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ABSTRACT 
 

Sediment in the canals is a major problem in ensuring smooth water distribution in a 
large scale of irrigation systems and reduces the system efficiency.  
 
River water contains huge amount of bed load and suspended sediment. When the 
sand enters into the canals, the canals cross-section and its conveyance are reduced. 
In order to recover its function, sediment must be removed. However, during the 
sediment removal, water delivery must be stopped and it also requires huge 
expenditure.  
 
Sand trap plays the significant role to prevent or minimize the sedimentation in the 
canal. Sand trap must be designed in order to reach the goal and increase the 
irrigation efficiency. The suspended sediment can be removed considerably if related 
devices are quipped and managed adequately.  
 
A study was undertaken to (1) understand the problem and the performance of 
designed sand trap structures on RMC of the Mae Lao Irrigation Scheme (MLIS); and 
(2) propose the improving sand trap performance. It will study the design of sand trap 
structures. The study on parameters will include distribution of flow velocity, sediment 
transport and trapping. The efficiency of sand trap will be examined in the field. 
 
Keywords: Sand Trap, Sediment removal, Trapping and flushing effectiveness, 
improving irrigation efficiency. 
 

1. INTRODUCTION 
 
The scarcity of water has been extending worldwide. Irrigated agriculture consumes 
more than two-thirds of the available water supply. As the water demand of other 
uses rises, less water will be available for agriculture. If food security is to be 
maintained, ways of increasing the productivity of water must be found.  
 
Agriculture contributes two-third of gross domestic product in Thailand, and irrigation 
development plays a significant role for agriculture sector.  
 
Irrigation efficiency is defined in terms of the amount of water required for 
evapotranspiration divided by the amount of irrigation water diverted into the system. 
Although the definition of efficiency is not consistent among studies (e.g. it often 
includes seepage and percolation as well as runoff and transpiration as 
requirements), the efficiency of rice-based systems is less than 50 percent and lower 
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in the wet than in the dry season (see Table 1). It would seem that there is plenty of 
scope for improving efficiency. 
 

Table 1. Overall efficiency of some irrigation systems 
 

Country/Irrigation 
system 

Overall irrigation 
efficiency (%) 

Remark Reference 

Indonesia 40-65  Hutasoit,1991 

Malaysia/Kerian 
irrigation scheme 

35-45 
Command area = 
23,560ha 

Keat, 1996 

Thailand/Northern, Mae 
Klong, Chao Phraya 

37-46 
Irrigable area > 

12,800ha in wet 
season 

Khao-Uppatum, 1992 

40-62 In dry season Khao-Uppatum, 1992 

North India/India canal 
systems 

38 
 

Ali, 1983 

Karnataka State/ 

Tunghabhadra Irrigation 
Scheme 

30 

 

Bos and Wolters, 1991 

 
Sediment in the canals poses a major problem in water distribution in large irrigation 
systems, as it reduces the system efficiency by causing water deficit at the tail end of 
canals. Therefore, suspended sediment must be prevented from entering into the 
canals. Sand trap is generally used for this to increase irrigation efficiency. 
 

2. STUDY AREA 
 
Mae Lao Irrigation Scheme (MLIS) is one of the largest irrigation projects of the Royal 
Irrigation Department (RID) of Thailand. It is located in the Chiang Rai province of 
Northern Thailand. The project area is long in shape and runs along N-S direction.  
 
The headwork of the MLIS, the Mae Lao Weir was constructed across the Mae Lao 
River in 1950, and the whole MLIS was completed in 1963. The total project area is 
29,440 ha, of which 23,680 ha can be irrigated. The Mae Suai River is a tributary of 
the Mae Lao River which is located 30 km upstream of the Mae Lao Weir. The Mae 
Suai Dam was constructed with a storage capacity of 77 million cubic meters (MCM). 
The purpose of the dam is to supply water to the MLIS during dry season cropping 
(RID 2003). For better operation and maintenance, the MLIS is divided into four 
branches as shown in Figure 1. 
 
The Mae Lao Weir is an ogee weir 2.50 m high and 30.50 m long. The canal network 
consists of the right and left main canals. The Right Main Canal (RMC) is 49.48 km 
long with a maximum flow rate of 26.70 m3/s. There are 22 secondary canals and 5 
sub-secondary canals with a total length of 90.09 and 15.69 km, respectively. The Left 
Main Canal (LMC) is 24.32 km long with a maximum flow rate of 8.50 m3/s. There are 
14 secondary canals and 2 sub-secondary canals with a total length of 32.86 km and 
2.50 km, respectively (RID, 1999). 
 
The irrigable areas of the MLIS is divided into 4 branches and 18 zones. Branch 1, 2, 
and 3 are along the RMC while Branch 4 is along the Left Main Canal (LMC). Zone 6 
to 10 belong to Branch 1. Zone 11 to 15 to Branch 2. Zone 16 to Zone 18 to Branch 3 
and Zone 1 to 5 to Branch 4. 
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Figure 1. Map of Mae Lao Irrigation Scheme 
 
 

3. PROBLEM STATEMENT 
 
The data on RMC intake volume and cropping areas (rice and upland crops) between 
1986 and 2006 are shown in Figure 2.  
 

 
Figure 2. The detail of collected data of RMC intake water volume and cropping areas 
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The graph in Figure 2 shows the detail of the total intake volume of the RMC and the 
cropping areas for the indicated period. The bars are the cropping areas; the lower is 
the area of rice crop and the upper bar is the area of upland crops. The lines are the 
water volume. The lower line is the water requirement for cropping that is derived 
from crop water requirement formula while the upper line is the intake volume of the 
RMC recorded by MLIS. The Mae Suai Dam was constructed during the period 1998 
- 2002. Moreover, the RMC was reconstructed between 2002 and 2003 in order to 
increase its maximum capacity up to 26 m3/s. Since 2003, the intake volume was 
rapidly increased from 45 to 100 MCM approximately. As a result, it can be analysed 
that it is the big gap between the water requirement for cropping and the intake 
volume, and it determined that the inefficiency water use occurred in the MLIS in 
particular in dry season (Wongtragoon et al, 2011). 
 
In 2012, the sedimentation measurement was done along the RMC from the U/S to 
D/S for 4.179 km (Fig. 3). The data collection of sedimentation volume from the field 
survey is detailed in Table 2. The total sediment volume in the canal is 16,303 m3 
that is a huge volume and the maximum capacity of the canal may reduce. 
 

 
 

Figure 3. Locations for sedimentation measurement 
 

Table 2. Sedimentation volume between the intakes to the first Check Gate 
 

Control Structure 
Length 

(m.) 
Distance 

(m.) 
Average 

thickness (m.) 
Volume 

(m3) 

 0 0 1.442  

Weir-B 30 30.0 1.442 620 

B-A 23 71.5 1.459 241 

A-C 46 106.0 1.278 407 

C-D 204 231.0 1.070 1,442 

D-E 466 566.0 1.173 3,695 

E-F 506 1,052.0 1.098 3,693 

F-G 492 1,551.0 0.815 2,496 

G-H 463 2,208.5 0.471 1,246 

H-I 494 2,507.0 0.216 569 

I-J 503 3,005.5 0.397 1,116 

J-K 492 3,503.0 0.291 779 

K-L 327 3,912.5 0.000 0 

L-CK 103 4,127.5 0.000 0 

Total length 4,179 4,179.0 0.000 16,303 
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In addition, Figure 4(a) shows the situation of sedimentation at the intake point 
(upstream of RMC) from the sedimentation survey, taken in January 2013. It can be 
seen that the huge sediment filled at the bed canal at the upstream of RMC including 
at the downstream of RMC (see Figure 4(b)). 
 

 

 

 
Figure 4(a)  The situation of sedimentation at the intake point (U/S of RMC), taken in 

January 2013 
 

 
 

 

 

 
Figure 4(b)  The situation of sedimentation at the intake point (D/S of RMC), taken in 

June 2015 
 

The sediment removal in canals is the key to maintain the canal capacity and 
conveyance functions at the desired level. However, during the removal, water 
delivery must be stopped and it also requires huge expenditure. Therefore, the 
genuine understanding on the problem including sand trap structure in the study area 
is necessary to be done before proposing the better sand trap performance.  
 

4. LITERATURE 
 
A number of work has been carried out to assess the scope of biases and the field 
conditions in relation to sand trap performance. The correction and/or reducing 
possible sand trap biases were studied for better understanding. Particularly, the 
sinking flux in sand trap was defined by particle concentrations and their settling 
velocities, which contributed to the sinking flux, were studied (Gardner, 1997) as 
similar as Asper (1987), Pilskaln et al. (1998) and Lampitt et al. (2005) collected 
sediment samples in the fields to estimate particle sinking rates for better 
improvement of sand trap. In relation to flux of particles in sand trap, measuring 
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particle sizes and estimating flux in order to design a sand trap were experimented 
(Bishop et al., 2004; Bishop et al., 2006).  
 
For parameters affecting sand trap performance, inflow and outflow samples from the 
sand trap and deposited sediment samples were collected to evaluate the 
performance of sand-traps (Mukherji, 2000; Paulos et al., 2006). Their study showed 
that sediment concentration and particle size distribution affected the performance of 
sand trap. It was also noticed that flushing interval of deposited sediment also related 
to the sand trap performance. In addition, Manual Hydraulic Engineering Planning, 
Operation, and Maintenance of Sand Trap Pusair Type, Ministry of Settlement and 
Infrastructure Region (2004) indicated the parameters affecting the sand trap 
performance such as flow velocity, dimensions of sand trap, trapping rate and 
concentration and diameter of grain-size. 
 
On the other hand, Atkinson (1992) proposed how to design the sluiced settling 
basins in order to prevent a huge amount of sediment entering irrigation canals. 
Developed models were used to predict conditions of sediment and sluicing 
processes. However, this design of sluiced settling basin did not provide guidance, 
the determination of the optimum width for a basin, the design of inflow and outflow 
basin and the design of spilling channel. 
 
As reviewed early studies, we found that these studies concerned on flux and particle 
concentrations, which were expected to affect the performance of the sand trap. In 
separately, many parameters relating to the design of sand trap were identified 
without the concentration on the problem of current sand trap behaviors. Therefore, to 
fill this gap, this paper will concern in both identifying the problem and sand trap 
performance, and designing the appropriate sand trap for irrigation canals. 
 

5. OBJECTIVE 

 
The objectives of this research are to (1) understand the problem and the 
performance of designed sand trap structures on RMC of the Mae Lao Irrigation 
Scheme (MLIS); and (2) propose the improving sand trap performance. The design of 
sand trap structures will be studied. 

 
6. METHODOLOGY 
 
The procedure adopted was as follows: 
 
6.1 Evaluating sand trap performance 
 

(i) Marking a point for measuring sediment thickness in range 5 m  
(ii) Closing the first check gate of RMC 
(iii) Measuring sediment thickness using a total station as in Figure 5  
(iv) Closing the second check gate of RMC but opening the first check gate 

of RMC 
(v) Opening sand trap as in Figure 6. 
(vi) Closing the first check gate of RMC 
(vii) Measuring sediment thickness using a total station 
(viii) Making 5 meters-range into 25 sections as in Figure 7. 
(ix) Overlaying cross-sections of before-after sediment measurement for 

25 sections 
(x) Calculating the cross-section of sediment in each section of sand trap 

(see Figure 8.) 
(xi) Comparing before-after sediment in each section 
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Figure 5. Measuring sediment before operating sand trap 

 

 

 
Figure 6.Opening sand trap 

 

 

 
Figure 7. 25 sections in a 5 meters-range of RMC 
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Figure 8. Calculating cross-section of sediment 
 
6.2 Sand trap design 
  
(i)  Determination of the grain-size limitation 
 
A sample of sediment is collected in order to find the particle diameter of the 
suspended matter, which is just to settle. Sifting matter is to find the percentage of 
held sediment on the top of the sifter, the percentage of accumulated sediment and 
the percentage of sediment finer. The formulas are given below (Atkinson, 1992). 
 
 𝐻 = (𝑊𝑠 𝑊𝑡⁄ ) ∗ 100      (1) 
    
H = Percentage of held sediment on the top of the sifter (%); Ws = Weight of 
sediment on sifter; Wt = Weight of total sediment 
 
 𝐴𝑐𝑐 = ∑(𝐻𝑟)       (2) 
    
Acc = accumulated sediment on the top of the sifter (%); Hr = Accumulated 
percentage of rougher sediment on the top of the sifter 
 
 𝐹𝑖𝑛𝑒𝑟 = 100 − 𝐴𝑐𝑐                 (3) 
      
Finer = Percentage of accumulated sediment  
 
 After that, the size of sediment is calculated as follow: 
   

 𝐷 = 𝐾2√
ℎ

𝑡
                            (4) 

          
K2 = Retrieving from Table 3; h = Time of sinking sediment (hour), which interprets 
from Stokes’ law at 10  ْ degree Celsius (Stokes, 2001);  t = Time of settling sediment 

(min)  
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Table 3. Gravity of soil particles 
 

Temperature 
(Cْ) 

Specific gravity of soil particles 

2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 

16 0.01510 0.01505 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.01356 

17 0.01511 0.01480 0.01462 0.01439 0.01417 0.01396 0.01376 0.01356 0.01338 

18 0.01192 0.01467 0.01443 0.01421 0.01399 0.01378 0.01359 0.01339 0.01321 

19 0.01474 0.01449 0.01425 0.01403 0.01382 0.0136 0.01342 0.01323 0.01305 

20 0.01456 0.01431 0.01408 0.01380 0.01365 0.01344 0.01325 0.01307 0.01289 

21 0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01309 0.01291 0.01273 

22 0.01421 0.01397 0.01374 0.01353 0.01332 0.01312 0.01294 0.01276 0.01258 

23 0.01401 0.01381 0.01358 0.01337 0.01317 0.01297 0.01279 0.01261 0.01243 

24 0.01388 0.01365 0.01342 0.01321 0.01301 0.01282 0.01264 0.01246 0.01229 

25 0.01372 0.01349 0.01327 0.01306 0.01286 0.01267 0.01249 0.01232 0.01215 

26 0.01357 0.01331 0.01312 0.01291 0.01272 0.01253 0.01235 0.01218 0.01201 

27 0.01342 0.01319 0.01297 0.01277 0.01258 0.01239 0.01221 0.01204 0.01188 

28 0.01327 0.01304 0.01283 0.01264 0.01244 0.01225 0.01208 0.01191 0.01175 

29 0.01312 0.01290 0.01269 0.01249 0.01230 0.01212 0.01195 0.01178 0.01162 

30 0.01208 0.01276 0.01256 0.01236 0.01217 0.01199 0.01182 0.01165 0.01149 

 
(ii)  Determination of the flow velocity 
 
The flow velocity in the sand trap may not exceed an upper limiting value if the limited 
grain-size is deposited as detailed below: 
 

 𝑉𝑑 = a ∗  𝑑
1

2 , 𝑐𝑚/𝑠               (5) 
          
Vd = Velocity in sand trap; d = particle diameter; a = coefficient as a function of d 
(=36 at d >1 mm; = 44 at 0.1 mm < d < 1 mm and = 51 at d <0.1 mm) 
 
(iii) Determination of sand trap dimensions 
  
To calculate the length of sand trap, the formula is follow 
 

  𝐿 =
𝑉𝑑∗ℎ

𝑉𝑠−0.04∗𝑉𝑑
       (6) 

   
L = Effective settling length (m); h = Settling depth (m); Vd = Flow velocity (m/s);  

Vs = Sinking velocity of the limited grain-size (m/s); γS  = specific weight of the 

particles; γW = specific weight of water e.g. for sand: s = 2.7 

 
 To calculate the width of sand trap, the formula is: 
   

  𝐵 =
𝑄∗𝑡𝑑

𝐿∗ℎ
        (7) 

  𝑡𝑑 =
𝐿

𝑉𝑑
        (8) 

    
Q  = Discharge in m3/s;  td = Time of passage in s 
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(iv) Verifying the design of sand trap dimensions 
 
This formula is used to verify 
 

  𝑙 =
𝐵−𝐵′

2 𝑇𝑎𝑛 ∝
<

𝐿

3
       (9) 

 

7.  RESULTS AND DISCUSSION 

 
For evaluating sand trap performance, experiments were done as shown in Table 4. 
 
Table 4 shows the sediment area and the sediment volume before-after operating 
sand trap at 25 cross-sections each 5 m along the sand trap of the RMC. Before 
operating the sand trap, the total of sediment volume was 770.598 m3. After operating 
the sand trap, the volume of suspended sediment in the sand trap was 766.541 m3. 
Therefore, the accumulated sediment volume, which can be trapped from the sand 
trap, was 4.3 m3 or 0.526%.  For example, at Station 1, there is the comparison of 
sediment volume by cross-section as shown in Figure 9. The sediment area in before-
after operating the sand trap was similar. 

 

 
Figure 9. Comparison of sediment level by cross-section at station 

 
Moreover, the comparison of sediment volume describing by profile section from 
Station 1 to Station 25 was shown in Figure 10. The green line represents for base of 
the canal. The black line is the level of sediment before operating the sand trap while 
the red line is the level of sediment after operating the sand trap. As a result, the level 
of sediment in before-after operating the sand trap is not different. 
 

Table 4. Before-after sand trap operation 
 

Station 
Distance 

(m) 

Sediment area (m2) Volume of Sediment (m3) 

Before operating 
sand trap 

After 

operating 
sand trap 

Before operating 
sand trap 

After operating 
sand trap 

1 5.00 1.513 1.525 7.545 6.795 

2 5.00 1.505 1.192 6.473 5.473 

3 5.00 1.084 0.997 5.115 5.973 

4 5.00 0.962 1.392 4.733 5.755 

5 5.00 0.931 0.910 2.528 2.358 

6 5.00 0.080 0.033 23.935 22.718 

7 5.00 9.494 9.054 28.605 27.552 
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Station 
Distance 

(m) 

Sediment area (m2) Volume of Sediment (m3) 

Before operating 
sand trap 

After 

operating 
sand trap 

Before operating 
sand trap 

After operating 
sand trap 

8 5.00 9.576 9.314 45.350 44.200 

9 5.00 8.564 8.366 36.358 35.668 

10 5.00 5.979 5.901 29.848 29.328 

11 5.00 5.960 5.830 37.373 38.258 

12 5.00 8.989 9.473 51.725 55.540 

13 5.00 11.701 12.707 63.373 67.960 

14 5.00 13.648 14.477 72.488 73.568 

15 5.00 15.347 14.950 78.573 77.020 

16 5.00 16.082 15.858 78.220 76.158 

17 5.00 15.206 14.605 68.618 68.550 

18 5.00 12.241 12.795 37.705 38.330 

19 5.00 2.841 2.537 9.093 8.144 

20 5.00 3.221 2.892 16.848 15.463 

21 5.00 3.518 3.293 18.520 17.475 

22 5.00 3.890 3.697 18.343 17.445 

23 5.00 3.447 3.281 16.933 16.023 

24 5.00 3.326 3.128 12.303 10.933 

25  1.596 1.245   

Total 770.598 766.541 

 
 

 
 
Figure 9.  Comparison of sediment level by profile section from Station 1 to 

Station 25 
 
On the other hand, the design of sand trap will follow the formulas (1) to (8). The 
sediment diameter (d) was 0.2 mm. and coefficient (a) was 44. The settling depth of 
the sand trap (h) was 7 m. and the angle of changing width of the sand trap (α) = 15ْ. 

The width of canal (B’) was 5 m. The maximum discharge (Q) was 26 m3/s. The 
sinking velocity of the limited grain-size (Vs) was 2 cm/s. The experiment results were 
found that the flow velocity (Vd) was 0.2 m/s, the effective settling length (L) was 
113.56 m, time of passage (td) was 577.13 s and the width of the sand trap was 18.87 
m. In order to verify the design of the sand trap dimensions, the formula (9) is applied 
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and the designed sand trap dimension was 25.89 m, which was accurate, because 
the formula (9) identified that the designed sand trap dimension should be less than 
the effective settling length (L) divided 3 or 37.85 m. 

 
Therefore, the appropriate sand trap for the RMC of the MLIS should be designed as 
follow; the length of the sand trap is 113.56 m, the width of the sand trap is 18.87 m, 
the depth of the sand trap is 7 m, the range of changing width of the sand trap is 
25.89 m, the angle of changing width of the sand trap is 15ْ, the sand trap area is 

132.09 m2 and the flow velocity is 0.2 m/s. 

 
8. CONCULSION 
 
A study was carried out to identify the problem and the performance of the designed 
sand trap structures on RMC of the MLIS and propose the appropriate sand trap for 
improving the sand trap performance. The study shows that there was the low 
efficiency of the sand trap because the experiment resulted in the similarity of the 
accumulated sediment volume in before-after operating sand trap. Only 4.3 m3 or 
0.526% of sediment were trapped from the RMC by the operation of the sand trap. In 
order to improve the efficiency of the sand trap performance, many parameters are 
required to propose the better design of the appropriate sand trap for the RMC of the 
MLIS such as the length of the sand trap, the width of the sand trap, the depth of the 
sand trap, the range of changing width of the sand trap, the angle of changing width 
of the sand trap, the sand trap area and the flow velocity. The aforementioned 
formulas with these parameters showed that the appropriate sand trap for the RMC of 
the MLIS was that the length of the sand trap was 113.56 m, the width of the sand 
trap was 18.87 m, the depth of the sand trap was 7 m, the range of changing width of 
the sand trap was 25.89 m, the angle of changing width of the sand trap was 15ْ, the 

sand trap area was 132.09 m2 and the flow velocity was 0.2 m/s. 
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