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ABSTRACT 

An improved method for predicting sediment transport in alluvial channels has 
been developed based upon modifications of the Laursen (1958) equation and 
based upon a wide range of field data. The applicability of this new method was 
tested for irrigation canals. The following canals were selected for the study: 
ACOP in Pakistan, American canals, Canal del Dique, CHOP in West Pakistan, 
India canals, and the Rio Grande Conveyance Canal, which have a range of flow 
depth from 0.67 m to 5.13 m and width from 3.19 m to 140.21 m. Comparisons 
between computed results from the modified formula and field data verify that the 
new method can be utilized to compute total bed-material load in canals. 

INTRODUCTION 

Many researchers have observed that more than one value of sediment transport 
can be obtained from the same values of Q, u, Sw, Sr, and "t, Simons and Sen turk 
(1992) and Yang (1996). Gilbert (1914) first reported the phenomena that 
different values of transport can occur for the same hydraulic parameters. He 
concluded that there was no correlation at all between water discharge and 
sediment discharge. Accordingly, the validity of the assumption that total 
sediment discharge for a given particle size could be determined by the proposed 
parameters was questionable. Yang (1996) stated that stream power"tU, identified 
as the independent variable, has a strong correlation with bed material transport. 
Lane (1955) and Bagnold (1966) first proposed this concept that stream power has 
a strong correlation with sediment discharge. Furthermore, Yang (1996) 
suggested that unit stream power uS has a stronger relationship to bed material 
transport than stream power. Other researchers suggested that the stream power
type relationships could be utilized in straight channels as well as channels that 

I Lecturer, Civil Engineering Dept., Diponegoro University, Indonesia. 
2 Professor Emeritus, CE Dept., Colorado State University, USA; President, 

D.B. Simons & Associates, Inc., 3538 JFK Parkway, Fort Collins, CO 80525. 
) Professor, CE Dept., Colorado State University, Fort Collins, CO 80523. 
4 Professor Emeritus, CE Dept., Colorado State University, Fort Collins, CO, 

USA,80523. 

237 

PREDICTION OF SEDIMENT TRANSPORT RATE IN 
IRRIGATION CANALS USING 

MODIFIED LAURSEN METHODOLOGY 

Robert J. Kodoatie l Daryl B. Simons2 Pierre Y. Julien' 

Maurice L. Albertson4 

ABSTRACT 

An improved method for predicting sediment transport in alluvial channels has 
been developed based upon modifications of the Laursen (1958) equation and 
based upon a wide range of field data. The applicability of this new method was 
tested for irrigation canals. The following canals were selected for the study: 
ACOP in Pakistan, American canals, Canal del Dique, CHOP in West Pakistan, 
India canals, and the Rio Grande Conveyance Canal, which have a range of flow 
depth from 0.67 m to 5.13 m and width from 3.19 m to 140.21 m. Comparisons 
between computed results from the modified formula and field data verify that the 
new method can be utilized to compute total bed-material load in canals. 

INTRODUCTION 

Many researchers have observed that more than one value of sediment transport 
can be obtained from the same values of Q, u, Sw, Sr, and "t, Simons and Sen turk 
(1992) and Yang (1996). Gilbert (1914) first reported the phenomena that 
different values of transport can occur for the same hydraulic parameters. He 
concluded that there was no correlation at all between water discharge and 
sediment discharge. Accordingly, the validity of the assumption that total 
sediment discharge for a given particle size could be determined by the proposed 
parameters was questionable. Yang (1996) stated that stream power"tU, identified 
as the independent variable, has a strong correlation with bed material transport. 
Lane (1955) and Bagnold (1966) first proposed this concept that stream power has 
a strong correlation with sediment discharge. Furthermore, Yang (1996) 
suggested that unit stream power uS has a stronger relationship to bed material 
transport than stream power. Other researchers suggested that the stream power
type relationships could be utilized in straight channels as well as channels that 

I Lecturer, Civil Engineering Dept., Diponegoro University, Indonesia. 
2 Professor Emeritus, CE Dept., Colorado State University, USA; President, 

D.B. Simons & Associates, Inc., 3538 JFK Parkway, Fort Collins, CO 80525. 
) Professor, CE Dept., Colorado State University, Fort Collins, CO 80523. 
4 Professor Emeritus, CE Dept., Colorado State University, Fort Collins, CO, 

USA,80523. 

237 



238 Irrigation and Drainage in the New Millennium 

are in the process of changing their patterns from straight to meandering or 
braiding (Yang, 1977 and 1996; Vanoni, 1978; Yang and Molinas, 1982). It is 
important to note that in dimensionless form, use of the unit stream power uSlw, 
further improved the correlation with bed material discharge (Yang and Kong, 
1991). Simons and Senturk (1992) reported that channel gradient is a variable 
difficult to measure precisely. They suggested that the stream power parameter 
could be improved by inclusion of a velocity parameter to replace the slope of the 
channel. 

Kodoatie (1999) developed an improved methodology for predicting sediment 
transport in alluvial channels based upon utilization of a wide range of 
recirculating flume and field data. A total of 4,532 data sets from 33 river 
systems as well as 919 data sets from flume studies were utilized to develop a 
new sediment transport relation to estimate total bed material transport based 
upon modification of the Laursen (1958) method. Kodoatie adopted the Laursen 
methodology for analysis because this methodology was expressed in terms that 
permitted identification and separation of the various parameters, which are 
generally considered to cover the important variables, related to bed-material 
transport . . The Laursen equation is: 

C, =0.OIYLPi(~)7/6(,o· -I}(~) 
, d ' <' w, 

(1) 

The river data utilized by Kodoatie was compiled by the following individuals: 
(1) Brownlie (1981) and Posada (1995) for the Mississippi, the Amazon, the 
Orinoco, and the Apure River Systems; (2) Williams and Rosgen (1989) for the 
Black, the Chippewa, the Chulitna, the North Fork Toutle, the Susitna, the Toutle, 
the Wisconsin, and the Yampa River Systems; and (3) Long and Liang (1995) for 
the Yellow and the Yangtze River Systems. Brownlie (1981) and Willcock and 
Southhard (1988) compiled the laboratory data utilized. The sets of field data 
were divided into two categories: Group I for developing the new proposed 
equations, and Group 2 for verification and validation. To develop these groups, 
the river data sets were divided into two groups in random order. Based on 
sediment size four river data sets were analyzed, including gravel-bed rivers, 
medium to very coarse sand-bed rivers, very fine to fine sand-bed rivers, and silt
bed rivers. The data were also divided according to the size of river in terms of 
width and depth. This division was based as follows: 
I. small rivers with widths equal to or less than 10 m and depths equal to or less 

than 1 m, 
2. intermediate rivers with widths greater than 10 m and widths equal to or less 

than 50 m and depths greater than 1 m and equal to or less than 3 m, and 
3. large rivers with widths greater than 50 m and depths greater than 3 m. 
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MODIFICATIONS OF LAURSEN'S GRAPH 

Madden (1985), utilizing Arkansas River data, modified Laursen's concepts. The 
modification by Madden permitted the analysis of bed material transport by size 
fractions. The Corps of Engineers' Waterways Experiment Station (1988) 
adopted this methodology for computing the transport in rivers with a mixture of 
sand and gravel forming the bed. Madden's modification to Laursen's 
methodology was based on three sets of special measurements made in the 
Arkansas River. The first two sets were gathered near Dardanelle in June and 
July 1957 and in April 1958. The third set was gathered near Morrilton in April 
1958. Madden utilized the Missouri River data collected by Bondurant (1958) to 
validate the rating curves for the Arkansas River. The data sets resulted in best-fit 
curves that were parallel, but the two data sets did not overlap. The reader is 
reminded that the two sets of data were from two different rivers and even though 
they were sand-bed rivers, the methodologies produced by Bondurant and 
Madden were developed for specific rivers and are not generally applicable to 
other river systems. An adjustment factor related to the Froude number was 
utilized to modify the original Laursen equation by Madden (1985) as follows: 

c = '" (~)7/6(~_I}(~r~) 
I L"Pb d t. (I). F O.904 

I CI I r 

(2) 

In addition, Copeland and Thomas (1989) proposed a modification of Laursen's 
(1958) concept. This methodology was formulated to be utilized in both sand-bed 
rivers and, to a lesser degree, in larger gravel-bed rivers . The modified Laursen 
equation as presented by Copeland (1989) is: 

Copeland and Thomas' modification to the Laursen concepts as applied shows 
their results in Fig. I. 

(3) 

Kodoatie (1999) modified the Laursen graph using field data as illustrated in Fig. 
2. At an earlier date, Bondurant (1958) proposed a modification of Laursen's 
concepts. Bondurant developed a relationship between (u.foo) and f(u.foo) in the 
Laursen graph from Missouri River data at Omaha and at Kansas City. At the 
lower portion of Laursen graph, Bondurant's (1958) modification fits quite well. 
However, between the upper portion and the lower part of the relation, the values 
of u.fw. for the Missouri River data deviate sharply from those of the Laursen 
graph. 
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Sediment Transport Rate in Irrigation Canals 

KODOATIE'S MODIFICATION OF THE LAURSEN METHODOLOGY 

Kodoatie (1999) utilized a total number of data points (1,459) that pertained to transport 
of bed material. These data covered the range of particle size from gravels, medium to 
coarse sand, very fine to fine sand, and silt beds utilized only the dimensionless unit 
stream power uS/co. Kodoatie verified that this parameter has a stronger correlation with 
bed material discharge than other stream power parameters. Figure 3a illustrates the 
scatter when stream power is plotted against measured concentration of suspended 
sediment. Figure 3b illustrates the scatter when unit stream power is correlated with 
measured concentration of suspended sediment. In both of these figures, there is 
significant scatter. In particular, the data points for gravel-bed rivers plot significantly 
above the data points for sand-bed and silt-bed rivers. Figure 3c verifies a much 
stronger relationship between measured concentration of suspended sediment and 
dimensionless stream power uS/roo AdditionaJly, the gravel-bed data commingles 
with the other data. 
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Fig.3. Relations Among Cppm (Measured), Stream Power, Unit Stream Power. 
and Dimensionless Unit Stream Power. 
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Summarizing the three figures, significant variation in these relationships still 
exists. For the bed material ranging in size from fine to coarse sand, it is difficult 
to ascertain differences in bed material transport in the relationship between 
dimensionless stream power and measured suspended concentration. For 
example, Fig. 3c indicates the same concentration of measured sediment for fine 
sand-bed rivers and coarse sand-bed rivers. However, the reduction in diameter 
from gravel-bed rivers to silt-bed rivers tends to increase measured suspended 
sediment concentration. The Pearson Correlation Coefficients for the analysis 
illustrated in Figs. 3a through 3c are presented in Tables la, Ib, and Ic, 
respectively. 

Table I . Pearson Correlation Coefficient between Cppm Measured and uS/ro, uS 
and 'til for Various Rivers. 

A Gravel-bed Rivers 

Measured Cppm uS/ro uS(m/s) 'tu(N/ms) 

Cpommeasured I 

uS/ro 0.71 I 

uS(m/s) 0.69 0.95 I 

'tu(N/ms) 0.67 0.82 0.88 I 

8 Medium to Coarse Sand-bed Rivers 

Measured Cppm uS/ro uS(mls) 'tu(N/ms) 

Coolllmeasured I 

uS/w 0.58 I 

uS(mls) 0.45 0.9 I 

'tu(N/ms) 0.33 0.23 0 .29 \ 

C V F ery me to F S d ine an -bed Rivers 

s Measured Cppm uSlw uS(m/s) 'tIl(N/ms) 

Coommeasured I 

uSlw 0.74 I 

uS(mls) 0.76 0.87 \ 

'tIl(N/ms) 0. \8 DAD 0.46 1 
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Table I, continued 

D Silt-bed Rivers 

Measured Cppm uS/ro uS(m/s) w(N/ms) 

CDDmmeasured I 

uS/ro 0.45 I 

uS(m/s) 0.62 0.79 I 

'tU(N/ms) 0.30 0.74 0.78 I 

In summary, the dimensionless unit stream power has the best correlation with 
measured suspended sediment Cppm, see Fig. 3c. The strength of the correlation is 
exhibited in Fig. 4. This figure illustrates the range of dimensionless unit stream 
power and dimensionless flow depth compared to measured Cppm • The 
dimensionless unit stream power utilizing regression analysis and nonlinear 
optimization techniques can add other variables to Equation 4 resulting in: 

(4) 

where a is a variable related to mean bed material diameter as shown in Table 2. 
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Fig. 4. Range of Dimensionless Unit Stream power and Dimensionless Flow 
Depth Compared to Cppm Measured. 

Equation 4 has been utilized to develop Fig. 5 illustrating the relationship u./ro 
versus log(u./o». 
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T able 2. Value of "a" in Equation (4) for Vanous B dM . I e atena s. 
"a" 

Bed Material 
Gravel 0 
Medium to very coarse sand -02 
Very fine to fine sand 0.078 
Silt 0.06 

:~-~"i -- -~rT-:: --. -. ---- ~. 

I 
i - ; -= .-~ 

sill·bed 

I E -O t I E +00 , E .01 , E +02 I E +03 
v,l. 

Fig. 5. Proposed Graph by Kodoatie Using Equation (4). 

The modified Laursen equation by Copeland was applied by Raphelt (1996) to 10 
rivers including: the Toutle, North Fork Toutle, Susitrta, Tanana, Oak Creek, 
Clearwater, Chippewa near Durand, Chippewa near Caryville and Granite Creek 
Rivers. Utilizing these data, which included 187 sets illustrating conditions in 
gravel-bed rivers, 147 computed data points were greater than measured values, 
and 39 data points were within the range of acceptable accuracy, as illustrated by 
the discrepancy ratio comparing computed measured values. The discrepancy 
ratio for these data had a range of 0.2 to 5. One set of data points was below an 
acceptable range of accuracy. Raphelt concluded that the modified Laursen 
equation by Copeland significantly over-predicted gravel-bed material transport 
when applied by size fraction: The maximum over prediction was as much as 
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for those streams with D50 > 4.00 mm. The modifications to the Laursen equation 
by Madden. Copeland and Kodoatie are presented in Table 3. 

T I ab e 3. C ompanson 0 fM dT d L o I Ie 'b E aursen ~quatl ns 
I 

2 

3 

4 

5 

Used the same 1 Used grain I Used same equation but 
equation; added hydraulic roughness added dimensionless 
adjustment factor instead of grain stream power as the 
related to Froude shear stress adjustment factor 
Number 
Used modified 2 Used modified 2 Used modified graph; 
graph graph more specific in particle 

bed diameter from silt to 
gravel 

Used size fraction 3 Used size fraction 3 Used uniform particle 
diameter (no fractioh) 

Used Arkansas 4 Used both river and 4 Used 33 river systems 
River data flume data (not and 18 sources of flume 

specified) data (mote than 5,300 
total sets) 

Graph is higher 5 Graph is higher 5 Graph is higher than the 
than original for than original for original for sand bed 
sand bed; not sand bed; for silt (sand bed is more 
specified for gravel not specified; graph specific for very fine to 
and silt for gravel is smaller fine sand and medium to 

than new proposed very coarse sand); 
smaller for silt compared 
to original; graph for 
gravel is proposed 

APPLICATION OF THE MODIFIED LAURSEN EQUATION 
TO TRANSPORT IN CANALS 

In order to ascertain the effectiveness of the Kodoatie (1999) equation, it was 
applied to data sets obtained from irrigation canals . A total of 334 sets of canal 
data were selected and utilized to test this equation, The data were collected from 
an array of canals as follows: 

o ACOP Canals (West Pakistan) 
o CHOP Canals (West Pakistan) 
o American Canals (Colorado, Wyoming. Nebraska) 
o Canal del Dique 
o India Canals 
o Rio Grande Conveyance Channel 
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ACOPCanals 
A total of 151 sets of canal data were collected Mahmood, et al. (1979) from five 
canals in West Pakistan. However. only 142 complete sets of data were utilized 
in this study. 

American Canals 
Simons (1957) collected 24 sets of data from canal systems. The canals utilized 
in Colorado include: Bijou 53 & 54, Fort. Morgan 1, II, III; N, and V; in 
Wyoming: Laramie I and IV, Garland I and II, Lucerne I and II, North Plate 
Ditch, the Farmers Canal, In Nebraska: Central Nebraska Public Power & 
Irrigation and Drainage Canal, Lateral A29.1, the Cozad Canal, the Dawson Canal 
and the Taylor Canal. Twelve of completed sets of canal data were utilized in this 
analysis. 

Canal del Digue 
A total of 61 sets of data were collected in th is canal located in Columbia, South 
America by Nedeco (1973). Thirty two of these sets of data were utilized in this 
analysis. The data were collected at 10 stations along this canal. 

CHOP Canals 
A total of 33 data sets' were collected from nine canals in West Pakistan. These 
data sets were collected by Chaudry, et al (1970) under the auspices of the Canal 
and Headworks Observation Program (CHOP) of the West Pakistan Water and 
Power Development Authority, 1962 -1964, Lahore, West Pakistan. 

India Canals 
Chitale (1966) collected and reported 32 sets of canals in India. 

Rio Grande Conveyance Channel 
A total of nine sets of data were collected by Culbertson, et al (1972) at a station 
called Oak Creek. 

The Range of Data Utilized From Canals 

The range of data data utilized from canal studies include: 
• discharge : 1.15 - 567.00 m3/s 
• width : 3.19-140.21 m 
• depth : 0.67 - 5.13 m 
• D50 : 0.020 (silt-bed) - 0.715 (sand-bed) 
• Slope : 0.000003 - 0.00 III 
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Analysis of Selected Canal Data 

Kodoatie's modification of Laursen's equation was utilized to compare computed 
results with measured field data. Statistical methods were utilized including the 

mean discrepancy ratio Ro (Bechteller & Vetter, 1989; Nakato, 1990; Yang and 
Wan, 1991; Hydrau-Tech, Inc., 1998 and Wu, 1999) and the correlation 
coef(icient Cc (Hydrau-Tech, Inc., 1998). The equations for each of these two 
statistical parameters follow. 

- "<,R 
Ro=L--.!..' 

N 

X, 
R· =-, Y, 

c = I,(Xj-XXYj-Y) 
c ~I,(Xj -X)r,,(y, -Y) 

(5) 

(6) 

For perfect correlation, the above statistical parameters utilizing Eq. (5) and Eq. 

(6) require that RD = I and Cc = I. The results of the analysis comparing 
measured Cppm with computed Cppm are showrt in Figs. 6a, b, and c. The 
discrepancy ratio and Pearson correlation coefficients for three ranges of bed
material sizes dictated by the canal data analyzed are illustrated in Table 4. From 
Fig. 6 and Table 4, it is concluded that the original Laursen equation over-predicts 
for silt-bed canals, and under-predicts for sand-bed canals. This figure and table 
illustrate that the comparison of measured concentration with predicted 
concentration using the Kodoatie modification of Laursen's equation gives much 
improved results. 
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Fig. 6a. Silt-Bed Canals. 
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Fig.6c. Medium to Very Coarse Sand-Bed Canals. 
Fig. 6. Cppm Computed and Cppm Measured Data Utilizing Laursen 

And Modified Laursen. 

Table 4. Discrepancy Ratio R 0 and Pearson Correlation CoeffiCient Cc Between 
Cppm Measured and Cppm Measured Using Original Laursen Equation and 
ModT dL E I Ie aursen ~quatIon 

Cc Cc Ro Ro 

Type of Canal Bed Original Modified Original Modified 

Silt 0.81 0.79 1.26 1.01 
Very fine to fine to sand 0.65 0.64 0.06 1.15 
Med. to very coarse sand 0.41 0.41 0.09 1.27 
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CONCLUSIONS 

The utilization of such an extensive array of data encompassing a wide range of 
dimensions, gradients, and sizes of bed material has not been accomplished in 
past research. It is emphasized that: 

• The geometry of a canal is selected based upon the type of bed and bank 
material, flow, variation in flow, and duration of range of flows as dictated 
by the irrigation/utilities' demand based upon season and climate. 

• Unlined canals must be cognizant of the potential for erosion, aggradation 
and/or deposition. 

• The proposed methodology for estimatihg transport of sediments in 
erodible canals is considerably improved over existing relationships. 
However, the transport of sediments in stable alluvial canals is only an 
improved estimate. In addition, it is recommended that the sorting of 
sediment through the canal should be done by size fractions to estimate 
changes in the median diameter of bed material with time and distance. 

• Canals may have sediment-laden water and/or clean water at their 
headworks. If the supply of water and sediment are dependent upon the 
characteristics of the river, the design, and the operation of the diversion 
structure, etc., exclusion and ejection structures must be integrated into the 
design of the head works. 

• It is also concluded that during flood stages in the river the headworks 
should be closed if at all possible. Otherwise, considerable sediment may 
be permitted to enter the canal where it will deposit within a short distance 
of the headworks. This deposition could possibly reduce the capacity of 
the canal, and, as another alternative, steepen the gradient in a depositional 
area sufficiently to increase velocities to a level where considerable bank 
erosion may occur. 

RECOMMENDA nONS 

• There is a wide variation in predicted sediment transport in canals. 
Therefore, sediment exclusion and/or sediment ejection facilities may be 
required to refine the sediment supply to acceptable limits for a specific 
canal. 

• Regime relations are recommended to estimate channel geometry for canals 
without linings constructed in erodible soil, Simons and Albertson (1963). 
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• The regime of the canal may change over time as a consequence of sorting of 
the natural soil that the canal is constructed within and the introduction of 
sediments at the head works from the river into the canal. 
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DETAILS OF CANAL DATA 

Tulal No Canal Waler Channc:1 Flow Fluw Mean Bed WS Walet Measured Bed Source 

No 0(01(1 Discharge Width Deplh Velocity Diameler Slope Temp Sed F()f'1Il 

Each ConceD 
Canal w h v d. S. C 

m:l/s nl nl mls mm mlm 'C ppru 
I 2 3 4 5 6 7 8 9 10 II 

I J AmerIcan Ciln:ll 12.59 11 ,73 183 0 .59 0 .096 0,000063 23 370 5 Simons 
(1957 

2 2 Amencan Canal 1.56 3,49 0,80 0 ,56 0,173 0000253 21 249 4 
.1 :\ American Canal 1.22 3.19 0.80 0.47 0.229 0000294 21 406 3 
4 4 Amencall Caual 29. 18 22.19 2.51 0.52 0253 0000058 22 115 3 
5 S American Canal 29.40 14.81 2.59 0 .77 0311 0.000120 22 185 3 
6 6 American Canal 4. 14 933 1.07 0 .41 0318 0.000135 25 254 3 
7 7 AmerICan Can31 .1.20 3.% 1.32 0 .61 0349 0 .000110 26 44 5 
8 8 Ameflcan Canal 10,47 6.92 1.60 O.Y!'! 0360 0.000114 26 HI 5 
9 9 American Canal 6.42 12.56 101 O.SO 0.446 0.000218 28 100 3 

10 10 American Canal U3 10.73 0.89 0 .51 0 .465 0.000237 26 52 3 
II II Amencon Canal 5.01 7.62 0,89 0.74 0,580 0.000330 26 448 4 
12 12 American Canal 5.62 7,59 1.01 0 .73 0.715 0.000302 23 123 4 
IJ I India Canal 156.05 56,27 3.39 0.82 0.020 0000060 20 2,601 0 Chilaie 

(1%6 

" 
2 ludia Canal 59.16 25.49 244 095 0.021 0000084 20 5.759 0 

15 :\ IBCli. Canal 153.25 56.02 3.37 OJSI 0 .024 0.000060 20 2,887 0 
16 41ndiilCanni 60.72 25.56 2.49 0.95 0025 0000084 20 5. 182 0 
17 5 India Canal 157,41 56.47 3.35 0.83 0030 0,000070 20 2.J16 0 
18 6 India Canal 68.82 25,77 2.55 105 0031 0.000110 20 3.557 0 
19 7 India Canal 27.67 17.98 2.52 061 0033 0,000070 20 831 0 
20 8 India Canal 68.92 25.68 2.55 1.05 0.031 0.000110 20 3.508 0 
21 9 Indi3 Canal 14.11 1349 185 0.57 0.036 0.000080 20 1,894 0 
22 10 ludia Canal 14.03 1466 1.72 0.56 0 ,037 0.000080 20 4,230 0 
B II Ind~ CIr131 2750 1789 2.51 0.61 0.039 0.000070 20 822 0 
24 12 India CaR<lI 158.37 56.61 3.35 0 .83 0 .039 0.000070 20 2,175 0 
25 13 India Callal 202 5.34 0.94 0.40 0.042 0.000115 20 1,417 0 
26 14 India Canal 14.81 1355 1.86 0.59 0,043 0.000080 20 2,467 0 
27 15 India Canal 33.74 20.58 2.38 0.69 0.043 0000080 20 797 0 
28 16 lodi;). Canal 19.45 16.03 2,38 0 ,51 0.044 0000088 20 624 0 
29 17 India Canal 3.00 5,78 1.10 0.47 0046 0000115 20 3,132 0 
30 18 India Canal 24.59 18.07 2.24 0.61 0046 0000120 20 2.517 0 
31 19 India Canal 1.15 435 0.67 039 0048 0.000145 20 1,031 0 
32 20 India Canal 19.22 IH5 2.37 051 0048 0 .000088 20 SJ2 0 
Xi 21 India Canal 13.41 10,58 197 0.65 0.050 0 .000100 20 981 0 
34 22 lndiaCal\l) 27.89 18. 17 2.17 071 0.050 0 .000112 20 2,601 0 
3S 23 ludi;t Canal 13.19 10.70 1.94 0.64 0051 0,000100 20 671 0 
36 24 IndiD Can:al 15.87 17 .. '\4 1.57 0,58 0 .056 0.000120 20 5% 0 
37 2S India Canal 242.19 7910 356 0.36 0 .057 0.000064 20 1,490 0 
38 26 India Canal 129 431 0.79 0.38 0.064 0.000165 20 760 0 
39 27 India Canal 30.86 20.57 2.37 0,63 0.064 0.000080 20 918 0 
40 28 India Canal 132.80 51.90 3.29 0,78 0.064 0.000065 20 1,976 0 
41 29 Indi. CaDlI 131.39 51.S1 3.29 0.77 0.066 0.000065 20 1,593 0 
42 30 India CIl\:II 15.84 17.31 1.S7 0 .58 0 .070 0 .000120 20 726 0 
43 31 India Canal 166.36 66.54 HI 0 .7) 0.080 0 .000057 20 1,425 0 
44 32 India Canal 163.72 66.S5 3.39 0.73 0 ,082 0.000057 20 1,519 0 
45 I Pakistan Canal 158.09 118,87 2.23 0 .60 0 .083 0.000070 28 369 5 Mahmood 

<I a) 

46 2 Pakj'lan Canal 94.27 88.39 1.46 0.73 0.084 0.000137 28 190 5 (1979 
47 3 Paki$1an Canal 29.59 35.66 1.68 0.49 0.085 0.000085 31 103 0 
48 4 Pakistan Canal 76.94 69.49 1.83 0.61 0.108 0,000132 27 125 0 
49 S Pakistan Canal 52.13 35.66 2,29 0,64 0 .110 0.000075 32 156 0 
50 6 Pakistan Canal 54.14 35,36 2.26 0 .68 0.112 0.000067 21 61 0 
51 7 Pakistan Canal 55.16 35.97 2.23 0 .69 0 .112 0 .000085 22 289 0 
52 8 Pakistan Clnal 55.64 35.66 2.35 0.66 0 ,113 0.000077 28 511 0 
53 9 Pakistan Canal 528.68 123.44 3.72 1.15 0 ,113 0.000055 23 95 0 
54 10 Paki".n C ... I 51.42 35,66 2.32 0 .62 0,114 0.000070 23 76 5 
55 II Pwstln Canal 48.62 35.66 2.32 0.59 0,116 0.000072 2.1 32 0 
56 12 Pakistan Canal 151.24 90.22 1.89 0.89 0.116 0.000152 29 188 0 
57 13 Puislan Canal 52.41 35.66 2.53 0.58 0.117 0.000076 28 128 3 
58 14 Paki,lan C4na1 138.04 70.41 2.41 0.81 0,118 0.000149 26 563 0 
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Irrigation and Drainage in the New Millennium 
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28 West Pakistan 
(CHOP) Canal 

29 West Pakistan 
(CHOP) Canal 

30 Wesl PakiSlan 
(CHOP) Canal 

31 West Pakistan 
(CHOP) Canal 

n West Pakistan 
(CHOP) Conal 

n Wesl Pakistan 
(CHOP) Canal 

NOlI! (or bed form: 

427.57 121.62 ll7 

146. 11 5578 2.62 

153.47 58,52 2.71 

25541 11217 2.56 

114.% 57.91 2.35 

122.04 53.65 2.38 

138.47 66. 14 2.29 

138.47 59,44 2.38 

143,85 63.40 2.47 

139.03 57,91 2.44 

226.53 109.42 2,29 

399.26 112.78 3.41 

o Not observed 
I Plane bed without sed. 

movemc:nc 
2 Ripples 
3 Dunes 
4 Tr.tnsili 

III 

1.00 

097 

0.89 

0,85 

0.96 

0.92 

0.98 

0.92 

0,98 

0.91 

1.04 

0210 0.000202 16 1.217 

0.290 0.0001H2 27 244 

0.290 0.000165 24 261 

0290 0000207 12 .105 

0.300 0.000140 17 236 

0.300 0000185 II 302 

0.300 0.000165 15 395 

0300 0.000179 II 150 

0,300 0,000238 23 197 

O.lll 0.000176 22 198 

0.311 0.000185 19 388 

0.311 0.000178 17 1.317 

5 Plinc bed with scdillx:nt movement 

6 Standmg wave, 
7 Anti dunes 
8 Chute - pools 

l 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Irrigation and Drainage in the New Millennium 

22 West Pnk..sstan 
(CHOP) Canal 

23 WC31 Pakislan 
(CHOP)C.nal 

24 West Pakistan 
(CHOP) Canal 

2.5 West PaklsHIR 
(CHOP) Can.1 

26 West Pa-tislaR 
(CHOP) Canal 

27 West Pakistan 
(CHOP) Canal 

28 West Pakistan 
(CHOP) Canal 

29 West Pakistan 
(CHOP) Canal 

30 Wesl PakiSlan 
(CHOP) Canal 

31 West Pakistan 
(CHOP) Canal 

n West Pakistan 
(CHOP) Conal 

n Wesl Pakistan 
(CHOP) Canal 

NOlI! (or bed form: 

427.57 121.62 ll7 

146. 11 5578 2.62 

153.47 58,52 2.71 

25541 11217 2.56 

114.% 57.91 2.35 

122.04 53.65 2.38 

138.47 66. 14 2.29 

138.47 59,44 2.38 

143,85 63.40 2.47 

139.03 57,91 2.44 

226.53 109.42 2,29 

399.26 112.78 3.41 

o Not observed 
I Plane bed without sed. 

movemc:nc 
2 Ripples 
3 Dunes 
4 Tr.tnsili 

III 

1.00 

097 

0.89 

0,85 

0.96 

0.92 

0.98 

0.92 

0,98 

0.91 

1.04 

0210 0.000202 16 1.217 

0.290 0.0001H2 27 244 

0.290 0.000165 24 261 

0290 0000207 12 .105 

0.300 0.000140 17 236 

0.300 0000185 II 302 

0.300 0.000165 15 395 

0300 0.000179 II 150 

0,300 0,000238 23 197 

O.lll 0.000176 22 198 

0.311 0.000185 19 388 

0.311 0.000178 17 1.317 

5 Plinc bed with scdillx:nt movement 

6 Standmg wave, 
7 Anti dunes 
8 Chute - pools 

l 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


