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SYMBOLS AND UNITS

Symbol | Definition Unit

A Area 2
g Gravitational constant

(acceleration). ft/sec?
hf Head loss due to friction ft
hv Velocity head at a section ft
K Conveyance of a section ft3 /sec
L Length of reach ft
n Manhing roughness coefficient f11/6
Q Total discharge 72 /sec
Qe Estimated discharge ft3 /sec
R HydFralilic radius ft
S Friction Slope ft
\Y Mean velocity of flow in a section ft/sec
1,2 Subscripts which denote the location

of cross-sections or section

properties in downstream order
a Velocity-head coefficient
A Difference in values, as Ah is the

difference in head; part of total
> Summation of values
k Coefficient

?
)
v




Abstract

Stream discharges are wusually measured by the
current meter method. During floods, however, it is
frequently impossible or impractical to measure discharges
by this means. Many peak discharges must be deteriined
after the passage of the flood by indirect methods, such as
the slope-area method.

The indirect method of determining peak discharge is
based on hydraulic equations, which relate the discharge to
the water-surface profile and the geometry of the channel.
A field survey is made to determine the water-surface
profile and the channel characteristics for a series of
discharge measurements over a suitable range of stage.
Values of the coefficient of roughness and the channel
conveyance are calculated as a basis for computing the
flood discharge. Detailed descriptions of the general proce-
dures used in collecting field data and in computing
discharge are given in the report.

The study for the Quesnel River, Station 08KH006, is
used to illustrate the field and office procedures used in
calculating peak flows. The calculations are included in the
report.
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Introduction

NEED FOR INDIRECT MEASUREMENTS

Stream discharges are usually measured by direct means
{e.g., current meter, fluororeter), which require the
presence of a technician. During floods, however, it is
frequently impossible or impractical to measure the peak
discharges as théy océur. Roads may be impassable, cuirent
meter sites may be flooded or destroyed (e.g., cableways,
bridges); knowledge of the timing of the flood peak may
not be obtained sufficiently in advance to permit reaching
the site at the opportune time; the peak could be so sharp
that a satisfactory current meter measurement could not be
made even if a technician'were at the site; flow of debris or
ice could prevent use of a current meter or access by float
plane; or limitation of personnel could make it impossible
to visit the numerous locations during a short flood period.
Many peak flows, therefore, must be determined by
indirect methods after the passage of the flood.

VALUE OF PEAK FLOW DATA

A knowledge of peak discharges is extremely important
for the design of flood control projects involving huge
expenditures, The peak discharges, usually estimated from
the extended portion of rating curves, are often accepted
without question of accuracy. It is important then that the
extension of the rating curve be based on proper data, and
the best procedures kriown should be used to obtain those
data. Indirect measurements by the slope-area method will
provide a sound basis for the extrapolation of rating curves
to verify high flow measurements, and for safeguarding
against loss of high filow data.

COMPARISON OF INDIRECT MEASUREMENTS
WITH DIRECT MEASUREMENTS

To evaluate the accuracy of indirect methods, compari-
sons have been made with peak discharges measured by
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current meter, The results have indicated that the indirect
method is reliable in most cases (Benson and Dalrymple,
1967). During the floods of 1948 in the Columbia basin,
comparative studies using the slope-area method were made
at 22 locations where the discharge was known. The average
error was 6.7% and the extreme was 25%. Values for the
coefficient of roughness ‘“n"” were estimated from stream-
bed materials at each site.

SLOPE-AREA METHOD

on a uniform flow equation which includes consideration of

channel characteristics, water-surface profiles, and a rough-

ness of retardation coefficient. The drop in the water-
surface profile for a uniform reach of channel represents
losses caused by bed roughness. The selection of the
coefficient of roughness ’h" is a critical step in slope-area
measurements because of subjective judgment. The proce-
dure outlined in this report reduces this subjective
judgment in obtaining values of 'n"’,

After the field surveys, usually done at low stage,
water=surface profiles are obtained for a series of discharge
measurements taken during normal operation of the
station. Values for the coefficient of roughness and channel
conveyance 'K’ are computed for each measurement. The
computed values of “K' are used to draw a mean
conveyance curve for the reach on which to base future
high flow calculations. The peak flow profile is obtained by
a series of crest stage gauges established along the selected
reach at breaks in the water:surface profile.




Selection of Network

SELECTION OF ACTIVE STATIONS

All active stream gauging stations are reviewed to
determine which ones require better definition in the upper
portion of the rating curve. The selection of stations is
baséd or the E/M ratio, where “E’’ is the highest éstimated
flow and “M’" is the highest measured flow for a station. A

high E/M ratio indicates that the rating curve has been-

extended for a ¢onsiderable distance.

A sample list is shown in Table 1 which includes the
station humber and nartie, the measured and estimated high
flow; the ratio of estimated to measured flow, the date of
high flow, the head office record date, the type of record
(daily mean, or instantaneous), and the Sub-Office up-
dating, The stations are arranged in order of localities, and
priorities are then set for surveys based oh the E/M ratio of
each station; availability of manpower in each region; and
availability of equipment.

SELECTION OF SITE

A preliminary selection of sites for indirect measure-
ments is made for each station from an examination of
aerial photographs and topographic and geological maps.
The sites are marked on large-scale maps so that they are
readily identifiable from the air or from the ground.

A thorough ground reconnaissance of the stream
channel arourid each station is necessary for selection of the
best site for indirect measurements. Evéry site represents a
distinct hydraulic problem, and a thorough knowledge of
hydraulic principles is essential for proper selection. As
ideal conditions rarely éxist, judgment must be used in
choosing the most favourable site by weighing the advan-
tages and disadvantages of each.

The measuring site must be so located that no major
tribuitaFies enter between it and the point at which the
discharge is desired. Channel storage can aiso be significant
if the measuring site is some distance from the gauged
point. If the storm producing the flood covers the basin,
the peak may increase in a downstream direction; if the
storm covers only the upstream part of the basin, the peak
may decrease in the rain channel. Distance from the
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gauging point becomes more important for smaller drainage
areas and for sudden floods of short duration. Sometimes it
is preferable to accept a site which is near the gauge, but
where conditions are less favourable.

SELECTION OF REACH

The selection of a suitable reach is probably the most
important part of a slope-area measurement. The geometry
of the channel in the reach is very important. Areas where
there are marked changes in the shape of the channel along
a reach should be avoided because of uricertairities regard-
ing the value of the velocity head coefficient. The channel
should be as uniform as possible within the reach and the
reach should be contractihg rather than éxpariding. Straight
reaches are preferred but are seidom found in nature.

The method assumes that the cross-sectional area is
fully effective and is carrying water in accordance with the
conveyance for various portions of the section. For this
reason it is desirable that the cross-section be uniform for
some distance above the reach, so that discharge will be
distributed in accordance with channel depths, roughness,
and shape. Conditions, either upstréam or dewnstream
from a reach, which will cause an unbalanced distribution,
are undesirable. For example, for some distance down-
stream from a bridge that constricts the width, the effective
flow will be contained within the centre of the channel; the
sides .of the ‘channel will not carry water in proportion to
the computed conveyance and velocity may even be
negative. Natural charihel constrictions or protrusions may
have the same effect. A sudden deepening of the channel
may also represent a non-effective area. Sections havirig
such conditions should be avoided when selecting siope:area
reaches.

Sometimes slope-area reaches must be s‘élg‘dted in moun-
tainous areas where the channels are very rough and steep,
and may have free fall over riffles and boulders at low
flows, An inspection of the reach will usually indicate
whether free fall exists at high stages. The Manning
equation does not apply when free fall exists; therefore,
free-fall reaches should be avoided; otherwise, the reliability
of the computed discharge will be low. Channel bends often
govern the length of a suitable reach. The influence of the




Table 1, Sample list of active stream gauging stations requiring better definition of upper portion of rating curve.

TYPE OF UPDATING BY FIELD
MEASURED | ESTIMATED ||| DATE OF | VANCOUVER| RECORD . DATE OF

STATION STATION NAME HIGH HIGH RATIO ; MEASURED. | RECORD DAILY |MEASURED |ESTIMATED:[RATIO | TYPE OF | MEASURED

No. FLOW || FLOW -5- NNIGH 'FLOW | TO DATE | OR INST [HIGH FLOW|HIGH FLOW -E- RECORD | HIGH FLOW
OBKHOIS | BARLOW CREEK NEAR QUESNEL 146 ’ 4:12 2.8 _ 26.4.68 49.3.69 DAILY
orTFCOO! BEATTON RIVER AT FORT ST. JOHN 21800 83400 2.4 190.8.67 28.2.69 DAILY 23700 2.3 DAILY 2.8 . 69
O7FC003 | DLUEBERRY RIVER DELOW AITKEN CREEK 3210 2620 3.0 i6.8.67 27.3.67 INST. 3830 2.8 INST. 1.86. 69
10CC001 | FORT NELSON RIVER NEAR FORT NELSON 34900 12:1000 3.8 1.6.61 11.3.69 DAILY ‘84000 2.2 DAILY 28.5. 70
OTPAOCH HALFWAY RIVER NEAR FARRELL CREEK 18800 258000 16.3 16.8.82 22.9.68 INST. 70000 4.4
10C000) MUSKWA RIVER AT FORT NELSOMN sil00 140000 2.7 19 .6 .62 11.85.69 DALY -




bend on velocity distribution, slope, and water-surface
elevations continues for some distance downstream from
the bend.

The reach should be long enough to develop a fall that
is well beyond the rande of error due to uncertainties
regarding the computation of velocity head. In general, the
accuracy of a slope-area measurement will improve as the
length of the reach is increased. The length of a desirable
reach, however, is governed by the geometry of the channel
and the practical difficulties of surveying long reaches of

river channel. One or more of the following criteria should
be met in selecting the length of a slope-area reach:

1. The length of the reach should be equ’al to or greater
than 75 times the mean dépth. of the channel.

2. The fall in the reach should be equal to, or greater
than, the velocity head (see Chapter 3, Compptation
of Friction Slope).

3. The fall in the reach should be equal to, or greater
than, 0.50 foot.




Collection of Field Data

The field survey should be made with a high degree of
care, with precautions taken to avoid error by using all
possibi_e checks. Various instruments are available for
making field surveys, but experience has shown that an
engineer’s transit is best suited for the job.

The type of survey recommended is one that is called a
"transit-stadia” survey, This method combines vertical and
horizontal control in one operation that is fairly accurate,
simple, and speedy. To obtain the vertical accutacy
required for setting permanent controls for the water-
surface profile, a level citGuit run with an engineer’s level is
necessary.

In any office where surveys or indirect measuiefments
are made at infrequent intervals it is best to always select
one method, because personnel cannot maintain expertise
in all types of instruments and surveys. However, it is

“recommended that an “electronic recording tacheorneter”’
be used for future surveys. This instrament records the
horizontal direction and vertical angle, and computes the
slope distance directly, thus eliminating the necessity for
running a separate circuit of levels for the vertical control,

VERTICAL CONTROL

If the site chosen for the indirect measurement is near
the gauging station, the survey datum should consist of
gauge datum or gauge datum plus a convenient constant to
avoid negative elevations. Otherwise, an arbitrary elevation

may be assumed for a permanent reference point. The

reference point can be a farge nail in a tree or stump, or a
prominent rock point adequately referenced and described
to permit recovery in later years if necessary. All vertical
control for water-surface profiles should be determined to
accuracies of 20,01 foot,

HORIZONTAL CONTROL

One- begins the horizontal control survey by back-
sighting on a hub in the traverse, preferably the preceding
one. This line is referenced to magnetic North if desirable,
although it is not necessary. Stadia distance and angle for
each surveyed point are read. Angles to the nearest 1/10 of
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a minute of arc for all hubs and reference points are red, as
well as to the nearest minute for side shots. The horizontal
traverse and level circuits are generally closed. If the angufar
error is near 1 miitité times the square root of the number
of stations, the horizontal control is accepted and no
adjustments are made. For example, for a traverse with
sixteen stations, the allowable error would be + 14/16 =% 4
minutes. If the elevation error is not greater than 0.8 foot
times the square root of the number of miles, it indicates
no blunder, and the elevation of thé traverse can be

.adjusted. For example, for a traverse with one mile of

lévels, the allowable error would be 0.8,/7 = 0.8 foot,
Elevations are usually adjusted in proportion to the length
of the traverse courses.

FIELD NOTES

An example of the recommended form of keeping field
notes is shown on Figure 2, Note the headings and
pertinent data listed at the top of Figure 2. A step-by-step
procedure covering both the horizorital aid the vertical
control survey is given in Appendix |.

GROUND PLAN

A plan sketch should be drawn showing all natural
features of the site which are pertinent to the measure-
ment:

(1) Show the channel for some distance upstream from
the actual reach so6 that the flow pattern and its
effect on the high-water profiles can be judged.

(2} Show the direction of flow in the channel with an
arrow,

(3) Locate tributaries and any minor bypass channels;
indicate any high ground, ridges, riffles, or ‘other
featurées which would affect the distribtition or
type of flow.

{(4) Describe the type of terrain and ground cover for
approximately five feet above any high-water
marks.




CHAPTER 3

Hydraulic Principles of the Slope-Area Method

GENERAL HYDRAULIC PRINCIPLES

‘The slope-area rméthod of indifect measurement akes

use of the energy equation for computing discharge and

involves the following general factors:
1. Physical characteristics of the channel — dimensions
and éonformation of channel within the reach used,
and boundary conditions.

2, Water-surface elevations between significant points.

3. Hydraulic factors based on physical characteristics,
water-surface elevations, and discharge, such as
roughness coefficients and discharge coefficients.

"THEORETICAL BASIS FOR SLOPE-AREA METHOD

in the slope-area method, discharge is computed on the
basis of a uniform-flow equation involving channel
characteristics, water-surface profiles, and a roughness
coefficient. ‘

Maniiing’s equation has been adopted because of its
simplicity of appllcatnon Written in tefis of discharge, the
equation is:

Q=1'$ AR2/3 g1/2

where Q = discharge

1l

cross-sectional area
hydraulic radius
friction slope
roughness coefficient

SvDnP
il

The energy equation for a reach of non_-uniform
channel between Section 1 and 2, shown on Figure 1, is:

(h+ hv)y = (h + hv)y + (hf) + K (Ahv),

where h elevation of the water surface at the res-

Pective sections above a common datum
hv = velocity head at the fespective sectlon
(v?/29)
hf = energy loss due to boundary friction in

the reach

Ahv = upstream velocity head minus the down-
stream velocity head

k(Ahv) = energy loss due to acceleration or decel-
eration in a contracting or expanding
reach

k ‘= a coefficient

The friction slope S used in the Manning equation is
defined as:

hf Ah + Ahv - k{Ahv).

L L

where Ah = difference in water surface elevation at two
sections

length of the reach under consideration

B
Il

COMPUTATION OF FRICTION SLOPE
The velocity head, (hv), at each section is computed as:

hv= 2f-—g

where V =_mean velocity in the section.
o velocity-head coefficient

The value of “a" is assumed to be 1.0 if the section is
not subdivided. The energy loss due to contractlon or
expansion of the channel in the reach s assumed to be
equal to the. difference in velocity heads at the two
sections, (Ahv), multiplied by a coefficient k. The vélue of
k is assumed to be zero for contracting reaches and 0.5 fof
exp‘andin’g' reaches. However, both the procedure .and the
coefficient are questionable for expanding reaches
(Dalryitiple -afid Benson, 1967). Major expansions are to be
avoided in selecting sites for indirect measurements. The
value of Ahv is computed as the upstream velocity head
minus ‘the downstream velocity head. Thus the friction
slope used in the Manning equation is computed alge-
braically as:

Ah + Ahv

S=——L——— (when Ahv is r'ie'g'a‘tiVe, i.e., the reach is -
' - contracting) »
S= A_h_:l-LAh_v/2 (when Ahv is positive, i.e., the reach is

expanding)




(5) Show the approximate position and direction of
the camera for all pictures.

An illustration of a ground plan is given on Figure 3.

CROSS-SECTIONS

Cross-sections represent the geometry of the reach and
should be located at strategic places. The following points
should be observed when locating cross-sections:

(1) Cross-sections should be identified as Sections 1, 2,
3, 4, etc., in downstream order.

(2) Cross-sections should be located as nearly as
possible at right angles to the direction of flow. In
large streams it may be necessary to break the
cross-section at-one or more points to maintain the
section roughly perpendicular to the flow.

(3) High-water marks and the profile should be plotted
in the field before surveying the sections. Rough
plotting is adequate provided that high-water marks
have been surveyed on each bank.

(4) Cross-sections should be located at the major
breaks in the high-watef profile.

(5) Permanent reference points should be located near
all majot breaks ih the high-water profile. These
points will be used to obtain water-surface profiles
for indirect discharge measurements.

In extremely rough chaniels, the cross-sections are to
be located so as to represent average or typical conditons.
Where large scattered boulders are present, the cross-
sections should be located so as not to wholly avoid them
nor to include a disproportionate number of them.

CREST-STAGE GAUGES

Crest-stage gauges to be used for indirect discharge
measurements should be placed at, at least, three points
whereé major breaks occur in the water:surface profile. If at
all possible the stream gauging station should also be
included in the gauge network.

The gauges should be located on the stream side that
affords the best protection from debris during high stages.
At some locations, a series of crest gauges should be

established some distance up the bank at each section to
obtain the variation of high flows from year to year.

If the major breaks in the water-surface profile can be
identified, crest-stage gauges can be installed at the time of
the survey. Otherwise the. auxiliary gauges can be installed
at a later date by field technicians. '

CROSS-SECTION SURVEY

The procedures for surveying and sounding cross-
sections are outlined in Appendix Il,

The field notes for cross-sections should provide the
following information:

(1) Location and stationing of two stations, usually at
the ends of cross-sections,

(2) Stationing and elevation of all intermediate cross-
section points,

{3) Stationing and elevation (within hundredths of a
foot) of water surface on both banks at time of
survey,

The recommended form for cross-section notes is
shown on Figure 4. Figure 5 shows the carresponding form
for notes taken in the boat when a tagline or stadia is used
only for obtaining distances.

PHOTOGRAPHS

Photographs should be taken at the time for the field
survey. Adequate photographs will allow review and
appraisal of the site conditions by those who have not seen
the site. They make possible -a comparison in the office
with réference photographs illustrating values of Mannifig's
roughness coefficient,

Pictures should show general field condition and the
channel layout. Views upstream and downstream through
the main channel are the most important. Closeups of
important details are useful, such as those showing the
channel bottom and roughness on both banks.

At the time of photographing it is necessary to make
notes describing the location of each shot and what is

_pictured. The description can be made part of the field

notes. For complicated, large area sites, it helps to show an
identifying number and arrow on a field sketch.



Office Computations

Standard me‘tho‘ds should be used to simplify review
standardized to increase the probabnhtyv of obtaining
reliable results and to simplify computation.

PLAN

The plan is plotted from the field notes using a scale of
between 1" = 20" and 1" =200’, according to the size of the
area covered and the amount of detail needed. The plotting
convention is to plot the exact position as a-dot and to
write the elevation of each mark, using the dot as the
decimal point,

All roads, fence lines and natural features pertinent to
the problem are included in the plan. The location of
cross-sections, transit stations, bench marks, reference
matks, and gauging stations are shown, if applicable.
Arrows are used to show-fhe direction of flow and magnetic
North. The scale of the plan is noted and the plan is
completed by drawing in the coritour lines at either one- or
two:foot intervals, The underwater lines are denoted as
dashed and the surface lines as solid. An example of the
flmshed drawing is given on Figure 6,

One of the principal factors in the discharge c_orhputa—
tions for any type of flow is the drop in water-surface
elevation from one cross-section to another. This is best
computed by drawing a continuous profile through the
fégsurémerit reach.

To draw water profiles, it is necessary to adopt some
system of stationing for referring the water marks to a base
line that represents the mean path of the water. The base
line is drawn perpendicular to the cross-sections where they

intersect, Locate the zero for stationing along the channel

slightly upstream from the furthest upstream section so
that all stationing is positive and increases downstream.

banks are not parallel, a stralgh_t base Ime is drawn through
the approximate centre of the channel. The station of any

mark is obtained by a right angle projection from the base

line, it the channel is slightly cuirved, the base line is drawn
as a series of broken straight lines.

CHAPTER 5§

It is preferable t6 express distances for statlons in feet,
such as 150’ rather than 1 + 50',

WATER-SURFACE PROFILES

By convention the stationing increases from left to
right, so that the profile slopes downward to the right. The
vertical scale should be represented so that hundredths of a
foot may easily be read, usiially 0.5, 1, or 2 feet to the
inch, with a horizontal scale selected so that the average
slope of the profile will be about 1 vertical to 4 horizontal.
The ends of the cross-sections are shown by vertical dashed
lines, A se'p‘a‘fate plot is 'made fof each bank by 'offsetting
banks rarely comclde,v andv better results are obtalned by
analyzing each bank separately.

After the profiles have been drawn, a summary table
should be made on the sheet showing ‘the stations and
elevations for each cross-section as shown on F igure 7.

CROSS-SECTIONS

Each cross-section should be plotted separately with the
left bank at the left side of the sheet, so that the stationing
proceeds from left to right. The upstream section is to be
placed at the top of the sheet, with 6ther sections bélow if
downstrean ofder. Large scale drawings are not ne¢essaty;
three or four sections may be included in a page-size form.
The same scale is to be used for each section.

The plotting scales are Lisually distorted; the most
commonly used honzontal to vertlcal scale ratio is 5:1 (e.g., ‘
1" = 50' horizontal to 1" = 10’ vertical). For wide
cross-sections, horizontal scale ratios of 10 or even 20 to 1
may be necessary. The left and right bank water-surface
elevations should be connected by a straight line as shown
on Flgure 7.

CROSS:SECTION PROPERTIES

‘The reach selected for discharge computation should be
a contracting rather than an expanding one. Reaches where



Table 2. Sample list of cross-sectional wid ths, areas and hydraulic radius for the mean reach between section:No. 2 and section No.. 4, gauge No. 2 — gauge No. 4.
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the channel is both expanding and contracting should be
avoided. The best reach can be quickly determined by
calculating the area for each section,

A special form is used for computation of mean
cross-section. properties of the reach: area, hydraulic radius,
and width (Davidian, 1964). The method of computmg the
mean values for the reach follows:

(1) Divide the selected reach into an equal number of

section (ten-or more depending on length).

{2) For each section calculate the width of each
selected contour elevation.

(3) Obtain mean widths for each stage (contour ele-
“vation) by totalling the widths for each stage and
dividing each total by the number of cross-sections.

{4) Obtain mean channel areas for each elevation by
accufiulating all incremental areas up to each
specified elevation. incremental areas are obtained
by multiplying the mean width for two successive
elevations by the difference between the two
successivé elevations,

(5) Obtain the hydraulic radius by dividing cumulative

areas by the average width for the corresponding
elevation (see Table 2).
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(6) Compute the incremental cross-sectional area for
the sections at both the beginning and énd of the
réach, Plot the depth-area and depth-hydraulic
radius curves for the mean cross-sectional values
and the depth-area curve for the upstream and
downstream sections as shown on Figures 8 to 11.

COMPUTER PROGRAMS

There are three programs available for the Monroe 1666
Programmable Computer to process survey notes, The
program and furiction of each is as follows:

(1) Traverse (program No. 4008Q) — calculates the
co-ordinates of each station _in the traverse and
gives the North and East co:ofdinate errors.

{2) Traverse (program No. 4009Q) — corrects the
co-ordinates calculated in program No. 4008Q.

(3) Stadia — calculates the horizontal and vertical
distances, computes the co-ordinates and the eleva-
tion for each secondary point.

A computer program is now beirig produced to combine

all of the hydraulic computations for the method of
indirect measurements as outlined in this report.



Quesnel River Study

This section has been added to provide an example of
the procedures to be followed in the computation of a
discharge by the slope-area method. The Quesnel River
project is not the best example as not enough measure-
ments Were obtained to define either the conveyance curve
or the roughness coefficient with sufficient reliability.
However, the channel survey does portray an example of an
expanding and a contracting reach. The contracting reach,
from Section 2 to Section 4, was chosen on which to base
the calculations for a high flow estimate by the slope-area
method,

COMPUTATION OF THE COEEFICIENT OF
ROUGHNESS AND THE CHANNEL CONVEYANCE

The roughness coefficient {n) and the conveyance (K)

[K =(1.486 A R?7)]
n

CHAPTER 6

are computed from several measurerents (Table 3) for
which the water-surface elevations have been obtained for
the channel. Table 4 shows the step-by-step procedure for

calculating the. “n” and 'K’ values from measured
discharges.

COMPUTATION OF DISCHARGE BY THE
SLOPE-AREA METHOD

1.4
Manning’s equation Q = —'18—6 A R?7 g1/2

can be condensed to:
Q=Ks'”?

where K = mean conveyance of the reach
S = energy gradient 6f friction slope

Table 3. Sample list of computed valiies of channel characteristics for the selected reach for four discharge measurements, Station 08KH006,

Quéesnel River near Quesiiel,

bATE oF | MEASURED SECTION 2 SECTION 4 REACH BETWEEN SECTION 2 AND SECTION 4
MEASUREMENT | DISCHARGE | sn¢ s | veLociTY | AREA | VELOGITY | AREA | VELOCITY | “R" |FALL SLOPE """ “k®
/
4.8 .70 7,600 | 1,670 4.55 1,440 5.28 1,636 4.68 5.24 | 0.62 | 0.000,527 |0.0222]| 330,000
28.4.7 9,900 |1,970] 8.03 [1,730] s.72 |1922] .8 5.94 | 0.69 | 0.000,589 |0.0230] 407,000
2.6 .7 17,000 [2,640| .68 (2,245 7.57 |2.438] .90 7.19 | 0.96 | 0.000,795 |0.0224| 602,000
4.6.7 23,600 [3,108] 7.60 [2,710] 871 [2,920] .08 8.28 | 1.28 | 0.001,025 [0.0238] 746,000
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A mean conveyance curve is drawn for the reach by

using the computed values obtained from the measured
discharges {Figure 12). This curvé can be extended into the
high ranges with confidence as all the fagtors that deter-
mine the corveyance are obtained from field surveys with
the exception of the roughness coefficient “n". This
coefficient can be calculated for each discharge measure-
mefit and as it has a relatively narrow ranhge of variation for
in-bank flow, an average value is used.

Table 4. Computation of the coefficient of roughness “n” and the
conveyance . “K” for discharge measurements at Statlon
08KHO06; Quesnel River near Quesnel

DISCHARGE ME_ASUREM_ENT: 7,600 cfs
GH, = 7.47,GHy = 6.85

SECTION NO. 2

h, = 147
A2 = 1,670
Q =17,600
Q
V, =~ = 4,55
Az
av2 20703
v, =—=——=
2z 64.345
SECTION NO. 4
hg = 6.85
Ay = 1,440
Q =1600
Q
vV, =—=528
. "~
aV:  27.878
hy, =—2=——=
% 64345
MEAN GAUGEHEIGHT =  17.16
MEAN ELEVATION = 107.16
AREA OF MEAN SECTION = 1,636
R = 524
R¥® = 3,017
Q =17,600
vV = 465
h, = 10747
by = 106.85
M = 10747 - 106.85 = 0.62
v, = 032
hV4 = 043
Niv = 0.32 - 0.43 =-0.11
L = 968
Mndv 062 - 011 0.51
S = = = —
L 968 968
= 0.000527
si/2 = 0.0230
_ 1.486AR2’35”2 _ 1486 x 1,636 x 3.017 % 0.0230
n = :
Q 7,600
n = 0.0222.
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Table 4. (cont.)

1.486AR?/3 _ 1486 x 1,636 x 3,017

) n - 0.0230
330,000

DISCHARGE MEASUREMENT: 9,900 cfs
, =8.39, GH; = 7.70

SECTION NO. 2
hy = 8.39
Az =1970
Q . =35900
Q
vV ====503
Az
av2? 25301
hv, =—2==—-—=039
% 64.345

SECTION NO. 4

hg = 170
A; =1,730
Q =9,900
Q
Vi =— =572
A4
aV2 32718
hg =—2=——x=0
2% 64.345
MEAN GAUGE HEIGHT =  8.05
MEAN ELEVATION = 108.05
AREA OF MEAN SECTION = 1,922
R = 594
"R23 = 3280
Q =9,900
vV = 515
h, = 10839
he = 10770
O = 108.39 - 107.70 = 0.69
hv, = 039
e = 051
v = 0.39 - 0.51 = ~0.12
L = 968 N
Lhliv 069 - 0.12  0.57
s o= e— =+
L 968 968
S = 0.000589
s¥? = 0.0243 .
‘ 1,.486AR2IBS”2 1.486 x 1,922x 3.280 x 0.0243
Q : ‘ 9,900 -
n = 0.0230
- 1.468AR%/®  1.486 x 1,922 x 3.280
K =——= e —
n 0.0230
= 407,000

DISCHARGE MEASUREMENT: 17,000 cfs

' GH, = 10.08, GH4 = 9.12

~ey,

N izt MY

et
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Table 4. (cont.)
SECTION NO. 2
h, =  10.08
Ay = 2,540
Q  =17,000
Q
V, =— =6.69
Az
av: 44756
hv, =—2% = =-0.70
28 64.345
SECTION NO, 4
hy = 9.12
Ay = 2,245
Q = 17,000
" Q
V4 =—= 1157
Aq
av? 57.305
hvg = 4 =2 =
28 64.345
MEAN GAUGE HEIGHT = 9,60
MEAN ELEVATION = 109.60
AREA OF MEAN SECTION = 2,435
R .= 7.19
R?3 = 3.725
Q = 17,000
v = 6.98
h; = 110.08
hse = 109.12
M = 110.08 - 109.12 = 0.96
vy, = 0.70
hvg = 0.89 Co
Niv = 0.70 - 0.89 =-0.19
L = 968 _ »
< by 0.96-0.19  0.77
L 968 968
S  =0.000795
s'2 = 0.0282
1A.486AAR2’3S”2 1 486 x 2 435 X 3.725 x 0. 0282
n —3 - -
Q 17 ooo
n = 0.0224
1.486AR%7 _ 1486 x 2,435 x 3.725
K = Ssms e
n 0.0224
K  =602,000

DISCHARGE MEASUREMENT 23 600 cfs

GH, = 11 64, GH; = 10,39

SECTION NO. 2
h, = 11.64
A, = 3,105
Q = 23,600
Q
Va == =160
2 Az

Table 4. (cont.)

hv, =—=2 =+ = 0.90

SECTION NO. 4

hg = 10.39
Ag = 2,710
Q  =123,600
Q
V4 =—=38.71
Aq
aV2 " 75864
hvg =— = ———=118
2 64.345
MEAN GAUGE HEIGHT = 11.01
MEAN ELEVATION = 111,01
AREA OF MEAN SECTION = 2,920
= 8.28
R¥? = 4.093
Q  =23,600
v = 8.08 -
h, = 11164
ha = 11039
M = 11164 - 110.39 = 1.25
hv, = .0.90
e = 118 :
My = 0.09 - 1.18 = -0.28
L = 968
_ lhebhv 125 - 028 097
§ =TT F"%s — T%s
= 0.00100
si? = 0.0316 :
1.486AR%/*S'2 1486 x 2,920 x 4.093 x 0.0316
n - - = - e -~
Q 23,600
n = - 00238 o
_ 1486AR*® 1486 x 2,920 x 4,093
_ n 0.0238
K = 746,000

The rating curve for Station 08KH006 (Figure 13) is
included to shiow the relationship of the four discharge
measurements, used to develop the mean conveyance for
the channel, to past measurements.

Table 5 shows the ste_p-by-step procedure (hypotheticai
case) for the computation of a high flow and the
comparison with an actual direct measurement which was
taken on July 13, 1971. The plotting position of this
measurement is shown on Figure 13.
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Table 5. Computation of Discharge at Station 08KH006, Quesnel Table 5. (cont.)’
River near Quesnel, by the Slope-Area Method R .

NEW ESTIMATE OF Qe = 17,600

GIVEN:

v o - : v Q _ 17,600 6.53
GHy = 9.54 ‘ Az 2,697
v Q 17,600
. 4 =—= =133
MEAN ELEVATION = 110.03 As 2400
MEAN GAUGE HEIGHT. = 10,03 aVy 42,641
FALL IN FEET BETWEEN SECTION 2 AND 4 hy; Femm——0 = 0.66
‘ SE 2g  64.345
. o h av2 53,729 0.84
= 10.51 - 9.54 = 0.97 vg =—=———=0,
' 1 e 02 2  64.345
CONVEYANCE FROM GRAPH Mv =066 - 0.84 =-0.18
~ : : Lhdv 097 - 0.18
K = f(M.GH) = 636,000 j s = T = poran = 0.000816
in E .
Q =K~ s'2 = 0.0286 .
,L Nin _ Qe = KS'? = 636,000 x 0.0286 = 18,200
Q  =636000f{—) =636000x0.0316 NEW ESTIMATE OF Qe = 18,200
-~ 968 o v, = Q18200 _
Q = 20100 - 2T A 2,697
_Q 20,100 _ Q 18,200
V,. -—;"'—'—;6-;—7'* 43 Va =‘:’=—2400=7.58
2 ? ) " : aq Y
Q 20,100 2 -
 Ae 2400 2 T2 ea3as
o 8 .
av?  55.503 Vi 57.456
hv,. =-f2=-‘-+—=0.86 hv. =3=§$=;¥é=089
2g 64345 T g ed3as
2 . . )
aVy; - 70.224 My = - = -0.
e =2Va_ =109 v =071 0}.89‘ 0.18
‘ g . 64.345 : _Lndnv 097 < 018 -
Lw =086 - 1.09 = -0.23 S T T T e 0.000816
Ohefv  0.97 ~ 023 12 -
S = = —— = ().00764 S 0.0286
L 968 - Q =Ks'? = 636,000 x 0.0286 = 18,200
s'2 =0,0276 ACTUAL MEASUREMENT Q = 19,100

Qe =KS'? =636,000 x 0.276 = 17,600 ESTIMATED DISCHARGE Qe = 18,200
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'APPENDIX |

Horizontal and Vertical Control Study

The step-by:step procedure for a horizontal and vertical
control survey is as follows:

A. Set transit over station A-1, the first station in the
traverse (a solidly set stake with a two-ifch nail in the top
and a small hub at the base on which to carry levels). Mark
the station number on the stake with a felt pen.

16

(n

Level instrument, set plates to zero and backsight
on nail of last station in traverse. Record H.I.
{(distance from hub to center of scope axis to

" nearest 0.01'). Clamp lower plate, loosen upper

(2)

(3)

(4)

(5)

¢lanp and sight on stadia rod (side shots).

Record horizontal angle (always read angle clock-
wise), stadia distafice, and vertical angle and note
the topographic feature. Note: it is advantageous
for reducing notes to set centre hair at elevation of
H.l, on rod béfore vertical angle is recorded.
Complete all side shots.

Check instrument level, backsight on nail of last
station in traverse (adjust plates to zero -again if
necessary), loosen upper clamp, and sight on nail of

station A-2.

Record horizontal angle (always clockwise).

{6) Set centre hair at convenient even foot mark,

(7

(8)

(9)

(n
(2)

record reading of the thiee hairs to hearest foot and
vertical angle,

P_Iunge telescope, loosen lower clamp, backsight on A
nail at last station, loosen upper clamp, sight on
nail at station A-2, and read horizontal angle,

Set bottom hair on even foot mark and record total
stadia interval to nearest foot.

Set centre hair on even foot mark (same as used
before scope was plunged) and record vertical

angle. Make quick check to determine the accuracy

of both horizontal and vertical angles. (Angles
should be within 1 minute if no blunders have been
made).

B. Set transit up over Station A-2, set plates to zero, and
backsight on nail of station A-1.

Follow Steps 1 to 9 as in “A"’ above.

Include sketch of traverse and- its relatioriship to
topographic features of the stream channel. An
example is shown on Figure 2,




Cross-Section Survey

CROSS-SECTION SURVEY

The first step in defining cross-sections is to set stakes
and hubs to be used as auxiliary stations at both ends of the
section, then to tie the elevations and locations of these
stakes and hubs into the previously established transit
stations. The line of sight is fixed by the station on the
opposite bank. Rod readings are taken to tenths of a foot at
intermediate points to define the cross-section. If the
cross-section is short enough for a tag line to be strétched
across it, elevations are deterimined by setting the rod in the
stream, reading the depths of water, and subtracting them
from the water-surface elevations determined at appropriate
places on the cross-séction. Also wherever a tag line can be
used, th'e waterssurface elevation can usually be determined
from regular traverse stations, thus eliminating the necessity
of setting up over the cross-section hub,

Enough readings should be taken to define the major
breaks in the bottom, with a minimum spacing such that
not more than about 5% of the total area will intervene
between any two sounding points, in other words, as the
section becomies deeper, closer spacing is required between
sounding points. Only a few depth observtions are needed
in shallow overflow pértions containing only a small
percentage of the total area and discharge. Rod readings to
hundredths of a foot on the water surface should be taken
at the edges of the stream and other pertinent points along
the cross-section,

Elevations of the streambed can be determined by
either of three methods:

(1) by direct rod readings on the bottom

(2) by sounding down from the water surface and

APPENDIX 1I

adding these distances to the average rod readings
to water surface, or

(3) by deducting the soundings from the water surface
elevation,

SOUNDINGS

Soundings from the water surface may be made from a
boat by a weighted line, a wading, a level or a stadiq rod,
ard by depth sounders, '

It is recommended that depth sounders be used
wherever practical because of their speed of operation and
accuracy: Most depth sounders produce a continuous trace
and provide accuracies of greater than 6” in the depth range
of 10 - 50 feet,

When sounding a rough or boulder-bed stream an
average bed elevation is obtained by settifig the rod down at
random at predetermined spacings. The degree of definition
of non-typical large obstructions such as scattered large-
sized boulders is a matter of judgment. If the section
contains a typical hurber of such obstructions, then each
should be defined fairly closely, providing the cross-
sectional area involved is significant,

A boat can be held in place by a tag line while soundings
are made, or positioned by sighting from the boat to two
rarnge polés of trees on line with the cross-section,

Measurement of horizontal distances along a cross-

section can be done by either tag line, tape, of stadia. Stadia
is the method most commonly used.
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Figure 1. Definition sketch of a two-section slope-area reach (not to scale).
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Figure 2, Sample field notes illustrating system:of horizontal'and vertical control with: sketch: of channel showing traverse:and topographic features.
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Figure 7. Sample graph illustrating high-water profile:and cross-sections, Station 08KH006, Quesnel River near Quesnel.
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Figure 11. Sample graph illustrating depth-area curve for section No. 4.
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Figure 13. Sample curve of the stage-discharge relationship of the Quesnel River at Station 08KH006.
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