
~~~~~~~ ~~~~ 

Art-5 
SOURCES -3Ré§NC'H

~ 

32:35 rare 

.5; 'CA_NA:L)A. , 

‘M253 $75 
gymW 

~~ ~~ 

.fI.V1}A.~1>. WAATS? 

~~~ ~~ 

9. meme,‘

~~~ 

kivironrrv 
mada- var

r 
A.

~~



I Eqg_i[%nment Eréxgigagnement 
A 

F|ovvs ma 3 the SlopeaArea Method 

A. G. Smith 

TECHNICAL BUNLLEATIN NO. 79 

INLAND WA TERS DINECTORA TE. 
WA TE}? RESOURCES BRANCH. 
OTTAWA. CANADA. 1974



Infonnation Canada 
Ottawa, 1974 

Co}. No.: En 36-503/79 

Confracf No. 02KX . K_L3_2v7—C_3_-8060' 
Tho_m Pres_s Limited



Contents 
Page 

SYMBOLS AND UNITS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 

ABSTRACT , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Need for indirect measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

VaI_ue of peak flow data . .- . . . . . . ._ . . . . . . . ,_ 9 
. . . . . . . . . . . . . . . . . . . . . . . . 1 

Comparison of indirect m_easuyrem_ents with direct measu_rements . . . . . . . . . . . . . . 1 

Slope-area method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

2. SELECTION OF NETWORK . . . . . . . . . .— . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Selection of active stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Selection of site . . . . . . . . . . . . .; . . . . . . . , . . . . . . . , u 

. . . . . . . . . . . . . . . . . 2 
Selection of reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

3. HYDRAULIC PRINCIPLES OF THE SLOPE-AREA METHOD . . . . . . . . . . . . . . . . . ._ 
V. 5 

General hydraulic principles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Theoretical basis for slope-area method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Computation of friction slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

4. COLLECTION OF FIELD DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Vertical control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Horizontal control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Field notes . . . . . . . . , . . . . . . . . . . . . . . . .v . . . . . . . . . . . . . . . . . . . . . . . . 6 
Ground plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Cross-sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Crest-stage gauges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Cross-section survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Photographs . . . . . . . . . . . . . . . . . . . . . . . . 

I 

. . . . . . . . . . . . . . . . . . . . . . . . 7 

5. OFFICE COMPUTATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Plan . . . . . . .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Water surface profiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Cross-sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . .A 8 
Cross-section properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v. . . . 8 
Computer programs . . . . . . . . . . . . 

9 
. . . . . . . .— . . . . . . . . . . . . . . . . . . . . . . . 10 

6. QUESNEL RIVER STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 

Computation of the coefficient of roughness and the channel conveyance . . , . . . . . 11 
Computation of discharge‘ by the slope-area method . . . . . . . . . . . . . . . . . . . . . . . .11 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 

BIBLIOGRAPHY . . . . . _.— . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

APPENDIX I. Horizontal and vertical control survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

APPENDIX II. Cross-section survey . . . . . . . . . . . . . . . . . . . . . . . . . . . 
_ 
. . . . . . . . . . . . 17 

iii



Illustrations 
Page 

Figure 1. Definition sketch of a tvvo-section slope-area reach . . . . . . . . . . . . . . . . . . . . 21 

Figure 2. Sample field notes illustrating system of horizontal and vertical control with 
sketch of channel showing traverse and topographic features . . . . . . . . . . . . . 22 

Figure 3. Sample field notes illustrating sketch of reach cross-sections and locations 
ofphotographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Figure 4. Sample field notes illustrating cross-section survey . . . . . . . . . . . . . . . . . . . . 24 

Figure 5. Sample field notes for soundings . . . . . . . . . . . 
, 
. . . . . . . . . . . . . . . . . . . . . 25 

Figure 6. Sample plan view of selected reach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Figure 7. Sample graph illustrating high-water profile and cross-sections, Station 08KH006, 
Ouesnel River near Ouesnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Figure 8. Sample graph illustrating depth-area curve for mean cross-sectional values . . . . . 23 

Figure 9. Sample graph illustrating depth-hydraulic radius curve for mean 
cross-sectional values . . .y . 

; 
. . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Figure 10. Sample graph illustrating depth-area curve for se_ctio_n No. 2 . . . . . . . . . . . . . . 29 

Figure 11. Sample graph illustrating depth-area curve for section No. 4 . 
h 
. . . . . . . . . . . . . 29 

Figure 12». Sample curve illustrating values of the conveyance "K" for a selected reach . . . . 30 

Figure 13. Sample curve of the stage-discharge relationship of the Ouesnel River at 
Station 08KVH006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .« . . 

v 

. . . . . . 31 

Tables 

1. Sample list of active stream gauging stations requiring better definition of upper portigon 
of rating curve . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2. Sample list of cross-sectional widths, areas and hydraulic radius for the mean reach 
between section No. 2 and section No. 4, gauge No. 2 — gauge No. 4 .; . 

A 
. . . . . . . . . . . 9 

3. Sample list of computed values of channel chasracterisitivcs for the selected reach for four 
discharge measu_rement‘s, station 08KH006, Ouesnel River near Ouesnel . . . . . . . 

.‘ 
. . . 11 

4. Sample step-by-step procedure for c_omputat_ion_ of roughness ‘n’ and the conveyance 
‘K’ for four discharge measurements at station 08KH006, Quesnel River near 
Ouesnel . . . . . . . . . . . . . . . . . . . . . . . .1 . . . . . . . . . . . . . . . . . . . . . . . . . . .A 

12 

5. Sample step-by-step procedure for computation of disc_ha_rge at- station 08KH006, 
Ouesnel River near Quesnel by the slope-area method . . . . . . . .— . . . . ». . . . . . . . . . . 14



SYM BOLS AND U NITS 

SVm_b0_l Definition Unit 

A Area ftz 

g Gravitational constant 
(acceleration). ft/secz 

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 Mann ing roughness coefficient ft‘/6 

0 Tota_l discharge ft?’ /sec 
Oe Estimated discharge ft’ /sec 
R Hydr’a'u‘|'ic radius ft 
S Friction Slope ft 
V Mean velocity of flow in a section ft/sec 
1,2 Subscripts which denote the location 

of cros_s-sections or section 
properties in downstream order 

on Velocity-head coefficient 
A Difference in values, as Ah is the 

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

l

l

v



Abstract 

Stream d_ischarges a_re usually grneasugred by the 
current meter method. During floods, however, it is 

frequently impossible or impractical to measure discharges 
by this means. Many peak d_i,scharges must be d‘ete_rmi_ned 
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 'r‘a'n'ge of stage. 
Values of the coefficient of ro'ughness and the channel 
conveyance are ca_lcul,ated, 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 08KHO06, is 

used to illustrate the field and office procedures‘ used in 
calcula'ting peak flows. The cal<':'u_|at_ions are included in the 
report. 

vii



Introduction 

NEED FOR INDIRECT MEA_SUREM_ENTS 
Stream discharges are usually measured by direct means 

(e.g., current meter, fluorojfmeter), whi_ch require the 
presence of a technician. During floods, however, it is 

frequently impossible or impractical to measure the peak 
discharges as they occur. Roads may be impassable, current 
meter sites may be flooded or d.e.st_roved (e.9.. cablewavs. 
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 cou_ld be so sharp 
that a satisfactory current meter measurementcould not be 
made even if a technician were at the site; flow of debris or 
ice could prevent use of as 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 dete'rrninéd 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 projecfts involving huge 
e_xpendit_u_res. The peak discharges, usually estimated from 
the extended portion of rating curves, are often accepted 
withoutquestion of accuracy. It is important then that the 
extension of the rating curve be based on proper data, and 
the best procedures known should be used to obtain those 
d_ata. 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 flow data. 

COMPARISON OF INDDIRECT MEASUREMENTS 
WITH DlREcT MEASUREMENTS 

To evaluate the accuracy of i'ridi_rect 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, 
compa.r.a.t.ive 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 ro‘u‘g'l‘1r1es‘s "n" "were est_imat_ed from stream- 
bed materials at each site. 

SLOPE-AREA METHOD 
The slope-area method for obtain_ing dicscharges is based 

on a uniform flow equation which includes consideration of 
‘channel characteristics, water‘-surface profiles, and a rough- 
ness of re‘t'af_rda't_'io,n cojefficient. 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 "n" 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, 
w‘at_e’r‘esur-face 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 

SE LECTION 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 

ba;sed on the E/M ratio, where "E” is the highest es'ti_mate_d 
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 considerable distance. 

A sample list is shown in Table 1 which includes the 
station number and name, the measured and estimated high 
flow. the rati.o 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 
prioriities are then set for s'u‘rv‘eys based on the E/M ratio ‘of 
each station, av_ai|ab‘il_ity 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 ‘p'hotog'ra'ph,s 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, ,around each station is necessary for selection of the 
best site, for indirect pmeasurements. Every site represents a 

distinct hydraulic problem, and a thorough knowledge of 
h_yd_r'a‘uil_ic principles is essential for proper selection. A_s 

ideal conditions rarely exist, 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 
tr'ibutarie‘s enter between it and the point at which the 
discharge is desired. Channel storage can also be significant 
if the measuring site is some distapnce from the gauged 
point. If me 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 main channel. Distance from the 
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gauging poi_nt becomes more important for smaller drainage 
areas and for sudden floods of shortduration. 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 slopearea. .measy_rement-. The geerhetrv 
of the channel in the reach is very important. Areas-where 
there are marked changes in the shape of the channel along 
a reach m9u.|d be avoided because of uri¢e.rt§a.ifities re§érd- 
ing the value, of the velocity head coefficient. Th_e channel, 
should be as uniform as possible within the reach and the 
reach should be contracting rather ‘then expanding; Straight 
reaches are preferred but are seldom found in n_at_u_re. 

The method assumes that the cross-sectional area is 

fullv e.ffe.c_tive and. is c.ar.rvi.n9 water in aeeerdejhee With the 
conveyance for various portions, of the se_cti_on_. For -this 
reason it is desirable that the cross-sections be uniform for 
some distance above the reach, so that discharge will be 
distrlbiutéd in accordance with channel depths, roughness, 
and shape. C_onditions, either upstjrea'm or dew‘nstream 
from a reach, which will cause an L_inba:l,a,nced distribution, 
are undesirable. For example-, for some distance down-: 
stream from a bridge that con.stri.ets the width. the efLf'e.<_itive 
flow will be contained Within the centre of the channel;' the 
sides .of the ‘channel will not carry water in pr,op,orti_on to 
the computed con’veya’nc'e and velocity may even be 
negative. Natural channel constrictions ‘or protrusions may 
have the ‘same effect. A sudden deepening of the channel 
may also‘ represent a non-effe_ctiyea_rea_.; Sections having 
such conditions should be avoided when selecting slope-garea 
reaches. 

Sometimes slope-area reaches must be selected in moun- 
tainous areas where the channels are very rough and steep, 
and may have free fall over rif-f_l_es and boulders" at low 
flows. An inspection of the reach will usually i,n_dicate 

whether free fall_ exists at high stages. The Manning 
equation does not apply when free fall ex,i§tf5i therefore, 
free-fall reaches should be avoided; othenivise, the. .re_|iabi_l'i_ty 
of the computed discharge will be low. Channel bends often 
govern the length,‘ ofa suitable reach. The influence of the



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

yypg of UPDATIND DY FIELD 
1 

IIEASUREDE WESTINAT-ED ,f DATE OF VANCOUVER RECORD . DATE OF 
STATION STATION NANE HIGH 

Y‘ 

NIDII RATIO; MEASURED. RECORD DAILY MEASURED ESTIMATED: RATIO TYPE OF IEASURED 
950- FLOW H FLOW MIIIDII IFLOW TO DATE OR INST. HIGH ‘FLOW IIIOII FLOW‘ -5- RECORD NI-IIOH FLOW 

QDNNOIO DARLOW CREEK NEAR OUESNEL I40 
I 

01! 2. D 20 . 4. OD IO . 3 . OD DAII.‘Y 

OTFCOOI IEATTON RIVER AT FORT IT. JONN IIDOO 53400 2.4 IO . .67 2! . 2 . DD DAILY 23700 2.! DAILY I-. I . OD 

OTFCOOI 
- 

ILUEDERRY RIVER BELOW AITREN CREEK 
‘ 

SEIO DDIO 3.0 IO . .O1 I7. 3.07 INST. SD30 2.5 INST. I . D . OD 

IOOGOOI 
‘ 

XFORT NELSON RIVER NEAR FORT NELSON 34900 I2:lOOO 3.!‘ I . .II II . 3.69 DAILY IQOOO 2.! DAILY ED . 5 . ‘IO 

OTFAOOI NALFWAY RIVER NEAR FARRELL CREEK IDOOO EODOOO IO.3 IO. .02 22.9.8! INST. ‘IOOOO 4.4 

IOODOOI IUSKWA RIVER AT FORT NELSON DIIOO IOOOOO 2.7 ID. .02 II. 3.69 DAILY -



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

The reach should belong enough to develop a fall that 
is well beyond the ‘range 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 gove'rned by the geometry of the channel 
and the practical _difficulties of surveying long reaches of 

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

1. The length of the reach should be equal to or greater 
than‘ 75 times the mean depth of the channel.‘ 

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

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



Collecti_on of Field Data 

The field survey should be made with a high degree of 
care, with precautions taken to avoid error by using all 

possible 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 su_rvey 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 accuracy 
required for setting pe’rmane'n't controls for the water- 
surface profile, a level circuit run with an engineer's level is 
necessary. 

In any office where surveys or indirect measurements 
are made at infrequent int‘e'rv‘als’ it is best to always select 
one method, because personnel cannot maintain expertise 
in all t_y'pes of instruments and surveys. However, it is 

' 

recommended that an "electronic reciording t'acheometer” 
be used for future surveys. This instrument records the 
horizontal direction and vertical angle, and computes the 
slope distance di_rectly, thus eliminating the necessity for 
running a separate circuit of levels for the vertical control. 

VERTICAL CONTROL 

If the site chosen for the i_ndirec_t measurement is near 
the gaugling 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 large nail in a‘ tree or stump, or a 
prominent rock point adequately referenced and d_escribed 
to permit recovery in later ‘years _if necessary. All vertical 
control for water-surface profiles should be determined to 
accu racies of $0.01" 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 are for all hubs and reference points a_re red, as 
well as to the ‘_nearest minute for side shots. The horizontal 
traverse and level circuits are generally closed. If the. angular 
error is near :1 minute ‘times the s‘q‘ua’r‘e 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 i 1,\/fi'= i 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 the tjraverse can be 
adjusted. For e'x'a'in'p|e, for a traverse with one mile of 
levels, the allowable error would be O.8\/1- = 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 s‘tep-by-step 
procedure covering both the horizontal and the vertical 
control survey is given in Appendix I. 

GROUND PLAN 
A plan sketch should be drawn shov_ving all natural 

features of the site which a_re pertinent to the measure- 
ment: 

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

(2) Show the direction of flow in the ch_a_n,nel with an 
arrow. 

(3) Locate tributaries and any minor by‘pa.ss channels; 
indicate any high ground, ridges, riffles, orother 
features which would affect the distribution or 
type of flow. 

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



CHAPTER 3 

H'Yd'raTUliG? Principles of the Slope-Area. Method 
GENERAL HYDRAULIC PRINCIPLES 

_'Tl_ie slopeearea method of indirect» measufement makes 
use of the en.e.r.9y equa..ti,on for c9mput.ing discharge a.nd . 

involves the following general factors: 

1. Ph'y'sic’a| characteristics of the channel — dimensions 
and ;j:o,nformation,'of channel ‘within the "reach" used, 
and boundary conditions‘. '

' 

V2. 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. 

;THEO.RETlCAL 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-js_ur'fa_ce profiles, and a roughness 
coefficient.

T 

Manning's equation has been adopted because of its 

simplicity of application. Written in terms of discharge, the 
equation is: 4 

1 .486
n 

0:’ ARV2/3 SI/2 

"where Q ‘ discharge 
2" cross-sectional area 

hydraulic radius 
friction slope 
roughness coefficient3 

(D 

m 
'} 

II 

II 

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

(h + hvl, '= (h + hv), + (hf)1_2 + k (A,hv)_1-2 

where h elevation of the water su_r—face at the res- 
-pective sections above a common datum 

hv = velocity head at the resjpec‘tive section 
iv’/29) ‘ 

hf ‘-7 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 VS used in the Manning equation is 

defined as: 

S=g:=Ah +Ahv— k(Ahv’). 
L 

_

L 

where Ah - difference in water surface elevation at two 
sections 

length of the reach under consideration I''' 

ll 

COMP_UTATlON OF FRICTION Sl.~QPl:Z 
The v‘e’I'oc_it'y head," .(hv), atieach ‘sec‘ti’o'n is computed as: 

'"=?2g‘ 

where V *._ mean velocity in the section-
I 

a velocity-head coefficient 

The value of "a" is assumed to be -1.0" if the se‘ction is 

not subdivided. The energy lossvdue to contraction or 
expansion of. the chanjnel in the reach =is~ass’u‘med to be 
equal to the.diffe_r_en_c_e in velocity heads ‘at the two 
sections, (Ahv), multiplied_ by a'coeff:i_cient k;. The. value of 
k is’ assumed to be zero for c,ontr,acti_ng reaches and 0.5 for" 
expandingv reaches. However, both the procedure and the 
coefficient are questionable for expanding reaches 
(Da_lrymp|e and Benson, 1967). Major expansions are to be 
avoided in selecting sites for’ indirect measurements; The 
value ‘of Ahv is computed as the upstream‘ velocfity head 
minus the downstream velocity head. Thus the friction 
slope used in the Manning equation is computed alge- 

braically as: -

L 

(when Ahv is negative, i.e., the reach is 4 

» contracting) » 

S .= (when Ahv is‘ positive, i.e., the reach is 
expand ingl



(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 iderf1‘tified as Sections 1, 2, 
3, 4, etc., in downstream ord_er. 

(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-Wate'r"p'ro_fi'|’e_. 

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

in extremely rough channels, the cross-sections are to 
be located so as to represent average or typical co.nditons. 
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 
where major breaks occur‘ in the 'waterssfuriface p'r‘o'f'ile. 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. Othenlvise the auxiliary gauges can be‘ installed 
at a later date by field tech_nicia,n,s.

A 

CROSS-SECTION SURVEY 

The procedures for surveying and sounding cross- 

sections are outlined in Appendix II. 

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 i_nt_er'mediate cross- 
section points. 

(3) Stationing and elevation (within hundredths of a 
foot) of water surface on both banks at t_irne of 
survey. 

The recommended form for cross-._secti_o_n notes is 

shown on Figure 4. Figure 5 shows the correspondi_ng form 
for notes taken in the boat when a tagline or stadia is used 
only for 0bt'ai.r[ti.n9 distances. 

PHOTOGRAPHS 

Phot99r.anh.s-shou.|d 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 reference photograprhs ilrlustrating values of Manning'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.



omee Computations 
Standard methods should be used to si_mplify review 

and checking. The procedures recommended have been 
standardized to increase the probability, of obtaining 
reliable results and to simplify computation. 

PLAN 

The plan is plottedwfrom the field notes using a scale of 
between 1"’ = 20' and 1" = 200', accojrding 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 problemare included in the plan. The location of 
cross-se'ctio'ns, transit stations, bench marks, reference 
marks, gaugi_ng stations are shown, if applicable. 
Arrows are used to show-the direction of flow and magnetic 
North. The scale of the plan is noted and the plan is 

completed by‘ drawing in the contwri liines ateither’ one-: or 
tvvo:-.foot interva_ls. The underwater llyinyes are denoted as 
dash_ed and the surfacelines as solid. An example of the 
finished drawing is given on Figure 6,

' 

One of the pri_n_c_ipal factors in the discharge computa- 
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 
rneasu‘r'ernen’t reach. 

To draw water profiles, it is necessary to adopt some 
system of stationing for r'e'ferring'the water marks to a base 
line that .represen.ts th.e"r.n.e.a.rfi path. of the water.- The base 
line is drawn perpendicular to the cross-sections where they 
'inte'rs’e<‘:‘t;. Locate the zero for stationing along the channel . 

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

If the cha.nn.e.| is reasonably stffaight. e'lIjein_ though the 
banks are not parallel, a straight base line is drawn through 
the approximate centre of the channel. The station of any 
mark is obtained by a right angle projection from thebase ‘ 

line. if the channel is ‘slightly curved, the base line is drawn 
as a series of broken st_r'a_ight lines. 

‘CHAPTER 5 

It is preferable to express dilstajnces for stations 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 downwardto the right. The 
vertical scale‘ should be represented so that hundredths of; a 
foot may easily be read, u§uafIl,y 0.5, 1?, or 2 feet to the 
inch, with at hojrizontal scale selected so that the average 
slope of the profile will b_e about 1 vertical to 4 horizontal. 
The ends of the cross-sections areshown by rvert_ic'al' dashed 
lines. A .separate plot is ‘made for each _tj)anl_< by offsetting 
the vertical. scales. The elevations of the profiles. on both‘ 
banks rarely coincide, and better results are obtained by 
analyzing each bank separately. 

After the profiles have been drawn, a’ summary table‘ 
should be made on the sheet showing ‘the stations and 
eleva't'ions for each c_ross'-se,ction_ as shown, on F igure7.

_ 

cnoss-sEc'r‘lol\ls 

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 other ‘sections below ‘in 
downst'rea'r“n order. Large s'ca_le d"rawings are not necessary; 
three or four .secti.on.s may’ be i.n.cl.uded in a page-s.ize form. 
The sa.m.e s.ca.|e is. to be used for each section.- 

The plotting scales are usually distorted; the most 
commonly used horizontal to vertical scale ratio is 5:1 ‘(e.g.,

A 

1" '=_ 50" horizontal to 1" = 10’ v'e'r‘tic'a|). For wide 
cross-secjtfliiianls.» ‘h.o.r.i;z1<{>nta.l scale ratios of 1.0.9r- 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 F.i9‘Uré 7. 

l

' 

cROs$ssE.cTloI\l 'PRO‘PE’RT|‘ES 

"The reach selected for discharge computation should be 
a oo'ntracting rather than anexpanding one. Reacheswhere



Table 2. Sample list of cross-sectionalwidths, areas and hydraulic radiusfot the mean reach between section.No._2 and section No.‘ 4,; gauge No. 2 .— gauge No. 4.
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th_e channel is both expanding and contracting should be 
avoided. The best reach can be quickly determined by 
calculating the area for each sectilon. 

A special form is used for computation of mean 
cross-gsectyion.‘properties of the reach: area, hydraulic radius, 
and Width lDav.idi.a.n, 1964). The method of c9rnputi.n9 the 
mean values for the reach follows: « 

(1) Div_ide the-selected reach into an equal number of 
section (tenor 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- 
vvationl 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 
accu_r'n_u_lating all aincreamental areas up to each 
specified elevation. |_rf1crement_al areas are "obtained 
by multiplying the mean width for two successive 
elevations by the difference between the two 
suocessfive elevations. 

(5) Obtain the hydraulic radius by dividing cumulative 
areas by the averagie width for the corresponding 
elevation (see Table 2). 

10 

(6) Compute the incremental cross-sectional area for 
the sections at both the beginning and end of the 
reach. Plot the depth-area a_n_d dept,h-h.Yd:raul_ic 
radius curves for the mean cross-sectional. values 
and the depth-area curve for the upstream and

Z 

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 a_nd fu_nctio_n of each is 'as'fo’lléWs:i 

(1) Traverse (program No. 40080) — calculates the 
co-ordinates of each station in the traverse and 
givesthe North and E_ast-co"-ord_i_na_t.e‘ e’r‘r'ofrs_. 

(2) Traverse (program No. 40090) — corrects the 
co:-ao_rd'i_nates calculated in program No. 40080. 

(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 being ‘produced to combine 
all of the hydraulic comp'utati_ons 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 flue 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 ch‘a'nn'e‘| 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 COEFFICIENVT OF 
ROUGHENESS AND CHANNEL CONVEYANCE 

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

[K 2 (1.486 A Rm )1
n 

Tabte 3. Sample list of con1p.uted values of channel characteristics for the selected reach for four discharge measurements, Station 08KH006, 
Quesnel Rivet Qiresiiel. 

CHAPTER 6 

are computed from several measurements (Table 3) for 
which the vvater-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. 

COMPUTATVICN DISCHARGE BY THE 
SLOPE-AREA METHOD 

1.. 
Manning's equation O.= " A R23 S1” 

can be condensed to: 

Q = KS‘ '2 

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

,,,~.,—E 9, ,,EA,.w,v,E~, SECTION 2 SECTION 4 REACH aet"vIeei'4' section 2 AND SECTIOQI 4 

"“3‘i"“‘i""‘7 °'is°'i‘i““°'E Nv.eLocitv AREA vei.oci'tv AREA veLocitv "n’—' FALL SLOPE "in" 
K A 

“K”

/ 

I4 . 5 , 70 7,600 i.~e7o 4.55 i,44o 5.25 i.e3e 4.55 5.24 0.62 0.000.527" 0.0222 350.000 

25 . 4 . 1: 9,900 i,e7o 5.03 use 5.72 i,szz 5. :5 5.94 o.ss o.ooo,5e9 o.o25o 4o7.ooo 

I2 . 5 . 1i I7.ooo 2,540 6.69 2,245 7.57 2,435 6.99 7.19 0.96 o.ooo.7s5 o.oz24 502,006 

4 . e . 71 23,600 5.io5 7.69 2.710 5.7: 2,920 5.05 5.23 L25 o.ooi.o25 o.o2a,e 746.000

11



A mean conveyance curve is drawn for the reach by‘- 
using the computed values obtained from the. measured 
discharges (Figure 12). This curve can be extended into the 
high ranges with confidence as all the fa¢t,or's that detér-- 
mine. the conveyance are o.bta.in.ed from field surveys with 
the exception of. the roughness coefficient "n". This 
coefficient ‘can be calculated for each‘ discharge measure- 
ment as it has a r‘eIa'tiveIy‘ narrow range of variation for 
in-t_)_,a_,nlg_ flow, an average value is used. 

Table 4. Computation of the coefficient of roughness “n” and the 
¢.Ql_lY¢Y.i.|,|)..¢.e .~“;IS” for di.s.ch_a1ge measurements" at Station 

Quesnei River near Quesnel ' 

DISCHARGE ME_A_$URE_M_ENT:‘ 7,600 cfs 
GH2 = 7.47, CH4 -= 6.85 

SECTION NO. 2 

h2 = 7-47 

Q = 7,600 
. Q

I V, = —— = 4.55
2 

av; 20.703 
hvfg = : - = 

2g 64.345 

SECTION No. 4 

h4 = 6-8.5 
A4 = 1,440 
Q = 7,600 

Q
. 

V4 : -— = 5.28 
. A4 

aV: 27.878 
hv4 — — — -—- = 

2g 64.345 

MEAN GAUGE HEIGHT = 7.16 
MEAN ELEVATION = 107.16 
AR-EAOF MEAN SECTION = 1,636 
P. = 5.24 
11”” = 3.017 
Q _= 7,600 
v = 4.65 
11, 2 107.47 
114 = 106.85 
An = 107.47 — 106.85 = 0.62 
hv, =: 0.32 
HV4 = 0.43 
Ahv" = 0.32 — 0.43 = -0.11 
L = 968 

Amahv 0.62‘ — 0.11 0.51 
S = = :—j—— =i 

L 968 968 
= 0.000527 

s1/2 = 0.0230 

_ 

1.486AR_”3s"’ _ 1.486 x _1,636 x 3.017 x 0.0230 " 
Q 7,600 

n = 0.0222 . 

12 

Table 4. (cont) 

1.486AR”3 ; 1.486 x 1,636 x 3,017 
. 6 _ 

0.0230‘ 
330,000 

DISCHARGE MEASUREMENT: 9,900 cfs 
(:11, = 8.39, GH4 = 7.70 

SECTION No. 2 = 

1'12 = 
_ 

8.39 
A2 = 1,970 
Q = 9,900 
v =-“— = 5.03

2
2 av, 25.301 

hvz = 4: = = 0 
2g 64.345 

SECTION N0‘. 4' 

114 = 7.70 
A4 ; 1,730 
Q ? 9,900

Q 
v4 =— = 5.72 

A4 
av: 32.718 

hv4 = ?9 = 1 
2g 64.345 

MEAN cA_1_1_GE HEIGHT = 8.05 
MEAN E1.Ev_AT1oN __ 

= 108.05 
AREA OF MEAN SECTION = 1,922» 

= 5.94 "3 = 3.280 
Q 

_ 

= 9,900 
v = 5.15 
1.2 = 108.39 
114 ...-._ 107.70 
A1; = 108.39 — 107.70 ; 0.69 
hV2 =

. 

hv4 = 0.51 
Ahv = 0.39- 0.51 =-0.12 
1. = 968. 

‘

. 

S __V _ 0.69 - 0.12 _ 0.57 
4 

1. 968 968 
s = 0.000589 
8"’ = 0.0243 .

« 

. 

1..486AR”3S"-’ _ 1.:t§§..>:1.9.2,2.x 3‘-2810 .x 0-0243 " 
Q ' 

A 

9,900 - 

n = 0.0230 
' 

. 1.46_8AR”3 1.486 x1,922x3.280 
K = .;=..: 

5
3 

11 0.0230 
= 407,000 

DISCHARGE ME_A_SUREMENT:' 17,0(i0 cfs 
‘ 

GE; = 10.08, GH4 = 9.12



spa»... 
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Table 4. (cbnt) 

SECTION No. 2 

11, = 10.08 
A2 = 
Q = 17,000

Q 
v, = — = 6.69 

A2 
av; 44.756 

hV2 = T. = = -0.70 
2g 64.-345 

SECTION No. 4 

114 = 9.12 
A4 0= 2,245 
Q = 17,000 

- Q 
v4 =— = 7.57 

A4 
av: 57.305 

2g 64.345 

MEAN GAIIGE HEIGHT = 9.60 
MEAN ELEVATION = 109.60 
AREA OF MEAN SECTION = 2,435 

R ' .= 7.19 R” = 3.725 
Q = 17,000 
v = 6.98 
11,‘ = 110.08 
114 = 109.12 
Ah =' 110.08 - 109.12 = 0.96 
hvg =. 0.70 
M4 = 0.89 - - 

‘V = 0.70 — 0.89 = -0.19 
L = 968 

_

b 

S _ Z.‘h+Ahv _ 0.96- 0.19 _ 0.77 
L 

A 

968 968 
s = 0.000795 
8"‘ = 0.0282 

I.486A_R”3s“’ 1,486 x 2,435 x.3.725 x 0.0282 
n =3 ' = “"'f"" _,,_, _,_ , 

Q . 

' 

17,000 
n = 0.0224 

1.4,86AR”3 1.486 x 2,435 x 3.725 K ="‘"'*‘"':. = 
11 0.0224 

K ‘-“ 602,000 

DISCHARGE MEASUREMEN'1“:A 723,600 cfs 
CH“, = 11.64-, 011.. = 10.39

‘ 

ION NO. 2 
11;‘ = 11.64 
A2 =‘ 3,105 
Q ‘-'-' 23,600

Q V2 = '1 = 7.60 
, 

A2 

Table 4. (cont) _ 

av: 57.760
1 

1w, = =‘ = 0.90 
2g 64.345 

SECTION No. 4 

114 = 10.39 
A4 = 2,710 
Q = 23,600

Q 
V4 =“ = 

A4 
avj ‘ 

75.864 = j = :L—_ = 1'1 
‘ 

2g 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 - 

11, = 111.64 
11.. = 110.39 
Ah = 111.64 — 110.39 = 1.25 
1w, = 0.90 
hv4 = 

, 
1.18 » 

Ahv = 0.09 - 1.18 = -0.28 
L = 968 ’ 

_ Al_1+_Ahv 1.25 -0.28 0.97 5 ‘ L ‘ "'9E§_‘ ‘R? 
= 0.00100 s“’ = 0.0316 - 

1.486AR2’3S"-2 1.486 x 2,920 x 4.093 x 0.0316 
n = 

‘ 

Z ’ 7' “'”""_'””" ‘ 

Q 23,600 
11 = ~ "0.0238 

‘

‘ 

_ 1.486AIz”3 _ 1.486 x 2,920 x 4.093 
_ 

1; 0.0238 
K = 746,000 

The rating curve for Station 08KH,Q06 (Figure 13) is 

included to show‘ the re_la,tio,nship of the four discharge 
measurernegnts, used to develop the mean conveyance‘ for 
the channel, to pastmeasurements. 

‘A 

Table 5 _shows the step-by-step procedure (‘hypothetical 
case) for the computation of a high flow and the 
comparison with an actual direct "rnea_sujr_erfi1ent which was 
taken on July 13, 1.971. The plotting position of this 
measurement is shown on Figure 113.

13



Table 5-.- Computation of Discharge at Station 08KH006, Quesnel 

14 

River Quesiiel, by 01¢ slope-Axes M60100 

GIVEN: .
. 

CH; = 10.51
_ 

GH4 

. 

= new 
MEAN GAUGE HE‘IGHT_ = 10.03 
FALL IN FEET BETWEEN_SEC'l‘ION 2 AND 4 

Ah =i 10.51‘~ 9.04 .= 0.97 

CONVEYANCE FROM GRAPH 

K E r(M.G11) = 636,000 
h 1/2 

1. 

.~o.97"’, 
Qe #636,000 3-63-. =_636,000x0.03l6

~ 

Qe = 20.100 

V _ 9_ _‘.2;9..1.99 _ 
2’ 

A, 2,697 

“ 
A4 2.400

" 

h 33; 55.503 
086 V . 

= = ----v—- = . 2 
33 64.345 

h, 
avg 70.224 3 09 v =1-—-~= . 4 
23 . 64.345

_ 

Ahv = 0.86 -» 1.09 ,=» -0.23 

Al;¢Aj1v 0.97 1- 0.23 
s = = ————— = 0.00764 

L 968 - 

s"’ =0.0276 
Q0’ = Ks’/2 = 636_,000 x 0.276 = 17,600

~ 
Tabl_e 5.f(c'ont.)' 

NEW ESTIMATE 01506 
Q 17,600 

V2 = — = = 
A, 2,697 
Q 17.500 

V4 =“"" = = 7.33 
A4 2,400 

av; 42,641
, 

hvz = -—- .=. = 0 66 
2g 64.345 
avj 53,729 

hv4 = —-- =——— = 0 84 
2g 64.345 

Aw = 0.6_6 — 0.84 = -0.18 
Ahoéhv 0.97 - 0.18 

s = —— = = 0.000816 
1. 968 _' 

Sm =0.02's6 

Qe = Ks” =. 636,000 x 0.0286 = 18,200 
NEW ESTIMATEOF Q6 5 1.8.,-2.00 

V __Q_ _1_s,200 _ 
2 

A2 2,697 

Q 18,200 
v.. = -+— = A = 7.58 

A4 2,400 
av’ 45,563 

hv, =-1 = = 0.71 
2g 64.345 
av‘ 57.456 

hy/4 = = ——-::‘;:'i‘: = 0 9 
2g 64.345 

Anv = 0.71 — 0,89 = -0.13 
Ah+Ahv 0.97 —' 0.13

, 

s = —— = —— = 0.000816 
L 968 

s"’ = 0.0286 
Qe =_1<,s‘-'4 .= 636,000 x 0.0286 -2 18,200 

ACTUARMEAASUREMENT Q *1:9»1°° 
ESTIMATED DISCHARGE‘ Qe =. 18,200
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_A.PPEND]|.X I 

Horizontal and Vertical Control Study 

The "step-byestep 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-inch na_i| in the top 
and a small hub at the base on which to carry levels). Mark 
the ‘stationnumber on the stake with a felt pen. 

16 

(1) Level insftjrument, set plates -to zero and backsight 
on nail of last station in traverse. Record H.l. 
(distance from hub to center of scope axis to 

‘ 

nearest 0.01’). Clamp lower plate, loosen upper 

(S2) 

(3) 

(4) 

(5) 

clamp and sight on stadia rod (side shots). 

Record horizontal angle (always read angle clock- 
wise), s_t'a'dia distance, and vertical angle and note 
the topographic feature. Note: it is advantageous 
for reducing notes to set centre hair at elevation of 
H.fl_. ohirod before v'e'r‘tic'al 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 horvizontal angle (always clockwise). 

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

(7) 

(8) 

(9) 

(1) 

(2) 

record reading of the three hairs to nearest- foot and 
vertical angle, 

Plunge telescope, loosen lower clamp, backsight on
A 

nail at last station, loosen upper clamp", sitjht on 
nail at station A-2, and read ho'rifzfonta'| angle. 

Set bottom hair on even foot mark and recorditotal, 
stadia interval to nearest foot. 

Sét dehtre hair on even. foot lf1a_rk. (sa'm_e as.use_d 
before scope‘ was plunged) and record vertical 
angle. Make quick check to determine the accuracy 
of both h'o'rizo'ntal and v‘erti"c‘a|‘ angles. (An'g'|ies 

sh.ou.ld be within 1 'rni.hute if no b|u1r'1ders.have been 
made). 

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

Follow Steps 1 to 9 as in "A” above. 

Include sketch of traverse ajrldlts relatfionship to 
topographic features of the stream oha_nnel,. 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 establi_shed 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 stretched 
across it, elevations are det_er'r‘j1i_ned 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-section. Also wherever a tag line can be 
used, the wat_eresurfa_ce elevation can usually be determined 
from regular traverse stations, thus eliminating the necessity 
of setting up over the cross-section hub. 

Enough reading‘; should be taken to define the major 
br’eak’s,_in the bottom, with a minimum spacing such that 
not more than about 5% of the total area will inter'v'e'ne 

between any two sounding‘ points. In other words, as the 
section becomes deeper, closer Spacing is required between 
sounding points. Only a few depth observtions are needed 
in shallow overflow port_ions c'on,_taining 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 u 

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 stadia rod, 
and by depth sounders.

' 

It is recommended that depth sounders be used 
wherever p'ra'cti'c‘aI‘ 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" settingthe down at 
random at pr'ed‘ete_r_rn,i_ned 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 nufrnber 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 
range poles or trees on line with the cross-section. 

Measurement of horizontal distances along a cross- 
section can be done by either tag line, tape, or stadia,—Stadia 
is the method most corn'r"non_ly used.
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Figures 1 to 13



Figure 1. Def'mition sketch of a two-section slope-area teach (not to scale).- 

5: §I 
S! 2} 9- ——j-an» 2. 3' 

'5: 
CD: 

:3‘ 
I 5» 
I

I

T 

PLAN 

'

i | _ H
. 

h __ v.‘ hf+k(Ahv) V‘ 2’ _“""‘ “-— _.._L.g - 
.

1
I 1 M WATER SURFACE ggll -. nw. 

II.

I 
. he 

i
I 

5 
" "' “ ‘

I I‘ . 

I 
" *"| 

PROFILE 

5 .I. .|_ 

o =- "1'86vAR'$‘ = Ks‘
. 

Q I 
p. .?‘..I‘_’'_ - EH3. .. K M. 

S 8 Ma A TH“ 29 ) ( V) 

L L

21



_ZZ K ': v_7'P~SJw1-ru‘ 
/?apZvIV-ToNts¢'C-5/, ’ y 

(Layer 6' C094 
Aucusr 2,2 / ? 7/ 
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Figure 8. Sample graph illustrating depth-area curve for mean cross-sectional values. 
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