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ABSTRACT

Tables are presented for the determination of the geometric and flow
characteristics of stable alluvial channels. These relate the discharge,
velocity, depth, slope, surface width, sediment size and sediment concen-
tration. If the sediment size and the values of two other variables are
known, the remaining four variables can be determined.






NOTATION A
B (m)
C
D (m)
D35 (m)
d (m)
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R (m)
S
s
V (m/s)
Vi (m/s)

W (m)

v (m?/s)

Value of F,, at initial motion (Ackers and White)
Surface width of channel

Parameter in Ackers and White sediment transport theory
Sediment diameter

Sediment diameter for which 35% of the sample is finer
Depth of flow

Sediment mobility (Ackers and White)

Sediment mobility, fine grains (Ackers and White)
Dimensionless sediment transport (Ackers and White)
Acceleration due to gravity

Parameter in Ackers and White sediment transport theory
Transition exponent (Ackers and White)

Discharge

Hydraulic radius

Slope

Specific gravity of sediment

Velocity of flow

Shear velocity

Average width of channel (Q/Vd)

Sediment concentration

Friction factor 8(v«/V)?

Kinematic viscosity
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INTRODUCTION

The problem of determining the dimensions of stable alluvial channels has
a long history. Early approaches involved the empirical correlation of data
from stable channels (eg Kennedy, 1895) and this type of analysis has
resulted in the well known regime relationships for channel design. The
approach is, however, not based on an understanding of the physical pro-
cesses and hence extrapolation beyond the range of data on which the
equations are based is unwise and is likely to result in serious €rrors.

More recently attempts have been made to identify the dominant physical
processes in the formation of stable channels and the authors believe that
the results of this alternative approach should be of more general applica-
tion. White, Paris and Bettess, (1980a), have put forward a new solution
based on the physical processes and have proved the validity of the ap-
proach by making extensive comparisons with data from sand and gravel
channels. They used a description of the sediment transporting capacity of
channels (Ackers and White, 1973), a description of the frictional
characteristics of alluvial channels (White, Paris and Bettess, 1980b) and
made the additional assumption that the dimensions of channels are such
that the sediment transporting capacity is maximised.

The Ackers and White sediment transport theory, described in the appen-
dix, was developed using a range of flume data. It has since been com-
prehensively tested on an extensive range of both field and flume data and
compared favourably with other sediment transport theories (White, Milli
and Crabbe, 1975). A similar approach was used by White, Paris and Bet-
tess in deriving a method for predicting frictional characteristics, see Ap-
pendix. The method has been demonstrated to be an improvement on
other similar methods (White, Paris and Bettess, 1980b).

For a given size of sediment, we regard the geometric and flow
characteristics of the channel to be specified by values of the discharge
(Q), sediment concentration (X), velocity (V), surface width (B), depth (d)
and slope (S). Thus there are six relevant variables, Q, X, V, B, d and S.
The Ackers and White sediment transport theory, the White, Paris and
Bettess frictional characteristics theory and the assumption that sediment
transport should be maximised provide three sets of equations linking
these variables. A fourth relationship is provided by the continuity rela-
tionship

Q=WwWvVvd (0

where W is the average width and by the assumption that the channel is
trapezoidal in cross-section with side slopes given by Smith’s relationships
(Smith, 1974). We thus have four sets of equations relating six variables.
Hence, by specifying two of these variables it is possible to determine the
remaining four. If Q and X are known it is possible to calculate V, B, d
and S, or, if Q and S are known it is possible to calculate V, B, d and X.
Since the sediment transport and the frictional characteristics depend upon
the sediment diameter, the relationships vary with sediment diameter
which should be regarded as an extra parameter. A computer program has
been written to solve the equations for a large number of cases and the
results have been arranged in the following sequence of tables. The fric-
tion factor (\), defined by X = 8(v«/V)?, was also determined for conve-
nience. For the calculations it was assumed that the specific gravity of the
sediment was 2.65 and that the kinematic viscosity was 0.00000114 m?/s
corresponding to value at 15°c.

The tables should only be used for channels through homogeneous
alluvium and should not be used where the composition of the bed and
banks are markedly different nor where there are constraints on the width
or depth such as the presence of inerodible material.

A full description of the approach and the calculation procedure is given
in White, Paris and Bettess, (1980a).



DESCRIPTION OF THE
TABLES

EXAMPLES OF USE OF
THE TABLES

There is a separate table for each particle size. The D;5 size should be
taken as the representative diameter and so once the Dj; size has been
determined the user should turn to the table with the particle diameter
closest to the given D, size. Along the top of each table there are values
of discharge in m3/s and down the left hand side of the table are values of
sediment concentration in parts per million, (ppm). The intersection of a
row and a column give the values of velocity in black, slope in red, depth
in blue, width in green and friction factor in brown, associated with the
sediment concentration shown on the left of the row and the discharge
shown at the top of the column. Thus in Table 1, appropriate for a D
size of 0.06mm, the characteristics of a stable channel with a discharge of
50m3/s and a sediment concentration of 80ppm are given at the intersec-
tion of the seventh column and the fifth row and indicate that the channel
should have an average velocity of 0.77m/s, a slope of 0.03/1000, a depth
of 3.23m, a surface width of 20.1m and a friction factor of 0.123. It is,
however, possible to use the tables in a number of different ways; if sedi-
ment size and any two values from the list; discharge, sediment concentra-
tion, velocity, slope, depth and width, are specified then the remaining
values can be determined, see the examples in the following section.

1) A channel is required to carry a discharge of 50m3/s with a sediment
concentration of 60ppm. The D, size of the bed material is 0.25mm.
What is the appropriate velocity, slope, depth and width?

Turn to Table 5, the appropriate table for a sand size of 0.25mm. The in-
tersection of the column corresponding to 50m3/s and the row correspon-
ding to 60ppm gives

velocity 0.78m/s
slope 0.13x 1073
depth 2.57m
surface width 25.1m

2) A channel is required to carry a discharge of 10m3/s at a slope
of 0.2 x 1073, the D, of the bed material being 0.35mm. What are
suitable stable dimensions for the channel?

Since the D;5 value is 0.35mm the appropriate table is Table 7. If one
looks down the column corresponding to a discharge of 10m3/s one can
see that the slopes corresponding to sediment concentrations of 10, 20, 40
and 60ppm are 0.09 x 1073, 0.13 x 1073, 0.19 x 10~3 and 0.24 x 1073,

The slope 0.19 x 1073 is closest to the required slope of 0.2 x 10~3 cor-
responding to a sediment concentration of 40ppm. So an approximation to
the required channel characteristics are given by

velocity 0.63m/s
depth 1.32m
surface width 12.1m

sediment concentration 40ppm
Interpolation within the table could be used to refine this estimate.

3)  An irrigation offtake abstracts water with a sediment concentration
of 40ppm. The water flows down a channel, the bed material of which has
a D5 size of 0.7mm, at a slope of 0.35 x 10~ 3. What must be the dimen-
sions of, and flow in the channel for it to be stable?

If D35 = 0.7mm then the appropriate table is Table 12. Looking at the
row corresponding to a sediment concentration of 40ppm we see that for a
channel slope of 0.35 x 103 we have
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discharge 2.0m3/s

velocity 0.57m/s
depth 0.62m
surface width 5.6m

Again, interpolation could be used to refine this estimate.
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APPENDIX

Basic parameters

n, A, m and C in terms of
D..

General function of Ackers
and White sediment transport
theory

White, Paris and Bettess
method for determining fric-
tional characteristics

Summary of equations of Ackers and White sediment transport theory and
the White, Paris and Bettess method for determining the frictional
characteristics

1) Dimensionless grain size
g(s— 1))%

D, =D (T
where

D s the sediment diameter (D = Ds; for graded sediments)
g is the acceleration due to gravity

s is the specific gravity

and

v is the kinematic viscosity

2)  Particle mobility

F — V*" V 1-n

¥ = J(gD(5—1)) ~/32logy (10d/D) :
where
vx is the shear velocity defined by v&« = /(gR)S

is the velocity of flow
d is the depth of flow

3)  Particle mobility, fine grains
Vi

Fp = -0,
" J(eD(s—1))
4)  Sediment transport
Xd V#
G, = — (=),
v =5
where

X is the sediment concentration

1) D, > 60, coarse sediments

n = 0.000
A = 0.170
m = 1.500
C = 0.025

2) 60 = D, = 1 transitional sizes

n = 1.00 — 0.56 logy, D,.
0.23
A = + 0.14
9.66
m = 6 + 1.34
C = 10286 logyD,. - (logy D,)? ~ 3.53)

F
. = C LA 1 I
G, (A )
F, - A 1
£ =1-076 1 -
F, - A exp [(logye Dg,)”]

DDB 7/88
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TABLE 1 TABLE 1

SAND SIZE 0.06 MILLIMETRES
VELOCITY (METRES/SEC)
SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10

SEDIMENT DISCHARGE (CUMECS)
CONCENTRATION
(PPM)
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.50 0 /53 0.55 0.59 0.61 0.64 0.68 0.71 0.74 0.78 0.82
0.150 0.113 0.085 0.059 0.044 0.033 0.023 0.017 0.013 0.009 0.007
10 0.50 0.70 0.94 1.37 1.83 2.42 3.46 4.58 5.85 8.16 10.42
.0 3.9 6.2 8.9 12.9 21.3 3057 46.2 78.1 Az
0.161 0.153 0.145 0.136 0.130 0.124 0.117 0.112 0.108 0.102 0.098
0.52 0.55 0.57 0.61 0.64 0.67 0.71 0.74 0.77 0.82 0.86
0.168 0.127 0.095 0.066 0.050 0.038 0.026 0.020 0.015 0.010 0.008
20 0.50 0.70 0.91 1.3% 1.78 2.36 3.38 4,42 5403 7.98 10.19
=9 2.6 3.8 8. 12.7 20.9 30.6 45,2 76.4 11457
0.164 0.155 0.148 0.138 0.132 0.126 0.119 0.114 0.110 0.104 0.100
0.54 Q57 0.60 0.63 0.66 0.70 0.74 0.77 0.81 0.86 0.90
0.188 0.142 0.107 0.074 0.056 0.043 0.030 0.022 0.017 0.012 0.009
40 0.48 0.67 0.90 1. 3% 1.74 2.29 3.37 4,31 5.59 7.80 9.95
1.9 2.6 3.7 6.0 8.6 12.5 20.0 30.1 44.3 74.8 112.0
0.167 0.158 0.150 0.141 0.135 0.129 0.121 0.116 0.111 0.106 0.102
0.56 0.59 0.61 0.65 0.68 0.71 0.76 0.79 0.83 0.88 0.92
0.201 0.153 0.115 0.080 0.060 0.046 0.032 0.024 0.018 0.013 0.010
60 0.48 0.67 0.88 1.28 1.7 2.27 3.26 4.25 ol ] 7.69 9.81
1.9 2.5 6.0 8.6 2.3 20.3 29.6 43.7 73.8 110.6
0.168 0.160 0.152 0.142 0.136 0.130 0.122 0=T1? 0.113 0.107 0.102
0.57 0.59 0.62 0.66 0.69 0.73 0.77 0.81 0.85 0.90 0.94
0.212 0.160 0.121 0.084 0.064 0.048 0.034 0.026 0.019 0.014 0.010
80 0.50 0.65 0.87 1.28 1.70 2.25 3.23 4.21 5.45 7.60 9.71
S.r 9 12.2 20.1 9.4 43_4 73.2 109.4
0.170 0.161 0.153 0.144 0.137 0.131 0.123 0.118 0.113 0.107 0.103
0.57 0.60 0.63 0.67 0.70 0.74 0.78 0.82 0.86 0.91 0.96
0.220 0.166 0.126 0.087 0.066 0.050 0.035 0.027 0.020 0.014 0.011
100 0.47 0.65 0.87 127 1.69 2.23 3.20 4.16 5.41 Tons 9.64
6 g 9 8 2.2 19.9 29.3 43.0 22.S - 108.6
0.171 0.162 0.154 0.144 0.138 0.132 0.124 0.119 0.114 0.108 0.104
0.60 0.63 0.66 0.70 0.74 0.77 0.82 0.86 0.90 0.96 1.00
0.249 0.189 0.143 0.100 0.076 0.058 0.040 0.031 0.023 0.016 0.012
200 0.46 0.65 0.84 1.23 1.64 21 Xrqa 4.07 5.28 7.36 9.40
3.6 5 X 11.9 8 41.9 7057 106.0
0.174 0.165 0.157 0.147 0.140 0.134 0.126 0.121 0.116 0.110 0.105
0.62 0.66 0.69 0.73 gl 0.81 0.86 0.90 0.95 1501 1.06
0.282 0.215 0.163 0.114 0.087 0.066 0.046 0.035 0.027 0.019 0.014
400 0.45 0.61 0.82 1.21 1.61 21 3.03 3.96 5.14 i 9.16
.8 2.5 .5 J 197 9.2 27.9 41.0 69.1 103.2
0.177 0.168 0.159 0.149 0.142 0.136 0.128 0.123 0.118 0-114 0.107
0.64 0.67 0.71 0.76 0.79 0 0.89 0.93 0.98 04 1.09
0.305 0.232 0.177 0.123 0.094 0.072 0.050 0.038 0.029 0.020 0.016
600 0.44 0.60 0.81 1.18 1.57 2.08 2.99 3.90 5.06 7.06 9.02
.8 2.5 3.5 5.6 11.5 18.8 27.5 40.4 68.0 101.8
0.179 0.169 0.161 0.151 0.144 0.137 0.129 0.124 0.119 0.112 0.108
0.65 0.69 0.72 0.77 0.81 0.85 0.91 0.9 1.00 06 1.11
0.322 0.245 0.187 0.130 0.099 0.076 0.053 0.041 0.031 0.022 0.017
800 0.43 0.60 0.80 LAY 1.56 2.06 2.96 3.86 5.00 6.98 8.92
1.8 2.4 S0 5.5 7.9 11.4 18.7 272 40.1 67 .4 100.6
0.180 0.171 0.162 0.152 0.145 0.138 0.130 0.125 0.119 0.113 0.109
0.66 0.70 0.73 0.78 0.82 0.87 0.92 0.97 1.01 1.08 113
0.336 0.256 0.195 0.136 0.104 0.080 0.056 0.043 0.032 0.023 0.017
1000 0.43 0.59 0.79 1.16 1555 2.05 2.93 3.82 4.96 6.92 8.84
1.8 2.4 3.4 5.5 7.9 11.2 8.5 il 39.8 66.8 99.7
0.181 0172 0.163 0.153 0.146 0.139 0.131 0.125 0.120 0.114 0.109
0.70 0.73 0.77 0.82 0.86 0.91 0.97 1.02 1.07 1.14 1.20
0.386 0.29%4 0.224 0.157 0.120 0.092 0.064 0.049 0.038 0.027 0.020
2000 0.42 0.57 0.77 A% 1.50 1.99 2.85 .72 4.84 6.74 8.60
1.7 2.4 3.4 5.4 Ty 9.1 18.1 26.4 38.5 6 97.1
0.184 0.175 0.166 0.155 0.148 0.141 0.133 0.127 0.122 0.115 02143
0.73 0.77 0.81 0.87 0.91 0.96 1.02 1.08 113 1.21 1.27
0.443 0.338 0.258 0.181 o.?s? 0.106 0.075 0.057 0.044 0.03 0.024
4000 0.41 0.56 0.75 1.10 1.48 1.92 2.76 3.61 4.69 6.55 8.36
L d 2% 3.3 5.2 7.4 10.9 e 25.7 37.7 63.3 94 .4
0.187 0.178 0.169 0.158 0.150 0.143 0.135 0.129 0.124 0117 0.112



TABLE 2
1000.0

500.0

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
FRICTION FACTOR *10

DEPTH (METRES)
WIDTH (METRES)

100.0

50.0

DISCHARGE (CUMECS)
20.0

10.0

e

1.0

SAND SIZE 0.10 MILLIMETRES
10

TABLE 2
SEDIMENT
CONCENTRATION
(PPM)

L TR o = o © o - N M ~ o \n 0 < o e | M r n = - © ~
) oo K Nee K B 0 S8y o BNin 60 PMo o NMam & 99s o D9m o DO = TRy -
Wolin? %ol oF ®ooms *olo® Somr® S2oa-l =32 Nosom Momuem NOcerR ¥OoNuina NoFnn

L L ] it BRI N * s L s e . LY bR ik, L} $%"a LIy L A N ML B LA
Coovwe Coonc OGQWm OG?MO TOoore TOwse TOwos TOwve 108%0 108%0 1D?N0 107”0

i - = =4 24 = = Oy

= M i =] 3 ~ 0 ~ « o wn 0 M M o ~ n o o N 0 o g 0
= Vo @ S0 o Vo o TN © SMo o 290 o Fin o Pune = N = NEL = Yoo
JJ?éW ®og+r Rosor %oMmor %Onrr 2O00- SOKmMmA TOSunM T Ovon NOmwn MOoman ¥omon
on?mm 007%& ®eNgo ®onme ©onme Toece TOemo TOvgo TOvmo TOv4o TOONe TOwmoo

M =] o ~ o N n n «© r~ L wn o M ] ~ = o (=4 ~ o o =4 ~
ey Stiin o MMy o BMin EMo o0 ¥90 © So « ¥00 « Bho N NOm A SO M NP M
Mofm® ®olel wommE Woune BolnE %Stom SoRen ©S08un ©OSon T.Slann Nemen Mecnn

B o Wy b B By ey DR ) By ei g hrie T N ¢ il e M TR ot Dl B . s S R o .o . bl S e ]
©Ounro Ponnec COnue PPnde POnto POyno TO¢ro TOwoo TO+oe TOgoe TOvwwe TO¢wvo

< + < 3 3 + N 3 3 " M "M

o 0 0 ~ b 0 wn ~ @® K o o ~ (=3 wn wn M (74} (=] - ~ o0 (3" e}
“Min o PMo Vo 00 TIr o NIw o Bung « Whep v PPV~ MOM N VO M I0m M FTOn <
Nomer JG16W Noror ®Woorm ®Boonn BOwwnw %0von RCnon SOnun CSreen TTmmn Neeoan

. . * Ll B il 8y 8 3 L T ] L | el . "0 . 8. L8] " oaie
Posne Poyrc ©Oyroc ©S0400 ©Omoc ©Cmoc OO9muc COmuo TOmMmho TOMAS TOmMwo T Omuno
M M " " " o N ~N o ~N ~N ~

« o 0 o N n I~ o o ~N n o ) © ~ M ~ B O o o © ) 0
w N iy o YN o B0n = M Q1 D0u N MOy m Bro 1 BN 3 ROy ¢ VO n
Vone? ROl RoRink NoZal RoBol WoRnd OB RrmnN Croan OrScn Orhen TNIND

« ¢ by & ey SN L TR ol e . L) BN 558 NS g a4t Aegigta) B85 4 ny
Somne CPOmro POmro POmro P9mro ©Onco CPCPnoo PCrnoo PONoC CPPneO TONKO TOMNMD
~N o~ o~ ~ o~ ~ - - - = - -

M - ~ o N n © o ) ~ N - ~ o n 0 o ) - ~ n - M o
Min ] Qg = Th Ny o Mo M Mo I O3 ¢ N &+ Thin in VT 0 Mo K
JDH?N Yoninm ©oTmn JON?N MSeon J1M?2 R Veoen Brgon XToon RAngn ONKew

S g .. L P IR e ' s CrE SR T TR s, o S TN
Conme Ponme Ponme POnne POnmo CPO0nnNe O0ecne OCeno O0~ne OO0cro O0ceo TO0e-ro

- - - - - - - - - - - -

0 7 o © o~ M o ~ 0 o = o = = ) 0 =4 o n M i, N LA o
o0 Moo Ny n MOy WO g MMy 3 OO 1n 0y 1n ¥0Ony 1n 970 v Ny N 9o ®
AONéN $0w4N Yoomm Yognn Vepra ATinoa Mogon @rainn OGN INIMmA ROmen OMmna
©ocog @000 ©9-00 ©Or0o OCcoo OCrwo OOr®Wo ©9-wo ©0rwo ©Ocwo ©Ocwo TOcno

~ n ~ ~ 0 o w o - o - o ) o o -+ =) ~+ o <
N Oy ﬁ O Op. B N B M Nay N NMe py ROp 1n MOy © YMp 0 O N Thin N Mt o TN O
Nomihn YVrnon Ymann Ymann 9Tadn 9Tenn MNeen Mdigon hficon ®Noon @WMornN O ot

¥4 v 9 ¥gs e Wi 0w 84 e . " i L] LA G e DR NN B hARE A M P e I S )
OC-0go CPOc0o POCcvo POcvo POcv0o POcvo PO0rvwo OP0rvo ©0cwo O9C9rine ©0+-no ©99ainc

N wn 0 n N - 0 wn {3 3% I~ n o n 0 - n 0 - o ™ - o o
M 0 3 00 + Oy ¢ ©O® n ¥No o O~ A TTin © Mt W WNhs o ©V¥p © WDy
51%2& 51%18 51%12 nrgon VrBon QNN JZN?Z MM coN 73B82 MMron @3gom BiNginm
Cogteo OOg+te ©Octo ©Ocwo OOcvo OCcme OO0gMo OOcMmo OOoMO ©OcMo O©OoMmo ©Same

0 o o n 0 o o o - W ) = 0 N~ o « N M n (=4 ~
= 0 M M0y ﬂ 3O ﬂ Wy in BNy In “0o K Fp @ WOp O WMy &0 OO0y O NDVy = =M N
Negomn Nrgon NNgon NNgon NNgon NN WMiar O a Ot Rnom Mininom @ AN 0

L T e B s e ) e A sl T Al B e Ay g
O oMo POgno COOgNo O0gnNo OC0pno P0oNo OCoNe ©@0goNe O0pNe O0pNe OCoNG O0oNS
< ~ o n © ~N o ~ ~ - o ) N 0 o M 0 ~N < ~N 0 o o ~N
WOg 3 @I 1n NGOy g MOy 9 TN ~ Mlhpg 0 TNy OO MO+ O NINe- = WOe = OMg M Vg
FNyepy NNy Ny WN ey WM ey 53402 Wtsomn YNgom YNgom QWNmom Mhpmom MOWMom

o Al 30 I R A A e I A T L Wit Tl IR r R Ty R e e T el e
O0Opongp OConNo POgno ©O0cno OConNe O0cNe ©O0gND ©O0gr0 OCa~0 000 O0gr0O O0a-O

=] =] o =] =3 =3 =] =) = o o =

N ~ o © =] =] =] =] =] = =} =

= ~N 3 o @© =] =] =
- ~N -



TABLE 3

SAND SIZE 0.15 MILLIMETRES

SEDIMENT

CONCENTRAT10N
0.5 1.0 2.0
0.44 0.46 0.49
0.192 0.150 0.118
10 0.9 0.67 0.90
2.3 5.2 4.6
0.286 0.277 0.269
0.46 0.48 0.51
0.234 0.186 0.147
20 0.47 0.64 0.86
2.3 3.2 4.
0.308 0.298 0.290
0.48 0.51 0.54
0.292 0.233 0.186
40 0.45 0.62 0.82
2.3 302 4.5
0.332 0.322 0.312
0.50 0.53 0.57
0.335 0.268 0.215
60 0.44 0.59 0.80
255 3.2 bl
0.347 0.336 0.326
0.51 0.55 0.58
0.370 0,297 0,238
80 0.43 0.58 0.78
2.5 3.1 b b
0.358 0.347 0.336
0.53 0.56 0.60
0.401 0.322 0.259
100 0.43 0.57 0.76
2.2 34 4.
0.367 0.355 0.344
0.56 0.60 0.64
0.517 0.418 0.339
200 0.40 0.54 0.73
3.9 4.3
0.394 0.381 0.369
0.61 0.65 0.70
0.676 0.550 0.448
400 0.38 0.52 0.69
2 3.0 4,2
0.423 0.%408 0.394
0.64 0.68 0.73
0.796 0.650 0.531
600 0.37 0.50
2 2.9
0.440 0.424 0.409
0.66 0.71 0.76
0.896 0.732 0.601
800 0.36 0.49 0.64
2.1 2.9 1
0.453 0.436 0.425
0.68 0.73 0.78
0.983 0.805 0.661
1000 0.35 0.48 0.63
2.1 -9
0.462 0.445 0.428
0.74 0.80 0.86
1,323 1.088 0.897
2000 0.33 0.45 0.59
2.0 2.8 3.9
0.492 0.472 0.454
0.82 0.89 0.95
1.800 1.486 1.230
4000 0.31 0.42 9. 57
1.9 2.7
0.521 0.500 0.486

6.4
0.391
0.84
0.463
0.94
6.3
0.401
0.87
0.510
0.92
6.3
0.408
0.95

0.697
0.87

6.0
0.438
1.05
0.960
0.82

5.8
0.462

TABLE 3

VELOCITY (METRES/SEC)

SLOPE *1000
DEPTH (METRES)

WIDTH (METRES)
FRICTION FACTOR *10

DISCHARGE (CUMECS)

10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.55 0.58 0.63 0.67 0.70 0.76 0.80
0.069 0.055 0.041 0.033 0.026 0.020 0.016
1.74 2.30 3.31 4.40 5.64 7.91 10.22
10.4 14.9 24.1 34.0 50.4 83.1 121.9
0.253 0.247 0.240 0.235 0.230 0.224 0.223
0.59 0.62 0.67 0.71 0.76 0.82 0.87
0.087 0.070 0.052 0.042 0.034 0.026 0.021
1.67 2.20 3.76 4.4 5.37 7.59 9.76
10.2 14 .6 23.5 33.9 49.1 80.5 1AT7
0.272 0.266 0.258 0.252 0.246 0.243 0.238
0.63 0.67 0.72 0.77 0.82 0.89 0.95
0.112 0.090 0.068 0.055 0.045 0.034 0.028
1.59 2.19 3.01 3.93 5.12 7.23 9.28
10.1 13.6 22.9 33.1 47.5 77.8 113.5
0.293 0.290 0.276 0.269 0.263 0.259 0.253
0.65 0.70 0.76 0.81 0.86 0.94 1.00
0.130 0.105 0.080 0.065 0.053 0.041 0.033
1.54 2.03 2.92 3.82 4.98 7.02 9.02
9.9 14.2 22.6 32.3 46.8 76.0 110.6
0.305 0.297 0.287 0.280 0.277 0.269 0.262
0.68 0.72 0.78 0.84 0.89 0.98 1.04
0.146 0.118 0.090 0.073 0.060 0.046 0.038
1.55 1.99 2.85 3.74 4.88 6.95 8.83
9.4 14.0 22.4 31.9 46.0 73.2 108.6
0.314 0.306 0.295 0.287 0.284 0.275 0.269
0.69 0.74 0.81 0.86 0.92 1.00 1.08
0.159 0.129 0.098 0.081 0.066 0.051 0.042
1.48 1.96 2.80 3.66 4.80 6.74 8.68
9.8 13.8 22.1 31.8 45.5 73.9 107.1
0.321 0.312 0.301 0.296 0.290 0.280 0.274
0.75 0.80 0.88 0.94 1.01 1.4 1.19
0.210 0.172 0.132 0.108 0.089 0.069 0.057
1.40 1.85 2.67 3.49 4.53 6.39 8.21
9.5 13.5 21.4 30.5 43.8 70.7 102.3
0.343 0.333 0.325 0.316 0.307 0.297 0.289
0.82 0.88 0.96 1.04 1.11 1e23 1.32
0.281 0.231 0.179 0.147 0.122 0.095 0.079
1.32 1.74 2.52 3.28 4.29 6.03 7.74
9.2 139 20.6 29.4 41.8 67.5 97.7
0.365 0.354 0.344 0.334 0.325 0.312 0.303
0.87 0.93 1.02 1.10 1.18 1.31 1.41
0.335 0.276 0.214 0.177 0.147 0.115 0.095
1.28 1.69 2.43 3.18 4.13 5.82 7.49
9.0 12.8 20.1 28.6 40.9 65.6 9.6
0.378 0.371 0.356 0.345 0.334 0.321 0.312
0.90 0.97 1.07 1.15 1.24 1.38 1.48
0381 0.314 0.244 0.202 0.168 0.132 0.109
24 1.65 e 3.0 4.04 5.75 7.31
12.5 199 28.1 40.0 62.9 92.5
0,387 0.380 0.364 0.352 0.341 0.327 0.318
0.93 1.00 1.10 1.20 1.28 1.42 1.53
0.421 0.347 0.271 0.225 0.186 0.146 0.122
1.22 1.62 2.32 3.710 3.96 5.56 7.17
8.8 12.4 19.5 26.9 39.4 63.3 91.0
0.400 0.387 0.370 0.358 0.347 0.332 0.322
1.03 141 1.24 1.33 1.43 1.59 1.72
0.578 0.478 0.375 0.311 0.260 0.204 0.171
1.16 1.52 2.23 2.86 3.72 5.24 6.73
8.4 11.9 18.1 26.4 3¢5 60.0 86.2
0.422 0.407 0.388 0.375 0.363 0.347 0.336
1.14 1522 137 1.49 1.61 1.79 1.94
0.797 0.663 0.521 0.435 0.363 0.287  0.241
1.08 L 43 2.05 2.68 3.%49 4.91
8.1 17.8 25.1 35.5 56.8 81,7
0.%44 0 427 0.407 0.392 0.378 0.361 0.349



TABLE

SAND SIZE 0.20 MILLIMETRES

SEDIMENT
ONCENTRATION

(PPM

10

20

40

60

80

100

200

400

600

1000

2000
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0.73
1.049
0. 4%
3.1
0.558
0.75

1.177¢
0.43

- P
0.573
0.84

1.698
0.40

0.619
0.95

14

0.665

0.599

1.03

2.118
0.49

0.641

DISCHARGE (CUMECS)

10.0
0. 54

10.9
0.287

0.58
0.101

1.60
10.8

0.317

0.62
0.136
1.50
10.7
0.350

0.65

0.164
1.44

10.6
0.370

0.68
0.187
b

10.6
0.384

0.70

0.208
2

10.4
0.396

0.77

g,
2.2

10.1
0.432

0.85

0.417
b [l )

9.8
0.469
0.91

0.517
1415

0.490
0.95

0.603
1 11

0.506
0.99
0.680
08

0.517
1.12

0.999
1.00

8.9
0.554
1.26
1.480
D.ég

8.5
0.597

0.502

1.22

0.856
1.31

12.6
0.536

1.38
1.273
1.23

11.8
0.576

0.410

1.03

0.284
2.26

21.6
0.442

1.10

0.35
2]

gt
0.460

1. 16

.41
%.0§

20.7
0.473

1.21

0.471
2.05

20.3
0.483

1.36

0.699
1.90

0. 521
156
1f9£?
18.3

0.550

VELOCITY (METRES/SEC)
*1000

EPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10



TABLE 5

SAND SIZE 0.25 MILLIMETRES

SEDIMENT

CONCENTRATION
(PPM)
0.5
0.42
0.207
10 0.48
2.5
0.325
0.44
0.265
20 0.45
2.5
0.366
0.47
0.351
40 0.42
rah ]
0.407
0.49
0.418
60 0.40
2.5
0.438
0.50
0.477
80 0.39
2.6
0.460
0.52
0.529
100 0.38
25
0.479
0.56
0.745
200 0.35
2.6
0.540
0.61
1.074
400 0.33
2.5
0.606
0.65
1.343
600 0.31
2.5
0.646
0.68
1.581
800 0.30
2.5
0.675
0.70
1.799
1000 0.29
2.4
0.697
0.79
2.713
2000 0.27
2.4
0.779
0.90
4.168
4000 0.25
2.2
0.853
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0.163

13.1
0.658
1.51
2.084
1.07
12.4
0.704

DISCHARGE (CUMECS)

50.0

1.28
0.714
1.83
21.4
0.590

1.48
1.120
1.67
20.2
0.632

1.71
1= £
1.53

192.0
0.683

TABLE

VELOCITY (METRES/SEC)
SLOPE *1000

DEPTH (METRES)

WIDTH (METRES)
FRICTION FACTOR *10

200.0 500.0 1000.0
0.70 0.77 0.82
0.037 0.029 0.025
5.26 7.39 9.53

54.0 88.1 127.6
0.303 0.302 0.302
0.77 0.84 0.91
0.053 0.043 0.036
4.91 6.89 B8.92

53.0 85.9 123.3
0.339 0.337 0.335
0.85 0.94 1.02
0.077 0.063 0.054
4.57 6.43 8.30

51.3 82.7 118.3
0.377 0.373 0.370
0.91 1.02 1.09
0.097 0.080 0.069
4. 37 6.27 7.94

50.6 78.3 115.4
0.400 0.395 0.391
0.95 1.06 1.15
0.114 0.095 0.082
4.23 5.95 7.67

49.9 79.6 113.4
0.417 0.410 0.405
0.99 1.10 1.20
0.131 0.108 0.094
4.12 5.80 7.48

49.3 TEL3 111.5
0.430 0.422 0.416
1.12 1.25 1.37
0.199 0.186 0.145
3.79 5.35 6.91

47.2 74.9 105.2
0.470 0.464 0.450
1.29 1.44 1.59
0.307 0.258 0.227
3.55 4.92 6.34

43.6 70.4 99.4
0.509 0.494 0.483

39 1.57 1.72
0.397 0.336 0.296
3.32 4.66 6.06

43.4 68.2 95.9
0.531 0.515 0.509
1.48 1.66 1.83
0.478 0.405 0.359
3.20 4.52 5.83

42.3 66.5 93.6
0.547 0.536 0.523
58 1.75 1.93
0.553 0.470 0.416
< 2T B 4.40 5.67

41.6 65.0 91.4
0.559 0.547 0.533
1.79 2.04 2.26
0.875 0.746 0.663
2.85 4.02 5.18

39.1 60.8 85.4
0.604 0.580 0.562
2.12 2.41 2.71
1.394 1. 192 1.063
2.66 3.67 4.82

35.4 56.5 76.6
0.637 0.611 0.589
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TABLE

6

TABLE

DEPTH (METRES)

VELOCITY (METRES/SEC)
WIDTH (METRES)

SLOPE *1000
FRICTION FACTOR *10

SAND SIZE 0.30 MILLIMETRES

DISCHARGE (CUMECS)

SEDIMENT

20.0 50.0 100.0 200.0 500.0 1000.0

10.0

1.

CONCENTRATION

(PPM)

10

20

40

60

80

100

200

1.67
0.324
5.79

103.5
0.

1.51
0.361
4 .49

73.7
0.573

400

1.45
0.554

1.31

0.618

1.19
0.690

600

0.629 0.616

0.649

800

1000

2000

1.12
4,359

1.02

4.885

0.92
5.470

0.29
0.946

0.22

0.977

4000

0.930



TABLE 7

SAND SIZE 0.35 MILLIMETRES

SEDIMENT
CONCENTRATION
(PPM)
0.5 1.0
0.43 0.45
0.218 0.176
10 0.47 0.63
2.5 3.5
0.328 0.326
0.45 0.48
0.284 0.233
20 0.43 0.58
2.6 3.6
0.373 0.371
0.47 0.50
0.384 0.321
40 0.40 0.54
2.6 3.7
0.433 0.432
0.49 0.52
0.468 0.395
60 0.38 0.51
2.7 3.8
0.474 0.473
0.50 0.54
0.542 0.461
80 0.37 0.49
2.7 3.8
0.506 0.505
0.51 0.55
0.610 0.522
100 0.36 0.47
2.7 3.8
0.532 0.530
0.56 0.60
0.903 0.784
200 0.32 0.43
2.8 3.9
0.620 0.617
0.61 0.66
1.382 1:215
400 0.29 0.38
2.8 3.9
0.719 0.720
0.65 0.72
1.795 1.591
600 0.27 0.36
2.8 3.9
0.782 0.772
0.68 0.75
2.174 1.933
800 0.26 0.34
2.8 3.9
0.827 0.815
0.71 0.78
2.529 2.256
1000 0.25 0.33
2.8 3.9
0.864 0.849
0.81 0.89
4.104 3.695
2000 0.22 .30
2.8 1.8
0.979 0.957
0.93 1.04
6.791 6.161
4000 0.20 0.26
27 3.7
1.098 1.066
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TABLE

VELOCITY (METRES/SEC)
SLOPE *1000

DEPTH (METRES)

WIDTH (METRES)
FRICTION FACTOR *10

200.0 500.0 1000.0
0.71 00T 0.83
0.044 0.037 0.032
4.97 6.97 B8.96

57.0 93.0 134.5
0.342 0.348 0.350
0.78 0.86 0.92
0.067 0.056 0.050
4.52 6.37 8.25

56.8 91.2 137.3
0.388 0.392 0.404
0.87 0.96 1.04
0.104 0.08%9 0.079
4.13 2. K 7.51

55.9 89.5 127.9
0.446 0.448 0.458
0.93 1.04 1.13
0.136 0.117 0.105
3.89 5.48 7.09

55.5 87.7 125.0
0.481 0.481 0.488
0.98 1.10 1.20
0.166 0.144 0.129

4 5.24 6.80

54.8 86.8 122.8
0.507 0.505 0.511
1.02 1.14 1.25
0.194 0.169 0.152

[ 6.57

54.3 86.1 121.5
0.527 0.534 0.528
1547 1.32 1.46
0319 0.279 0.254
3.2 4.60 5.94

SZ.5 82.1 11352
0.590 0.590 0.584
1.36 1.55 1.73
0.531 0.470 0.430
2.94 4.13 - .

50.2 TL~9 108.5
0.662 0.648 0.630
1.49 1.72 1.92
0.722 0.642 0.588

k] 3. 5.00

48.8 75.4 104.2
0.698 0.673 0.660
1.60 1.85 2.06
0.899 0.801 0.737

3 3.70 4.78

47 .4 TSl 101.5
0.716 0.696 0.680
1.69 1.96 2.19
1.068 0.953 0.877

3.58 4.62

46.9 71.4 98.7
0.735 0.713 0.695
2.03 2.35 2.64
1.831 1.642 1.516
2.29 3 4.15

43.0 66.3 9.3
0.792 0.763 0.741
2.44 2.84 3.18
3.163 2.853 2.639
2.04 2.90 Jif3

40.2 60.7 84.2
0.846 0.820 0.795
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TABLE
1000.0
0,359

WIDTH (METRES)
500.0
0.353

FRICTION FACTOR *10

0.345

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
DEPTH (METRES)

50.0 100.0

DISCHARGE (CUMECS)
20.0

10.0

1.0

SAND SIZE 0.40 MILLIMETRES
10

CONCENTRATION

SEDIMENT
(PPM)

TABLE 8
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TABLE 9
1000.0

FRICTION FACTOR *10
500.0

DEPTH (METRES)
WIDTH (METRES)

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
DISCHARGE (CUMECS)
20.0 50.0 100.0

10.0

1.0 5.

9
SAND SIZE 0.45 MILLIMETRES

TABLE
SEDIMENT
CONCENTRATION
(PPM)
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TABLE 10 TABLE 10

SAND SIZE 0.50 MILLIMETRES
VELOCITY (METRES/SEC)

SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)

FRICTION FACTOR *10

SEDIMENT
S T e DISCHARGE (CUMECS)
(PPM)
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.45 0.47 0.50 0.53 0.56 0.60 0.64 0.68 0.73 0.81 0.86
0.237 0.191 0.156 0.121 0.101 0.086 0.070 0.060 0.053 0.045 0.040
10 0.46 0.62 0.81 1.15 1.51 1.96 2.76 3.57 4.59 6.60 8.24
p 3.4 5.0 8.2 11.8 1754 28.2 41.0 59.8 93.8 141.9
0-323 0.321 0.322 0.320 0.324 0.329 0.338 0.346 0.354 0.370 0.376
0.47 0.49 0.52 0.56 0.60 0.63 0.69 0.74 0.79 0.88 0.95
0.309 0.256 0.214 0.171 0.146 0.126 0.106 0.094 0.083 0.073 0.066
20 0.42 0.56 0.73 1.05 1.36 1.76 2.47 3.20 4.12 5.74 7.35
2.5 3.6 5.3 8.5 12.%4 17.9 29.3 42.2 61.1 99.2 143.3
0.372 0.372 0.375 0.381 0.387 0.395 0.405 0.415 0.424 0.436 0.445
0.49 0.52 0.55 0.60 0.64 0.68 0.75 0.81 0.88 0.98 1.09
0.425 0.360 0.307 0.253 0.222 0.196 0.168 0.151 0.137 0.122 0.113
40 0.38 0.51 0. 0.93 121 157 2.20 2.84 3.64 5.06 6.67
2T 3.8 5.5 9.0 13.0 18.5% 30.2 43.3 62.3 100.4 137.7
0.441 0.445 0.449 0.457 0.465 0.473 0.485 0.494 0.502 0.513 0.522
0.50 0.53 0.57 0.62 0.67 0.72 0.80 0.87 0.94 1.06 1.16
0.524 0.449 0.389 0.326 0.289 0.258 0.225 0.204 0.187 0.168 0.156
60 0.36 0.47 0.61 0.87 1.13 1.46 2.03 2.63 3.38 4.70 6.02
2.8 4.0 B 9.2 13.2 19.1 30.8 43.8 62.6 100.3 143.0
0.490 0.494 0.500 0.509 0.517 0.526 0.536 0.545 0.553 0.561 0.567
0.51 0.55 0.59 0.66 0.69 0.75 0.84 0.91 0.99 5@ 1.24
0.615 0.532 0.464 0.395 0.351 0.316 0.278 0.254 0.234 0.211 0.197
80 0.34 0.45 0.5 0.87 1.07 1.38 1.93 2.48 3.20 4.46 5.7
2.9 4.0 BB 8.8 13.5 19.3 31.0 44.3 62.8 99.9 141.8
0.529 0.534 0.540 0.554 0.557 0.565 0.576 0.583 0.589 0.597 0.600
0.52 0.57 0.60 0.66 0.72 0.78 0.87 0.95 1.04 1.18 1.30
0.699 0.611 0.536 0.458 0.412 0.371 0.328 0.302 0.279 0.253 0.237
100 0.33 0.45 0.56 0.79 0 1.32 1.85 2.38 3.05 4.26 5.47
2.9 3.9 5.9 9.5 13.8 19.5 3% 44.3 63.1 99.7 140.9
0.562 0.571 0.573 0.582 0.589 0.597 0.607 0.613 0.618 0.624 0.627
0.56 0.61 0.66 0.73 0.80 0.87 0.99 1.08 1.20 1.37 17252
1.078 0.958 0.858 0.751 0.684 0.628 0.566 0.526 0.491 0.452 0.426
200 0.29 0.38 0.49 .69 0.89 1,95 1.61 2.06 2.67 £ 4% 4,76
3.0 4.3 6.2 9.9 14.0 19.9 31.6 448 62.5 98.1 137.9
0.677 0.682 0.687 0.694 0.700 0.704 0.709 0.711 0.712 0.711 0.709
0.62 0.66 0.73 0.83 0.91 1.00 1.14 1.27 1:41 1.62 1.81
1.734 1.572 1.427 1.274 1.176 1.092 0.998 0.938 0.882 0.819 0.778
400 0.26 0.32 0.43 0.61 0.78 1.00 1.39 1.81 2.32 3.23 4.14
3.2 4.8 6.3 10.0 14.2 20.0 31.6 43.4 61.5 95.3 133.2
0.813 0.829 0.817 0.820 0.820 0.820 0.817 0.813 0.808 0.798 0.789
0.64 0.72 0.79 0.89 0.98 1.09 1.25 1.39 1.55 1.80 2.03
2.336 2:127 1.951 1787 1.633 1.527 1.403 1.323 1.252 1.169 1.113
600 0.23 0.31 0.40 0.56 =7 0.93 1.29 .66 2.13 2.95 3.82
3.4 4.5 6.4 10:1 14.2 19.7 31.1 43.3 60.4 94.1 129.1
0.919 0.902 0.900 0.897 0.894 0.889 0.881 0.873 0.863 0.848 0.836
0.70 0.74 0.83 0.94 1.05 1.16 1.35 1.50 1.68 1.95 2.19
2.897 2.660 2.449 2.220 2.074 1.943 1.797 1.697 1.609 1.507 1,438
800 0.23 0.29 0.37 0.52 0.68 0.87 1.23 1.57 2.01 2.8 3.61
3.1 4.7 6.5 10.2 1 19.8 30.0 42.6 59.2 91.2 126.4
0.970 0.986 0.970 0.954 0.947 0.939 0.926 0.915 0.902 0.883 0.867
0.71 0.79 0.85 1.00 1.10 1.20 1.42 1.58 1.79 2.08 2.34
3.438 3.166 2.937 2.670 2.498 2.349 2.176 2.061 1.960 1.838 1,756
1000 0.21 0.28 0.35 0.50 0.64 0.79 1.16 1.49 1.94 2.69 3.45
3.3 4.5 6.7 5 14.1 21:1 30.5 423 57.7 89.5 123.9
1.021 1.016 1.030 0.998 0.989 0.987 0.962 0.948 0.932 0.910 0.891
0.81 0.90 1.00 1416 1.29 1.46 1.70 1.84 2.16 2.53 2.88
5.973 5_557 5.197 4.788 4.516 4.275 3.993 3.807 3.631 3.425 3.286
2000 0.18 0.24 0.31 = 0.56 0. 72 1.01 e 1.67 2:33 3.03
3.4 4.7 6.5 10.1 13.9 19.1 29.3 4b . 4 55.4 84.6 14.4
1.196 A8 1.164 1.140 1.129 1.099 1.070 1.061 1.022 0.989 0.962
0.94 1.05 1.18 1.37 1.55 1.74 2.06 2.32 25 3.13 3.54
10.608 9.963 9.392 8.738 8.285 7.886 7.410 7.088 6.79%4 6.433 6,185
4000 0.16 0.21 0.26 0.37 0.48 0.62 0.87 B K52 2.04 2.64
3.3 4.6 6.4 . 13.4 18.6 27.9 38.3 48.7 78.1 107.1
1.382 1.352 1.323 1.282 1.250 1.218 =174 12144 1.102 1.063 1.045
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TABLE 11
1000.0

VELOCITY (METRES/SEC)
500.0

SLOPE *1000
FRICTION FACTOR *10

WIDTH (METRES)

DEPTH (METRES)
200.0

50.0 100.0

DISCHARGE (CUMECS)
20.0

10.

1.0 5.0

10
20

SAND SIZE 0.60 MILLIMETRES
40

CONCENTRATION

SEDIMENT
(PPM)

TABLE 11
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TABLE 12

SAND SIZE 0.70 MILLIMETRES

SEDIMENT
CONCENTRATION
(PPM)
0.5 1.0
0.48 0.50
0.268 0.217
10 0.45 0.60
rif 3.3
0.315 0.316
0.49 0.52
0.349 .
20 0.41 00.5849
2.5 (-
0.368 0.369
0.51 0.54
0.481 5
40 0.37 %.J?
25d, 3.8
0.441 0.445
0.52 0.56
0.597 0.516
60 0.34 0.45
2.8 4.0
0.494 0.501
0.53 0.57
0.704 0.616
80 0.33 0.42
25 4.2
0.537 0.545
0.54 0.58
0.806 0711
100 (B 0.40
3.0 4.3
0.574 0.583
0.58 0.62
1.275 1.150
200 0.27 0.35
3.2 4.6
0.708 0.718
0.63 0.68
2.121 1.956
400 0.23 0.29
3.4 5.0
0.873 0.883
0.66 0.73
2.916 2.718
600 0.20 0.26
e I Bos2
0.979 0.989
0.69 0.76
3.687 3.460
800 0.19 0.2
3.8 5.
1.065 1.071
0.72 0.79
4. 443 4.190
1000 0.18 0.23
S 5.6
1.134 1.138
0.81 0.89
8.103 7.741
2000 0.15 0.19
4.2 6.0
1.370 1.363
0.%? 1.02
15.194 14.666
4000 0.12 0.15
4.5 6.4
1.631 1.610
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DISCHARGE (CUMECS)

20.0

0.63
%.098

50.0

TABLE 12

VELOCITY (METRES/SEC)

SLOPE *1000

DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10

200.0 500.0 1000.0
i 0.83 0.89
0.063 0.054 0.049
.29 5.93 7.54
61.1 101.5 1494
0.360 0.377 0.389
0.82 0.91 0.98
0.102 0.091 0.085
3.75 5.12 6.53
64.8 107-9 156.7
0.440 0.458 0.472
0.91 1.01 1.09
0.175 0.160 0.151
3.21 4.3 5.54
68.9 113.4 165.1
0.535 0.553 0.566
0.96 1.08 1.18
0.244 0.227 0.215
2.90 3.96 4.99
Th T 116.8 170.2
0.596 0.614 0.626
1.01 1.14 1.24
0.312 0.291 0.279
2.70 3.66 4.59
73.3 120.4 175.4
0.643 0.657 0.667
1.05 1.18 1.30
0.378 0.355 0.341
2.55 3.45 4.33
74.8 122.5 177.7
0.681 0.693 0.702
1.20 1.36 1.50
0.700 0.668 0.848
2.10 2.83 3.54
79.5 130. 1 1884
0.802 0.810 0.814
1.38 1.58 1.75
1.329 1.281 1.251
{72 2.31 2.86
84.0 136.8 199.5
0.934 0.933 0.931
1.53 1.75 1.94
1.951 1.889 1851
1.55 2.06 2.56
84.5 139.3 201.8
1.013 1.007 1.000
1.62 1.87 2i12
2.567 2.496 2.455
1.40 1.88 2.42
87.9 142.9 1944
1.071 1.060 1.047
157 1.99 220
3.183 3.104 3.051
L) 1.77 2.19
89.7 142.2 207.0
1.116 1.100 1.087
2.06 2.36 279
6.260 6.136 6.064
1.08 1.42 1.84
89.5 148.9 200.2
1.254 1.228 1.200
2.39 2.83 .15
12,4345 eioionge iqoeaso
0.8 1.13 1.38
102.0 157.1 229.9
1.404 1.358 1.328



TABLE 13
1000.0

VELOCITY (METRES/SEC)
500.0

SLOPE *1000

DEPTH (METRES)
FRICTION FACTOR *10

WIDTH (METRES)

20.0 50.0 100.0 200.0

DISCHARGE (CUMECS)

10.0

2.0

1.0

SAND SIZE 0.80 MILLIMETRES
10

CONCENTRATION

SEDIMENT
(PPM)

TABLE 13
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TABLE 14 TABLE 14

SAND SIZE 0.90 MILLIMETRES
VELOCITY (METRES/SEC)
SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10

SEDIMENT DISCHARGE (CUMECS)
EgggENTRATIDN
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.50 0.53 0.55 0.59 0.62 0.66 0.71 00{.);5 0.80 0.87 0693
0,3 0,2 : 0.112 0.092 1 0.073 0.064 0.
10 0292 05248 0.99 °a?38 01?21 1.80 2351 3.20 4.09 5.60 ?.35
o 3.2 4.7 7.8 11.4 16.8 28.1 41.5 61.2 102.8 152.9
0.316 0.313 0.312 0.319 0.323 0.325 0.337 0.348 0.361 0.379 0.394
0.51 0.54 0.57 0.62 0.65 0.70 0.75 oo.sg oo;g? 00133 0118;
27 4 o1 i
20 00;243 °o;§3§ 012)5. 613 oas?ig 01?'.'33 Oﬁ?gg 02‘.'13 2.;6 63.6. 560 . 73 65-%3
5 _ : . 12,4 17.5 30.5 450 : 4 166.
0.374 0.379 0.372 0.380 0.389 0.403 0.416 0.431 0.446 0.467 0.483
0.53 0.56 0.60 0.65 0.69 0.74 0.81 0.87 0.93 1.03 01ig§
0,2 0.1 2
40 %2.5§62 %3‘.'%% %55'866 %9?33? 0113 ?863 "210?5;5 "313?25:% "%?573 3244 3 328 .84
: s ) : 3 3 3 49. 74.0 1 185.0
0.441 0.447 0.454 0.471 0.480 0.495 0.515 0.531 0.548 0.569 0.585
0.55 0.58 0.62 0.67 0.72 0.77 0.85 0.91 Ooégg 012;;0 1.19
0,5 .37 .335 0.315 : .281 0.272
60 04538 09283 0238 05442 06?33 01?2? 01?25 2.0 2.58 3.42 422
2.8 4.0 5.9 9.8 145 21.5 35.6 9 78.5 133.5 200.0
0.496 0.504 0.514 0.530 0.545 0.560 0.583 0.600 0.615 0.636 0.651
0.56 0.59 0.63 0.69 0.74 0.80 0.88 0.95 01333 013;Z 015§g
625 0.547 4 . 46k 0.426 0.403 . <
80 °0§29 00?28 °6.§1 6?71 00? 3 01??2 1,50 89 2.3 398 3.8
2.8 4.2 P 102 151 22.4 37.8 82.5 140.3 211.3
0.542 0.550 0.562 0.581 0.596 0.612 0.632 0.650 0.667 0.687 0.701
0.57 0.60 0.65 0.71 0.76 0.82 0.91 0.98 1.09 01£;g 01553
9 .51 0.490 0.471 4 "
100 00.13 06?33 00?23 “o?éz 00?32 01?32 01?4? 15cH 2.28 2.87 3251
3 4 6.3 0.7 6 23.1 38.9 582 81.0 146.8 221.7
0.580 0.591 0.603 0.622 0.639 0.656 0.676 0.692 0.712 0.728 0.741
0.60 0.65 0.69 0.77 0.83 0.91 1.00 1.08 01533 01535 01523
1 2 1,009 953 0.922 .896 ¥ 2
200 0??; 10??? 10?2? 10]?9 10?23 693& 01.13 1:37 1.70 2.19 2.63
3.3 4 % 11.8 17.5 25.0 4 67.3 99.2 172.6 265.4
0.723 0.738 0.751 0.771 0.787 0.806 0.823 0.836 0.850 0.862 0.871
0.63 0.69 0.71 0.84 0.92 1.00 1513 11%33 1.33 1 4; 11%32
2.4 1.888 1.81 1.74 179 :
400 0 37 25318 25138 2505 16??5 0 37 0.88 09 5 161 1.88
3.8 5.5 10.0 3.4 19.6 29.7 51.1 74 116.4 211.9 338.0
0.931 0.935 0.943 0.949 0.964 0.976 0.990 0.999 1.005 1.012 1.014
0.68 0.74 0.80 0.90 0.97 1207 1 gg 2163; 2133; 21 ;g 21523
2.7 2.6 .64 5
o el e el o al - WSl b L e
L . . b -
1.024 1.037 1.058 1.067 1.098 1.087 1.095 1.100 1.104 1.106 1.107
0.70 0.76 0.83 0.93 1.02 1.2 1.24 31536 31£?§ 31;23 3132;
R e T R B R L e 6°88 643 i ;48]
4. G 9.2 15.5 23.0 34,2 61.4 91.9 148.3 283.5 476.1
1.12 1.132 1.143 1.163 1.165 1.169 1.175 AT T 1.179 1.177 1.176
0.72 0.79 0.86 0.96 1.05 1413 1.29 1.41 1.sg 413?3 41353
4 4 434 4.386 4.34
1000 5634 36 125 “69 4 45733 40?53 d??? 6.59 .72 .82 0.96 05
4.4 6.5 9.6 16.5 24.6 39.2 4 98.0 163.0 318.6 556.0
1.200 1.2170 1.219 1.228 1.240 1.255 1.239 1.239 1.237 1.235 1.223
0.80 0.87 0.96 1.07 1.21 1527 8164; 81653 81%gz 81923 81523
9.1 971 .86 .81 E : s
2000 100??? 9(5.7-?? gdf'g 96.21? 0. '|2 E!o.z.t. 0.42 0.47 0.52 0.56 0.68
5.0 7.5 1,2 19.7 26.9 46.2 85.6 141.9 2454 544.6 809.5
1.478 1.479 1.476 1.473 1.467 1.465 1.456 1.449 1.445 1.441 1.427
0.89 0.98 1.06 1.19 127 1.39 1650 1635 71é$§ 1?1égg 1?1522
4 047 17.946 iy & 17 2 =
T e s A e R A o IR SRR IR LT 6.27 6730 G.35 6:33 6.34
5. 8.7 13.5 24.5 39.8 61.4 122.1 214.5 391.6 913.0 1776.6
1.798 1.784 1772 1.752 1.736 1.726 1.710 1.701 1.694 1.691 1.690



TABLE 15 TABLE 15

SAND SIZE 1.00 MILLIMETRES
VELOCITY (METRES/SEC)
SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10

SEDIMENT DISCHARGE (CUMECS)
CONCENTRATION
(PPM)
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.52 0.54 0.57 0.60 0.64 0.68 0.73 0.77 0.82 0.89 0.95
0.33 0.26 0.21 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.06
10 0.44 0.58 0.76 1.07 1.39 1.78 2.46 3.14 3.98 5.45 6.87
23 3.2 4.6 7.7 1.3 16.6 27.9 41.3 61.4 103.4 153.6
0.319 0.314 0.313 0.319 0.324 0.326 0.337 0.349 0.361 0.380 0.395
0.52 0.55 0.59 0.63 0.67 0.71 (5 erd 0.82 0.88 0.96 105
0.42 0.35 0.29 0.24 0.21 0.18 0.16 0.14 0.13 0.12 0.11
20 0.40 0.52 0.68 0.95 1.21 1.54 2.13 2.69 3.39 4.57 5.70
2.4 o .0 8.3 12.3 18.3 30.4 45.2 67.3 114.0 170.6
0.375 0.375 0.373 0.381 0.389 0.400 0.417 0.432 0.447 0.469 0.486
0.54 BT 0.60 0.65 0.69 0.74 0.80 0.86 0.92 1.01 1.09
0.50 0.42 0.36 0.30 0.27 0.24 0.21 0.19 0.18 0.17 0.16
30 0.37 0.49 0.63 0.87 198 1.41 1.93 2.41 3.04 4.06 5.03
258 3.6 5. 8.8 13.0 19.2 32.4 48.5 71.6 121.9 183.2
0.409 0.413 0.418 0.429 0.441 0.454 0.473 0.489 0.507 0.528 0.545
0.54 0.58 0.61 0.66 0.71 0.76 0.83 0.88 0.95 1.05 518
0.58 0.49 0.43 0.36 0.32 0.29 0.26 0.24 0.23 0.2 0.21
40 0.35 0.46 0.59 0.82 1.04 e 1.79 2.24 2.78 3.68 4.56
2.6 ST - AL 9.2 13.6 20.1 33.9 50.5 75.6 129.8 194.2
0.443 0.449 0.456 0.469 0.482 0.497 0.518 0.535 0.551 0.573 0.590
0.55 0.58 0.62 0.68 0.72 0.77 0.85 0.91 0.98 1.08 1. 16
0.65 0.56 0.49 0.42 0.38 0.35 0.31 0.29 0.28 0.26 0.25
50 0.34 0.44 0.56 0.78 0.98 1.24 1.68 2.0 2.60 3.43 4.20
20T .9 =7, . 14.2 20.9 35.2 B2 78.6 135.3 205.0
0.473 0.478 0.488 0.503 0.517 0.533 0.555 0.573 0.589 0.611 0.627
0.56 0.59 0.64 0.69 0.73 0.79 0.86 0.93 1.00 1% .19
0.72 0.62 0.55 0.48 0.43 0.40 0.36 0.34 0.33 0.31 0.30
60 0.33 0.42 0.57 0.74 0.94 1T.1% 1:59 1.98 2.45 3.22 3.93
FaT 4 4.0 =5 9.8 14.5 21.7 36.4 54.2 81.3 140.5 213.6
0.499 0.506 0.523 05533 0.548 0.564 0.587 0.603 0.621 0.643 0.659%9
0.57 0.61 0.65 071 0.76 0.81 0.89 0.96 1.04 G e 1.24
0.85 0.75 0.67 0.59 0.54 0.50 0.46 0.44 0.42 0.40 0.39
80 0.31 0.40 0.50 0.70 0.87 1.09 1.45 1.78 222 2.90 3.50
2.9 4.2 6.1 10.0 15.2 22.7 38.7 58.2 86.5 149.9 229.9
0.544 0.554 0.565 0.587 0.601 0.618 0.639 0.656 0.674 0.696 0.710
0.58 0.62 0.66 0.72 0.77 0.83 0.92 0.99 1.07 1521 1.28
0.98 0.87 0.78 0.69 0.64 0.60 0.56 0.54 0.52 0.50 0.49
100 0.29 0.38 0.48 0.65 0.80 1.02 1.35 1.66 2.03 2.76 3.18
2.9 4.3 6.4 10.7 16.2 23.6 40.2 60.6 92.0 149.6 245.8
0.584 0.595 0.607 0.627 0.642 0.660 0.683 0.701 0.717 0.742 0.750
0.59 0.63 0.67 0.74 0.79 0.85 0.94 1.02 (R 121 1.30
1.10 0.98 0.89 0.80 0.75 0.70 0.66 0.63 0.61 0.59 0.58
120 0.28 0.36 0.46 0.61 0.76 0.94 127 1.56 1.90 2.44 2.90
3.0 4.5 6.5 11 16.5 2520 41.7 62.8 95.7 169.3 264.6
0.620 0.630 0.644 0.665 0.679 0.696 0.722 0.739 0.755 0.773 0.784
0.59 0.63 0.68 Q.75 0.81 0.87 0.96 1.04 T-42 1.24 153
1.22 1.10 1.00 0.90 0.85 0.80 0.76 0.73 0.71 0.69 0.67
140 0.27 0.35 0.44 0.59 0.73 0.91 1.20 1.47 1.79 2.29 2574
3.1 4.6 6. 1.4 16.9 25.4 43.1 65 .3 99._4 176.0 277.0
0.649 0.662 0.678 0.703 0.714 0.731 0.755 0.771 0.787 0.803 0.815
0.60 0.64 0.69 0.76 0.82 0.88 0.98 1.07 1.14 1.26 155
1.34 1.21 1 1.01 0.95 0.90 0.85 0.83 0.80 0.78 07T
160 0.26 0.34 0.42 0.57 0.70 0.87 1.13 1.42 1.70 2.16 2.54
3.2 4.6 6.9 11.6 y A 26.0 45.1 65.8 102.9 183.7 290.1
0.678 0.692 0.706 0.726 0.745 0.762 0.783 0.802 0.816 0.831 0.842
0.61 0.65 0.70 0.77 0.83 0.89 0.99 1.07 1-19 1.28 15T
1.45 1.32 1.22 1591 1.05 1.00 0.95 0.92 0.90 0.87 0.86
180 0.26 0.32 0.41 0.55 0.68 0.82 1.09 1.32 1.70 2.04 2.40
o 4.9 T4 11.7% 17.8 2725 45.9 70.6 99.0 191.0 303.4
0.706 0.715 0.734 0.755 0.772 0.786 0.811 0.826 0.845 0.856 0.866
0.61 0.66 0.71 0.77 0.84 0.90 1.01 1.09 A7 e 139
1:5T 1.43 1:32 1.22 1:45 1.10 1.04 b ¢ 0.99 0.97 0.96
200 0.25 0.31 0.39 0.53 0.66 0.80 1.05 1.28 155 2.05 2227
. 1 4.9 y e 12.3 18.1 27.8 47.0 71.9 111.8 182.9 317.4
0.734 0.743 0.759 0.798 0.797 0.829 0.836 0.851 0.862 0.882 0.888



TABLE 16

SAND SIZE 2.00 MILLIMETRES

SEDIMENT

CONCEHTRAT!ON
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1.06

PAT,
0.413
0.83

0.47
0.96

0.691
0.93

0.807
0.96
.00
0.51
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33 21
0.855
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0.732
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TABLE 16

VELOCITY (METRES/SEC)
SLOPE *1000

DEPTH (METRES)

WIDTH (METRES)
FRICTION FACTOR *10

100.0 200.0 500.0 1000.0
0.94 1.00 1.08 1.15
- 16 0.14 0.13 0.12
2.69 3.38 4.51 5 I8¢
39.7 59.3 102.5 156.2
0.365 0.377 0.396 0.411
0.99 1.06 1.15 1.22
0.26 0.24 0.23 0.22
2.23 2.75 3.57 4.28
45.1 68.7 121.9 191.4
0.454 0.470 0.489 0.505
1.05 1.10 1.19 1.26
0.36 0.34 0.33 0.32
2.04 2.37 3.02 3.56
46.8 76.9 139.1 223.1
0.523 0.532 0.554 0.570
1.05 1.12 1.21 1.28
0.46 0.44 0.43 0.42
175 2.09 2.60 3.05
54.4 85.4 1590 256.0
0.564 0.581 .602 0.617
1.07 1.14 .23 1.29
0.56 0.54 0 53 0.52
1.60 1.90 2.33 2.66
58.3 92.0 174.5 292.0
0.605 0.622 0.642 0.655
1.09 1.16 1.26 1.30
0.66 0.64 0.63 0.62
1.48 1.74 2.1 2.37
62.3 99.3 191.1 Bah. 5
0.641 0.657 0.676 0.689
1.1 1.17 1.31 1.31
0.86 0.84 0.83 0.82
1.28 1.48 1.94 1.96
70.3 115.4 196.6 389.6
0.699 0.713 0.744 0.743
1.14 a2 1.25 129
1.06 1.05 1.03 1.02
1.17 1.36 v 2 ¥ 1.62
75.5 122.3 28445 477.2
0.749 0.766 0.777 0.785
1.4 1.19 1.29 1.30
1.26 1.24 1.23 1.23
1.04 1.17 1.41 1.46
84.1 143.3 274.9 526.3
0.790 0.803 0.824 0.827
1.4 1.21 1.26 1.28
1.46 1.45 1.43 1.43
0.94 1.08 1.19 128
93.0 152.8 334.9 628.1
0.830 0.840 0.850 0.856
1.15 1.19 1.24 1.26
1.67 1.65 1.64 1.63
0.87 0.96 1.05 1.09
100.4 175:.1 386.0 728.4
0.858 0.868 0.879 0.883
1.16 1.19 1.23 1.25
1.87 1.85 1.84 1.84
0.81 0.88 0.95 0.98
106.8 190.0 4270 8154
0.887 0.897 0.906 0.910
.15 1.20 .23 1.25
2 0? 2.06 2 05 2.04
0.74 0.83 0.88 0.91
116.8 200.2 459.8 886.6
0.904 0.925 0.932 0.936
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TABLE 17
1000.0

500.0

*1000
WIDTH (METRES)
FRICTION FACTOR *10

VELOCITY (METRES/SEC)
200.0

SLOPE
DEPTH (METRES)

50.0 100.0

DISCHARGE (CUMECS)
20.0

10.0

1.0 2.0

0.5
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30
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60
80

SAND SIZE 3.00 MILLIMETRES
20

CONCENTRATION

SEDIMENT
(PPM)
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TABLE 18
1000.0

VELOCITY (METRES/SEC)
500.0

SLOPE *1000

FRICTION FACTOR *10
200.0

DEPTH (METRES)
WIDTH (METRES)

DISCHARGE (CUMECS)
20.0 50.0 100.0

10.

5.

- %

SAND SIZE 4.00 MILLIMETRES
10

CONCENTRATION

SEDIMENT
(PPM)
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TABLE 19
1000.0

500.0

DEPTH (METRES)

WIDTH (METRES)
FRICTION FACTOR *10

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
20.0 50.0 100.0

DISCHARGE (CUMECS)

10.0

1.0

SAND SIZE 5.00 MILLIMETRES

CONCENTRATION

SEDIMENT
(PPM)

TABLE 19
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TABLE 20 TABLE 20

SAND SIZE 6.00 MILLIMETRES
VELOCITY (METRES/SEC)
SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10

SEDIMENT DISCHARGE (CUMECS)
CONCENTRATION
(PPM)
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0
0.83 0.88 0.94 1.01 1.07 1513 122 130 1237 1.48 1.56
R 1.19 0.94 079 0.58 0.48 0.39 0.33 0.29 0.25 0.23
10 0.37 0.50 0.65 0.91 117 1.49 2.07 2.62 3.31 4,47 5.59
1.6 2.3 3.3 5.4 8.0 11.8 19.9 29.4 441 75.4 114 .5
0.456 0.432 0.414 0.399 0.392 0.389 0.391 0.391 0.400 0.416 0.435
0.85 0.90 0.96 1.04 B ] 117 T BT 1.35 1.46 1.56 1.66
1.82 1.47 1.20 0.94 0.80 0.69 0.58 0.52 0.47 0.42 0.40
20 0.34 0.45 0.58 0.82 1.04 1.31 1.79 2.25 2.97 3.74 4.58
VT 2.4 3.6 5.9 8.7 1A 21.9 32.9 46.3 85.8 131.8
0.512 0.492 0.479 0.469 0.461 0.469 0.474 0.486 0.515 0.521 0.540
0.86 0.91 0.98 1.07 1.13 1.20 1.30 1.38 1.48 1.60 1.70
2.09 bk 1.43 1.8 0.99 0.87 0.76 0.69% 0.64 0.59 0.56
30 0.33 0.43 0.54 0.79 0.95 1.6 2.04 2.50 3.26 3.93
1 2.6 3.8 9.3 13.8 24.0 35.6 54.0 95.7 150.0
0.556 0.539 0.521 0.531 0.519 0.526 0.543 0.566 0.571 0.597 0.617
0.87 0.93 0.99 1.08 1595 1.22 133 1.41 1.51 1.64 1.73
2.33 1.94 1.64 1.35 1.18 1.06 0.93 0.86 0.81 0.75 0.73
40 0.31 0.40 0.51 0.71 0.91 1.14 1.50 1.84 2.28 2.94 3.50
159 2.7 3.9 6.6 9.6 14.4 25.0 38.5 58.2 104.0 164 .8
0.593 0.570 0.564 0.563 0.570 0.586 0.593 0.609 0.630 0.658 0.679
0.88 0.94 1.00 1.09 1.16 123 135 1.44 1:53 g 33 ;.Eg
s 5 1.84 1.54 1.36 1.23 1.10 1.03 0.97
50 g.f@ 5.33 0.49 0.67 0.85 1.06 1.40 172 2.08 2.68 3.16
1.9 2.8 4.1 6.8 10.2 15.3 26.4 40.4 63.0 112.6 180.3
0.618 0.606 0.601 0.603 0.618 0.629 0.640 0.659 0.679 0.709 0.728
0.88 0.95 1.01 1.10 Yl 1.26 [IE g 1.47 1-55 1.67 1.81
2.78 2.36 2.04 1.72 1.54 1.40 194 1.19 5L 1.08 1.06
60 0.29 0.37 0.47 0.64 0.82 1.01 1.33 1.65 1.95 2.44 3.05
2.0 2.8 4.2 T 10.3 15.8 27.3 41.3 66.1 122.9 181.2
0.648 0.638 0.635 0.640 0.660 0.660 0.684 0.705 0.724 0.749 0.781
0.89 0.96 1.02 1214 1.20 1.28 1.39 1.49 1.58 1.69 o
3.20 2.76 2.42 2.08 1.89 1.74 1.60 1:52 1.46 1.41 1.38
80 0.27 0.35 0.44 0.60 0.76 0.91 1.20 1.47 1.74 2eT1 bt
1 3.0 7.5 11.0 17.1 30.0 45.5 73.1 139.9 229.8
0.703 0.694 0.695 0.-711 0.725 0.729 0.755 0.779 0.799 0.823 0.844
0.90 0.96 1.03 1513 121 1:31 1.42 1:50 1.62 V.72 1.79
3.60 3.14 2.78 2.43 2.23 2.08 1.93 1.85 1.79 1.74 1.7
100 0.26 0.33 0.4 0.56 0.69 0.87 192 1.32 1.61 1.90 2
1 4.7 7.9 12.0 17.6 31.5 50.5 76.5 153.2 263.9
0.751 0.755 0.756 0.756 0.770 0.793 0.818 0.838 0.864 0.887 0.902
0.91 0.97 1.05 1245 1.23 132 1.43 1.53 1.61 122 1.81
3. 3.51 3.14 77 2.57 2.4 2.26 2.8 2542 2.07 2.05
120 0.25 0.32 0.39 0.53 0.65 0.81 1.02 1.23 1.42 1.69 1.95
2 3 4.8 o 12.5 18.6 34.3 5321 87.7 172.9 283.1
DT93S 0.800 0.791 0.806 0.822 0.845 0.870 0.892 0.911 0.935 0.959
0.91 0.98 1.06 1.16 1.24 1.34 1.45 1553 1.63 172 1tk
4.37 3.87 3.49 Be1 2.90 2.74 iy 2.50 2.45 2.40 2.38
140 0.24 6.30 0.38 0.50 0.62 0.78 0.97 1.13 1.33 1.53 67
2 3.4 5.0 8 13.1 19.2 35.5 58.1 92.0 189.7 337.4
0.844 0.848 0.833 0.851 0.868 0.895 0.918 0.937 0.962 0.982 0.995
0.92 0.99 1.06 b b b 1.25 1.33 1.45 1.54 1.62 1.74 1.78
4. 74 4253 3.84 3.45 3.23 3.07 2.91 2.83 2.78 2.73 2.7
160 0.23 0.29 0.36 0.48 0.59 0.71 0.90 1.06 1.20 4 1.54
2.4 3.5 5.2 8.9 13.6 21:1 38.3 61.2 102.8 200.2 366.2
0.881 0.868 0.876 0.892 0.911 0.932 0.959 0.982 1.001 1.028 1.037
0.93 1.00 1.07 1.18 1.26 1.34 1.48 1.54 1.63 1.70 1.75
.10 4.58 4.18 3.78 3.56 3.40 3.24 3.16 3: %1 3.06 3.04
180 ) 0.28 0.35 0.46 0.56 0.68 0.88 0.98 1.13 1.28 1.37
2.4 3.6 5.3 9.2 14.2 2oLA 38.2 65.8 108.3 229.9 418.8
0.903 0.905 0.913 0.930 0.950 0.971 1.005 1.020 1.040 1.059 1.070
0.94 1.00 1.08 1.18 i g 1.36 1.47 1.56 1.62 121 1.74
5.46 4.93 4.52 4.12 3.89 3.72 3.57 3.49 3.44 3.39 3.38
200 0.22 0.27 0.34 0.44 0.54 0.65 0.81 0.94 1.04 1.20 1.26
2.5 3.6 5i8 9.5 14.7 22.5 42.0 68 118.0 243.7 453.9
0.936 0.939 0.948 0.968 0.986 1.008 1.036 1.059 1.067 1.095 1.103



TABLE 21
1000.0

500.0

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
FRICTION FACTOR *10

DEPTH (METRES)
WIDTH (METRES)

50.0 100.0

DISCHARGE (CUMECS)
20.0

10.0

1%

10
20

SAND SIZE 8.00 MILLIMETRES
30

CONCENTRATION

SEDIMENT
(PPM)
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TABLE 22

SAND SIZE 10.00 MILLIMETRES

SEDIMENT
CONCENTRATION
(PPM)
0.5 120 2.0 5.0
0.96 1.02 1.09 1.17
2.46 1.90 1.48 1.08
10 0.36 0.48 0.63 0.89
Vil 240 L 4.8
0.523 0.486 0.457 0.429
0.97 1.04 1.10 1.20
2.84 2.24 179 1.36
20 0.34 0.45 0.58 0.82
s 5 2:1 5. Fe1
0.574 0.541 0515 0.494
0.98 1.05 1.12 1.21
3.16 2.53 2.06 1.60
30 0.32 0.43 0.55 0:77
1.6 2.2 L 5.4
0.615 0.585 0.562 0.545
0.99 1.06 1:.13 1.23
3.45 2.80 39 1.83
40 0.31 0.41 0.53 0.73
1.6 2.5 3.4 5.6
0.651 0.622 0.602 0.588
1.00 1.07 1.14 1.24
3.72 3.06 2.55 2.05
50 0.30 0.40 0.51 0.70
1.6 2.4 3.5 5.8
0.683 0.656 0.638 0.627
1.00 1.07 1.5 1.26
3.98 3.30 2.77 2.26
60 0.30 0.38 0.49 0.67
I 2.4 3.6 5.9
0.713 0.687 0.670 0.652
1.01 1.08 1 2 1.27
4.48 B 70 3.21 2.67
80 0.28 0.36 0.46 0.63
1 2.5 3.7 6.2
0.765 0.742 0.718 0.714
1.02 1.10 1.18 1.29
4.95 4.20 3.63 3.06
100 0.27 0. 35 0.44 0.59
1.8 2:6 3.5 6.5
0.812 0.780 0.770 0.768
1.04 1.11 1.19 1.30
5.40 4.62 4.03 3.44
120 0.26 0.33 0.42 057
18 R 4.0 6.8
0.842 0.824 0.816 0.817
1.04 1.4 1.20 1.31
5.83 5.04 4.42 3.81
140 0.25 0.32 0.40 0.55
1.9 2.8 4.1 7.0
0.880 0.865 0.859 0.862
1.04 1.12 1.20 1.31
6.25 5.44 4.81 4.18
160 0.24 0. 31 0.39 0.53
2.0 2.9 4.3 Vi @
0.917 0.903 0.898 0.912
1.05 1.13 1.21 1.32
6.67 5.84 5.19 4.55
180 0.24 0.30 0.38 0.51
2.0 2.9 4,4 7.5
0.952 [Tt 0.936 0.954
1.05 1.13 1.21 1.34
7.07 6.23 S ST 4.91
200 0.23 0.29 0.37 0.49
2l 3.0 4.5 7.6
0.985 0.972 0.982 0.976

*

DISCHARGE (CUMECS)
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TABLE 22

VELOCITY (METRES/SEC)
SLOPE *1000

DEPTH (METRES)
WIDTH (METRES)

FRICTION FACTOR *10



TABLE 23
1000.0

500.0

(METRES)
ON FACTOR *10

VELOCITY (METRES/SEC)

SLOPE *1000
DEPTH (METRES)

20.0 50.0 100.0 200.0

DISCHARGE (CUMECS)

10.0

1.0

10

SAND SIZE 20.00 MILLIMETRES
20

CONCENTRATION

SEDIMENT
(PPM)

TABLE 23

o

Nt
I~

Moo~ wy

et S
NoE S

— o0
NG ™o

Th i
nomA g

TN
Sox 0

o M
YL T

et TS

6

7-67.

sFonIS
s

3 .
—NO T o

e
- 0,
i3

. s
=Moo

5
622
iR

Shil e T
30 o

0
PON D
17.31-_“.

-no" o

30

40
50

~
O N0,

b395n
ey g

~
o

M 3nt2
213%&

P~
Mino

164&1‘”9
LR

R

MO0
00093
cerfg

60

80
100

oo O
ngof
4 ey
N o

5
260
410"
" gt

e
NN o

120

[Ta}
neywn,
0or"S
ego®J

wn
0
1y

=no'g

o
=T
PR ]
e

oo g

M
o
mnmN e

o™ g

~N
o0,
nenes

e
19011

140

3
2?9
o=~

....
NS
i

5
63
hRBAm

s 8 10
g

~
nom
nro™ P

N
0 -
231/40

.
-0
L

Mo

wn
MO
oonT G

i
T ane

o
oo,

VG

1..&0”%0.

o
Pyt

wor"y
o e
15080

(2]
o0
inowngy

15050.

~
—ph 0
So2"g

=o' g

o
oM
momM®

coo™g

~
O
non9 B

W, o, .
00"

160

180

0
Moo
[ e

by e
amninS

M~
N
$c0oMe

S

ST
NSl

M
=—M_o
LTV -4

i
o+
N

N~
N 0o
am 3

Pt
LT

6
3
Qs

X Je iep
161&1

5
27._._._
o
L g
“NO o

0131
0%

cno®g

2
et
ninin®R

e e
16050

34052
i

]
—-oM 2

200



..r..

TABLE 24 TABLE 24
SAND SIZE 40.00 MILLIMETRES
VELOCITY (METRES/SEC)
SLOPE *1000
DEPTH (METRES)
WIDTH (METRES)
FRICTION FACTOR *10
SEDIMENT
el L DISCHARGE (CUMECS)
(PPM)
0.5 1.0 2.0 5.0 10.0 20.0 50:0 . *  100.0 200.0 500.0 1000.0
1.36 1.47 1.58 1.73 1.84 1.96 2.13 2.26 2.39 2.58 2ii2
9.90 7.46 5.62 3.90 2.97 2.28 1.63 1.28 1.02 0.77 0.63
10 0.33 0.44 0.57 0.81 1.06 1.36 1.90 2.46 3013 4,33 5.49
1% 1.5 2.2 3.6 5.4 7.5 12.3 18.0 26.8 44 8 67.0
0.902 0.791 0.702 0.610 0.557 0.515 0.472 0.447 0.430 0.416 0.408
1.37¢ 1.48 1.59 1.74 1.86 1.99 2.16 2.30 2.44 2.64 2.80
10.53 8.02 6.14 4.35 3.38 2.66 1.97 1.59 1.30 1.02 0.87
20 0.32 0.43 0.55 0.78 1.01 1.30 1.81 A 2.96 4.06 5.i1%
1.2 1.6 2.3 Rt 5.3 il 128 18.8 27.7 46.7 69.5
0.943 0.833 0.746 0.659 0.609 0.570 0.532 0.512 0.500 0.490 0.490
1.37 1.48 1.60 1.76 1.88 2.01 2.20 2.33 2.47 2.68 2.85
11.06 8.50 6.58 4.74 3.74 2.98 2.26 1.86 1.55 1.25 1.09
30 0.31 0.41 0.54 0.76 0.97 1.25 1.78 2R 2.83 3.85 4,89
152 1.6 2.3 3.7 5.5 8.0 12.8 194 286 484 Tt
0.977 0.868 0.784 0.698 0.650 0.614 0.584 0.563 0.553 0.550 0.554
1.37 1.49 1.61 1.77, 1.89 2.02 2.20 2.35 2.50 2.72 2.91
11.54 8.94 6.98 5.09 4.06 3.28 P O 2-14 1.78 1.47 1.30
40 0.30 0.40 0.53 0.73 0.95 12849 1.68 2.14 2.68 3.71 4. 74
112 Arf 2.4 3.9 5.¢ 8.1 13.5 19.9 29.8 4976 72.5
1.007 0.899 0.815 0.728 0.686 0.649 0.620 0.606 0.595 0.601 0.612
1.38 1.49 1.61 1.78 1.90 2.04 2.22 2.37 2.53 2.75 2.93
11.98 9.34 7.34 5.41 4.36 3.56 2.78 2.34 2.01 1.68 1.49
50 0.30 0.40 0.51 0.72 0.92 1.18 1.63 2.08 2.64 3.58 4.49
1.2 o 2.4 3.9 5.7 8.3 13.8 20.3 30.0 50.8 76.1
1.033 0.926 0.844 0.756 0.716 0.683 0.656 0.645 0.642 0.646 0.655
1.38 1.50 1.62 1.79 1.91 2.05 2.24 2.39 2.52 2.78 2.96
12.40 9.71 7.69 5.73 4.64 3.82 3.02 2.57 2.23 1.88 1.69
60 0.29 0.39 0.50 0.72 0.90 1ol5 1.59 2.02 2.58 3.49 4.34
] ;i) 2.4 3.9 5.8 8.5 A0 20.8 30.7 51.4 77.9
1.056 0.950 0.869 0.792 0.746 0.714 0.690 0.681 0.699 0.689 0.698
1.39 1257 1.63 1.80 1.93 2.07 2.26 2.42 2.58 2.82 3.01
13.17 10.42 8.33 6.30 5.18 4.32 3.48 3.01 2.64 2.28 2.08
80 0.29 0.38 0.49 0.68 0.87 1541 1:52 1.92 2.42 3127 4 .09
2 1.8 2.5 4 6.0 5.8 14,6 21.6 32.0 54,3 81.2
17104 0.996 0.917 0.840 0.799 0.771 0.750 0.744 0.745 0.758 0.773
1.39 1.51 1.64 1.80 1.94 2.08 2.28 2.44 2.61 2.87 3.05
13.88 11.08 8.94 6.85 5.69 4.80 3.92 3.43 3.05 2.67 2.45
100 0.28 0.37 0.47 0.65 0.84 1.07 1.46 1.84 731 35 3.86
1.3 1.8 2.6 4.3 6. 9.0 15.0 22.3 33.1 554 85.1
1.142 1.038 0.960 0.880 0.847 0.821 0.803 0.800 0.804 0.823 0.837
1.40 1.52 1.64 1.82 1.95 2.10 2.30 2.46 2.63 2.88 3.10
14.56 11.70 9.51 7.37 6.18 5.26 4.35 3.84 3.44 3.05 2.83
120 0.27 0.36 0.46 0.64 0.81 1.03 144 T 2.22 2.97 3.66
=3 1.8 2.6 4 6.3 { 15.4 22.9 34.2 5874 880
1.180 1.077 0.999 0.928 0.890 0.866 0.851 0.850 0.857 0.875 0.881
1.40 1.52 1.65 1.82 1.96 219 2.31 2.48 2.66 2.92 3.14
15.20 12.29 10.06 7.87 6.65 5.70 4.77 4.24 3.83 3.43 3.20
140 0.27 0.35 0.45 0.63 0.79 1.00 1.3% 174 2.14 2.89 3.53
AR ¥ 2.7 4.4 6.4 15.8 23.5 35.2 592 90.1
1.215 1.113 1.036 0.966 0.930 0.908 0.895 0.897 0.905 0.929 0.935
1.41 1.53 1.66 1.83 1.97 2.12 2.33 2.50 2.67 2.88 3.15
15.83 12.87 10.60 8.36 2i1 6.14 5.18 4.64 4.21 3.81 3.57
160 0.27 0.35 0.44 0.61 0.77 0.98 1.33 1.66 2.07 2.68 3.35
1. 1.9 s 6.6 9.6 16.2 24,1 36.1 64.8 9.7
1.249 1.147 1074 1.002 0.968 0.948 0.936 0.939 0.950 0.978 0.980
1.41 1.53 1.66 1.84 1.98 2.13 2.34 2.51 2.69 3.00 2.7
16.43 13.43 11393 8.84 7.56 6.57 5.58 5.03 4.60 BIAT 3.94
WOLNE Do e R T R O e e
1.281 1.179 1.104 1.037 1.004 0.985 0.975 %.bao 0.991 1.007 1.025
1.41 1.54 1.67 1.84 1.99 2.14 2.35 2.52 2.7 3.03 3.21
17.02 13.97 11.62 9.30 8.00 6.99 5.98 5.41 4.97 4.55 4.30
el UL S LR Y e
1.311 1.210 1.136 1.069 1,037 1.020 1.011 1.018 1.030 1.078 1.069



TABLE 25
1000.0

500.0

(METRES)
FRICTION FACTOR *10

VELOCITY (METRES/SEC)
200.0

SLOPE *1000
DEPTH (METRES)

WIDTH
DISCHARGE (CUMECS)
20.0 50.0 100.0

10.0

-

SAND SIZE 60.00 MILLIMETRES

CONCENTRATION

SEDIMENT
(PPM)

TABLE 25
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TABLE 26
1000.0

500.0

H
H

VELOCITY (METRES/SEC)
200.0

SLOPE *1000

DEPT
FRICTION FACTOR *10
20.0 50.0 100.0

DISCHARGE (CUMECS)

10.0

1.0

SAND SIZE 80.00 MILLIMETRES

CONCENTRATION

SEDIMENT
(PPM)

TABLE 26
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TABLE 27

SAND SIZE 100.00 MILLIMETRES

SEDIMENT
CONCENTRATION
(PPM)
0.5 1.0 2.0 5.0
1.60 1.76 1.93 2.15
25.54 19.18 14.41 9.87
10 0.31 0.41 0.54 0.76
1.0 1.k 1.9 3.1
1.547 1.289 1.094 0.900
1.60 1.77 1.94 2.16
26.41 19.97 15.12 10.49
20 0.30 0.40 0.53 0.74
1.0 1.4 2.0 3.1
1.586 1.329 1.133 0.941
1.61 1.78 1.94 2047
27.14 20.64 15.72 11.02
30 0.30 o.ao 0.52 0.72
1.0 4 2.0 3.2
1.619 1 358 1.166 0.975
1.61 1.78 1.95 2.18
27.86 21.24 16.27 11.50
40 0.30 0.39 0.51 0.7
1.0 1.4 2.0 3.2
1.650 1.390 1.195 1.004
1.61 1.78 1.95 2.18
28.44 21.79 16.77 11.94
50 0.29 0.39 0.50 0.70
| 1.4 2.0 3.3
1.676 1.417 1.222 1.031
1.62 1.78 1.96 2.19
29.00 22.31 17.24 12.36
60 0.29 0.39 0.50 0.69
9 1.5 2t 3.3
1.700 1.441 1.246 1.056
1.62 1.79 1.96 2.20
30.04 23.27 18.11 13.13
80 0.28 0.37 0.49 0.68
;1 1.5 o 3.4
1.744 1.478 1.291 1.102
1.62 1.80 1.97 z2o2
31.00 24.15 18.92 13.85
100 0.28 0.37 0.48 0.66
1 1.5 23l 3.4
1.785 1.518 1.331 1.143
1.63 1.80 1.97 2.21
31.91 24.99 19.68 14.53
120 0.28 0.37 0.47 0.65
1.4 1.5 2.2 3.5
1.823 1.564 1.368 1.181
1.63 1.80 1.98 2.22
32.77 25.78 20.40 15.17
140 0.27 0.36 0.46 0.64
1:1 1.5 2.2 3.5
1.859 1.599 1.403 1.216
1.63 1.80 1.98 2.23
33.60 26.54 23.10 15.80
160 0.27 0.35 0.46 0.63
1.1 1.6 2.2 3.6
1.893 1.632 1.437 1.250
1.63 1.81 1.99 2.23
34.39 27.26 2R 16.40
180 0.27 0.35 0.45 0.62
1.1 1.6 2.2 3.6
1.926 1.663 1.468 1.282
1.64 1.81 1.99 2.24
35.16 27.97 22.43 16.99
200 %.%6 0.35 0.45 0.61

1.6 2.2 3.6
1.957 1.694 1.499 1.312

DISCHARGE (CUMECS)

10.0

2.32
7.42
0.97

4.4
0.788
2.34

7.99
0.95

4.5
0.831
rat

8.47
0.93

4.6
0.866
2.36

8.92
0.92

4.6
0.898
2.37

9.352
0.90

4.7
0.926
2.37

9.70
0.89

4.7
0.951
2.39
10.40
0.87
.8
0.998
2.40

11.06
0.85

1.040

2.40
11.68
0.83

5.0
1.079
2.41
12.28
0.82
5
15195
2.42
12.86
0.81
1.149

2.43
13.41
0.79

1 181

2.43
13.96
0.78

o
1.212

20.0

2.50
5.60
1.26

6.4
0.700
2.53

6.11
1.23

6.4
0.741
2.52

6.56
1.22

6.5
0.795
2.54

6.95

6.7
0.814
2¢55

7.32
1.146

6.8
0.843

2.56

7.66

0.869

2.58
8.31
P |

7.0
0.917
2.59
8.92
1.08
T
0.961
2.60
9.50

749
1.001

50.0

2.74
3.88
175
105
0.609

2.76

12.
0.968
2.90

8.36
1.40

1.005

2.91
8.84
1.38

-5
1.039
2.92

9.31
1.36

1
1.070

100.0

2.92
2.96
2529
15.3

0.556
2.95
3.57
2- 07

0.608
2.98

3.73
o

0.650
2:99
4.05
2.08

6.1

0.686
3.01
4.35
2.04

0.717
3.03
4 .64
2.00
16.5
0.746
3.05
5.18
1.95
16.8
0.799
3.07
5.69
1.90

0.849
3.09

VELOCITY (METRES/SEC)
SLOPE *1000

DEPTH (METRES)

WIDTH (METRES) _
FRICTION FACTOR *10

200.0 500.0
. 3.38
2.28 1.63
2.85 293

22.6 Ty
0.514 0.473
ol b 3.42
2.65 1.96
S o7 3.80

22:9 38.5
0.56%9 0.532
3.18 3.46
2.98 2.25
2.70 3.71

23. 3 39.0
0.613 0.580
3.20 3.49
3.28 2.52
2.64 3.63

23.6 39.5
0.652 0.622
3.22 B.51
3.56 2.78
259 356

23.9 40.0
0.686 0.659
3.24 3.54
3.82 3.02
2.55 3.49

24.2 40.5
0.717 0.692
3.27 3.57
4.32 3.48
2.47 3.38

24.7 41.4
0.773 0.752
5.29 3.61
4.80 3.93
2.40 3.28

2555 42.3
0.823 0.806
3.32 3.64
5.26 4.36
2.34 319

25.7 43.1
0.869 0.853
3.34 3.66
5. 71 4.78
2.29 3.11

26.2 43.9
0.909 0.898
3.36 3.69
6.15 5.19
2.24 3.03

26.6 44.7
0.948 0.939
3.37 3.70
6.57 5.59
2.20 2.97

27,0 45.5
0.986 0.979
3.39 3.72
7.00 6.00
2.16 2.9

27 .4 46.2

1.021 1.016

TABLE 27

1000.0

SnT
1.28
4.95
56.5
0.447
3.63
1.59
4.82
574
0.512
3.69
1.86
4.72
57.5
0.565
]
2.10
4.60
58.4
0.609
3.74
2.34
4. 47

5
0.643

3.78
2.57

0.684

3.85
3.02
§ =4

0.753
3.89
3.44
4.19
61.3

0.805
3.90
3.85
4-00

0. 852
3.93
4.25
3.90

0.899
3.95
4.65
3.80
66.6
0.942
3.97
5.04
3.71
67.8
0.983
4.00
5.43
3.63

1.021





