 27 s 6.16 
88 7 26 S 860 
88 7 29 S 1223 
88 7 30 3 1022 

i 88 7 31 S 690 
88 8 1 S 651 
88 8 5 S 678 

U 88 9 16 s 410 
91 6 14 S 248 
91 6 20 H 6700 370 
91 6 28 S 597 

i 91 7 3 s 630 
; 

91 7 12 S 393 
91 7 16 S 267 

I 91 . 7 26 S ' 1449 
91 7 30 H 7070 1170 
91 8 7 S 1875 

U 91 3 21 s 177 
91 8 31 S 120 
91 9 20 M 4260 A 95 

U 
91 9 25 s‘ 115 

I D denotes dip sample 
M denotes multiple vertical sampling 

I 
3 denotes single vertical sample 

A11 concentrations are instantaneous 

‘N 

TABLE 3.1 

I 
REINDEER CHANNEL BELOW LEWIS CH.ANVNE'L~: 10MC9U2 

SEDIMENT RATING DATA 

m9/L z sand 

29 
9-14 

6-18 
2-26 
6-9



Year 
87 
88 
88 
88 
88 
88 
88 
88 
88 
88 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 

Month DaY Type m3/s mg/L 
3 25 H 313 
6 14 0 716 
6 27 s 422 
7 26 s 939 
7 29 s 957 
7 30 s 340 
7 ‘31 s 313 
3 1 s 515 
3 5 s 434 
3 13 s 273 
6 13 H 5370 171 
6 20 s 213 
6 23 s 256 ~ 

7 3 5 333 
7 13 s 207 
7 16 s 159 
7 26 s 1034 
7 30 H 6420 1037 
3 7 s 1491 
3 21 s 131 
3 31 s 34 
9 20 H 4120 69 
9 26 s 76 

M denotes multiple vertical sampling 
3 denotes single vertical sampling 
D denotes dip sample 

All concentrations are instantaneous 

TABLE 3.2 

MIDDLE CHANNEL NEAR LANGLEY ISLAND (10MC901): 
SEDIHENT RATING DATA 

5-8 
2-8 

2,6,42_
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Year 
87 
88 
88 
88 
88 
88 
88 
88 
88 
88 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 

EAST

3 03 H‘ I Dav Type m3/s 

14 
27 
26 
29 
30 
31 

13 
13 
20 
28 

3950 

13 
16 
26 
31 4040 
21 
31 
19 
25 

2780 

o~oaem4m~4v-u~4v<ra~o~oaom~ux:u~uo~o-o 

or3<nu>m::w<»u>m<nu>3(owwnu>w<no>wc33 

D denotes dip sample
_ 

M denotes multiple vertical sampling 
3 denotes single vertical sample 

All concentrations are instantaneous 

TABLE 3.3 

CHANNEL BELON TUNUNUK POINT (1oLc9o1): 
SEDIHENT RATING DATA 

mg/L 
82 

617 
715 
700 
625 
686 
717 
687 
718 
566 
144 
184 
187 
224 
145 
214 
938 
834 
1369 
144 
94 
69 
85 

2 sand 

10' 

h)?lO P-O-W



Date 

Jun 
Jun 
Jun 
Jul 
Jul 
Jul 
Jul 
Jul 
Aug 
Aug 
AUG 
Sep 
Sea 

13 
20 
28 
12 
16 
26 
$0 
21 
31 
20 
25 

Mean 

mg/L 
Reindeer 

mg/L 
actual predicted (D-a)/a 

248 
370 
597 
630 
393 
267 

1449 
1170 
1875 
177 
120 
95 

115 

577 
Standard deviation. 

241 
307 
361 
540 
292 
224 
1458 
1462 
2102 
185 
118 
97 

107 

-0.03 
-0.20 
-0.65 
-0.17 
-0.35 
-0.19 
0.01 
0.20 
0.11 
0.04 

-0.01 
0.02 

-0.07 

-0.10 
0.21 

Hiddle 
mg/L 

actual 

171 
218 
256 
383 
207 
159 

1034 
1037 
1491 
131 
84 
69 
76 

409 

mg/L 
East 

mg/L 
actual predicted (D-a)/6 

144 
184 
187 
226 
145 
214 
938 
836 
1369 
144 
94 
69 
85 

356 
Standard deviation 

149 
190 
223 
333 
180 
138 
900 
902 
1297 
114 
73 
60 
66 

0.03 
0.03 
0.16 
0.33 
0.19 
-0.55 
-0.04 
0.08 

—0.06 
-0.26 
-0.29 
-0.15 
-0.29 

-0.06 
0.23 

predicted Reindeer concentration equals 1.41x Middle Channel predicted East Ch. 

COMPARISON OF SEDIHENT CONCENTRATIONS AT THREE 

TABLE 3.4 

OUTER-DELTA STATIONS 

concentration equals D.87x Middle Channel



« I 

Inuvik Tununuk 
U Tununuk/ 

1 Year Month Day mg/L mg/L Inuvik 

U 91 5 27 266 
91 6 6 135 

3 
91 6 11 113 144 1.27 

U 91 6 19 145 ' 134 1.27 
91 6 26 130 137 A 1.04 
91 7 4 217 224 1.03 
91 7 13 111 1.45 1.31 

I 91 7 16 91 214 2.35 
91 7 26 : 816 933 1.15 

A 91 7 30 799 334 1.04 
U 91 3 7 12.71 1369 1.03 

» 91 3 21 43 144 3.35 
. 

91 3 27 55 94 1.71 
91 9 4 35 

I 91 9 17 27 
91 10 4 20

I P‘ UI I-5 Mean 

TABLE 3.5 

COMPARISON OF EAST CHANNEL SEDIHENT CONCENTRATIONS 
NEAR INUVIK AND BELOH TUNUNUK POINT 

(""4



1988 
1988 
1989 
1989 
1989 
1991 
1991 

1991

k 

June 2 - 1.33 
Sept 9 1.08 
May 25 1.31 
June 3 1.33 
October 3 1.13 
July 10 1.15 
Sept 10 1.10 

June 4 

m3/s 
3130 
1870 
2070 
2740 
527 
855 
662 

2240 

mg/L 

543 
1246 
523 

1023 
34 
176 
63 

347 

stage 
metres 

8.268 
6.920 
8.522 
7.870 
4.594 
5.520 
4.940 

7.438 

All 1991 m3/s data and all 1989-1991 mg/L data are 
instantaneous values 
All other data are daily mean values 

No SV data have been found for the June 1991 HV sampling. 

TA§LE 4.1 

PEEL RIVER ABOVE FORT HCPHERSON (10flC002): 
K-VALUE DATA FOR NEW SINGLE-VERTICAL SITE



48 18' 349 
_. 50 20 

_ 

TABLE 4.2 
' PEEL RIVER AND CHANNEL 0ATA, 1991 

JUNE 1 - SEPTEMBER 5, 1991 

U m9/L at mg/"L at" 
Peel Peel 

Day Date River Channel Day Date River‘ Channel 

' 1 June 1 51 July 21 
2 2 52 22 
5 5 55 25 277 

' 4 4 547 54 24 125 
5 5 259 55 25 
6 6 56 26 

ll 
7 7 57 27 
3 3 

, 
53 23 75 296 

9 
_ 

9 59 29 

' 
10 10 60 50 255 
11 11 61 51 
12 12 571 126 62 August 1 
15 15 ~ 65 2 32 

I 14 1.4 450 . 64 5 
15 15 ~ 65 4 191 
16 16 66 5 10053 

H 17 ‘ 17 .67 6 1616 
. 13 13 224 255 63 7 1605 465 

19 19 69 3 753 
20 . 20 70 9 

A U 21 21 71 10 
, 

22 22 72 11 
25 25 244 75 12 

l(, 24 24 74 15 
25 25 262 75 14 
26 26 211 76 15 667 

I 27 27 77 16 
23 23 155 73 17 

' 29 29 79 13 1211 
50 50 30 19 2167 

U 51 July 1 31 20 1549 
A 52 2 32 21 420 

55 5 _35 22 
U 54 4 121 34 25 259 

_ 

55 5 35 24 2077 
56 6 

V 

36 25 325 

I 57 7 37 26 
53 3 33 27 
59 9 32 39 23 
40 10 172 90 29 496 

I 41 11 165 91 50 
42 12 92 51 155 
45 15 30 95 Sebt 1 

I 44 ' 14 94 2 
45 _15 95 5 
46 16 110 

_ 
96 4 145 

I 
47 17 161 97 5 110
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Executive Summary 

This report provides a review of sediment data collected by Inland Waters D_irectorate 
of Environment Canada on rivers draining to the Mackenzie River from the high 
country in the western part of the basin. 

These rivers are the Flat River (tributary to the South Nahanni River and then to the 
Liard River), the Harris, Martin and Root rivers (between Fort Simpson and Camsell 
Bend), and, further south, the Redstone, Carcajou, Mountain and Ramparts rivers. 
The latter four stations are serviced by Water Resources Branch staff in inuvik, while 
the first four are managed by WRB staff from Fo_rt Simpson. 
For each station, a sediment rating curve is developed to predict sediment concentra- 
tions from water discharge, usually daily mean values in both cases. This sediment 
rating is then applied to daily discharge data for the period of record at each station 
to estimate annual loads up to and including 1990. The full period of record analyzed 
here begins in 1974, but in the case of the newer lnuvik—based stations load estimates 
for early years have had to be made by comparison with data from the Root station. 

The preliminary analysis, when extrapolated to the full suite of ‘tributaries between 
Fort Simpson and Arctic Red River, indicates that about 70% of the 49 Mt increase 
in load of the Mackenzie River between these two mainstem stations originates from 
tributary sediment inputs. These initial conclusions are regarded as suspect because 
of both uncertainty in some of the sediment ratings (some of which are based on only 
10 data points) and uncertainty in extrapolating sediment yields from these stations 
to unsampled parts of the Mackenzie Basin. 

The sediment loads of the Redstone, Carcajou and Mountain rivers, in particular, are 
probably too low as estimates of inputs to the Mackenzie River because of their 
location up to 100 km upstream from-the main stem. it is -therefore recommended 
that the sampling sites on these three rivers be relocated close to their mouths. 

The development of more reliable sediment ratings as more data are gathered in the 
years ahead, together with new data that are more representative of conditions at the 
mouths of these basins, should provide a much more realistic assessment of the 
spatial pattern of sediment production in the Mackenzie basin.
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Section 2: Suspended Sediment Data 
Analysis for Westbank Tributaries of 
the Mackenzie River, Northwest 
Territories 

1. INTRODUCTION 

1 .1 Purpose of report 

An earlier analysis’ of 1974-1990 sediment 
loads for stations in the Mackenzie River basin 
(Carson, 1992) noted the absence of analytical 
sediment data for westbank tributaries of the 
mainstem Mackenzie River between the Liard 
and Arctic Red rivers (Fig. 1 .1). Sampling h_as, 
however, been undertaken on many of these 
rivers, albeit on an intermittent and miscel- 
laneous basis, and it is timely to undertake a 
review of the currently available data. 

The stations involved, listed in order of down- 
stream entry to the Mackenzie River, are: 

1OGCOO2 Harris River near the mouth 1972-76 
1OGCOO3 Martin River at Highway No. 1 1973-76 
1OGAOO1 Root River near the mouth 1987- 
10HBOO5 Redstone River, 63 km above mouth 1987- 
1OKBOO1 Carcajou River below lmperial River 1987- 
1OKCOO1 Mountain River below Cambrian Creek 1987- 
1OK_DOO4 Ramparts River near Fort Good Hope 1987- 

The first two rivers drain small basins just 
downstream of Fort Simpson-. These basins are 
part of the relatively subdued terrain of the 
interior plains upstream of Camsell Bend (Fig. 
1.2). The remaining five rivers, in contrast, 
have their headwaters in the Mackenzie Moun- 
tains and drain much more precipitous terrain 
before entering the Mackenzie Valley lowlands. 

The sediment station on the Flat River near the 
mouth (1 OEAO03) is also included in the report. 
"The, Flat River is a tributary of the South 
Nahanni River which drains the corridor 
between the Selwyn and Mackenzie Mountains - 

(Fig. 1.2) and is, in turn, a left-bank tributary of 
the Liard River. Miscellaneous data are avail- 
able. for the Flat River from 1978 to 1991. 

In almost all cases only miscellaneous data are 
available. This means that estimation of annual 

63 

sediment loads requires derivation of a sedi- 
ment rating _reIationsh_ip to allow Dirediction of 
daily mean sediment c_oncentration from daily

_ mean discharge at the station. 

Application of the sediment rating to the long- 
term hydrometric record at each station then 
permits hind casting of past sed_imen_t loads on 
a daily basis. Such Iongterm hind casting is 

needed in order to extrapolate the short term 
sediment record to alonger period that is more 
representative of average conditions. Short- 
term data are highly i_n_flue_nced by the presence 
(or absence) of thigh-.mag‘_n_itude floods which 
are generally responsible for most of the sedi- 
ment movement in these basins. in the present 
case, the sediment record is extrapolated to the 
period 1974-1990. The purpose of standardiz- 
ing the sediijrnent load data to this period is to 
allow meaningful comparison with thesediment 
data analyzed previously on the mainstem 
stations (Carson, 1992).

' 

The information derived in this analysis should 
prove useful in assessing the sources of sedi- 
ment in the Mackenzie Basin, and, ‘in particular, 
the contrifbution of westban_k tributaries to the 
increment in load between Fort Simpson and 
Arctic Red River. These tributaries seem to 
supply a considerable quantity of’ sediment to 
the Mackenzie River, as would be expected 
from their steep gradients on the east flank of 
the Mackenzie Mountains. 

The reasons for attempting to document sedi- 
ment loads from these basins were outlined 
previously in a report dea|i_ng with sed_iment 
issues in the Mackenzie Basin (Carson, 1988, 
Chap. 5)_. Issues such as the impact of global 
warming on increased sediment production 
from the Mackenzie Basin, and the impact of 
hydrocarbon development in the basin on 
delivery of sediment-bound contaminants to the 
delta, require a proper understanding of present 
sources of sediment production in the basin if 

they are to be addressed adequately.



1.2 Nature of report 

The following chapters deal separately with the 
above stations with the" goal of producing 
annual sediment load data for each. Year for the 
1974-90 period. However, in some cases. 
there are gaps in the discharge record, and in 
others the hydrometric program was begun 
only in the mid‘-1980s. 

The final chapter attempts to i,nterpolate'data 
for missing years by comparisons between 
stations. In addition, by expressing data in the 
form of specific sediment yield (tonnes per 
sq.i<rn. pe_r year), some generalization for un- 
sampled westbank tributary bagins is also 
attempted. 

The report does not provide full sediment 
station analysis for these stations. Only brief - 

description of basin conditions is given. The 
Terrain Sciences Division of Geological Survey 
of Canada has apparently undertaken mapping 
of surficial deposits in some of these basins in 
recent years (Da||imore, 1992, pers. comm.). 
This work will be useful in the assessment of 
sediment sources at a later date. 

2. FLAT RIVER NEAR THE MOUTH 
The location of the Fl_at River station is shown 
in Fig. 2.1, just upstream of its confluence with 
the South Nahanni River, about 90km upstream 
of the Liard River at Nahanni" Butte. 

2.1 Description of basin and sampling 
reach 

Topographic and hydrologic data for the Flat 
and South Na_ha,njni basi_n_s upstream of their 
confluence were summarized by Thakur and 

_Lindeijer (1973). The basin area of the Flat 

_ 

River is 8614 sq. km. (compared to 14641 
sq. km. for S. Nahanni above Virginia Fall_s)-. 

The mean elevation of the Flat basin is also 
substantially lower at 810m compared to 
1570m for the South Na_han_ni. Forest covers 
70% of the Flat basin, but only 31% of the 
higher South Nahanni basin. Lakes and 
swamps constitute a minimal portion of the 
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landscape in both basins. 

A map of the sampling reach is given in Fig. 
2.2,. No information is at hand on bed condi- 
‘tions, but rock outcrops are common in the 
lower valley sides. Channel width usually ' 

ranges from 100m to 120m in the-open water 
season, and during snowmelt mean velocities 
can exceed 2 metres per second. 

The sampling section is located in a straight 
reach about 2 km downstream of a sharp 
incised meander bend, by which time most of 
the bend induced vari__ability in sediment con- 
centration is likely to have been eliminated. 

The single vertical (SV) sampling site is about 
3m from the left water's edge. Sampling is 

done with a depth integrating DH48 sampled 
by wading into the c,hanne_l. No data have 
been found for multiple-vertical (MV) samples 
which would provide information on the repre- 
sentativeness of" the SV site. 

2.2 Sediment rating relationship 

The sediment data collected on the Flat River 
are given in Table 2.1 along with the associ- 
ated discharge data. The sediment rating 
d_iagr'arns are given in Figure 2.3.; Some of the 
scatter is presumably due to the fact that 
concentrations are instantaneous values while 
discharge data are daily mean values. No 
instajnta,neou.s discharge values have been 
found for ‘times of sediment sampling. 

One anomalous point exists on the diagrams 
(1984 April 12) and has not been used in the 
analysis. The resultant best fit regression 
(ordinajry least squares: OLS) is: 

log c = -2.597 + 1.981 log 0 (2.1) 

with a percentage prediction (coeff‘icien.t of’ 

determination) of 78% and a standard error of 
estimate (SEE) of 0.27 log units, based on 62 
data points. This level of precision is quite 
satisfactory for the purposes of predicting 
mean annual load. No monthly loads have 
been computed by IWD at this sta'tio_n to allow 
an independent assessment of precision.



In order to avoid detransforrnation bias o_n 
converting Eqn 2.1 to non-"logarithmic values, 
the conventional adjustment factor (Ferguson, 
1986) of e_xp (2__.65*SEE*SE,E) was used to 
increase all predictions of concentration. The 
resultant sediment rating is: 

c = 3.085 x 10‘ x 0”" (2.2) 

This is the equation used to predict daily con- 
centrations and (when r_nultipl_ied by [m3/s]*0.-: 
0864) to produce daily sediment load in 
tonnes. 

2.3 Sediment loads 

The mean.‘ monthly and annual loads for the 
period 1974-1990 are given in Table 2.2. 

The mean annual load for the period is com- 
puted as 505 thousand tonnes (kt). The 
largest predicted annual load in the period is 

1988 with more than twice the mean for the 
period, almost all of this occurring in June and 
July. 

The mean annual specific sediment yield for the 
basin is 59 t/sq.km./yr based on a basin area of 
8560 sq. km. This yield is substantially less 
than the mean yield for the Liard basin at its 
mouth for the same period (170 t/sq.km./yr) 
and confirms the view put forward in the Year 
I report (Carson, 1992) that most of the sedi- 
ment in that basin is derived from lowland 
areas rather than the upland zones. 

3. HARRIS RIVER NEAR THE 
MOUTH 

3.1 Description of basin and sampling 
‘reach 

The Harris River station is located near the 
mouth of a small leftbank tributary to the 
Mackenzie River a few kilometres downstream 
of Fort Simpson. No data for the basin are 
reported by Thakur and Lindeijer (1973). The 
basin area is reported by IWD (1989) as 
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701 sq.km. 

No information appears to exist on bed condi- 
tions and no map of the sampling reach has 
been found. No MV samples appear to have 
been taken to assess the representativeness of 
the SV site. ‘ 

3.2 Sediment rating relationship 

The sediment data collected on the Harris River 
are given in Table 3.1 along with the associ- 
ated discharge data. The sediment rating 
diagrams are given in Figure 3.1. 

The resultant best fit regression is: 

log c = 0.887 + 0.364 log 0' (3.1) 

with a percentage prediction (coefficient of 
determination) of only 31% and a standard 
error of estimate. (SEE) of 0.41 log units, based 
on 102 data points. 

This level of‘ precision is barely satisfactory for 
the purposes of predicting mean annual_ load, 
though much of the scatter is at relatively low 
flows which should not. result in too much 
error. Such scatter at low flows is not uncom- 
mon in small streams. The important point is 
not to let the scatter exert an undue i_nf_luence 
on the rating as it. fits the data for larger flows. 
There is some indication that the rating for 
Harris River may underestimate concentration 
at very high flows, but the rating is accepted 
for the present purposes. The predicted 1974 
load of.1094 tonnes compares favourably with 
that computed by IWD (1100 tonnes) for that 
year. No other annual loads have been com- 
puted by lWD for the 1974-90 period. 

In order to avoid detransformation bias on 
converting Eqn 2.1 to non-logarithmic values, 
the conventional adjustment factor (Ferguson, 
1986) of exp (2,.65*SEE*SEE) was again used 
to increase all predictions of concentration. 

The resu_lta_nt sediment rating is:- 

c = 11.944 x 0”“ (3.2).



This is the equation used to predict daily 
concentrations and (when multiplied by 
[m3/s]"0.086‘4) to produce daily sediment load 
-in tonnes- 

3.3 Sediment loads 

The mean monthly and annua_l loads for the 
period 1974-1990 are given in Table 3.2. 
The mean annual load for the period is com- 
puted as 1356 tonnes. Unlike at the Flat River 
station, the largest predicted annual load in the 
period is not 1988, though this is the second 
largest. The highest predicted load was for 
1982 based on high flows in May of that year. 

The mean annual specific sediment yield for the 
basin is only 2 t/sq.km./yr based on a basin 

‘ area of 701 sq. km. This yield is slightly higher 
than that given for the early 1970s in the Year 
I report. 

4. MARTIN RIVER AT HIGHWAY 
NO. 1 

4.1 Description of basin and sampling 
reach 

The Martin River station is located near the 
mouth of a leftbank tributary to the Mackenzie 
River, about 20 km downstream of Fort Simp- 
son. No data for‘ the basin are reported by 
Thakur and Lindeijer (1973). The lower part of 
the river cuts through glaciolacustrine sedi- 
ments. The basin areavis reported by lWD 
(1989) as 2050 sq.km. ' 

No map of the sampling reach has been found. 
No MV samples appear to have been taken to 
assess the representativeness of the SV site. 
No bed material data have been found. 

4.2 Sediment rating relationship 

The sediment data collected on the Martin 
River are given in Table (4.1 along with the 
associated discharge data. The sediment rating 
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diagrams are given in Figure 4.1. 

The resultant best fit. regression is; 

log c = -0.806 + 0.652 log 0 (4.1) 

with a percentage prediction (coefficient of 
determination) of only 52% and a standard 
error of estimate (SEE) of 0.31 log units, -based 
on 107 data points. This level of precision is, 
again, barely satisfactory for the purposes of 
predicting mean annual load. 

The greater concern, however, is the obvious 
poor fit at higher flows (Fig. 4.1: dashed line). 
This is produced by strong positive residuals at 
lower flows whichinduce a gentler slope to the 
least-squares line. To reduce this problem, the 
regression was redone for only those data 
points with discharge greater than 2.5 m3’/s 
(logQ=0.4). This discharge appears to corre- 
spond to a "'kin_k" in the sediment rating dia- 
gram. The new ordinary least squares 
regression, based on 90 data points, is: 

log c =,0.470 + 0.918 log 0 (4.2) 

and, as seen in Fig. 4.1 (solid line), Provides a 
better fit at higher discharges. The percentage 

. prediction is 65% and the SEE is 0.265 log 
units. 

In order to avoid dfe'transfo_rmation bias on 
converting Eqn 2.1 to non-logarithmic values-, 
the conventional adjustment factor was again 
used to increase all predictions of concentra- 
tion. The resultant sediment rating is-: 

c = 3.541 x 0'9"’ (4.3) 

This is the equation used to predict daily 
"concentrations and (when multiplied by 
[m3/s]"0.0864) to produce daily sediment load 
in tonnes. 

The Predicted load for'1974 for the May to 
September period (18kt) compares favourably 
(with that computed by IWD (21 kt) for that 
year. The predicted load for June to Septem- 
ber 1976 of 6.0 kt is higher than lWD's compu- 
tation (3.7 kt) for the same period. No other



seasonal or annual loads have been computed ‘ 

by IWD for the 1974-90 period. 

4.3 Sediment loads 

The mean monthly and annual loads for the 
period 1974-1990 are given in Table 4.2. 

The mean annual load for the period is com- 
puted as 46 thousand tonnes (kt). The largest 
predicted annual load in the period is 1988 at 
more than 8x the mean for the period, almost 
all of this occurring in July of that year. This 
one month, in fact, accounts for 45% of the 
total predicted load for the period 1974-1990, 
‘with an estimated 355 kt, of which 304 kt is 
predicted to have occurred in the three days of 
extreme flood on July 2 to July 4. The peak 
daily concentration in that flood was not exces- 
sive, however, being predicted at 1820 mg/L. 
As a result of this si.ng'|e flood, July ’ranks first 
in mean monthly sediment load for 1974-90, 
higher than May, and markedly higher than 
June. The longterm representativeness of this 
pattern must be viewed as ujncertain. 

The mean annual specific sediment yield for the. 
basin is 2'3 t_/sq.km._/‘yr based on a basin area of 
2050 sq. "km. This yield, while about 3x higher 
than computed for the early 1970s, and an 
order of magnitude higher than the Harris 
basin, is still substantially less than the mean 
yield for the Liard basin at its mouth for— the 
same period (170 t/sq.km./yr). This, along 
with the yield for the Flat River station, is 
consistent with the general pattern of increas- 
ing yields with increasing basin area noted in 

the Year I report. 

5. ROOT RIVER NEARTHE MOUTH 
The Root River drains a 9933 sq;._krn;. basin on 
the west bank of the Mackenzie River entering 
the main stem just downstream of Camsell 
Bend (Fig. 1.1, 1.2). in size it is comparable 
with the ungauged North Nahanni River basin 
which joins the Mackenzie on the same bank, 
just upstream of Camsell Bend (Fig. 1.1). 
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5.1 Description of basin and sampling 
reach 

Thakur and Lindeijer (1973) give the mean 
elevation of the basin to be 844m, and indicate 
63% of the area to be forest-covered. Lakes 
and swamps constitute an insignificant (1%) 
fraction of the basin area. The GSC surficial 
geology map (Mackenzie Valley Transportation 
Corridor: southern part) shows that the valley 
is incised through a veneer of rolling ground 
rn_orain_e composed of till, though there is a 
large‘ flu'vio'glacia'l deposit at the confluence 
with the Mackenzie River. 

The locations of the gauge and sampling sec- 
tion are shown in Fig. 5.1 in a straight reach 
about 3 km downstream of a.sharp right hand 
bend and about 12 km upstream of the conflu- 
ence with the Mackenzie River. 

The _largest daily flow on record (1975-90) is 

5730 m3/s (in 1988). Channel width at the 
measurement section ranges from more than 
150m at high flows (> 1000 m3[s) to less 
than 100m at flows less than 100 m3/s. 

No information has been found regarding bed 
material. No data have been found for MV 
sampling. 

5.2 Sediment rating relationship 

The sediment data for Root River are given in 
Table 5.1 . The sediment rating for the station 
is shown in Fig. 5.2 based on 33 data points. 
The relationship seems reasonably good with a 
percentage prediction of’ log(c) by log (0) of 
78% and a standard error of estimate of only 
0.30 log units. The OLS regression is 

log (cl = -2.460 + 2.075 log (0) 

which after adjustment with the bias correction 
factor (1.27) transforms to 

c‘= 4.394 x 103 x O"°"‘ 

It_ should be noted, however, that the maximum 
discharge sampled was onlv 673 m3/s (1988), 
whereas maximum daily discharge was greater



than 1000 m‘_3/s in seven years in the period 
1974 to 1990, and reached 5730 m3/s in 

198__8. It is unfortunate that the only sampling 
done in the major storm of that year was one 
occasion on the falli_ng lim_b of the hydrograph. 

5.3 Sediment loads 

The lack of sampling at very high flows appears 
to have produced a bias in the sediment rating 
equation, with a slope that is probably too 
steep. Application of the rating to the period of 
hydrometric records produced unrealistically 
high sediment concentrations at such flows, 
with peak concentrations of more than 30,000 
mg/L in both 1982 and 1986, and more than 
275,000 mg/L in 1988 at the peak flow of 
5730 m3/s, This is a substantial contrast with 
the actual concentration of 1668 mg/L 
measured at an instjantaneous flow of 673 
m3/s four days after the peak. The predicted 
peak day figure_ corresponds to a one-day 
sediment loa_d of 137 Mt, which is only slightly 
less than the 1988 load of the Mackenzie River 
at Arctic Red River.

8 

In_ an attempt to produce more realistic esti- 
mates at these very high flows, the arbitrary 
decision was made to impose a maximum value 
on predicted concentrations at 15,000 mg/L_. 

< This should be regarded as an interim measure 
until the sediment becomes better 
defined at very high flows. 

The predicted loads for 1975-1990 are given in 
Table 10.1, together with an esti_mate for 
1974. The derivation of the 1974 load is 

described in Chapter 10.. 

The mean annual load for 1974-1990 is 4.3 
milliontonnes (Mt), the record being dominated 
by 1982 (14.4. Mt) and 1988 (18.2 Mt). The 
mean annual load is equ,i'va_lent to a specific 
sediment yield of 441 t/sq.km. per year, based 
on an area of 9820. sq.km.. This is the highest ‘ 

specific sediment yield determined in the 
Mackenzie Basin, those for the Arctic Red and 
Peel rivers for the same period being slightly 
greater than 300 t_/sq.km/yr (Carson, 1992, 
Table 4.10).. 
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6. REDSTONE RIVER 63 KM 
ABOVE THE MOUTH 

The Redstone River catchment, at its conflu- 
ence with the Mackenzie River, is much larger 
than the Root River basin, with an area of 
16,400 sq. km (IWD, 1989), though Thakur 
and Lindeiljeri (1973) use 15,747 sq.km. The 

. length of the main channel is given by Thakur 
and Lindeijer (1973) as about 315 km. The 
gauging station 63 km above the mouth is 

reported as having a basin area of 15,400 sq. 
km (IWD, 1989), only slightly less than the full 
basin area. 

Information on sediment delivery from the 
Redstone basin should also be relevant in the ' 

context of the ungauged Keele River basin . 

which flanks the west bank of the Mackenzie 
downstreavm of the Redstone River. 

6.1 Description of basin and sampling 
reach 

The mean elevation of the full basin is given by 
"Thakur and Lindeijer (1973) as 1296m (subs 

st_a_nt_ial|y higher than the Root basin) with only 
48% of the basin being forest—covered. 
Though there is little difference in basin maxi- 
mum elevation compared with the Root, a 
much larger proportion of the Redstone basin 

- extends into the Mackenzie Mountains’. As in 
the previous basins, land occupied by swamp 
and lakes forms a minimal portion (1%) of the 
basin-. Thouh no detailed reportjs of the 
surficial geology have been seen, it seems 
likely that sediment sources are more numerous 
downst_ream of the station than upstream, 
based on the glacial history of the area. 

No detailed map of the site has been found. 
The sediment station description is given in Fig. 
6.1 

The lower Redstone River is a sinuous wander- 
ing-to-braided coarse-grained channel which 
appears to deliver huge quantities of sand and 
gravel to the Mack_en_zie. The sediment station 
is located upstream of this reach and where the 
channel, though sinuous, is narrower and



largely single-thread. The gauge is located 
about 1 km downstream of a sharp right hand 
bend. Shifting bed forms affect the stage- 
discharge rating. The maximum daily flow on 
record (1980-88) of 3390 m3/s occurred in 
1988. 

The measurement section is about 500m 
downstream of the gauge. The SV sampling 
site is indicated as being 150m above the 
gauge: sampling is done with a DH48 sampler 
wading in from the left bank into about one . 

metre of flow. No MV data have been found: 
collection of such data in high flows would be 
difficult in such a steep river. 

6.2 Sediment rating relationship 

The limited sediment database for the Redstone 
Ruiveriis given in Table 6.1 . The rating diagra_m 
for the station is shown in Fig. 6.2 based on 
only 9 data points. The relationship is not as 
strong’ as t_hat for the Root River with a percen- 
tage pred_iction of logic) by log (0) of 59% and 
a standard error of estimate of 0.40 log units. 
The OLS regression is: 

log (cl = -2.538 + 1.953 log (0) 

which after adjustment with the bias correction 
factor (1.53) transforms to»: 

c= 4.432 x 103 x Q“-533 

which is not radically different from that for the 
Root River. v 

There is a si_rnila,r p_roble_m with lack of data 
points at very high flows, although not to the 
same degree as at the Root River station. The 
maximum discharge sampled so far is only 808 
m3/s_ (1989), whereas maximum daily 
discharge in the 1980-90 period was 3390 
m3/s in 1988. 

6.3 Sediment loads 

The lack of sampling at very high flows may 
have produced a similar bias in the sediment 
ra,t_i_ng equation, with a slope that is too steep. 
Application of the rating to the period of 
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hydrometric records produced very high sedi-. 
ment concentrations at such flows, but lower 
than at the Root River station. Peak predicted 
daily sediment concentration exceeded 10,000 
mg/L in only three years, the highest being 
35,000 mg/L at the height of the 1988 flood. 
(These high predicted concentrations are partly 
the result of the 53% increase associated with 
the detransformation bias correction.) As in 
the case of the Root River, a maximum allow- 
able value of 15,000 mg/Lwas imposed upon 
the sediment rating predictions. 

The predicted loads for 1980-1990 are given in 
Table 10.2, together with estimates for 
1974-79. The derivation ofthe 1974-79 loads 
is described in Chapter 10. 

The mean annual load for 1974-1990 is 
5.0 Mt, the record being dominated by 1982 
(11.3 Mt) and 1988 (11.2 Mt), as in the case 
of the Root River. The mean annual load is 

equivalent to a specific sediment yield of 
327 t/sq.km. per year, based on an area of 
15,400 sq.km. This is lessithan that deter- 
mined for the Root River, but still greater than 
computed for the Peel and Arctic Red rivers. 

7. CARCAJOU RIVER BELOW 
IMPERIAL RIVER 

The Carcajou River basin has a d_rai_n_age area of 
about 9135 sq. km. at its confluence with 
Mackenzie River, and the main channel has a 
length of about 320km (Thakujr and Lindeijer, 
1973). The station "below Imperial River“ is 

located roughly 75 km upstream of the mouth, 
at which gite the drainage area is given as 
‘-7400 sq. km. (Ifwb, 1989) 

7.1 Description of basin and sampling 
reach 

The character of much of the Carcajou basin 
upstream of the station is not appreciably 
different from that of the Root and Redstone 
basins. Mean elevation for the full basin is only 
slightly less than in the Root basin at 778m. 
The river itself is quite different, however, with



a down-channel steepness that is an order of 
magnitude less (based on data from Thakur-and 
Lindeijer, 1973).

‘ 

The locations of the gauge and measurement 
section are shown in the station description 
(Fig. 7.1). The measurement section is a short 
distance downstream from a sharp right hand 
bend. The stream bed is indicated as being 
sand and gravel. 

The maximum daily flow on record (1978-90) 
is 1930 m3/s (in 1990). At flows of about 
650 m3/s, channel width is about 125m, and 
mean velocity is about 2 m/s. 

The collection of SV samples is done on the 
measurement section, with a DH-4.8 sampler, 
wading in from the right bank to a depth of 
about one metre. No MV samples appear to 
have been taken at this station. 

7.2 Sediment rating relationship
_ 

The limited sediment database for the Carcajou 
River is given in Table 7.1 The sediment rating 
for the station is shown _i_n Fig. 7.2 based on 
only 12 data points. The rela'tio_n_ship is very 
strong, however, with a percentage prediction 
of |og(c) by" log (0) of 87%, though the stan- 
dard error of estimate of 0.31 log units is no 
better than that of the Root R_iver. The high 
percentage prediction, relative to the mediocre 
SEE, seems to reflect the wide distribution of 
points throughout the full diagram, in contrast 
to the Root -station for which most of the data 
points clustered about medium-level values. 
The Ol__S regression is-: 

log (cl = -1.643 + 1.791 log (0) 

with a slope that is som_ewhat gentler than for 
the two previous stations. After adjustment 
with the bias correction factor (1.29) this 
transforms to: 

c:= 0.0293 x Q«‘'"‘ 

The problem with lack of data points at very 
high flows, found at the two previous stations, 
i_s not as evident here. The maximum dis- 
charge sampled was 1530 m3/s (1990), which 
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exceeds the maximum daily discharge in all 

years in the 1978-90 period except for 1990 in 
which the peak_'was 1930 m3/s. 

7.3 Sediment loads 

Application of the rating to the period of 
hydrornetric records produced reasonable 
sediment concentrations at very high flows, 
with levels of near to 10,000 mg/L at peak 
flows in 1982, 1983, 1984, 1988 and 1990. 

The predicted loads for 1 978-1990 are given in 
Table 10.2, together with estimates for 1974- 
77. The derivation of the 1974-77 loads is 
described in Chapter 10. 

The mean annual load for 1974-1990 is 
2.1 Mt, the peak year being 1990 (6.8 Mt). 
.Signific'ant_ly, the load in 1988, an extreme year 
on the Root and Redstone rivers, was slightly 
less than average on the Carcajou River. The 

« mean annual load is equivalent to a specific 
sediment yield of 282 t/sq.km. per year, based 
on an area of 7,400 sq.km. This is less than 
that determined for the Redstone, but still only 
slightly less than computed for the Peel and 
Arctic Red rivers. 

8. MOUNTAIN RIVER BELOW 
G_A.MBR|A_N CREEK 

The Mountjain River basin, where it meets the 
Mackenzie River, has an area of 14980 sq.km. 
and a length of about 335 km.(Thakur and 
Lindiejer, 1973). Station 10KC001 "below 
Cambrian Creek" is located well upstream from 
the confluence (about 90 km) with a drainage 
area given by IWD (1989) as 11,100 sq.km. 
Thus the station represents about 75% of the 
full basin area and the full river length». 

8.1 Description of basin and sampling 
reach 

The full basin is reported as having a mean 
elevation of 1372m, comparable with that of 
the Redstone basin, but the forest cover is 

much less. at only 27 percent.



The location of the station is at the edge of the 
Carcajou Range of the Mackenzie Mountains 
where it fronts the more subdued terrain of the 
Mackenzie Valley trough. The site is shown on 
Fig. 8.1 in relation to a map of late glacial 
deposits and drainage. Much of the lower 
basin-, downstream of the station, is part of an 
old preglacial lake bed into which the present 
Mountain River has incised. 

The locations of the gauge and measurement 
section are given in the station description of 
Fig. 8.2. The site occurs in a narrow rock 
canyon, upstream of rapids and just prior to a 
major change in the morphology of Mountain 
River into a broad, braided channel where it 

debouches onto the lowland plain. The stage 
record is reported as being affected by shifting 
control associated with buildup of gravel bars. 

The peak daily flow on record (1978-90) is 

given as 1320 m3/s (in 1982 and 1990). 

The collection of SV samples is don_e, using a 
DH-48 sampler, on the measurement section, 
wading in from the left" bank to a depth of 
about one metre. No MV sampling data. have 
been found. 

8.2 Sediment rating relationship 

The few sediment data for Mountain River so 
far available are. given in Table 8.1. The sedi- 
ment l_'at_i_ng diagram for th_e station is shown in 
Fig. 8.2 based on only 5 data points. This is 
clearly not enough for predictions’ to be made 
with confidence. The relationship is again 
very strong-, with a percentage prediction of 
logic) by log (0) of 98% and a standard error 
of estimate of only 0.14 log units. The OLS 
regression is 

log (cl = -5.757 + 3.113 log (0) 

with a slope that is much greater than at the 
previous stations. After adjustment with the 
bias correction factor (1 .05) this transforms to 

c: 1.845 x10'° x 03"” 

As at some of the other stations, the scatter 
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diagram is presently deficient at very high 
flows, with only one point at discharges greater 
than 400 m3/s. In contrast, peak daily flow 
exceeded 1000 m3/s in four of the years 
during 1978-90, with a peak of 1320 m3/s in 
both 1982 and 1990. Considerable uncertainty 

. therefore exists regarding the extrapolation of 
rating to very high flows. Peak predicted 
conce_ntra‘ti'ons were not unreasonable, how- 
ever, being just less than 10,000 mg/L. 

8.3 Sediment loads 

The predicted loads for 1978-1990 are given in 
Table 10.2, together with estimates for 
1974-77. The derivation of the 1974-77 loads 
is described in Chapter 10. 

The mean annual load for 1974-1990 is 1.3 
Mt, the peak years being 1986 (3.3 Mt) and 
1990 (3.1 Mt). As in the case of the Carcajou 
River, the load in 1988,» an extreme year on the 
Root and Redstone rivers, was less than aver- 
age on the Mountain River. The mean annual 
load is equivalent to a specific sediment yield 
of 115 t/sq.km. per year, based on an area of 
11,100 sq.km. This is the lowest value deter 
mined for the west bank stations downstream 
of Camsell Bend, and only 26% of that deter- 
r'ni_n_ed for the Root Ri_v'er. 

It seems probable that this value reflects the 
location of the station‘, being sited upstream of 
the main infill of glacial and related drif-t in the 
lower basin. — 

9. RAMPARTS RIVER NEAR FORT 
GOOD HOPE 

The station onthe Ramparts River is located 
18km upstream of its confluence with 
Mackenzie River. The basin area at the station 
is given by IWD (1989) as 7410 sq.km. 

9.1 Description of basin and sampling 
reach 

The Ramparts River at its confluence with 
Mackenzie River was not included in the mor-



phometric database of Thakur and Lindeijer 
(1973)-. However, the Hydrology Information 
Series’ Map for Fort Good Hope cites a later 
database (Thakur and Lindeijer, 1974) in which 
the drainage area is given as 7530 sq.krn and 
the channel length as 418 km. 

As shown in Fig. 8.1, however, the basin is 

located at the northern end of the Mackenzie 
Mountains, and much more of the basin corre- 
sponds to Mackenzie Valley Io”wla_nds than in 
the case of upstream west bank tributaries of 
Mackenzie Fliver. 

Much more of the length of the Ramparts River 
(than in the case of Mountain River) flows on 
the late-glacial lacustrine sediments that are 
found in the Mackenzie lowlands upstream of 
Fort Good Hope. However, downcutting into 
this deposit appears to be restricted to the 
lower part of the river. As noted in the text 
accompanying the Hydrology Information Series 
Map for Fort Good Hope, the Ramparts River is 
radically different from the west bank tribu- 
taries draining -the r_nain part of the Mackenzie 
Mountains. In the lower 180 km it is a sand- 
bed river, with an extremely tortuous meander 
pattern in a la_rge muskeg area on the plain 
corresponding to the Iac_u‘st:ri,ne deposits. In the. 
lower 39 km, the river appears to be incising 
i_nto these deposits -and flows over at much less 
sinous course. 

The site of the station is shown in Fig. 9.1. It 

is located in the incised, generally straight, 
lower reach of the river, just upstream of the 
180° change in direction to the northeast. 

The peak daily flow on record (1985-90). was 
660 m3/s (1987). 

The collection of SV samples is undertaken on 
the measurement section with a DH-48 sam- 
pler, wading into the river from the right bank 
to a depth of about one metre. Again, no MAV 
sampling datahave been found. 

9.2 Sediment rating relationship 

The small sediment database is given in Table 
9.1. The sediment rating diagram for the 
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station is shown in Fig. 9.2 based on only 10 
data points. The relationship is rather weak, 
with a percentage prediction of -logic)" by log 
(0) of 68%, but more importantly with a stan- 
dard error of estimate of 0.51 log_ units. The 
OLS regression is ' 

log (cl = -1.805 + 2_.034 log (0) 

with a slope that is comparable with the Root 
and Redstone rivers. The high SEE error pro- 
duces a large bias correction factor (1.99). 
The final detransformed equation is 

c= 0.0312 x» 0”" 
As at some of the other stations, the present 
scatter diagram is not well represented at very 
high flows, with only one point at discharges 
greater than 250 m3/s. This compares with 
peak daily discharge values of 309 m3/s to 
660 m3/s forthe 1985-90 period, the shortest 
hydrometric period of all the west bank tribu- 
tary stati,ons. 

Predicted peak sediment concentrations 
seemed reasonable at this site ranging from 
3620 mg/L in 1989 to 16950 mg/L in 1987, 
but must still be regarded as uncertain given 
the limited database presently available. 

-9.3 Sediment loads 

The predicted loads for 1985-1990 are given in 
Table 10.2, together with estimates for 
1974-84. The derivation of the 1974-84 loads 
is described in Chapter 10. 

The mean annual load for 1974-1990 is 2.7 
Mt, the peak year _being 1990 (9.2 Mt). as in 
the case of the Carcajou River. As in that case 
also, t_he load "in 1988, a record year on the 
Root and, Redstone rivers, was less than aver- 
age on the Ramparts River. The mean a_n_n_ual 
load is equivalent to a specific sediment yield 
of 365 t/sq.km. per year, based on an area of 
7410 sq.km. This is-, somewhat surprisingly, 
comparable with the value for the Redstone 
River.



10. SYNTHESIS OF SEDIMENT 
A DATA 

10.1 Estimation of loads in years with 
missing hydrometric data 

Only three of the eight stations examined 
above have complete discharge data (and 
hence predicted sediment load_s) for 1974- 
1990, though Root.River is missing only 1974 
data. At all three stations, the 1974 load 
accounted for only about 5% of the 1974- 
1990 load, and this percentage was used to 
estimate the 1974 load for Root River. 

The Carcajou and Mountain rivers have com- 
plete hydrometric records “from 1978 on, the 
Redstone River (at km 63) from 1980 on, while 
the Ramparts Ri_ver has discharge data begin- 
ning in 1985. This poses definite problems in 
extrapolation of data because, as already 
noted, years of high sediment load in the 
Camsell Bend area basins do not always 
coincide with those further south. In particular, 
the 1988 load was an extreme occurrence in 
the Root River basin, but not in the basins 
further south. Notwithstanding this problem, 
the only approach available for extrapolating 
the loads of the Redstone, Carcajou and Moun- 
tain rivers to 1974-77 seems to be by compari- 
son with the Root basin. Table 10.1 displays 
the annual loads of the northern tributaries as 
a percentage of the 1980-90 mean load. The 
percentage figure fo_r the Root (e._g. 71% in 

' 1974) was then used to estimate the 1974-77 
loads of these three rivers (and 1978-79 for 
the Redstone) based on their 1980-90 means. 

In the case of the Ramparts River, the 1974-84 
loads were estimated in a similar way, using 
the M_ounta_in River as a reference station 
(Table 10.2). However, since the Mountain 
loads for 1974-77 are based on the Root 
station as a reference, the same holds true for 
the Ramparts River. 

The comparison between the Mountain River 
and the Ramparts River seems reasonably valid, 
given their geographic proximity: both basins 
should be affected by the same storms. The 
use of the Root River station for the 1974-77 
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extrapolations is not as justifiable, but these 18 
station-years of extrapolated data ‘represent a 
relatively small portion (20%) of the total 
database for the west bank rivers of the R_oot, 
Redstone, Carcajou, Mountain and Ramparts 

The final summary of estimated loads and 
specific sediment yields for these five basins 
for 1974-90, using these estimations for unga- 
uged years, is given in Table 10.2. 

10.2 Estimation of loads in unsampled 
basins 

One approach to estimation of loads in unsam- 
pled basins is through application of representa- 
tive specific sediment yields determined at the 
gauged stations. 

The problem with this approach is that specific 
yield varies appreciably among the sampled 
basins, as previously noted. In addition, some 
of the basins were sampled well above the 
mouth, and specific yield at the mouth is likely 
to be higher for reasons discussed previously. 
The estimates of specific yields for all basins at 
their confluence with the Mackenzie River, 
listed in Table 10.3, were made on the basis of 
comparison with the values derived from Table 
10.2 for those basins actually sampled and 
already noted. 

The full suite of basins considered in Table 
10.3 has a combined basin area of only about 
_140,000 sq.km. out ofthe 390,000 sq-.km. of 
extra Mackenzie basin between Fort Simpson 
and the 10LC014 sediment‘ station above 
Arctic Red River. It is believed, however, that 
the list covers all major tributary sources of 
sediment. A large part of the 150,000 sq-.km. 
not included is the Great Bear River catchment 
which has an area of 145,000 sq.km. at the 
outlet of the lake IIWD, 1,989)". 

The sum of the predicted loadsfrom the basins 
of Table 10.3 is 33.3 Mt (million tonnes). 
This compares with the increment in measured 
load for the same period between the Liard 
station near its mouth (47.2 Mt) and Mackenzie 
at Arctic Red River (97.8 Mt) of 50.6 Mt. Only 
a few megatons of th_is increment is from the



upper Mackenzie River upstream of‘ the Liard 
River (Carson, 1992, p.38). The main compo- 
nent (about 49 Mt) is the result of bank erosion 
along the mainstem Mackenzie River" between 
Fort Simpson and Arctic Red River and inputs 
by tributaries, almost entirely on the west side. 
The difference between this 49 Mt figure an_d 
the 34 Mt estimated for the tributaries is there- 
fore a measure of mainstem erosion plus errors 
in the estimation of the westbank loads. 

An alternative approach was attempted previ- 
ously (Carson, 1988), in the absence of these 
data, by comparison of a stream power index 
for these stations (using the product of maxi- 
mum elevation*basin area‘stream slope, with 
values for these three variables taken from the 
Thakur-Lindeijer database) wit_h the index value 
for Arctic Red River. The Arctic Red'Rive'ri load 
(for 1974-83) was then scaled up or down 
according to the ratio of the stream power 
index in each case. The results of that 
approach are given as estimate (1) in Table 
10.3. These estimates are probably too low 
for the period 1974-90, the loads for the 
Mackenzie River above Arctic Red River being 
estimated at 98 Mt for 1974-90 compared to 
89 Mt for 1974-83. Thus the total load of 
40.8 Mt should be increased by 10% to 45 Mt 
(Table 10.3 estimate (2)). 

Ironically, the crude statistical method used in 
the 1988 report accounts for about 92% of the 
49 Mt of Mackenzie load downstream ofrFort 
Simpson, while the rating analysis undertaken 
in this report" accounts for only 70 percent. 
This does not mean, however, that the 1988 
estimates are necessarily more reliable, 
because the amount acquired by the Mackenzie 
mainstem itself may well be more than the 8% 
implied by the 1988 method. 

It does seem highly likely, however, that the 
sediment yields derived in Table 10.2 and used 
in the derivation of loads in Table 10.3, are, in 
some cases, too low. It seems significant, for 
instance, that the yields in Table 10.2 decrease 
as the station location shifts -further from the 
Mackenzie confluence ‘upstream into the basin. 
The largest yield is that of the Root for which 
the station is located almost at the river mouth. 
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The smallest yield. is that of the Mountain 
River, where the station is located even further 
upstream than Redstone River‘ at 63 km above 
the mouth. 

There are two points here. One is that sedi- 
ment yields in Canada usually increase down- 
stream because most of the suspended sedi- 
ment originates through bank erosion pro- 
cesses, and this becomes more important in the 
lower parts of basins where stream discharge 
is greater, and streams are often incised into 
the floors of their valleys. The second point is 
that, in the Mackenzie Basin, easily erodible 
deposits laid down in Pleistocene and early 
Holocene times are located primarily in the 
lower parts of the west-bank basins. 

Vlfith the exception of the Root River, the yields 
of the sampled west-bank basins are probably 
too low, especially in the case of the Fledstone 
and Mountain rivers. It may be statistical 
coincidence, but it should perhaps be noted 
that if the sediment yield of the Root basin is 
applied to the entire area of west bank basins, 
the resultant load is 47 Mt, only a few million 
tonnes short of the full load delivered from 
downstream of Fort Simpson. 

10.3 Appraisal of data 

The analysis above, while providing a logical 
framework for the assessment of the contribu- 
tion of westbank tributaries to the sediment 
load of the M,acke,nzie River downstream of 
Fort Simpson, nonetheless highlights several 
pitfalls in the data. 

One problem is clearly the meagre database 
used for the sediment“ ratings at most of the 
stations,’ and, perhaps even more importantly, 
the scarcity of sampling at high flows. 

Another problem, especially relevant in the 
case of the Redstone, Carcajou and Mountain 
rivers, is the location of the sampling stations 
so far upstream that they may in fact be miss- 
ing much ofthe sediment delivered from the‘ 
basins. These comments are made on the 
basis of the known surficial geology of the 
basi_ns, and the comparison in sediment yields



with the Root River. It is true that the yield of 
the Root basin may be inflated compared to 
those south of the Redstone River because of 
the extreme 1988 flood. However, if the 1988 
load is removed from the record of the Root 
and Redstone rivers, the specific yields at those 
two stations would still be 352 and 300 t/sq. 
km-./yr respectively, substantially higher than 
the 115’ t/sq.km./yr for "the Mountain River. 

It seems unclear, therefore, as to what use can 
be made of the sediment data from these three 
stations given their location so far from the 
mainstem Mackenzie. The advantages of the 
upstream locations from the point of view of 
reliable hydrometric records are acknowledged, 
given the shifting character of the channels 
closer to the mainstem, and given the relatively 
small increase in basin area downstream of the 
stations. However, while retaining the 
hydrometric stations at these sites, it would 
seem to be more appropriate to undertake the 
sediment sampling immediately upstream ofthe 
confluence with the Mackenzie River. Dis- 
charge data from the upstream stations could 
be combined with the sediment data from near 
the mouth. 

A precedent for the suggestion above was 
made in the 1970s in the case of Arctic Red 
River, for which sediment sampling was under- 
taken close to the mouth, approximately 75 km 
downstream from the hydrometrdic station near 
Martin House. 

The proposal-, if implemented, would, of 
course, require careful choice of sampling 

. vertical, and choice of sampling section close 
by so that the representativeness of the single 
vertical could be assessed. In addition, it 

would be sensible to continue SV sampling at 
the upstream hydrometric stations concurrently 
with dovvnstjream sampling: i_n this way, a 
statistical relationship could be developed 
between concentrations at the upstream and 
downstream sites, thus allowing eventual 
conversion of existing data to equivalent down- 
stream values. 

As a prelimii,na_ry measure, it is recommended 
that IWD identify a suitable SV site near the 
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mouth of each of these three. rivers (Redstone, 
Carcajou and Mountain) and undertake a pro- 
gram of comparative sampling at the existing 
station and near-mouth sites whenever visits 
are made to these stations. 

11. SUMMARY AND 
CONCLUSIONS 

This report provides preliminary estimates of 
sediment loads for west-bank tributaries of the 

~ mainstem Mackenzie River for the period 1974- 
1990. When expressed in terms of load per 
unit basin area (specific yield), the data allow 
some interpretation of the spatial pattern of 
sediment production in the western part of the 
Mackenzie basin. In principle, they also permit 
an estimate to be made of the contribution of 
these west-bank tributaries to the 49 million 
tonnes of suspended sediment acquired by the 
Mackenzie River between Fort Simpson and 
Arctic Red River in the average year. 

The Flat River station, which leads to the South 
Nahanni River and Liard River, and is not a 
direct tributary ofthe Mackenzie River, is also 
included here because it provides useful data 
on sediment yield i_n the high-country part of 
the western basin. A reasonably satisfactory 
sediment rating exists for the Flat River station, 
and it might be improved by use of instan- 
taneous discharge data (rather than daily mean 
values) as a predictor of instantaneous concen- 
tration. (Hudson (1993, pers. comm.) is cur- 
rently investigating the effects of using mixed- 
modedata on the sediment ratings of Alberta 
stations, but no conclusions are yet available.) 
The rating seems acceptable fo_r the prediction 
of mean annual load. It is not known whether 
other reasons exist which warrant continued 
operation of the sediment program at this site. 

The sediment programs on the Harris and 
Martin rivers were undertaken in the early 
1970_s. The sediment ratings are poor, as is 
not uncommon in small basins. However, the 
data, when extrapolated to the full 1974-90 
discharge record, are still useful in confirming 
the low sediment yields found in these small 
basins.



The sediment database for the Root River is the 
largest for the five large basins south of 
Camsell Bend, reflecting miscellaneous sampl- 
ing 5 to 10 times per year beginning in 1987-. 
Unfortunately, as is often the case with miscel- 
laneous sampling that accompa_nje,s routine 
hydrometric visits to stations, the data a_re 

biased to average flows. As a consequence, 
extrapolation of the sediment rating to very 
high flows, as occurred in the record 1988 
flood, is highly uncertain. Special effort is 

needed to obtain more sampli_ng at high flows 
(above 1000 m3/s) at this station. As a gen- 
era_l comment, this also applies to the stations 
further north discussed next. 

The four stations north of the Root River 
(Redstone_, Carcajou, Mountain a_nd Ramparts) 
have only limited sediment data, and,thus all 

four sediment ratings must be viewed with 
uncertainty‘, and treated as preliminary only. 
Continued sampling o_n an intermittent basis 
will eventually provide more reliable ratings, 
provided that effort is made to sample at high 
flows. 

The ‘projected 1974-1990 sediment yields for 
the Carcajou and Ramparts rivers are higher 
than expected, and this may reflect bias in the 
sediment ratings. The specific yield for the 
Mountain River station (at about twice that of 
the Flat River, but only a third of that of the 
Ramparts River) is clearly too low as an esti- 
mate for the Mountain River basin as a whole. 
It seems likely that, with the exception of the 
Ramparts River, this set of stations is located 
too far inland to be representative of sediment 
loads at the confluence with the Mackenzie 
River. 

It is therefore recommended that, on the 
Redstone, Carcajou and Mountain rivers,- sedi- 
ment sampling be undertaken at the mouths of 
these rivers (as well as at the stations) at times 
of all visits to the hydrometric site.
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25 
.15 
.11 
06 
03 
03 
.03 
.02 
.03 
.32 
.23 
22 

. 18 

.14 

. 18 

. 15 

.13 

.10 

.07 

.40 

.27 

.38 

.80 

.11. 

cfs 

TABLE.3.1 

(2 pages)



74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74' 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
75 
75 
75 
75 
75 
75 
75 
75 
75 

MAY 17 24.73 375 44 
MAY 21 14.53 513 17 
MAY 24 11.05 390_ 24 
MAY 27. 9.15 323 17 
MAY 29 7.59 253 15 
MAY 31 15.34 224 13 
JUN- 3 5.30 137 15 
JUN 5 4.31 170 12 
JUN 7 4.15 147 11 
JUN 10 4.05 143 12 
JUN 12 3.77 133 14 
JUN 14 ’3.40 120' 17 
JUN 17 3.00 105 4 
JUN 19 3.14 111 2 
JUN 21 2.95 104 1 
JUN 24 2.30 99 7 
JUN 25 4.55 151 21 
JUN 23 3.99 141 23 
JUL 3 2.32 32 14 
JUL 5 .2.05 73 17 
JUL 15 0.31 29 19 
JUL 19 0.54 19 15 
JUL 22 0.27 10 14 
JUL 24 0.17 5 17 
JUL 25 0.14 5 29 
JUL 29 0.15 5 13 
AUG 2 0.12 4 2 
AUG 7 0.52 13 4 
AUG 9 1.03 33 5_ 
AUG 12 0.33 29 2 
AUG 19 0.44 15 4 
AUG 29 0.50 13 5 
55? 4 0.35 12 5 
55? 15 0.57 20 9 
sap 23 0.55 20 11 
ocr 1 0.53 24 14 
ocr 2 0.53 24 14 
OCT 3 0.57 24 14 
ocr 4 0.57 24 14 
OCT 5 0.57 24 14 
MAY 13 13.10 21 
JUL 10 0.15 72 
JUL 14 0.11 3 
JUL 23 0.04 5 
AUG 5 0.05 3 
AUG 11 0.31 4 
AUG 13 0.03 3 
SEP 17 0.12 3 
55? 23 0.20 4 

All 1973-74 data are daily mean values 
1972 and 1975 sediment data are instantaneous 
HARRIS RIVER NEAR THE MdUTH (10Gc002): 

SUMMARY OF SEDIMENT DATA



1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
.1984 
1985 
1986 
1987 
1988 
1989 
1990 

Mean 

1o§4 
1667 
1511 
466 
437 
737 
_5 

1045 
3360 
2072 
591 

2163 
1517 
356 

2822 
1868 
1348 

1356 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 
Sum 

All loads in tonnes 

TABLE'3.2 

61 
877 
161* 
120 
44 
34 
50 

1356 

HARRIS RIVER NEAR THE MOUTH (1oGc0o2) 

SUMMARY OF PREDICTED ANNUAL AND MONTHLY 
SUSPENDED SEDIMENT LOADS
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73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUL 
JUL 
JUL 
JUL 
JUL 
JUL 
AUG 
AUG 
AUG 
AUG 
AUG 
SEP 
SEP 
SEP 
SEP 
SEP 
OCT 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 

0‘|_UlU|0‘Dl\)U|(DOl\)Ol0~IDl\)0'|(J|‘(Il\O 

m(flCJ0r»+aHnacM0+m|*F*H|4haobh 

cfs 

750 
1410 
1480 
986 
537 
532 
465 
393 
407 
311 
235 
203 
820 
1090 
771 
643 
962 
402 
173 
135 
89 
52 
42 
37 
47 

293 
183 
107 
62 
52 
41 
34 
22 
17 

123 548' 
2040 
2350 
2820 
2020 
1430 
1100 
834 
614 
587 
526 
450 
434 
433 
532 
757 
527 
827 
1130 

mg/L 
76 

185 
138 
61 
30 
26 
29 
20 
17 
20 
19 
29 
155 
70 
30 
27 
53 
19 
21 
15 
13 
10 

'24 

14 
18 
10 
11 

13 
10 
49 

203 
302 
301 
131 
68 
50 
42 
40 
39 
36 
45 
32 
35 
67 
56 
42 
43 
65 

TABLE 4.1 
MARTIN RIVER 
AT HIGHWAY 

NO. 1 

(10sc003) 

(2 pages)



74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
75 
75 
75 
75 
75 
75 
75 
75 
75 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 

All data are 

JUN 
JUL 
JUL 
JUL 
JUL 
JUL 
JUL 
JUL 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
SEP 
SEP 
see 
MAY 
MAY 
MAY 
JUN 
JUL 
AUG 
-AUG 
AUG 
SEP 
MAY- 
MAY 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUL 
JUL 
JUL 
JUL 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
SEP 
SEP 
SEP 
SEP 
OCT 
OCT 

28
3
5 
16 
19 
24 
26 
29
2
7
9 
12 
15 
19 
22 
29
4 
16 
20
4
9 

13 
16 
10
5 

11 
18 
24 
25 
31
3
8 
11 
14 
18 
23 
30
8 
12 
20 
26
5 
11 
18 
24 
27 
31
9 
17 
20 
30
5 
12 

29.5 
VOCN

‘ 

I-‘I-‘

’ 

N(MU|\O~0\|(D(M\l0\9-‘l\)?\)l\)l\)0I 

~0_O‘U|O(J1\ll\0‘0‘|-‘~09-DC)-CI\'ll\)U!0\ 

'Hl4F*H

_ 

0&3-\Ul\l(XJOl\Ol\)(XIUI|-‘l\)UI\lI-\0‘NFO‘\I~0HO\0D(Al(Al\|l\)U'|N 

\|Dl\)(rl\l(N\D00‘\l\l\ICI0)H\DJ3D0I-‘(JIVOP-‘I-\~OOODOO 

9-‘V""0l‘(fl 

1040 
480 
371 
112 
94 
69 
72 
73 
68 

214 
620 
480 
297 
272 
335‘ 
318 
195 
126 
104 

490 
650 
570 
420 
334 
250 
212 
140 
84 

245 
146 
275 
175 
97 
59 

200 
2070 
1130 
703 
471 
307 
257 
184 
141 
129 

45 
19 
15 
12 
13 
27 
60 
39 

158 
173 
92 
39 
15 
70 
22 
11 
10 

279 
156 
91 
18 

157 
40 
34 
83 

39 
40 
33 
22 
17 
13 
17 
16 
13 
12 

19 

10 

16 
90 
39 
21 

®<nm<no\o 

TABLE 4.1 
MARTIN RIVER- 
AT HIGHWAY 

N0. 1 

(1oGcoo3) 

(2 pages) 

daily mean values except 1975 sediment (instaht,)



,\ 

1974 
1975 
1976 
1977_ 
1978 
1979 
1980 
1981 
1982 
1983 
1 984 
1985 
1986 
1987 
1988 
1989 
1990 

Mean 

MARTIN RIVER AT HIGHWAY ND. 

18.2 
26.4 
26.2 
20.5 
8.2 

24.5 
0.9 
19.7 

111.0 
43.9. 
7.4 

21.0 
37.0 
2.6 

386.2 
27.9 
7.2 

46-4 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
ocr 
NOV 
DEC 

Sum 

All loads ih kilotonnes 

TABLE 4.2

1 

D000!-‘l\)0l~ODClCJCI 

DDMO*OO‘O'(M'rl\)DOD 

I-4 
V.

N 

6-‘ 0‘ (M 

(1DGC003): 

SUMMARY OF PREDICTED MONTHLY AND ANNUAL 
SUSPENDED SEDIMENT LOADS



"\ 

87 
87 
87 
87 
88 
88 
88 
88 
88 
88 
88 
88 
89 
89 
89 
89 
89 
89 
89 
89 
89 
90~ 
90 
A90 
90 
90 
90 
91 
91 
91 
91 
91 
91 

Date m3/s tm9/L % clay X silt % sand 

MAY 25 162 564 
JUN 23" 54 26 
AUG 6 84 22 
SEP 24 58 8 
MAY 4* 163 210 
MAY 12 145 114 
JUN 16 165 79 . 

JUL 5* 673 1668 46 43 11 
JUL 12 248 221 
AUG 3 146 63 
AUG 12 163 115 
SEP 2 109 71 
APR 29* 400 1190 
MAY 2* 333 640 
MAY 4* A 289 502 
MAY 19 322 493 
JUN 23 199 150 
JUL 5 ‘ 252 214 
AUG 11 85 36 
OCT 7 59 10 
OCT 10 54 . 6 
MAY 2* 96 324 
MAY 3 123 274 
MAY 23 175 345 
JUN 15 129 50 
JUL 27 77 21 
SEP 11 179 ' 67 
APR 30*’ _271 1049 
MAY 9 284 393 43 54 3 
MAY 28 212 . 110 
JUN 13 219 ’22D 
JUL 26 188 167 
SEP 3 222 214 

All data are instantaneous values except where 
asterisked (daily mean discharge) 
All samples were depth—integrated except 1987 (dip) 

TABLE 5.1 

ROOT RIVER NEAR THE MOUTH (1OGAOU1): 

SUMMARY OF SEDIMENT DATA



Date ms/S mg/L 2 clay 3 silt X sand 

1987 JUN 19 198 65 
JUL 20 369 240 
SEP 25 166 21 -

n 

1988 MAY 11 172 373 22 58 20 
MAY 25 565 758 .29 57 14 
AUG 10 385 200 - 

_ 

SEP 23 235 87 
1989 JUN 6 - E808 1955 25 57 18 
1991 AUG 6 

_ 

*485 288 29 60 11 

‘All data are instantaneous values except where. 
asterisked (daily mean discharge) 

E denotes estimate 

TABLE 6.1 

REDSTONE RIVER AT 63 KM ABOVE THE MOUTH 
(IOHBGD5); 

SUMMARY OF SEDIMENT DATA



1987 

1988 

1989 

1990 

1991 

‘CARCAJOU RIVER BELOW IMPERIAL RIVER (10KB001): 

Date 

JUN 18 
JUL 21 
SEP 22 
MAY 12 
MAY‘ 25 
JUL 6 
JUN 7 
JUN 20 
JUN 26 
SEP 27 
MAY 8 
AUG 8 

All data are instantaneous values excépt where 

m3/s 

105 
70 
61 
75 

285 
434 
189 
303 
1530 
138 
640 
*115 

mo/L 

132 
19 
13 

128 
1439 
2069 
459 
731 

4834 
110 

2016 
104 

% clay 

23 
17 
25 
22 
20 

16 

asterisked (daily mean discharge) 

TABLE 7.1 

SUMMARY OF SEDIMENT DATA 

8 silt 

45 
50 
50 
44 
59 

53 

2 sand 

52 
33 
25 
34 
21

31



1987 

1988 
1989 
1991 

Date m3/s mg/L 8 clay‘ 1 silt X sand 

JUL 21 197 23 
SEP 22 129 8 
JUL 

‘ 
6 720 1327 18 58 24 

JUN 7 396 290 27 49 24 
AUG 8 V ‘Z39 29 

All data are instantaneous values except where 
.asterisked (daily mean discharge) 

TABLE 8.1 

MOUNTAIN RIVER BELOW EAMBRIAN CREEK [10KCOD1): 

SUMMARY OF SEDIMENT DATA



1987 

1988 

1989 

1991 

Date 

JUN 
JUL 
AUG 
SEP 
MAY 
MAY 
JUN 
JUN 
MAY’ 
AUG 

All data are instantaneous values except where 

17 
21 
18 
24 

26 

20 
9* 
8* 

m3/s 

101 
22’ 
51 
49 

115 
167 
169 
269 
120 
34 

m97L 

53 

89 
24 

446 
131 
726 
979 

2012 
57 

8 clay 

asterisked (daily mean discharge) 

RAMPARTS RIVER NEAR FORT GOOD HOPE (IOKDOOA): 

TABLE 9.1 

SUMMARY OF SEDIMENT DATA 

silt 

17 

40 
35 
22 

3 sand 

76 

_57 
. 
62
61



annual sediment load annual load as X of 1980-90 

Flat Harris Martin 
_ 

Root Flat Harris Martin Root 

1974 654 1094 18.2 3700 144 . 70 30 71 
1975 748 1667 26.4 2900 164 107 ' 44 55 
1976 528 1511 26.2 4696 116 97 44 90 
1977- 383 466 20.5 376 84 30 34 7 
1978 665 437 8.2 2774 146 28 14 53 
1979 595 737 24.5 1473 131 47 41 . 28 
1980 244 5 0.9 422 54- 0 1 8 
1981 337 1045 19.7 248 74 - 67 33 5 
1982 459 3360 111.0 14483 101 216 185 276 
1983 ’ 149 2072 43.9 2285 33 133 73 44 
1984 310 591 7.4 2130 68 38 12 ' 41 
1985 ‘295 2163 21.0 5442 65 139‘ 35 104 
1986 713 1517 37.0 8782 157 97 62 ’167 
1987 368 356 2.6 218 81 23 _4 4 
1988 1244 2822 386.2 18225 273 181 644 348 
1989 337 1868 27.9 1223 74 120 47 23 
1990 553 1348 7.2 4211 122 86 12 80 

Mean 505 1356 46.4. 4329 455 1559 60 5243 
1974-90 kt‘ t kt kt kt t kt kt 

TABLE 10.1 

ANNUAL LOADS AS PERCENTAGE OF 1980—90 LOAD 
FOR 

FLAT, HARRIS, MARTIN AND ROOT RIVERS 

It Total .8582 23058 789 73588 1980-90 mean loads



1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Mean 

Root Redstone Carcajou Mountain Ramparts 
3700 
2900 
4696 
376 

2774 
1473 
422 
248 

14483 
2285 
2130 
5442 
8782 
218 

18225 
1223 
4211 

4329 
30-90 mean 
85-90 mean 

Basin area 
km2 

Sediment 
t/km2/Yr 

FOR SEDIMENT STATIONS BETWEEN CAMSELL BEND 

9820 
Yield 

441 

4323 
3349 
5480 
426 

3227 
1705 
2622 
606 

11270 
4999 
6208 
7686 
8748 
1257 

11181 
4967 
7440 

5029 

6089 

15400 

327 

1759 
1362 
2229 
173 

1344 
1387 
1815 
449 

3467 
2366 
3235 
1988 
3272 
642 
1898 
1289 
6823 

»2088 

2477. 

7400 
282 

1074 
832 

1361 
106 
721 
990 
888‘ 
.579 
2852 
528 
990 
836 

3313 
827 
782 

1901 
3132 
1277 

1512 

1798 

11100 

115 

2287 
1754 
2897 
229 
1525 
2097 
1868 
1220 
6061 
1105 
2097 
3174 
2171 
5842 
1235 
1226 
9221 
2706 

3812 

7410 

365 

YP/(85-90) is Mountain load as fraotion of 
1985-90 mean load and is used to estimate 
1974-84 loads for Ramparts 

TABLE 10.2 

SUMMARY OF PREDICTED SEDIMENT LOADS 

AND ARCTIC RED RIVER STATION 

vr/ 
(85-90) 

0.50 
0.45 
0.75 
0.06 
0.40 
0.55 
0.49 
0.32 
1.59 
0.29 
0.55

I

, 

'III 

‘II. 

III 

'-I 

II. 

III‘ 

‘III 

III 

III 

III 

II. 

". 

II. 

II. 

III? 

1... 

I. 

II” 

III



fill 

lllt. 

III 

III 

III! 

III 

III! 

III! 

IIII 

IIII 

III 

III! 

III 

III 

III 

IIII 

IIII~ 

III 

III! 

area 
sq.km. 

Harris 701 
Martin 2050 
N. Nahanni 7125 
Root 9935 
Hillowlake . 21184 
wrigley 1300 
Johnson 2214 
Dahadinni 2709 
Redstone 15747 
Keele 27110 
Carcajou 9135 
Mountain 14983 
Ramparts 7530 
Hare Indian — 11352 
Ontaratue 6853 

Total 139926 

Flat 8560 
_ 
Liard 277000 
Arctic Red 21000 
Peel 71000 

predicted 
Yield load estimated load t/sa.km./Yr Mt Mt Ht 

(1) (2) (3) (1)-(3) 

2 0.0 
23 0.0 

441 3.1 5.2 5;7 -2.5 
441 4.4 6.8 7.5 -3.1 
23 0.5 0.3 0.3 0.2 

441 0.5 0.5 0.7 -0.1 
441 1.0 1.5 1.8 -0.3 
441 1.2 1.0 1.1 0.1 327 5.1 8.9 9.3 -4.5 
327 5.9 9.2 10.1 —1.3 
232 2.5 0.5 0.5 2.0 
115 1.7 5.5 7.3‘ -5.5 
355 2.7 
115 1.3 0.1 0.1 1.2 
23 0.2 0.0 0.0 0.2 

33 3 40.3 44.9 

59 0.5 
170 47.2 
305 5.5 
315 22.3 

"estimated load" refers to estimate made by 
Carson (1988) based on comparison with 1974-83 
load of Arctic Red River (2) and adjusted 
to 1974-90 (3) 

E denotes east~bank tributary 

TABLE 10.3 
SUMMARY OF SEDIMENT LOADS AND YIELDS 

PREDICTED FOR TRIBUTARIES OF MACKENZIE RIVER 
BETWEEN FORT SIMPSON AND ARCTIC RED RIVER
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216633 2.2 

TOPOGRAPHIC SE'l'.I.'ING‘ OF THE FLAT RIVER STATION
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