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Foreword 

New development of water resources in Canada de- 
mands more and better i_nformation on hydrological and 
morphological processes in streams and watersheds. 

This paper reviews the history of the sediment data 
co_,l|ect_ion, program initiatge_d in Canada in 1961, describes 
the latest equipment in use for rnea_s_u_ri_ng suspended 
sediment and bed load, and outlines the ‘methods used by 
the Water Survey of Canada for collecting and processing 
data. The paper compares sed,imen_t data _c_ol,|ecti,on tech- 
niques in use in Canada with those Tcifother countries, and 
also comparesvsedimentation conditions and sediment yield. 

Because information on sediment in Can,a_qlia_n streams 
is limited, existing data were ‘reviewed and expanded to a 
standard p_eriod using existing records where available, and 
by estimating where records were not "available. Sediment 
load was estimated for as many watersheds as possible by 
establishing a relationship between s'edirnen‘t load on the 
one hand, and flow and other physiographical parameters 
on the other. The ‘average suspended-s‘edim‘ent con- 
centration and the average‘ suspended-sed:i_n1e,nt yield per 
square mile per year were computed, and tentative maps for 
these two parameters prepared.



Glossarv 

Bea’ load is that m_aterial moving i_n almost cont_i_nuous 
contact with the streambed, being rolled or pushed along 
the bottom by the force of the water. 

Bed‘-load disgharge is the weight of bed load passing a 
cross-section of a stream per unit of time. 

Bed material is the deposited sediment of which the 
.stre.a_;mbe<_1 is composed- 

Depth-integrated sediment sample is a suspended sediment 
sample collected at a single vertical in a cross-section in a 
s_a_rnpler moving vertically at a constant transit rate. 

Daily sampling vertical is a selected vertical in a cross- 
s_ec_t_ion in which individual suspended sediment samples are 
collected. 

ETR (equal-transit-rate) method of measuring suspended 
sediment discharge involves a det_erm_inat_ion of the average 
suspended sediment concentration in the cross-section 
obtained by moving the sampler "at a constant rate on all 
sampling verticals and com_b_i_ni_ng in one large sample. 

Instantaneous suspended sediment sample is a sample ta ken 
i_nstantan_eous|y. at 'a fixed point in a river cross-section. 

Particle-size analysis is the process of determining the s_i_ze 
distribution of sediment particle's in a sediment sample. 

Point-integrated sediment sample is a suspended sediment 

sample taken over a relatively short period of time at a 
fixed point in a river cross-section. 

Sediment is fragmental material transported by, suspended 
in or deposited by a flowing stream. 

Suspended sediment or suspended load is sediment that 
moves in suspension in water, either as a colloid or through 
the influence of the upward, component of turbulent 
currents. 

Suspended sediment concentration is the ratio of the 
weight of dry solids in a water-sediment mixture tgtghe 
volu_me o’%the mixtu_re, and is e,xp,ressed herein as ‘-' 

per litre" gk/I). 

Suspended sediment discharge is the quantity of suspended 
sediment transported through a cross-section p_er unit of 
time. 

Suspended sediment hydrograph is a graph showing the 
variation of suspended sediment concentration or sus- 
pended sediment discharge with respect to time. 

Suspended sediment sample is a quantity of water-sediment 
mixture representing the average c‘onc_en'tjraf’ti‘on_ or the 
average particle-size distribution of suspended s‘e‘dime’n't. 

Total sediment discharge or tota_l sediment load is the sum 
of the suspended sediment discharge and the bed-load 
discharge. 

vii



Introduction 

Canada is a very large country and rich in water 
resources. Her economic development depends on resource 
development, not least of which is her water resources. 
,Mi,ll,ions of cl9l,lars have been expended in recent years to 
further this development- or to al_levia_'t_e t_he threat from 
floods and other natural phenomenon associated with water 
resources. 

Erosion by water can cause soil losses from cult_ivated 
farm fields. Deformation processes stimulated by moving 
sediment in rivers ca_n lead to the formation of meanders 
and sarndbars, move river’ chan_nel,s, interrupt navigation 
and adversely affect commercial and other activities along 
water courses._ l_)epos,i'ted sediment creates many problems, 
the most -s’eriou's of which a_re the reduction in storage 
‘capacities and change in regime of reservoirs and lakes, the 
silti_ng of irrigation canals and ditches, and the formation of 
deltas. 

The rapidly accelerating pace of development- of water 
resources leads to growing demandsfor more complete and 
more accurate ‘information, on hydrological and geo-_ 
morphological processes in streams and watersheds. As time 
goes on, the availability of basic sediment and river 

CHAPTER 1 

morphological data becomes increasingly important in the 
planning and design of waterwor_k_ projects. To meet the 
growing demands for such data, a cornprehens,ive sediment 
survey program is vital, with special’ emphasis on alluvial 
regions of the country. 

The sediment survey program in Canada is still in its’: 

infancy. The prog'r'am has been under way within, the Water 
Survey of Canada for only a few years; as yet, the number 
of sediment stations and the amount of data available for 
each, are limited. The next few years, however, should see a 
healthy expansion in the network its_e,l-f and in the scope of 
the program generally, particularly the _mor‘ph_o|ogical sur- 
vey. - 

This paper presents an outline of the sediment survey 
program and its current status, including very general 
inform_ation on technical methods, some of the new types 
of instr'u’mentat‘ion and data, available, and a look at what is 
planned for the future pr'og'ram, Also i_n_clu_d_ed is the_first 
attempt to summarize the data available for a 1'0~yea_r 
period up to 1970 and to interpret these data in terms of 
the watersheds in Canada—usi_ng maps d_epicting the average 
suspended sediment concentration and the average a_n_nua,l 
sediment yield per square mile.



CHAPTER 2 

Nature of Sedimentation Processes 

Sedimentation incorporates four main processes: 
erosion, transportation, deposition and compaction of 
sediment. These processes are complex a_nd dependent upon 
ma_ny factors. 

EROSION 

In general, erosion may be divided into two types: 
geologic erosion‘ and accelerated erosion. 

Geologic erosion is defined as erosion of the surface of 
the earth under natural, u_nd_istu'rbed conditions. Geologic 
erosion and deposition have occurred throughout geologic 
times and they exist today as they did in the past. It is 

difficult to control geologic erosion bec_ause it i_s difficult to 
change the natural conditions that have existed over long 
periods of-itirgne. . 

i 

Accelerated erosion is defined as the increase in rate of 
erosion over geologic erosion brought about by man's 
activities. Accelerated erosion is generallycaused by agri- 
cultural activities and river-development programs. 

There are many factors which affect the rate of erosion 
from watersheds. The more important are: runoff, intensity 
of precipitation, snow cover, slope of drainage area, form of 
drainage area, types of soil, vegetative cover, man's activ- 
ities, and cha_nnel-erosion processes. 

The intensity of erosion is changeable with time. It has 
been observed that there is a different erosionrate in 

different seasons. For example, erosion during spring 
periods is more intensive because the vegetation is light and 
runoff is ge_nera_|ly near the maximum. 

SEDIMENT TRANSPORT 

Sediment; is transported in suspension, as bed load 
rolling and sliding‘ on the riverbed, and as a combination of 
both suspension and bed load. Sediment transport under 
different conditions of velocity, turbulence and different 
particle size, shape and specific gravity, results in very 
complex processes. In general, the sediment is affected by 
many factors, the more important among them being: 

(a) unsteady inflow of water and sediment into the 
channel system 

(b) changeable particle-size distribution of material in 
time and location 

(c) unsteady velocity distribution over the length of the 
stream, caused by different sizes and shapes of 
cross-sections 

(d) different regimes of tributaries, includ_ing the effects 
of deltas created by t_ributaries 

(e) changeable turbulence in streams created by the 
channel roughness, different obstacles and by the 
processes of erosion and deposition in river 
channels, and 

(f) other types of water circulation in the channels. 

It should be pointed out that moving sediment is not 
uniformly distributed in crossese_ctions. The suspended 
sediment concentrations close to the banks or close to the 
bottom may be several times as great as the average 
concentration , 

in the cross-section. As a rule, the con- 
centration on a vertical increases from the surface to the 
bottom of the st_rea_r_'nu. This increase occurs due to different 
sizes of particles of sediment; there are more large particles 
close to the bottom. 

Change in the suspended sediment» concentration over 
the length of a_ river is also dependent on the slope of the 
channel," the rate of discharge, erosion processes, etc. 
Because of the lack of information for Canadian ‘rivers, this 
phenomenon cannot be ‘examined at this ti_me._ From 
studies in other countries,‘ it is, kunovvn that in the majority 
of cases sediment concentration increases from the origin of 
the stream‘ to a certain location on the river, following 
which both the conce_ntratio_n and yield start to decline. 
Usually, the break point is located at the beginning of the 
low-slope reaches of the stream. In some streams this point 
may be considered as the beginning of the area where 
deposition is higher than erosion. The distance from this 
point to the river's mouth varies for ‘different str_e_am_s. For 
instance, on the -Assiniboine River (for natural conditions), 
such a point is located in the area close to Portage La 
Prairie. 

The distribution of suspended sediment concentration 
and sediment yield during a year is unsteady. Larger portions 
of sediment are transported by flood waters during the 
spring or summer floods. Moreover, the sediment concentra- 
tion does not vary uniformly with flow. In the mountain 
streams where slopes and velocities are high the peaks of 
suspended sediment concentration take place concurrently
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Figure 1. Pattern of surface erosion on cultivated land (Saint John River Watershed) 

Figure 2. Pattern of channel erosion (Northwest Territories)



with the maximum flow. On the larger prairie streams the 
maximum sediment concentration occurs usually before the 
flow peak. "The sediment concentration is dependent upon 
hydrometeorological factors: therefore, the distribution of 
sedi_m_ent concentration may be different from year to year 
(Figs. 9, 10 and 11). 

Bed load, that is, the material which is either moving in 
almost continuous contact with the streambed or rolling 
along the bottom of the channels, represents an important 
parameter in the river processes. Unfortunately, it cannot 
be thorough_|y examined in this study because bed load 
information is lacking. 

DEPOSITION 

Deposition is the counterpart of erosion_. The products 
of erosion may be deposited at any place starting imme- 
diately below their sources and extending down to a 

reservoir, lake or ocean. Usually the sediment deposits are 
divided into the following groups: 

(a) deposit_s at the eroding slopes, 

(b) flood plain deposits, 

(c) channel deposits, 

(dl deposits in lakes and reservoirs. 

Sediment deposition may have positive and negative 
effects. Some deposits may form fertile flood plains which 
may be used as agricultural land. Other deposits Vmay 
seriously damage high-cost property, crops, developments, 
etc. The deposition of sediment in i_rrigation canals reduces 
the rate of water delivered to ir'rigated areas and increases 
the cost of operation. The deposited sedgiment i_n navigable 
channels, waterways and harbors must be removed period- 
ically to mai_nt_ai_n necessary‘ depths. The sediment de- 

posited in natural streams decreases the channel capacity 
and results in higher and more frequent flooding. In 
artificial reservoirs or lakes, deposited sediment reduces 
storage capacity. "This will affect the proper fu‘nctioning of 
these lakes or reservoirs by reduci_ng the effectiveness of 
flood control projects, lowering water supply or power 
output, and reducing water delivery for _irrigat_io_n or other 
uses. Finally, the deposited sediment may create ‘clevltas 

which may also have positive or negative effects. 

Particle-size distribution of sediment is a_ very im- 
portant factor in sediment processes and particu|a'r|"y' in the 
process of deposition. St'rea'm's have the capacity to carry 
only certain amounts of sediment in suspension. The coarse 
particles which streams are not able to hold i_n suspension 
may move on the river bed as bed load-:3 lar’g‘e'r‘ particles of 
bed load may cause the movement to stop temporarily or 
permanently, creating depiosited (alluvial) material or form- 
ing mud flats, sand or gravel bars, _island_s,- etc. This 
phenomenon is important in the ‘regime of river channels; 
therefore, the planners and engineers should give proper 
consideration to bed-load movement _and the processes of 
deposition when designing water development prog‘rar'ns or 
individual project. ~ 

Particle-size distribution of suspended sediment in 

every stream is dependent upon the geomorphological 
situation on the watershed and also on the regime of the 
flow and some other factors it is evident, however, that the 
absolute amount of large particles in suspended sediment is 
l_arge during flood periods. ‘ 

Compaction" of sediment, a complex process, is also 
related to the process of deposition and to the particle-size 
dis_tri_bution of the material; the procest of compaction is 
much slower with fine material. The study of density of 
deposited sediment is included, in general" sediment survey 
programs of reservoirs: however, this subject will not be 
discussed in this paper.
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CHAPTER 3 

History of Sediment Survey in Canada 

The first investigations of sediment transported by 
streams in Canada were undertaken by individual orga- 
nizations or agencies in 1947. The lnte_rnationa,| Columbia 
River Engineering Board carried out a sediment survey 
program on‘ the Kootenay River during the period 1947 to 
1949. A sediment survey program, begun on the South 
Saskatchewan River in 1948 by the Prairie Farm Re- 
habilitation Administration‘, was later extended to the 
North Saskatchewan, Saskatchewan and Red Rivers The 
Water Rights Branch of the British Columbia Department 
of Lands, Forests, and Water Resources undertook a 
sediment survey ‘program on the Fraser River upstream 
from Hope, in 1950. Thirteen hydrometric cross-sections 
were included, in the program, with the continuous mean 
monthly suspended sediment yield being determined for 
several cross-sections for the years 1950, 1951 and 1952. 

_In addition to these programs, individual samplings and 
limited sounding programs to determine sediment de- 
position in lakes and rivers were undertaken by various 
agencies in parts of eastern Canada. 

All these programs, too short and limited in scope, 
included only measurements of suspended sedi_ment;- the 
bed load in the river channel was never measured. The 
methods used for these early surveys were approximate and 
were. limited by the equipment available; with advances in 
equipment design, however, improved methods have been 
developed and the results of today's surveys are definitely 
superior. 

A continuous sediment survey program was initiated i_n 

1961 by the then Water Resources Branch, Department of 
Northern Affairs and National Resources Li_mitations on 
funds, equipment and personnel at that time restricted the 
scope of the prog'ram to a few stations on prairie streams. 
At these stations, only suspended sediment was sampled..As 
time went on, however, the number of stations was 
increased, taking in streams in other provinces. By mid 
1972, the Water Survey of Canada, which now carries out 
hydrometric a"ricl sediment survey functions as part of the 
Inland Waters Directorate, Department of the Environment, 

was operating close to 150 sediment survey stations in 
Canada. (Fig. 3)’ 

To oversee the planning of the hydrometric and sedi- 
ment survey programs, the Network Planning Section was 
established several years ago. The duties of thesectiotn are to 
study the watersheds, to plan the hydrometric and sediment 
survey network in co-operation with other agencies and to 
recommend programs for the network. Because the Net- 
work Planning Section is as yet in the organizational state, 
the Sediment Survey Section performed some network 
planning studies and prepared a Sediment Survey Station 
Forecast (Fig. 4). 

In addition to data collection, the sediment survey 
program includes special studies in the following fields: 
sediment surveys of reservoirs and lakes, surveys of rivers 
for degradation or aggradation processes (for example, the 
South Saskatchewan River below the Gardiner Darn), 
deformation of river channels and formation of deltas, 
morphological studies of watersheds, and different methods 
of carrying out bed lo_ad measurements, etc. The program 
was supervised and partially operated from the Head- 
quarters in Ottawa. As the program became larger, more of 
the field work and responsibilities were transferred to 
District personnel at Vancouver, Calgary, Regina, Winnipeg, 
Guelph (Ontario), Montreal an_d Halifax. At the present 
time the survey and study of sediment in Ca_n,a_d,a and the 
respective responsibilities of the Districts and the Sediment 
Survey Section in Ottawa are divided approximately as 
follows: 

Districts Ottawa 
Data collection programs . . . . . . . . . 80% 20% 
Rive_r morphological survey and studies 50% 50% 
Research programs applicable to the 
field work and field conditions . . . . 20% 

Publication of the sediment data as well as the other 
study reports is still the responsibility of the Sediment 
Survey Section in Ottawa.
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CHAPTER 4 

Sediment Survey in Canada =- 1971 

The systematic sediment survey in Canada has now 
been under way for a little more than a decade. In 1971, 
sediment transport was being measured at 130 stations, a 
sizable growth in a ten-year period, but still considerably 
less than the three thousand hydrologic and hydrometric 
stations which are in operation. This preponderance of 
streamflow and water level stations over sediment stations 
can be explained by the fact that the sediment survey 
program was neglected in the early years. 

In the sediment survey program organized i_n 1961, the 
ultimate plan has been to produce a network of sediment 
station's across Canada. It began with the measurement of 
sediment transport at selected stations in the important 
sediment producing streams on the prairies and has ex- 
panded into rnany areas of Canada on the basis of such 
factors as the.morphological characteristics of the watershed 
and the need for data with which we would better under- 
stand -the operation of existing‘ and potential developments, 
flood control, cha_n_nel improvement, etc. 

SUSPENDED SEDIMENT DATA COLLECTION 

To be meaningful, the determination o_f suspended 
sediment discharge in a stream must represent the full range 
of discharge in that stream. A few measurements or 
observations at irregular intervals could be seriously mis- 
leading. The observiations should cover a long-term period 
and should include different seasons as well as wet and dry 
years 

Figure 5. The catamaran is an ideal s'e'di'm'ent survey boat 

At a given water level, the suspended sediment concen- 
tration when streamflow is increasing usually differs con- 
siderably from that when t_he flow is receding. The 
suspended sediment concentration is dependent upon many 
factors, most important of them being: 

(a) changes in flow regime—either gradual orlabruptt and 
either large or small, 

lb) _ 
changes‘ in the watershed management program- 
owing to diversions and storage‘ of streamflow, bank 
or erosion protection programs, changes in land use 
or other changes in agricultural program 

(c) variations in the distribution and frequency of 
precipitation on areas of the watershed (different 
tributaries produce unequal a_moun'ts of sediment) 

(d) cha_nges i_n vegetal cover on the watershed or changes 
in physical conditions of soil, banks and stream 
channels. 

In view of these complexities, a suspended sediment 
survey program on a watershed should be undertaken 
only after the objective has been clearly defined and after 
working conditions a_nd all fac_ilit_ies have been ”e‘valu'ated. 
The sampling program for a station should be designed to 
obtain average discharge-weighted concentration for the 
cross-section. Suspended sediment d:isc_ha_rge, wh_ic_:h is de- 
fined as the total weight of ‘suspended sediment passing a 
crosssection in a certain period of time (usua‘||y in tons-per 
day), is computed as the product of the average suspended 
sediment concentrations and stream discharge. Suspended 
sediment discharge may be determined by a ‘number of 
different methods but the ones most frequently used are 

. the point-integrating, depth-integrating and equil-t_ra_ns_it-zrate 
(ETR) methods. 

Pain t- in tegra ted method 
The point-integrated method provides information on 

the suspended sediment concentration and vpartgicle-size dis- 
tribution at individual points in the cross-section. 

Suspended sediment samples are obtained using any 
one of a number of different samplers: the point-integrating 
sampler US P-61 or US P-63, point-integrating bottles, 
pumping samplers, and in some cases insta‘nt'aneo'us trap 
samplers Whatever equiprnent is used, the principle is the 
same-to provide a representative sample, of suspended 
sediment taken from a fixed point in the stream during a 
fixed period of time.



Figure Suspended, sediment sampling from a catamaran using 
the US P-63 sampler 

Figure 7. Suspended sedi_n_\_e_nt sampling from “a cable car using the 
US P-61 sampler 

In carrying out the sarnpling procedure, it is the usual 
practice to select four or five verticals spaced at intervals 
along the cross-section. In each vertical, samples are taken 
at several points, the number of points depending upon 
depth as" well as other factors Frequently, as many as fifty

~ 
sampling points may be required to give an accurate 
sediment measurement in the entire cross-section. 

To compute the measurement, the graphical method is 
the most convenient. 

Depth—integra ting method 
The depth-integrating method is essentially a simplified 

form of the point-integrating method and is used for most 
routine measurements of suspended sediment discharge. 
For depths up to 25 feet, the depth-integrating method 
requires only one sample at every sampling vertical. The 
sample is collected’ at a rate proportional to the velocity at 
the intake (nozzle), with the sampler lowered to the 
bottom of the stream and raised to the surface again at a 
uniform rate. If the depth is greater than 25 feet, more than 
one sample will be obtained by integrating inone direction 
only or by dividing the depth into two or more sampling 
verticals. The suspended sediment concentration from the 
depth-integrating sample is considered to be the average 
concentration in the vertical. 

Suspended sediment discharges are calculated as the 
product of the average suspended sediment concentration 
and the streamflow in the corresponding vertical. The total 
measured suspended sediment discharge i_n a cross-section is 
the sum of the discharges in the verticals. 

To determine the average concentration of suspended 
sediment in the crosesection, (for both methods) the total 
suspended sediment discharge is divided by the total 
streamflow. 

Figure 8. Suspended sediment §_a_mp_liI'_Ig by the wading method‘ 
using the US HD-48 sampler



Equi/-transit-rate (ET/-7) method 
The equil-t_ra_nsit-rate method is a simplified form of 

the depth-integrating method. For this method, one speed 
is usually selected for the lowering and raising of the 
sampler-. The sampling is performed at a number of verticals 
(as many as 20 or more) and all samples are combined in 
one large bottle.. The suspended sediment concentration 
from the combined sample is considered as the average 
concentration for the whole cross-section. 

Daily (individual) suspended sediment sampling ' 

The measurement of suspended sediment by the 
point-integrating, depth-integrating or ETR methods can be 
a time-consuming and costly task. As it is necessary to 
obtain a continuous record of sediment discharge, 
obviously some less cumbersome, less expensive, but still 

reasonably accurate method had to be devised, This was 
done by selecting a representative sampling vertical (or 
point)" in the cross-section of the stream and establishing a 
relationship between suspended sediment concentration for 
this vertical (or point) and the average concentration in the 
entire crosssection determi_ned by a "control" measure- 
ment carried out by the point-integrating, depth-integrating 
or ETR methods 

Individual samplings on the vertical or at the point are 
taken by local observers or automatic samplers in accor- 
dance with a‘ prepared guide program. During periods of high 
flow the observations are performed more frequently—in 
some cases several times each day. 

Since every watershed has its own characteristics, there 
are different data requirements for each watershed. Because 
_of this, the sediment survey program for each station is 

preparedon an individual basis. Some stations, particularly 
those on small streams with short flow periods, may require 
small numbers of samples to compute the total yearly 
sediment yield; on the other hand, some large streams, 
particularly during periods of unsteady flow may require as 
many as 2000 or 3000 samples properly distributed during 
the year. 

Other particulars about suspended sediment 

Sediment samples collected at the measurement cross- 
sections are processed in the sediment laboratories. The 
laboratory programs include the analysis of samples to 
determine suspended sediment concentration and particle- 
size distribution of collected sediment. 

During winter seasons most watersheds in Canada are 
characteriged by frozen and snow covered surfaces; there- 

.fore, the surface .sediment erosion practically is non- 
existent or ve,ry—sm_all., Suspended sediment concentrations 
during the water periods are "relatively low and largely 

crea_t_ed by processes of channel erosion. It should be 
‘pointed out that the hydrometric and sedimentation 
processes‘ in the river chan_ne|s during the winter season are 

10 

more complex and it is more difficult to observe them, 
particularly at the beginning (freeze-up) and at the end 
(break-up) of the season. The formation of slush ice in the 
partially open channel or under ice cover creates a rnore 
confused situation which affects the distribution of the 
velocities a_nd sediment concentration in the hydr0me.tric_or' 
sampling cross-sections. 

In general, the winter hydrometric-sedi_m,e_nt programs 
are difficult, awkward and costly to carry out. Fortunately‘, 
many Canadian rivers (particularly small streams) have 
relatively low winter sediment yield; therefore, the winter 
programs in many cases are reduced substantially‘; Many 
rivers of small or average size have a winter sediment yield 
less than 5-10 per cent of the yearly sediment yield-; some 
larger streams have winter sediment yields in the range 10 
to 20 per cent. 

The suspended sediment concentration during winter 
periods is relatively low, usually in the limit of 0-70, mg/l. 
Because of the low velocities under ice cover the .s_usp_ended 
material consists of fine particles. 

During recent years, the Water Survey of Canada has 
tended to use more automatic samplers. The new automatic 
sampler, PWS-3, (Figs. 12 and 13) developed recently, is 

most suitable for remote stations and those undergoing 
severe weather.conditions. Very often automatic samplers 
have been installed in cross-sectionswith well mixed flow, at 
contracted reaches, below rapids, dams or control st_ruct_u_re's,» 
etc. In many such cases they represent the average suspended 
concentration in the_ cross-sections. The Water -Survey of 
Canada also has commenced the use of more monitoring 
units. Several units of the suspended solids recorder’, type 
A.169.0 (Southern An_a|yt_Vical) were installed in the last 

three years. (The unit was described in the paper presented 
at the 7th Symposium.) That type of unit produces 
satisfactory results; however, its ,ma_i_n_tena_n,ce and cali- 

bration sometimes creates complications. Also, the Water 
Survey of Canada purchases the Fischer and Porter type 
17VC1000 Tu_rbid_ity Measuring System consisting of a 
Turbidity Sensing Head and a Turbidity Indicator. The 
apparatus, used for measuring l_iquid turbidity, indicates the 
reading instantaneously in Jackson Turbidity Units (JTU). 
To get the suspended sediment concentration in mg/I the 
relationship between suspended sediment concentration 
and JTU must be established. The continuous recorder

' 

(Fischer and Porter, Series 51-4202BL Electronic_ Recorder) 
may be connected to such units (F_ig_.' 1,4). The instrument is 
still not tested properly and cannot be compared with other 
solids recorders. 

For all suspended sediment stations, concent_ratio'n 
hydrographs are plotted on the basis of observed in- 

formation. The conce_ntration for the days without observa- 
tions are interpolated or estimated. The‘ computation of 
mean daily suspended sediment concentration is performed 
using the d-Mac Pencil Follower. Using computers, the daily 
suspended sediment discharges (in tons/day) are computed 
as a product of the mean daily sediment concentration, the
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mean daily flow and the unit factor of 0.0027. The 
sediment data are published on an annual basis. 

It should be pointed out that there is a need for further 
development of automated techniques for processing sed- 
iment information. V 

BED LOAD DATA COLLECTION 

One of the main problems in the study of sediment is 
the determination of total sedi_ment discharge, tghat is, the 
combined ‘total of suspended sediment and bed-load "dis- 

charge. Using newly-developed equipment and survey 
methods, it is not difficult to determine -the suspended 

_V NW . . sediment "discharge. To determine the bed load discharge—- 
,=ig,_".e12_ Automatic ;55E;'mNs3)f°,§-mfiling suspeh-fled the sediment that rolls, slides or skips along the ‘river 

gedimgm bed—is, however, a much more dgifficult task, It should be 
borne in mind that what constitutes bed load at one 
cross-section may be suspended load at another section 
where stream velocity is greater. 

~~ 
There are several methods used to determine the 

bed-load discharge. No single method is satisfactory for all 
rivers under different conditions of flow. Some bed-load 

conditions: the volumetric method was used for s_m‘_al| 

streams; s_orne determinations haye been made with some 
success of bed load combined with suspended load, sampled 
below weirs or in cross-sections where the channel is 

constricted and water velocity so accelerated that all 

particles in transport are in suspension. The bed-load 
measurement method using bed-load samplers has some 
weaknesses and requires additional study and improvement. 
An extra research program will be required" to study this 
method andequipment (different types of samplers) in the 

V 

_ 

natural condit_ions covering different streams, different 

' 

- Figure 13. Submersible water pump for the Pws-3 autornaticv types of bed load, different techniques, and calibration of 
sediment sampler the samplers for different conditions. 

Because of the shortcomings in the present methods of- 
measuring bed load, the Water Survey of Canada sediment 
program has provided for bed-load measurement at a few 
Important stations only. Most such stations are on small, 
experimental or representative watersheds Where the ‘mea- 
surements are performed by volumetric methods. 

With a sparsity of bed load data, it has not been 
possible to reliably determine bed load as a percent of total 
sediment load and no attempt has been madevin this study 
to include an analysis of bed load. However, it is estimated 
that bed load as a percentage of total sediment load varies 
between 5 and 20 percent. 

To overcome some problems related to the bed-load 
measurement methods, the Water Survey of Canada has 
instituted a-,re_search program aimed at establishing the 
relative merits of the different methods of measuring bed 
load under natural conditions. Among othe_r equipments for 
measuring bed load (described in the Publications for the 

i='igura 14. Fis'cher—Porter turbidity measuring system (17vc 1000) 
showing the recorder, indicator and sensing head 

14 

measurement methods are suitable for some particular.



7th Symposium). which are under study and testing is the and bed load) have been developed. Some of the more 
new type of hydrophone (Figs. 15 and 16). It is an important methods are those by: 
elecftrontically operated acoustic device to record and analyze -. 

" 

U:-sBoys 1879 the sound created by bed load on the bottoms of- streams. Meyer Péter 1934 The hydrophone system was designed by lth'a'co in 1971 in schok“tsc‘h' 1935 accordance with Water Survey of Canada specifications. Meyer Peter’_Mu“er 1948 This instrument is‘ portable and consists of three sections: Einstein_BmWn 1930 
r .. the liydrophone or data acquisition section-.— the signal Eingteih Bedrlo-a'd function’ 1950 ' 

conditioning‘ section, and the recording section. Laursém 1958 
‘

. 

Blench Regime formula, 1964 
> 

. 

_ 
Colby, 1964 

— ~ - 
— 

. » Inglis-Lacey, 1968 
Toffaleti, 1969 

§ ..’...’.... ....... ~~ 
~~ 

Figure 15. Hydrop_hon_e control system, a potential bed load 
measuring ‘system 

; Figure 16. Hyaruphbné sensor mounted in a 150-lb load sounding 
weight 

‘44 

.44. 

Computation of bed load 
Existing methods of measuring bed load ‘are difficult 

a_n<;|_ costly and generally give inaccurate results. Several 
anfa‘lyt_it_:'_l_ ojr' empirical methods for computing bed-load 
discharge or total sediment discharge (suspended sediment
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In practice, however, suspended sediment discharge is 

usually measured, and bed load either computed or 
estimated, using‘some of the above mentioned formulas or 
as a_ percentage of either total load or suspended load. The 
bed-load formulas have been derived from studies in flu_mes; 
therefore, the error may be substantial in such estimates 
but it can be minimized by field observation of streambed 
and overbank deposits. 

The computation of bed-load discharge by any of these 
methods requires a knowledge of the particle-size distri- 

bution of the bed material. To provide this information for 
future sediment studies, the Water Survey of Canada has 
included in its program the collection of bed-material data 
at all sediment survey stations. Information on particle-size 
distribution of bed material is published annually in the 
‘series of Water Survey of Canada sediment data publi- 
cations

~ SEDIMENT AND MORPHOLOGICAL 
SURVEYS FOR DIFFERENT PROJECTS ~ 

i=' 2o.co b‘ :' bed at 'I‘ u dedsed 1 
There are cycles of high and low flows, but over a 

mum 
‘ s§,':.n,',|;':§"'°n 

In am an '§u$pqn' "men 
period of time rivers adjust to the natural forces acting 
upon them. Within the general state of equilibrium, 
however, the morphological processes, such as erosion, 
sediment transport and dep_osi_t_ion will normally continue 
on the w_atersheds a_nd in the river channels and deltas. 
E;xperie’née has shown that the morphological character- 
istics and the regime of streams, lakes, deltas and water- 
sheds must be taken into account in the initial planning of 
new wat_er resources projects A newly built reservoir can 
cause drastic changes to a river's regime. If it is large 
enough, a reservoir can perm_anently store practically the 
entire sed_iment load carried in the stream. The sediment so 
depositedf settles in the upstream section of the reservoir 
and creates deltas which in turn cause backwater effects. 
The clear water released from the reservoir will have an 
eritirely changed hydrograph from that of the sediment 

Figure 21. Sampling deposited material 

laden waters, and channel degradation processes will 

probably take place. 

It is evident therefore that any proposed project must 
not be evaluated on the basis of its positive benefits alone. 
It is becoming increasingly apparent that the damagelor ‘side 
effects which -the project may cause must also be evaluated, 
not only over the short period of operation _,afte_r' the 
project is built, but covering the much later period when 
the river system starts to readjust to reach a new equi- ~~ 

Figure 19. Deposited sediment in Bassano Reservoir
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librium. Neither the evaluation of the project itself nor of 
the side effects that it may cause can be achieved properly 
without resorting to adequate information in the field of 
hydrology, sediment transport or river morphology. The 
hydrological regimes of streams are dependent upon many 
fa.c,t.o.rs (9eo.9rap.h.i.<_:a.|.l me1eor9|0g.i9a.|. etc.) and undergo 
considerable fluc'tu'ation from period to period (covering 
dry and wet cycles). Thus, the information if it is to be 
adequate should be based on a long period of observation, 
in sortie cases not; less than 30 years. It follows, therefore, 
that if we are‘ to provide the data necesary for future 
development and save millions of dollars, ,a data collection 
program for certain selected projects must be started as 
soon as possible. 

"E requently-, _t_he data collection program for individual 
projects requires much more than the measurements of 
sediment discharges at a certain cross-section. Some large 
Drbieéts need i.hf9.rm.ati9_n on wa.tershed.s upstream of the 
project, ‘as well as in’fo'r'm'ation on other factors, such as the 
changes in the channels (below and above), erosion and 
deposition in tributaries, existing projects on the water- 
sheds and ope_rjat_ion of them, and other specific processes 
‘and phenomena on the watersheds. To provide such 
information, the Water Survey of Canada has been in- 

cluding in its program morphological surveys and studies of 
ind__ividual projects, vvatersheds, deltas, and estuaries In the 
‘majority of cases, such programs were requested by the 
provinces or by other federal departments. Because some of 
the aarveys and studies include a large volume of work, the 
programs are being performed in co-operation with the 
provinces or unive_rsiti_es, or other departments. Very often, 
such 'progra‘r’ns require long periods of time (years) to 
complete the sun/ey or study. 

To better illustrate the numerous morphological 
problems in this country. A listing (by province) is provided 
for some larger and more important projects, river or deltas 
for which add:itiona_l geomorphological survey and study 
'pr'ograrh's'will be requlired.

' 

British Columbia 

(1) River channel problems on the lower Fraser River 
(including hydrornetric and sediment survey work in the un- 
steady flow reaches) 

(2) The Fraser River delta (below Port Mann) 
(3) Kootenay River channel and Kootenay Lake 

delta* 

(4) The Columbia River delta at Revelstoke* 
(5) T he K_iti_ma__t River delta 
(6) The Yukon River channel (including the White 

River) 

(7) The deltas and bays of several streams on the 
western slopes of the Rocky Mountains. 

Alberta and the Northwest Territories 

(8) The Peace-Athabasca delta* 

(9) The Mackenzie River delta 
(10) Meandering channels of some northern streams 
(11_) Bed load in the North Saskatchewan River (upper 

regions)
‘ 

(12) Erosion, sediment transport and deposition in the 
Red .R iver channel* 

1») Coarse bed load in natural streams in some 
northern streams in Alberta and the Northwest Territories 

(14) Erosion and deposition processes in some irri- 

gation districts 

(15) Sedimentation of the large reservoirs in Alberta.‘ 

Saskatchewan 

(16) The Qu'Appelle River watershed (including the 
main channel lakes) 

(17) The Saskatchewan River delta (Pond Area) * 

(18) The unstable channel of the Frenchman River 
(including Cypress Lake) 

(19) Sedimentation of the South Saskatchewan River 
Reservoir (Lake D iefenbaker) * 

(20) Degradation-Aggradation of the South Saskat- 
chewan River channel between the dam and Saskatoon” 

(21) Sedimentation of larger reservoirs in _Saskat- 
chewan. .

' 

Manitoba 

(22) Morphological processes on the Red River 
channel and floodway* 

(23) The Lower Saskatchewan River (including Cedar 
Lake) 

(24) The Red River delta 
(25) The Assiniboine R iver diversion system 
(26) Morphology of the Northern Riding Mountain 

watersheds (Edwards Creek, Ver'rrlilio'n River, Va|_ley R iver, 
etc.)* 

(27) Morphology of river channels in some northern 
streams 

(28) Sedimentation of larger reservoirs in Manitoba.* 

‘The Water Survey of Canada is involved in surveys and studies of 
these projects. .

»
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Ontario 

(29) Erosion on small watersheds (tobacco regions) 

(30) Sedimentation in streams affected by earth slides 
(South N_ation River, etc.)* 

(31) Navigational problems in the St. Lawrence River 
‘channel 

(-32) Deltas and bays formed by small streams in 
Southern‘ Ontario 

(33) Sedimentation in larger reservoirs in Ontario.* 

Montreal Area 

. (34) The processes of deformation in the St. Lawrence 
River channel 

(35) The St. Lawrence River delta (including the Bay). 

Atlantic Provinces 

‘ 

(36)) Survey and study of some Prince Edward lsland 
estuaries (a study of importance to the oyster industry) 

H (37) Morphology of the Miramichi River (a study of 
i_l‘l"lpO'I"‘t}ih(}¢ t6 the salmon i,nduStl"'y) 

’ 

(38) Morphology of the Churchill River in relation to 
power development 

(39). Morphology of the Saint John River watershed* 

(40) The Saint John River delta 
(41) The Bay of Fundy development complex 
(42) Sediment survey of larger reservoirs in the 

Atlantic Provinces. 

As an example of these projects a short description of the 
study under (26) is described in the following’: 

‘T,hep_\[Va_t_er Survey of Canada is involved i_n surveys and studies of 
these projects; (see ‘previous page for sample) 
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i=igu're 22 Edwards creek" delta formed dnririg th‘é._pi'=.'riod 1951-59 

Morphology of the Edwards Creek Drainage Basin 
The area surrounding the town of Dauphin, Man'itoba_, 

is an important agricultural region, Edvvards .Cree_l,<-1 which 
flows through the middle of this region o’v‘e'rflo'w'ed its 
banks repeatedly prior to 1948, causing widespread flood- 
ing. During the period 1948.-51 the Prairi_e Farm Reha- 
Vbilitation Administratilon constructed "a 's‘ilting' 'ba"sin on 
Edwards Creek and diverted Edwards Creek into. Dauphin 
Lake. Since 1951 the capacity of the silting basin has 
been reduced substa_n_t_iaIly, the diversion has deteriorated 
considerably due to scjourand‘ lateral erosion, and a sizeablé 
delta has formed in Lake’ Dauphin at the mouth of the’ 
diversion, threatening adjacent._recreationaI areas‘ (Fig. 22). 

In 1968 the Sediment Survey Section was refdu'ested to 
undertake a morphological study of the Edwards Creek 
watershed to find solutions to the problems of soour and 
lateral‘ erosion within the ‘diversion and oonti_nyed d_e_lt_a_ 

growths. The preliminary study of the watershed was 
completed and a report published in 1970. However, to 
substantiate the fi_ndi_r,{gs of" this study, mo,nit'oring of 
sediment discharges in Edwards Creek must continue for a 
minimum of five years



CHAPTER 5 

Sediment Surveys in other Countries 

_In this section, an attempt will be made to compare the 
survey methods and techni,qu_es used in the Can_ad_ia_n 
sediment survey p‘r'ogram with thosein other countries. The 
sedimentation processes and the amount of sediment 
produced in Canadian Riversalso will be compared with the 
processes and amounts in other countries. 

It should be mentioned that the lack of specific 
information on other countries and space limitations in this 
paper tend to restrict; the scope of this chapter. Never- 
theless enough general infor'ma‘t’ion has been available for a 
limited number of countries to serve as a basis for 
comparison, 

From the rough comparison which follows, the 
sedimentation processes in Canada will be seen to be less 
intensive than those in other countries. It follows then that 

. the sediment concentrations and yields from watersheds in 
Cana_da __s_h,o_uld therefore be much lower than the cor- 
responding figures for other countries. 

THE UNITED STATES 

Can_ad_a cooperates closely with the United States in 
the survey arid study of sediment transport, morphological 
processes in rivers, development of new equipment, etc. In 
many ways, the techniques used on either side of the 
border, are similar. The program in the United States began 
much earlier tha_n the Canadian program with some 
observations being made more than a hundred years ago. It 
is re_adil,y seen then why the United States surpasses Canada 
not only‘ in the number" of sediment stations but also in the 
length of the continuous record available. 

In company‘ with the sediment data collection pro- 
grams, the United States has carried out very extensive 
research programs i_n various fields such as: development of 
sediment survey’ techn'ir'.'1'ue's, study of hydraulic processes in 
flumes and natural streams, and development of measuring 
e’gu'ipfr‘n_en,t and theoretical formulae for computing 
sediment transport under different conditions. 

It -should be pointed out that the United States, like 
other count_r-ies, has paid more attention to the studies of 
suspended sedfifment than to bed load. As a rule in the 
United States, suspended sediment has been measured while 
bed load has normally been determined by computational 
methods. 

On the basis of sediment transport data available, a 
map of average sediment coancentration in the United States 
has been published. Using this ‘map, the sediment discharge 
can be determined for watersheds in almost every part of 
the country. Comparing such maps for the United States 
and Canada (though the Canadian map is not as well 
documented as that for the United States), it is_ not difficult 
to see that the rivers in the United States produce the 
greater amount of sediment. Three main factors stimulate 
the production of sediment in United States’ Rivers: 
climatological conditions (winter in_ the United States is 

shorter than that in Canada); geological and geomorpho- 
logical conditions; and more land affected by intensive 
agricultural activities. 

The highest sediment concentration in_ the ce_nt_ra| and 
southern United States was observed on the Colorado, Rio 
Grande, Missouri, and Mississippi Rivers and tributaries. 
The extreme high concentration observed was close to 
50,000 mg/I. For most of the country, however, the average 
concentration is in the range 200—2,000 mg/l. 

THE UNION
_ OF SOVIET SOCIALIST REPUBLICS (USSR) 

Although the observation and measurement of sus- 
pended sediment discharge on selected watersheds began 
about 70-80 years ago, a‘ large-scale s‘yste’rna'tic survey has 
been under way only for about 35-40 years. At present, 
some 2,000 sediment stations are surveyed. 

Like the programs in other countries, the greatest stress 
has been placed on the study of suspended sediment. 
However, a considerable amount of work has been carried 
out on the study of bed load, with various types of 
equipment for measuring bed load being developed and a 
number of theoretical formulae to compute bed load being 
derived. 

Enough information has been collected for the USSR 
to enable relatively accurate maps showing suspended 
concentrations and suspended sediment yield to be pre- 
pared. Many rivers, particularly in the south_e_rn mountain- 
ous regions, annually experience sediment concentrations 
up to 5,000 mg/I and sediment yields up to 2,500 
tons/km’. It is evident that the sediment in many USSR 
rivers is greater than that in Canadian rivers.
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|NDl_A 

For centuries India has practised large-scale irrigation 
and has etxperienced attendant problems of erosion, 
sediment t‘ra'nsport, and river-channel processes. A system- 
atic sediment survey program covering large rivers and 
tributaries wa_s begun about 15-20 years ago‘. Some data 
were co.ll'ec'ted in earlier years for individual projects, but 
the data collection was not continuous and in the majority 
of cases the quality was not up to the level of the data 
pu_bl_ished today. Although little is known about the 
sediirfient survey tech_n_iques 'ge,ne_ra_|ly in use on large rivers, 
it is known that newly advanced ‘tje'ch,niques are in use on 
several important watersheds. 

From the i_nform_ation available for the three largest 
watersheds (nine stations) in India, the annual sediment 
yield was seen to fluctuate‘ between 327 and 3,300 
tons/kmz, while the annual sediment concentration was 
observed in the range from 520'to 4,000 mg/I. 

AFRICA 

The Sediment Survey Section does not possess any 
information on the sediment t'r'ans'ported by the rivers of 
Africa. However, from the erosion map prepared by Dr- J. 
D’Hoor_e,, Ditrector of the Inter-African Ideological Service 
of the C..C.T.A.—. in.format_.i.on. on the average soil erosion for 
different areas of Africa was selected, and from this, some 
indication of the magnitude of the sediment yield was 
obtained; The annual soil erosion, in accordance with 
pujbltished maps fluctuates between 40 and 2,000 tons/km: 
per year. 
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YUGOSLAVIA 
The sediment survey pr'ogr_a_m was initiated about 

twenty years ago.,The program covers only‘ suspended 
sediment. Bed load was not measured because of‘ the lack of 
reliable me_asu_ring me_t_ho,ds,, The survey technique for 
suspended sediment’ was relatively simple. In the. m_ajo_rity 
of cases samples were o.btain'e'd using integra'tli'ng bottle"- 

samplers, but in some‘ cases instantaneous _samplers were 
used. Maximum suspended yield was observed or estimated 
to be about 1,250 tons/km’ per year, and ,rr1a,xirnt;_m total 
sediment (inclusive of bed load) was estimated to be close" 
to 1,375 tons/km’ per year. However, there are many small 
streams in the country with much lower orhigher sediment 
concentration.

” 

‘THE NETHERLANDS 
Unfortunately, sediment concentrations and yields of 

rivers in the Netherlands were unavailable for comparison‘ 
with Canadian s,tatis,tics. It should be pointed out,_ however, 
that the N.eth.er.la.nd.s oontrimted c9.ns.idera.bl.v to our 
u'nde'rsta‘nding’ of sediment tra'ns'port in st‘r'e‘a"n1's. 

Because there is a limited variety of streams in the 
Netherlands, work in that country has been eo"nfi'ned to the 
study of the. fine and medium particles of sand carried as 
suspended sediment and to the predominantly coarse sand 
carried as bed load: From these studies have oorne several 
useful tech'niq‘ues and a number of instruments with which 
to measure the sediment transport.



Sediment Survey Information 

The total sediment discharge consists of two compo- 
nents—suspended sediment discharge and bed load dis- 
charge. l;Jsu_ally material in suspended sediment is finer than 

' that in bed load d,isc_h_arge and constitutes a much larger 
part of the total sediment discharge. The measu_rement of 
suspended sediment discharge as a rule does not create 
many difficulties. The bed load movement, however, is 

more complex and depends upon many factors which often 
are difficult to evaluate. The technique and equipment for 
the measurement of bed load is still in the stage of 
development. In view of these facts, the program for 
measuring bed, load on Canadian Rivers is growing slowly. 
The Water Survey of Canada operates only a limited 
number of such stations. The majority of them are located 
on small streams and measurements are performed by the 
volumetric method.

' 

The results of the sediment survey operations are 
computed and hpublis,he_cI in the yearly papers, "Sediment 
Data for Canadian Rivers”. The suspended sediment is 

computed and published in terms of t_he sediment con- 
ce_nt_rat_ion in m,il|i_grams per litre (mg/l) and in tons per day 
(t/day). The bed load computed in tons per day is measured 
by bed load samplers while the bed l_oad expre_ssed in cubic 
yards per day (or other unit of time)" is determined 
vo|umet'rica||y._ The pa_rt_icle-size distribution of suspended 
sediment, bed material and bed load is expresse_d in percent. 

OBSERVED S_E_DI_MENT DATA 
As was pointed out before, the sediment survey 

program "in Canada is relatively new. The program began 
only a few years ago, and as yet there are few stations for 
which lengthy periods of record are available. Of the 130 
suspended sediment survey stations operating in 1970 only 
20 stationas have 10 years of record (1961-1970). There are 
40 stations which have recorded information for more than 
4 years but less than 10 y'ea'i’s and the balance of 60 stations 
have less than 4 years. of record (many of them with only 1 

or 2 years). It should be noted that data for a few stations 
were not used in_ this investigat_ion because the data were 
figgffepqresentative of watersheds but were merely a measure 

/of/the sedirne_nt~ at cross-sections for some projects or 
research programs (_d_iv’ersi_on channels, spillways, cross- 
sections with‘ particular characteristics, etc.). 

So far as bed load is concerned, however,- the in- 
formation is less satis_fa_ctory. There are no stations with 
bed load records longer than 5 yea_rs and only a few stations 

CHAPTER 6 

with records between 1 and 5 years. Because of the lack of 
available bed load information this parameter was not 
investigated thoroughly in th_is study. 

ESTIMATED SEDIMENT DATA FOR 
WATERSHEDS WITHOUT SURVEY PROGRAMS 
In view of the shortage of recorded sediment survey 

information an effort was made to estimate, to reconstruct 
or to compute new (additional) sediment data for ad- 
ditional years, additional watersheds and new locations. 
Because every additional station represents a valuable 
plotted point on the maps, an attempt was made to 
estimate as many as possible of the new stations (locations). 
Since the survey program started in 1961, (there was no 
information previously) the standard or uniform 10-year 
period (1961-70) for this inves_t_igation was selected. 
Considering the broad variety of methods and approaches 
in the restoration of the data, the stations with estimated 
data were divided into four main groups: 

(a) the stations with sediment observation periods 
longer than four years 

(b) the stations with sediment observation periods less 
than four years ' 

(c) the stations having both long hydrometric periods, 
and strategic locations on the watersheds 

(d) the cross-sections which have few’ hyd_rometric or 
sediment records but which have str'a’t’eg'ic locations 
on the watersheds. 

Among the stations in group (a) were some which 
required that data be estimated, for only a few months or a 
limited number of years. In the majority of such case_s the 
sediment discharges were correlated with corresponding 
streamflow and with sediment discharges on neighboring 
streams or on the same stream but below or above the 
considered cross-section. For the most part the correlation 
coefficients were very high (about 0.90). The correlation 
for the stations with short periods (4-5 years) "were 
similarly carried out using the informationfrom neighbor- 
ing streams or upstream-downstream stations‘. However, 
the correlation unit periods used were much shorter, 
usually monthly or the period of individual floods. Usually, 
there were fewer points in the correlations, and the 
correlation coefficients ranging between 0.60 and 0.80 were 
lower.
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The" missing data for the stations in group (b) were 
estimated or restored by the combined methods. Ordi- 
narily, to achievethis, correlation was used quite often, but 
in same c“a'sé;s‘ rriuvltiplé oor'reIation had to be used. Usually, 
the sediment and flow discharges of the neighboring‘ 
streams were used a_s the independent variables. For some 
stations with very short periods (1,—2 years) for which the 
correlation method was not applicable, missing sediment 
information was estimated using a simple ratio between the 
flow data for the compa.rableawat.e.rsheds_. 

It was more d'iffi'cu’lt to estimate sediment data for 
group (c) since only the hydrometric records were available. 
in such cases, three main approaches were investigated. The 
first one involved the selection of a similar watershed for 
which both hydrome‘t’ric data and sediment observations 
were available. If the similarity in the physiographical 
ciharactefristics was very _close, then the sediment records 
were tra'n’sferr‘ed to the c'on,s,i_dered watershed without any 
adjustments. The second approach involved the compu- 
tation of the suspended sediment discharges using som_e 
atnatlyticatl methods. Unfortunately, information on channel 

parameter was not normally available and not very often 
used. The third method used the results of the miscella- 
neous samplings obtained occasionally or periodically by 
the Water Survey of Canada or by some other organizations 
(power c‘or'_por‘a’tiohs‘, universities, provincial organi_,zat_io,ns, 
etc.). Though there were few such samples, the 'a‘v'e‘r'age 

sediment concentrations were estimated by using this 
information. 

The method of estimating missingdata for group (d) is 
very approximate. This method is based on a very limited 
number of single sediment samples (sometimes just one 
sample), and a general inspection ofthe watershed and the 
channels in the river system. The method was used mostly 
as a last resort. 

It should be pointed out that this paper represents only 
the first attempt at estimating the sediment concentration 
in Canadian rivers. Because of the limited data available, the 
methods of estimation had many shortcori1i_ngs and weak: 
nesses. For that reason, this reconstructed period of 
information represents a very preliminary document and 
anyone using it should be mindful of these shortcomings.
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CHAPTER 7 

Territorial Distribution of Sedimentation Processes 

In order to illustrate the distribution of sedimentation 
processes in Canadian rivers, two main parameters were 

- s_elected for use on maps of Canada, One map illustrates the 
average yearly suspended sediment concentration in Ca- 
nadian str‘earns, expressed in milligrams per litre (Fig. 24), 
and the second map illustrates the average suspended 
sediment yield in the streams in tons per square mile per 
year (Fig. 25). It should be pointed out that t_he maps were 
prepared giving more weight to the large and medium sized 
Watersheds; therefore, these maps should be considered 
only for these types of watersheds. The maps represent the 
first approximate attempt to give a condensed_ picture of 
the process_es of sedimentation in Canadian rivers. The 

' preparation of more appropriate maps would require many 
more stations than are available at the present time. 

SUSPENDED SEDIMENT CONCENTRATION MAP 
The sediment concentration may be considered as an 

indicator of the erosion activities on a watershed, even 
though there are many other geographical or morphological 
factors which may have influenced these processes in one 
way or another. It's safe to say then that this map shows 
the results of the morphological processes performed by a 
unit of runoff on various watersheds of the country. For 
individual watersheds the sediment concentration has been 
adjusted to reflect the suspended sediment concentrations 
existing before newly built waterwork projects, reservoirs, 
diversions, etc., were created. 

Because the sediment concentration fluctuates from 
year to year, the map was prepared using the ten-year 
average concentration (1961-1970). There were a few 
places, however, where shorter periods had to be used. The 
average sediment concentration was plotted at the centre of 
gravity of‘ the respective drainage basin_. The sediment 
concentrations for the drainage areas between sediment 
stations in a single watershed were computed (with ad- 
justments where necessary) from the recorded con- 
centrations at these stations and then plotted at the centre 
of g”ra'vity of the respective areas of the watersheds. 

Variations in the average sediment concentration in 

mg/I are shown on the map using six zones with the 
follovving average concentrations: 0-50, 51-200, 201-400, 
401-700, 701-1000 and 1000 mg/l. Because it was difficult

‘ 

to determine the boundaries of the concentration zoneson 
large watersheds, and also on the smaller watersheds where 
the. information on individual and miscellaneous sampling 
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programs or observations were used, the boundaries 
between such zones were estimated and they are shown 
with a_ different symbol on the map (Fig.; 24). It shoyfld also 
be pointed out that some additional methods of interpola- 
tion for the adjustment of the boundaries of zones inside 
watersheds was made. In some cases of the stream runoff 
distribution between the watersheds was used. 

An approximation of sediment concentration for. 
different rivers may be estimated from this map. For this 
purpose, the watershed a_rea of the considered stream 
should be plotted on the map and the corresponding 
concentrations shown‘ on the map‘ for adjacent watersheds 
should be properly determined. The average co_ncent_rat_i'cn 
for the whole watershed may then be estimated using‘ these 
determined values. 

It is evident that all territory of Canada from the point 
of view of sedimentation and erosion, could be divided into 
regions but the lack of data prevented making such division. 
It is not difficult, however, to find even from the analyses 
of the available information that there are four main factors 
affecting the erosion and sedimentation processes which 
formed the separate regions: 

(a) geological formation: 

The rivers on the prairies or other regions with similar 
alluvial formations have high sediment concentrattitons. 
Such rivers include many streams in the 'F""rairie 

Provinces, such as the South Saskatchewan», North 
Saskatchewan, Red, Athabas_c_a,;and Peace Rivers.- 

(b) slope of river channels or elevation of watersheds: 

It is not difficult to identify that the rivers i_n_ the 
mountain regions have more intensive erosion and also 
higher sediment concentration, particuloarly during the 
spring runoff periods. This is caused by high velocities 
in the streams and in some cases by the action of 
moving glaciers. 

(c) climatological condition or geographical locations: 

The results on the map also illustrate that the erosion 
processes and consequently the se_di_ment con- 
centrations in the southern regions are higher than 
those in the northern regions. Two main factors are 
stimulating to such distribution of erosion a_nd con- 
centration: there is more t_il|able land in the southern



regions, and the runoff periods in the northern regions 
are much shorter. 

(d) man's activities, reduction of forested areas, other 
development activities: 

An important factor in the acceleration of erosion and 
the production of sediment in the streams is man's 
activities, parti_cul_ar|y in the field of agriculture. Wide- 
spread use of land for the production of food started 
several thousand years ago, and since then, more land 
has been brought under cultivation. It is this increase in 
man's act_iviti_es that has caused more disturbance to 
‘nature and, in turn, has resulted in_ more land erosion 
and more sediment in the streams. The removal of 
forest cover and conversion of land into cultivated land 
can acc_ele_rate the process of erosion tremendously. 

SE...,D!MENT YIELD MAP 
Like the concentration map, the yield map represents 

an _in_terp_retat_ion -of the’ quantitative characteristics of 
.'susp'end'ed‘ sedim‘e'nt- produced by Canadian rivers. Here an 
_attempt' was made to show the distribution of the average’ 
annual suspended sediment yield,_ which is expressed in tons 
per square rnile per year; For this purpose, the total 
suspended sediment yields ‘for each of the years‘ 
196191970 were divided by the corresponding drainage 
areas of the basins arid then the un_it sediment yield for the 
10-year period (if the information was available) was 
computed. The unit suspended sediment yield, which is 

proportional to the flow and concentration, represents an 
amount of" sediment produced by a river system from a unit 
of _d_ra_inage ‘area in one year; therefore it may be compared 
with the other unit; se_dime_n't yields from different water- 
sheds r”eg‘ardless ofthe size of clrai_nag_e basins. 

It should be _pointed out that in all calculations of the 
unit sedirnent yield the watershed’s gross drainage area was 
used. The f|u‘ct'uati’o'n in connection with the size of 
contributing areas of watersheds "(even for the glaciated 
regions) was not taken into consideration. The unit 

sediment yield was computed for parts of watersheds if 

there were large reservoirs in operation in the last 10 years. 
Otherwise, whole drainage areas were used. 

Because of steady changes in the natural conditions in 
different areas, the unit sediment yields show a large 
fluctuation from basin to basin. The lowest sed_iment yield 
(t/sq. mi./year) was observed in the northern ‘regions and 
the highest, on the glaciated prairies and watersheds of 
some mountain streams. 

For the purpose of convenient illustration on the map 
(Fig. 25), the unit sedirnent yield (before plotting on the 
map) was subdivided‘ into the following ranges: 
1st range—for the sediment yield lower than 5 tons/sq. 
mi./yr., 

2nd range—for the sediment yield 5-25 tons/sq. mi./yr., 
3rd range—for the sediment yield 26-50 tons/sq. mi./yr., 
4th range—for the sed_iment yield 51-250 tons/sq. mi./yr., 
5th range—for the sediment yield 251.—1_000 tons/sq. 
mi./yr., and 
6th range—if the sediment yield is >1000 tons/sq. mil. per 
year. 

It is evident, however, that the unit sediment yield was 
higher in the mountain regions with higher precipitation, 
i.e. with higher runoff and also higher slopes, and also in the 
regions with high conce'n't‘r'ati‘on of suspended sed_i_ment in 
their streams. To such regions may be included the streams 
of the glaciated and hilly watersheds such as» the upper 
parts of the Athabasca, Peace and Red Deer Rivers, some 
intensively cultivated areas in southern regions of Ontario, 
and other watersheds. 

Because of lack of observed information, many .areas 
on the map, particularly in the northern regions, are not 
covered. Though the map represents only a part of the 
country, it gives a general i_ndic_ation of the sediment 
transport from a unit of drainage area produced by various 
l'lVel'$.
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Conclusion 

-The damages created by sediment processes a_re varied 
and f|ex_ib_l_e and depend mainly upon the amount of 
e‘r'osio‘n and s'e'd‘im‘ent in the watersheds, sediment transport 
in the river channels, and the sediment deposition. An 
understanding of these processes will requi_re not only 
sediment records, but also additional long-ter'rn information 
on the hydrauliic paramet'er's of river channels. 

It has already been mentioned that Canada is a 
oomp_a_rat_ive late_corne_r- to t_he field of sedirnent survey. This 
is ‘because Canada started late to develop its water 
resources, and also relatively few of the Canadian rivers 
produce large amounts of sediment. "However", even in this 
o_ompar'a'ti'vely short period of time during which the 
sediment survey and study program has been in operation 
in this country, much has been learned and a great deal 
acco m pl is hedl. 

If the present pace of development of water resources 
in Canada accelerates within the next few years, demands 
for information and data on sedirn‘e'nt processes in Canadian 
rivers "will rnultiply. In anticipation of these demands, the 
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CHAPTER 3 

llllate-r Survey of Canada plans, in co-operation with the 
other organizations and departments, to expand the sed- 
iment data collection network to cover every area in 
Canada. in w.h.i.ch st.rea.m§ are affe.9._..d bv sediithefit 
processes. Also being planned are e'x‘p'a'nded 'r’iv’e‘r mor- 
phological surveys and studies to cover all important fields. 
The survey. programs should provide necessary sediment 
and other related data for morphological studies of -t__he 

watersheds and river channels for‘ different areas of the 
country‘, many of which are listed in this paper. 

Because advance sediment survey and study programs 
require different and more modern types of equipmentand 
a’ variety of techniques in field, laboratory, and compu- 
tation procedures, future pl_ann_i,ng c_all_s for a_dv§,nc'ejd 

research to be carried out on those factors. 

Although the sediment‘ survey program in this country 
is still in its infancy, the work being done in'th,ese, its 

formative years, is providing a sound foundation upon 
which to build expanded and more c'ornprehen'sive survey 
programs 'in_ the future.
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