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A COMPARATIVE STUDY OF CONVENTIONAL
REGIME EQUATIONS

Zidan, Abdel-Razik AX

!
AEBSTRACT ;

When eny one of the alluvial cansl parameters such as
width, depth, slope or velocity is affected all other par-
ameters are uniquely determined and independtly adjusted,
thus creating a new canal regime. Many formulse of canal
regime have been presented, the best well known regime
equations are those given by Lacey (1929, 1930, 1953),
Blench (1957, 1966) and Simons-Albertson (1963).

Deviations of the observed canal dimensions of some
cohesive canals located in El-Fayoum governorate, the eas~
tern region of Delta in eddition to Damietta branch, from
those given by Lacey, Blench, snd Simons, et sl., are in-
vestigated,

INTRODUCTION

The regime equations related to sediment transport is
a purely empirical approach developed originally by British
engineers working in India and Egypt. It is not a theory
in the accurate sence, for it does not give a physical
explenation for its findings. The regime theory has in
ite bases the concept of a channel that may scour or dep~-
oslt at times but over the climatic cycle the net result
is zero, Inglis Ref.(3) stated that channels which not
alter appreciably from year to year although they may vary
during the year are said to be in regime.

Some misconceptions about the meaning of tha tern
regime exist. Frequently it has come to mean in equili-
brium, but it must be stressed that the equilibrium of
a translent nature. Accordin§ to Blench to declar that
a river in regims is comparable in the general sense to
state that a country acquired a climate,

REGIME EQUATIONS:

It could be said that the regime method started with
Kennedy in 1895, For twenty two canals in the upper Bori
Doab of Punjab, Kennedy derived an expression in terms of
velocity and depth,

u Lecturer, Irrigation and Hydraulics Dept., Fac. of Engrg.,
El-Mansoura University, Egypt.
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0.64

V = 0,55 D m/sec. ceavalld)

where, V is the critical mean velocity at which for a
glven mean water depth D silting is just pre-
vented,

Lacey's Equations:

The Lacey's equations are given as follows Ref.(1G}.

P = 4.8326 O ceeee(2)
dnms £°/2.52 e (3)
A = 2,282 /6,173 ered(4)
R = 0.4725 /35173 Ceen(5)
V = 0.4382 176 ¢1/3 ceeen(B)
in which;
V = critical mean velocity;
f = silt factor;
d = dsp = median particle size in mm;
R = hydraulic radius;
S = bed slope;
Q = water discharge; and
P = channel wetted perimeter; after making the
substitution.
V = Q/PR; it is possible to eliminate P and R from

(2) through (5) with the result,
§5/3

S =
3169.8 QLi/6

ceved(7)

The silt factor is poorly defined in equation (3) it
must be determined by other factors beside the particle
sige, notably the sediment concentration which was made
by Blench.

Blench's Equations:

The regime equations by Blench seem to have more
generality than those given by Lacey Ref.(3). They are
based on majority of field observations occured in
Pakistan, India, and some data from Egypt in addition
to laboratory data. Inglis (1948) Ref.(3) gave a set of
regime equations similar to those given by Blench,
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Blench presented three equations based on two silt
factors, a bed factor fp and side factor fg. The two
factors are definsd in the following way

1%

fb=—T .....(8)
3
Vv

fs g-_é_ -..-0(9)

in which;
V = mean velocity;
B = mean width; and
D = mean water depth.

The three independent regime equations are

B = (f Q/fs)}5 cenes(10)
D = (fs‘Q/fE)lfs con.-(ll)
5/6 1 A
LA oy 12
3.63 (1L + _C_ ) .q.01/6
233

Where, y 1s the kinematic viscosity of water and
¢ is the sediment concentration in parts per million by
weight (p.p.m.).

The value of side factor varies from 0,1 to 0.3
dependlng on the cohesiveness of the bank material
Ref.(5).

The recommended value of bed factor is;:

f, = 0.579 /d (1 + 0.12 ¢) venes(13)

The indien canals which supplied nuch of the data
for Lacey and Blench equations heve a sand bed of parti-
cle 0.1 mm < dgg < 0.6 mm and slightly cohesive to
cohesive banks. A typical cenals is trapezoidal with side
sloEe of about two horizontal to one verticel. The bre-
adth depth ratioc 4 < 8/D £ 30 and discharge 0.03 < 0
< 300 m3/sec. A further limitation of indian data is
that they came from canals whose sediment is usually con-
trolled. It is usually less than 500 p.p.m. Ref.(4).
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Simons-Albertson®s Equations:

Based on the lack of application of the regime equa-
tions in the United States, Simons and Albertson made a
collection of field data from north american sources and
using the indian deta, Table {(l1). They gave the following
equations:

P = Ky OF el {14)
B = 0,9 P ceres(15)

B = 0.92 By - 0.61 cee..(16)
R'= Ky QY36 ceeed(17)
Y =1,21 R for R < 2.1 m. eeess(18)
Y = 0.61 + 0.93 R for R > 2,1 m. ceeea(19)
vV = Ky (RE.5)" veeea(20)
c? ve V.B ,0.37

3 a =K4 (e } ceene(21)

gYSs Y
in which;

C = Chezy's roughness coefficient;

B = mean width;

Bg= surface width;

Y = depth of flow; and

y.P,R, and S have their usual meaning values of coeffi-
cients K3y, Ko, K3, Ky and n depend on the type of
canal as in ?able (2).

Limitations:

The regime methods were generally derived for bed
load estimetion with little account being given to the
effect of suspended load or wash load., The equations
are generally developed for steady state conditions,
where the discharges are steady and the sediment loads
are steady; and for canals which have adjusted their
width, depth and slope to final values. The developments
of the equations have largely for straight channels in
alluvium, little account was made for the effect of mea-
ndering.
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Availlable actual bed slopes were caluclated from the
actual bed levels, obtained from the longitudinal sections.
This calculation was based on the method of least square.
Table (5) gives the actual section properties for Zaghlola
1977/1978, El-Zahiara 1976/1977, Shoha 1978/1979, and Shoha
1957/1958, The observed section properties of Bahr Yusuf's
distributaries, 1980, are given in Table (6).

Soll semples were collected and analysed mechanically,
The median particle size for each sample was obtained.
Zaghlola, El-Zahiara and Shoha were found to have cohesive
bed and banks., Bahr Yusuf and its distributaries; at the
selected sections, were considersd to have a sand bed and
cohesive banks. Table (7) gives the median particle size
and the proposed coefficients for every type of soil under
investigation. The sediment load before the erection of
Aswan High Dam was considered to have the value of 500
P.pP.m. in average, during the year Ref.(12).

Generally, for canals under investigations Lacey's
equations provided higher values for the wetted perimeter,
hydraulic radius, consequently water area, and also smal-
ler values of bed slopes, than those given by Simons~
Albertson's equations, The values of bed slope given by
Simons-Albertson's equations are bigger than the corres-
ponding values given by the two other approaches.

The values of velocity given by Simons Albertson's
equations of Dakahlia region (Zaghlola, El-Zahiars and
Shoha) were bigger than those given by both Lacey and
Blench's equations, In El-Fayoum region Blench's equa-
tions provided higher values of velocity than the corres-
ponding values given by the other two approaches.

Equation (2) of Lacey shows that the wetted perimeter
of stable channel is constant for a given discharge and
independent of the finess of silt which is not true.
However it is well known that the silt size influence the
shape of cross sections. Coarse material will exhibit
larger value of Bg (Bg=P for wide rivers). Lacey advoc-
ated use of only wetted perimeter for rivers. Even this
formula was shown to apply to rivers on the basis of
limited data comprising only seven observations Ref.(2).
Therefore it was considered to examine the fitness of
Lacey’s equations to more extensive data.

Blench's equations do allow for varying of bank
cohesion although these equations show that B and D are
very sensitive to errors in bed and side factors which
could be estimated arbitrary; the engineer might be adv-
ised to select a test reach of the canals and investigate
both the side factor fg and bed factor fp by himself,
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RESULTS AND ANALYSES:

Parallel with the development of regime equations in
India similar work was going in Egypt, Molesworth, et al,
(1917), Buckley (1919), Kinder (1919) and Chaleb (1929 -
1930) Ref.(3). All of them have in common a Kennedy type
relationship and breadth slope relationship. An account
of these formulae is given in Lelievsky Ref.(6).

The regime equations under study were applied to two
types of irrigation canals; canals subjected to the system
of irrigation turns which are Zaghlola, El-Zahiares and
Shoha, and those which are used as carriers such as Bahr
Yusuf's distributaries. Also the different approaches
were applied to some sections along Damietta branch of
the river Nile and Bahr Yusuf downstream El-Lahoun regu-
lator.

Water discharges at the selected cross sections for
Zaghlola, El-Zahiara and Shoha were based on the water
duty and area served, Water losses should be considered
in estimating the actual discharge at every particular
section; for main and secondary canals, losses vary bet-
ween l0% during winter and 20% during summer. These los~-
ses are in the form of seepage losses, evaporation from
water surface, transpiration of aquatic plants and intake
leaks Ref.(ll). However the actual water duty was con-
sidered to be 60 m3/fedd./day.

Discharges of Bahr Yusuf just downstream El-Lahoun
regulator, 1its distributaries and Damietta branch were
obtained from Ministry of Irrigation Refs.(7, 8). The
average discharges during the year, standard deviations,
and coefficlents of variation for Bahr Yusuf and most of
its distributaries are given in Table (3) and for Damietta
branch are given in Table (4). A comparison between the
coefficients of variation in the two tables demonstrates
that the discharge of Damietta branch is more variable
than the discharge of Bahr Yusuf or its distributaries,
during the year.

The canal cross sections were chosen in straight
reaches and being in their natural conditions, with the
possible minimum influences of any hydraulic structures.

Section properties at each location were represented
by the arithmetic mean of the properties of three succe-
ssive cross sections each of about 200 m apart,

The water area of every natural cross section was
planigetred. using a planimeter having an accuracy of
0.1 me,
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These equations overestimated the water depth and undere-
stimated the mean depth Tables (8, 12 and 13), This result
implies & serious drawback in Blench's approach. Increas-
ing the sediment concentration decreased the water depth
and water area; increased the critical mean velocity, bed
slope and mean width of the channel Table (12).

Due to the approximate nature of Simons-Albertson's
equations, there are minor geometrical incompatabilities
in the results given by these equations. One of them has
already been shown in this research R.P ( B.Y, Tables (9
& 10), although the two values should be equal giving the
water area. Also P < B,, although P should be greater than
Bg., None of these errofs are serious as they are no larger
tﬁan 12% which could be accepted in this type of work.

For good results of Simons-Albertson's equations the
bed load concentration should be less than 500 p.p.m. Ref.
(3). No account was made, by Simons-Albertson's equations,
for varying the sediment concentration. Also the equation
did not allow for the variations of the median particle size
inside any particular.type of soil.

For Damietta branch, the computed section properties,
using the different approaches, deviate radically from the
actual properties, both before and after the erection of
Aswan High Dam Table (13). This could be due to & more
variable discharge than the case of canals. Blench's equ-
ations underestimated the mean width and over estimated
the mean water depth and bed slope. Also Lacey's approach
underestimated the wetted perimeter, hydraulic radius and
water area. All section properties were underestimated by
ugsing 8imons-Albertson's method., However little contri-
bution have been made for the regime equations in rivers
as an accurate data are usually not available,

In case of Bahr Yusuf, Blench's equations underesti-
mated the mean width and water area and over estimated
the mean water depth, tLacey's equations may provide acce-
ptable results for hydraulic radius, wetted perimeter and
water area. Simons-Albertson's approach could also prov-
ide acceptable results for more section properties as
given in Table (13)., It may be said better results could
be achieved in case of Bahr Yusuf as its discharge is less
variable than the discharge of Damietta branch Tables (3
& 4),
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Table (8): Behr Yvauf Distributaries (1980},

Blench's Equations

Lacey's Equatione

Neme
B o A v 3 P A R v s
8.3 5 2 5
m m m m/esc. x10 m m m m/eec. X1lQ
Sennoures 1,92 4,06 7.80 0.72 10.64 11.47 13,617 1.187 0.414 4,21
El-Zawya 1,08 2,77 2.99 0.60 l2.88 6.47 5.173 Q.BO0 0.342 5,55
Senro 1.24 3.03 3,76 0.63 l2.32 7.41 5.574 0,887 0,358 4,87
Talaat 1,40 3.20 4,59 0.65 11.84 8.34 8.01 0,960 0,372 4.8B
Wahby 3,11 S.60 17,42 0.BS 9,06 18,58 30.43 1,638 0.4B6 3.57
Abousear Q.64 1.96 1.25 0.50 15,34 3.84 2,20 0,572 0,287 6,04
Arooge 1,12 2.83 3.17 0.61 12,74 1.921 1.59 ©0.B30 0,346 5,04
El-Mghgars 0,29 1.16 0,34 .38 19,95 l.74 0.59 ©.338 o0.221 7.8%
Kohafe 0.28 1.13 0.32 0,38 20,20 1.68 0.55 0.330 0.218 7.99
El-Aalam 1,13 .84 3.21 0,60 12,72 6.72 5.58 0,830 0.346 5,03
Tenhala 1.66 4,69 7.79 0,54 11,17 9,93 10,71 1.078 0,354 4,472
Dar El-Remad 0.30 1.17 0.35 0,35 19.82 1,78 0.61 0.343 0.222 7.84
Hewweara 0,43 1,50 0,65 0.44 17.50 2,58 1,13 0.439 0.2%2 6,92
Baga 0,27 1.08 0.29 0.38 20,53 1.60 0,51 ©.319 0,215 8,11
Arcceog 0.40 1.43 0.57 0,43 17.94 2,40 1,00 0.418 0.246 7.09
Table { 9 ): Simons-Albartson Equetions,
8ehr Yueuf Dietributeries (1980),
Hame P a B, R Y A= A= Ay, Y s 5, Sav.
PR B. o 4 4 4
m m m m m me m m m/sec, %10 x10 x10
Senpnoures 11,18 10.06 1ll,80 0,90 l1.09 lo.62 10.97 10,80 0.52 1,43 1.54 1,49
El-Zawys 6,31 5,68 6,84 0,80 0,73 3.79 4,15 3.97 0,45 2.08 2.22 2.15
Sanrou 7.22 £.50 7,73 0.66 0,Bo 4,77 5,20 4,99 0,47 1.96 2.07 2.02
Talet 8,13 7.32 8,62 0,72 0,87 5,85 6.37 6.11 0.49 1.88 1,96 1,92
wahby 18,11 1J6.30 18,38 1.28 1.55 23,18 25,27 24,23 0,61 1.14 1.17 1,16
Abousesr 3,74 3,37  4.33 0,41 0.60 1.53 1.69 1.81 0.39 2.89 3.04 2.97
Arooae 6,53 5.88 7.05 0,61 0,74 3,98 4,35 4,17 0.46 2.15 2,26 2.21
El-Mahgara 1,70 1.53 2,33 0.23 0.28 a,39 0,43 0.41 0,32 5.13 5,43 5.28
Kohafe 1,64 1.48 2.27 0.23 Q.28 0.38 0,41 0,40 0.30C 4,19 4.94 4,57
El-Aalanm 6,55 5.90 7.08 0,61 0,74 4.00 4.37 4,19 0,46 2.15 2.26 2.21
Tanhele 9,68 8,71 10,13 0.8l 0,98 7.84 8.54 8,19 0,52 1.77 1,80 1.79
Cor ElRamad 1.73 1.56 2.36 0,24 0.29 0.42 0,45 0,44 0,31 4,26 4,94 4,60
Hewwers 2.52 2,27 3.13 0,31 0.38 0,78 0.86 0.82 0,35 3,69 4,0C 3.85
Baga 1,56 1,40 2.19 0,22 0.27 0,34 0.38 0.36 0.30 4,63 5.22 4,93
Al-Agooves 2,34 2.11 2.96 0.29 0,35 0.68 0.74 0,71 0.35 4,21 4, 46 4,54
Table (10 ): Simons-Alberteon Equations
Zaghlels
B R ¥ P.R B.Y A, v 8y Sz ER
. 8
Sec. Ng n n m o e e m5 mseec. x10%  x104 x10
. 2,09 0,984 1,07 10,33 11.25 10,78 (.80 5,39 1,93 3.66
% ii.?g ig gi il 58 0.855 1,04 9,53 10,44 9.99 0.79 5.585 1.97 3.78
3 lo.12 9.11 10.57 0.800 0,97 8.10 8.84 8.47 0.76 5.65 2,07 3,86
4 9.50 8:55 .96 0,761 0.982 T.23 7.87 7.85 0,75 6.00 2,17 4.09
5 8.26 7.43 g,74 0,689 0,83 5.69 6,17 5.93 0,73 6.74 2,42 4,58
[ 5:34 5,26 6.38 0.536 0.65 3.13 3.42 3.28 0.66 8,26 2,99 5.63
7 2.97 2.67 3,57 0.330 0.40 0.98 l.07 1,03 0.54 11,93 4,50 8,22
El-Zahlara
P B By Y PR 8.Y Aav v 51 82 Sav
Sec. Na. m n m m m me m2 me m/sec., x10% x10% xlp4
1.40 0,845 1.0z g.28 10,08 3.68 0.79 5.608 2.0 3,85
é 18‘23 g:gg 19.96 0.761 0,92 7.23 7.87 7.55 0.75 &,00 2,17 4,09
3 5.65 5,09 6,20 0,524 0.63 2,956 3.2) .09 0,65 8.23 3.04 5.64
4 4:33 3.90 4,90 0,432 0,52 1.87 z.03 1,95 ©.61 10.00 3,69 6,85
5 2,78 2.50 .38 0.314 0,38 0,87 0.95 0,91 0©0.53 12,39 4,71 8.55
Shohe
P g, R Y P.R B.Y Ay, v $1 S, Sav
Sec. Ng. n n me me m2  m/eec. x10% x104  x104
Y £ =0 e A6 B BT 0O SRR O AT T BE T g1 2T 24 0O.&7 7.74 2 B0 5. 27
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Table { 11 }: Lacay's Equations

Zoghlols

June 1984

Table{12}: Blench's Equatians.

C. 35

Zaghlole
Sac. ? F ﬂz R v 3 Sec, Mo. 3] o AxD, 0 v S 8
Hg. o /mac, m m " misec. x10° n @ a2 miuec, » 10
1 8.611 14.18g  33.1%5 2,340 0.260 2.640 1 4.85 15.64 13,29 0.65 2,068
2 7.850 13,540 30.69 2.270  0.256 2,690 2 0.8l 15.1¢ c.L 0.64 2.7z
3 6,450 12,28C 26.09 2,130 0,248 2,760 3 0.74  14.21 10.52  c,6l 2,8l
4 5.685 11.533 23,49 2.038 0.243 2.830 4 0.69 13,6z 9.41  2oel 2.87
5 4.3l0 10,033 lg.62 1.e50  D.232 2,960 3 0.60  l2.40 7.44  C.58 3.0l
6 2.150 7.080 10,43 1.473 D. 206 3,330 i 0.4y 3.05 4,24 0.5 r.3g
7 0.556 3.600 3.3g 0.940 0.165 4,190 v 0.2z 6. 27 L.3E G.4c 4.4
Cl-Zohiara El-Zahiro
1 7.617 13,340 24,78 1.860 2,307 6,840 Gec. Mg, H A=DC v 5, 107
F 5.685 11.533 19,45 1,690 3,203 7.180 n w/88c,
3 2,014 &,860 g.18 1.193 9,246 8.530 - —
4 1.181 5.252 5,24 1.000 7,225 2.330 : L.og  10.41  1l.z2a  coer 4.32
5 0.486 3.370 2,502 0,743 2,194 1c.P1 [ G.93 9.45 g2.79  C.Ct 4,54
3 0,55 6,68 .67 G.S% 5,10
4 0.4z 5,59 2,35 c.s0 5,80
5 nLET 4.1 1.1z 0.43 6.83
Shohpe
1 2.50 7.641 6,90 0.903 0,383 4.820 hoh . o,
2 1.1 5,082 3.5 9.658¢  0.317  5.710 shene ¢ -0
3 0,63 1.840 2,19 0,570 0.2e8 G.Cal Sas. No e P seB.00 ¥ 5, qet
- o nE LY T T
1 1.0G4 3.6T n, et 1.26
2 0,70 1,85 0,59 1,45
I 3,50 1.17 ENT 1,59
Shoha Cw» 530 PP,
1 8,13 0,290 2.36 1.¢6 1,21
z 5.4z 0,174 0,04 1,1c 1,41
3 4,08 o.l14  C,30 1,07 1.8%
Teble ( 13): Compariman betwsan Actusl and Colculetsd Fropertiss
ODemietta Branch {19763}, K.M, 221.5
Cpax. = 105.2 n¥/sec.
F c] B R Y (] A 5 W
& z 5
[ ] m ] x10 a/sac.
Actuel 286.7 194,1 294.0 6,170 9.33 5,88 172.70 - -
Lecey 49,57 - . 3,072 - - 152,19 2.92 0,69
Blanch - 16.2 - - - 5.52 89,42 10.63 1.18
Simona, 65,03 SB.53 64.20 3,060 3,46 3,17 200.75 2.499 0.5
et al,
Ogmiatts Branch {19383, K.M, « L71.C
Qmsx. = 132.52 msfsec.
P B EB R A 5 W
L] L] n m me 210%  p/eec.
Actusl 268.1 204.)1 255.0 7,00 9.275 9,535 1876.0 - -
Lacey 55,63 - - 3,32 - = 184,40 2,81 wu.72
Blanch - 142,17 - - - 0,490 69,66 D4.00 1. 90
Simons, 72,98 65,68 72,05 3,32 3,700 3,370 242,66 2.95 0.5%
st Bl,
8ahr Yusut {1980), Oownetream £l-ishoun Ragr.
Max; Q = 66.9 mjfaec.
P B Ets R hd ] A S b
m n I3 m m ¢ x10% n/aac,
Actuel 42,57 29,07 39.47 2,910 4.25 3,130 123.%0 36.33 -
Lacey 39,53 - - 2,709 - - 107.08 2,79 D.62%
Blench - &.63 - - - 2.260  &1,39 7,05 1.090
Simons 3B,52 2,200 2.66 2,307 068,48 V.50 0.760

34,67 38,35
et al, .
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Table { 18 ): One Way ANOVA

Fo.05,1,28 = 42
Dakahlis (Zghlole, El-Zehiere and Shoha)
Source Megn
of d.f, sum P 2] Ba [ ] A S v
variatton squarsa
Between al 0.042 . - 4,214 - 575,30 10.170 -
Groups 1 ag - 344,60 - - 902.10 37.260 17,450 -
ag 36,974 13,09 0,508 1.405 7,754 3,135 158.43 150,93 -
within ai 10.800 - - 0.218 - 70,400 163,15 -
Groups 28 85 - 1.782 - - 10,305 22,470 24,580 -
s§ 8.990 5,700 7.606 0,056 0.1l4 0.070 19.390 38.057 -
F-Calcula~ Fy 0.004 - - 19,33 - 8.100 0.062 -
ted Fo - 193.40 - - B7,540  3.260 0.710 .
Fg 4,110 2.30 0.070 25.31 68.01 45.110 B.180 0.004 -
Between 585 - - - - - 1059,2 11,380 1.526
Groups 1 afs 34,52 - - 10,48 - 1337.6 144.86 2,700
Bgs - 492.0 - - 10ll.6 16.22 152.14 0©.l654
Within ‘ef - - - - - 66.24 314,37 4.7x10°°
Groups 28 ‘ag 11.55 - - 0.203 - 63,10 432,04 5,6x107°
"ol - 3,982 - - 10,28 15,19  361.47 7.75x10°3
F-Coleula~ FLg - - - - - 16.00 0.040 324,7
tad FLS 2,99 - - 51.63 - 21.20 Q0,003 48¢2.1
FBS - 123.60 - 98, 40 1,08 0.004 22.05
Table { 19 ): One-way ANOVA
Fo.05,1,28 = %7
Behr Yusuf Distributaries 1980,
Source d Meen
aof da £, aum e B Bq 4 Y Iv] W
variation squares ¥
Batween ol 167,94 - - 0.005 - . 66.402 149,03 =
Groups 1 ¥ . 420,08 - - - 48,55 284.75 66,15 -
ag 151,69 14.17 60.24 (Q.444 6,475 0.960 156.49 9,769 -
Within 0% 23.73 - - 0.121 - - 56.260 1.600 -
Groupa 28 sg - 5,910 - - - 0,990 36,640 1.B60 -
a3 2¢.67 13,700 20,840 0,095 0.192 0.113 45,130 2.524 .
F-Calcula=- FL 7.077 - - 0.041 - - 1.180 93.}40 -
ted Fg - 71.080 - - - 49.04 7.772 39.880 -
Fe 6,691 1,034 2,890 4.674 33,7z 8.50 3,470 3,870 -
Batwaan aEB - - - - ~ - 76.140 16,601 0,762
Groups 1 88g 0,413 - - 0,5415 - - 19,020 82,430 0.170
sgs - 279.94 - . - 63,610 19.050 25.080 0,216
within ai - - - - - . 19.240 0.0840 0,013
Groups 28 8 21.04 - . 0.1143 - - 47,730 D0.950 ©.0076
ag - 8.38 - - - 0.98 28,110 1,012z ©.0l4
F=Calcula- FLB - - - - - - 1.940 197.63 58.62
ted Fls 0,020 - - 4,740 - - 0,400 86,83 22.25
- 33,41 - - 64,45 0.680 24,78 15,43
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STATISTICAL ANALYSES:

(1) Analysis of Variance:

A one-way ANOVA table was used for the analysis of
variance between every method used for the estimation of
section properties and the actual measurements, and also
between the different methods. The large the number of
observations on each treatment the smaller will be the
standard error of the difference between two treatments
means and hence the large the power of the resulting sig-
nificant test Ref.(l). However 5% level of significance
was consldered in all analyses, '

Treatment mean square

Residual mean square
calculated

ces.s{22)

(1i) Least Significant Difference:

The next step after a construction of one way ANOVA
table, is to decide if this table indicates that there is
a significant difference between any two treatments. The
least significant difference has to be calculated by the
two tailed t-test; using the equation

8. f—=2- .t Cee..(23)

%ol , m(n-1)
in which;

square root of the residual mean square;
level of significance;

degree of freedom;

number of observation; and

number of treatments = Z,

m({n-1

3:1-..;203

If the gap between any two means is less than the
least significant difference then the treatments are not
significantly different.

A one way ANOVA showed that the wetted perimeter given
by Lacey's equations, could be accepted at 5% level of sig-
nificance for all canals under investigation except for
Bahr Yusuf distributaries in which this parameter could be
accepted at 5% level by the least significant difference.
For median particle size dzp varies between 0.006 mm and
0.05 mm, the hydraulic rad?us according to Lacey gave
acceptable results at the same level Tables (16 & 17).

The water area was not given directly by Blench, it
was calculated by the mean depth D multiplied by the mean
width B, A one way ANGVA table provided water area, A,
which could be accepted at 5% level of significance,
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Table { 14 )1 One-way ANOVA

Fo.05,1,12 = 475

Zaghlola 1977/1978,

Source of Mean

P B B R Y o] A S ¥
d.f., sum 9
varistion squarse
Hetween sé 19,71 - - 5,300 - - 1052.15 120.8C -
Groups 1 %h - 160,34 - - - 902,23 0,321 12,95 -
a2 0.137 35,340 15.541 0,630 3.230 1.19 24,220 1,35x10% -
within of 7.951 - - 0.127 - - 56,690  0,0730 -
Groups 12 55 - 1.073 - - ~ 4.807 14,590 0, 2030 -
a§ 5.960 4,437 5,608 0.037 0.134 0.043 12,001 115.74 -
F=Calcula- FL 2.480 ~- - 41,732 - - 18, 560 l654.8 -
ted Fg - 149,43 - - - 167.691 0,0220 63.790 -
Fo 0.023 7.965 2,771 17,027 24,104 27,674 2.0100 116.64 -
Betwean 8Sg - - - - - - 1089.2 54,650 0.810
Groups 1 ey 23,14 - - 9.582 - - 1295.6  1.6x10% 1.e81
o2, - 346, 24 - - - 968.91 18.970 1.43x10% 0.1s8
Within X3 - - - - - - 58.100 ©.1330 ©.0038
Groups 12 ag 10.340 - - 0.124 - - 55.510 115,67 0.004
X - 3,410 - - - 4,803 13,410 115.80 0.0069
i-Coelulae LB - - - - - . 18.750 410,90 21,090
ted FLs 2.240 - - 77.270 - - 25,140 138,41  419.20
FBS - 1al.5 - - - 201.73 1.420 123,49 22,830
Table {15 )1 One Vay ANDVA
Fo.05,1.8 = 3:32
El-Zahiara 1976/1977.
Source of Maan
d.f. sum P B B, R Y o A 5 v
variation squares
Betwesn BE 15,00 - - 0.545 - - 22.58 22,180 -
Groups 1 sg - 151.97 - - - 188.81 100,00 29.620 -
a: 49,71 0.168 4,530 0.78¢ 3,600 1,551 138.87 1.52x10?% -
Within o2 13,65 - - 0,137 - - 60.21 0,06 -
Groups 8 Y - 2.90 - - - 2.804 30.90 0,47 -
ag 11,344 6.743 9.236 0,0674 0,130 0,136 29.023 154,93 -
FL 1.100 - - 1.980 - - 0.379 370,45 -
F'c°éc”1°‘ o - 52,403 - - - 67.340 3,240  63.02 -
te
fg 4,382 0,025 ¢,491 11.57 27.69 11,404 4,785 968.11 -
Betwaen sfp - - - - - - 217.60 103,07 0.477
Groups 1 a? 10,10 - - 2.63 - ~ 273.43  3.27x10° 0,853
LS - 124,05 - - - 224,58 3,184 1.38x10% 0.054
8ps
within B2 - - - - - - 44,55 0,430 0.0052
Groupe 8 a% 11.95 - - 0.1082 - - 42.68 154.90 00,0053
a2 - 3,94 - - - 2,822 13.37 185.30 00,0087
3
F-Calcula- FLB - - - - - - 4.88 238.70 91,73
Ted FLs 0.845 N - 24,31 - 6.41 21.10 160.94
- 31,49 - - - 79,582 0.24 88,86 6.19
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Table { 16 ): One-vay ANOVA
F5.05,1,4 = 771
Shoha, 1978/1979,
Source Mean
of d.f. sum P B 8 R ¥ al A 5 v
varistion squeres °
Betwesn of 8.320 - - 0.00003 - - 5.230 0.608 -
Groups 1 8§ - 38,820 - - - 12.270 32.334 0,550 -
g 15.323  0.203 2.B81  0.2240 1,080  0.466 32.413 96,02 -
Within af 23.712 - - 0,168 - - 68.840 1,587 -
Groupe 4 a2 - 5.775 - - . 1.820 38,123 1,613 -
sg 22.671 13,70 20,84 0,095 0,192 ©0.113 54.130 2.524 -
F-Celcule- FL 0.351 - - 0.00002 - - 0.076 0.383 -
ted Fo - 6.722 - - - 6.742 0.B48 0,34] -
Fg 0.8676 0©.015 0Q.138 2,360 5.625 4.1u4 0.600 38.04 -
Bstween s¢g - - - - - 4,440 2,311 0.253
Groupa 1 sfs 7.823 - - 0.229 - - 11.4%0 11]1.92 0.242
8. - 33,410 - - - 17.51  0.00005 82,06 5Sx107°
within sf - - - - - - 2.530 0,0104 0.0022
Groups 4 eg 2.100 - - 0.014 - - 2.572  0.590 ©0,0017
a§ - 0,710 - - - 0,150 1,160 ©Q.600 0.0029
FuCel:ule- FLg - - - - - - 4,520 222,21 115.00
teu Fig 1.344 - - 16,36 - - 4.470 189.70 142.40
Fos - 47.06 - - - 116.73 4.3x10°° 136.77  0.02
Teble {17 ): One-Way ANOVA
Fo.05,1,4 = 7+71
Shoha 195771958,
Source of Mean
d.f. Bum P B B R ¥ D A 8 v
8
varistion . squaren
Batwesn a2 2,823 - - 0.0024 - . 2.730 0,656 -
Groups 1 Bg - 8,772 - - - 1,191 44,560 580,92 -
a§ 11.291 ©0.0192 1.600 0©.277 0,875 0.%27 25,420 129.71 -
within a2 2.300 - - 0.028 - - £.053 0,0507 -
Groupe 4 ai - 2.098 - - - 0.028 3,375 85,850 -
,g 1,892 1.370 1,571 0,023 0.0441 0.0309 3,684 0.636 -
F-Calcula- FL 1.z227 - - 0.086 - - 0.540  12.940 -
ted Fg - 4,181 - - - 42,540 13,203 6.77 -
Fq 5.968 0.014 1.019 12.04 19,84 17,060 5.200 203.95 -
Betwean ”EB - - - - - - 25.23 542,55 1.825
Groupe 1 azs 2.823 - - 0,214 - - 11.49  111.92 0,242
8fc - 9.612 . - - 0.134 2.67 16l.63 0.738
Within sf - - - - - - 2.263 85,810 0.002
Groups 4 8% 2.10 - - 0,137 - - 2,573 0.590 0,0017
gg - 2,100 - - - 0,071 0.984 86.392 0.0027
F-Calcula- Fig - - - - - - 11.15 6.323 912.50
ted PLo 1.344 . -~ 1.56F - - 4.47  1B2.69 142,35
Fas - 4.577 - - - 18,873 2.99 1.871 273,33
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although B and D could be rejected at the same level.

This is for Zshlola, El-Zahiara and Shoha. But for Shoha
1957/1958 the water area could be accepted at the same
level using the least significant difference. A compari-
son between Shoha 1978/1979 and Shoha 1957/1958 may indi-
cate that clear water could provide more acceptable section
properties than silty water,

The bed slope introduces many uncertainties even if
equations like (7), (1l2), (20) and (21) give a correct
value of minimum bed slope to which the channel will auto-
matically edjust itself it may be possible to use greater
slopes with wider channel Ref,.(4). A further point is
that if as it seems likely equation (2) of wetted perimeter
by Lacey is strongly dependent on equation (7) of bed slope,
the designer should be were of using equation (2) in natu-
ral river, where the bed slope meay not have reached its
stable value. This 1is particularly true in coarsealluvium
Ref.(4).

Also the ANOVA and Least significant Difference tables
demonstrate the degree of accuracy between every pair of
approaches in calculating the section properties for canals
understudy; 1i.e. between Lacey's method snd Blench's meth-
od; Lacey's method and Simons-Albertson's method and between
Blench's method and Simons-Albertson's method.

(111i) Coefficient of Variation:

The coefficient of variation is defined as S/x., _where
S is the standard deviation from the actual mean and® x5 is
the arithmetic mean of the measured section property.

The coefficient of variation could be used for the
comparison between the accuracy of the different methods.
The section properties which could be accepted by Simons-
Albertson's equations are more accurate than those given
by Lacey's formulae, for Bahr Yusuf's distributaries,
Zaghlola, El-Zahiara, but for Shoha which has a bigger
median particle size dgsg = 0.05 mm; Lacey's approach pro-
vided more accurate results than the corresponding values
given by Simons-Albertson's method, The section proper-
tes which could be accepted at 5% level of significance
may exhibit relative larger values of some coefficients
of variation, Table (25)., This is mainly due to certain
error in the actual measurements Ref.(9).

Table (26) demonstrates the section properttres of
canals under investigation which could be accepted at 5%
level of significance. Also the common properties between
every two approaches which could be accepted at the same
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level when calculated by any one of the two approaches,
for example there is no significant difference between
the calculated wetted perimeter by using either Lacey's
equation or Simons-Albertson equations at 5% level of
significance.

It should be emphasized that the analyses in this
study were based on the maximum discharges which could
have & little frequency during the year Tables (3 & 4).
All cenals under thig investigation like all natural
rivers are subjected to flow which is not steady not
only dces the flow vary with season . of the year but it
could also vary from year to year. It would be necessary
to relate these calculation to some sort of dominant dis-
charge., This could be true for calculations related to
depth and breadth, but bed slope does not respond to a

pronounced extent to the discﬁarge variation,

CONCLUSIONS ;

1) This study has confirmed that neither coefficients
nor exponents of the equations are true constants, but
they depend on the locality of the channel and the value
of sediment discharge. This is must be expected as the
regime equations are not based on rational deduction but
they are equation of an empirical nature.

2} Discrepancies were observed between calculated pro-
perties and field data as well as between the results fronm
various formulae under different conditions,

3) Simons~Albertson's method gives values of some sec-
tion properties closest to the natural conditions Lacey's
equations too, give reasonable results, but Blench's equ-
ations overestimate the depth and underestimate the mean
width, but they could provide water arean accepted at 5%
level of aignificance.

4} Lacey's equations could possibly represent an alter-
native solution for somne section properties especially for
the wetted perimeter and hydraulic redius, as indicated
in Table (26), but the designer would probably be safer
with Simons~Albertson's equations, which have shown to
fit @ comprehensive range of data,

5) The study revealed that the more deviation of dis-
charge from steady conditien, the more discrepancies bet-
ween the observed and calculated section properties
(Damietta branch). This could be true as most of the
regime equations were usually derived for steady state
conditions. Clear water could provide more accurate
results than silty water,
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6) It was found in all canals under investigation that

most of their natural cross sections exhibit wider surface
breadths, and shallower depths than the designed typical sec-
tions (Ornakes) given by Ministry of Irrigation. However it
would be recommended to collect more extensive date in order
to establish more accurate regime equations being more rele-
vant to the egyptian canals especially after the erection

of Aswan High Dam,
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APPENDIX (II) NOTATION :
The following symbols are used in this paper,
A = water area;
ANOVA = analysis of variance;
B = water mean width;
C = chezy’s roughness coefficient:
Cy = coefficient of variation;
c = sediment concentration in p.P.m.;
D = mean water depth A/Bg;
d.f. = degree of freedon;
dspo = median particle size in mm;
F = F-test;
f = s81lt factor;
fs = bed factor;
fg = gide factor;"
g = acceleration due to gravity;
Ky,K;,K3,K, = coefficient used for Simons-Albertson’s eqns.;
L.S.B. = least significent difference:
m = number of treatments;
n = coefficient;
= number of observations or calculated properties;
Q = water discharge;
R = hydraulic radius;
S = critical bed slope;
= standard deviation from the actual mean;
Sav = average bed slope;
s = square root of the treatments mean square;
S1 = square root of the residual mean square using
Lacey®'s equations;
So = square root of the residual mean square using
Blench's equations;
S3 = square root of the residual mean square using
Simons~Albertson’s equations,
8] = square root of the residual mean square within
Lacey and Blench's equations;
~32 = gquare root of the residual mean square within
Lacey and Simons-Albertson equations;
‘s3 = 8square root of the residual mean square within
_ Blench and Simons-Albertson equations:
X, = mean of the actual measurements;
% = mean of the calculated values;
o = level of significance:
Y" = kinematic viscosity of water; and
¢’ = standard deviation.
Subscripts
a = actual measurements:
B = Blench's equations;
L = Lacey's equations;
S = Simons-Albertson's equations;
LB = Lacey-Blench;
LS = Lacey-Simons-Albertson: and
BS = Blench-Simons-Albertson.
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