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ABSTRACT 

The manual g i v e s  g u i d e l i n e s  f o r  t he  ope ra t ion  of s l u i c e  g a t e s  a t  t he  l a r g e  
d ive r s ion  w e i r s  i n  Thai land.  

The manual recommends t h a t  t h e  depth of water  i n  t h e  s l u i c e  channel i s  
cont inuously m o n i t o r e d when eediment d e p o s i t i o n  causes  t he  depth t o  drop 
below a th re sho ld  v a l u e  then  i t  is  time t o  f l u s h  sediment from t h e  s l u i c e  
channel. The manual i n c l u d e s  sets of t a b l e s  which c a n  be used t o  c a l c u l a t e  
a  s u i t a b l e  v a l u e  f o r  t h e  threshold  depth a t  each s i t e .  

Durat ion f o r  s l u i c i n g ,  s l u i c i n g  during cana l  c loeu ree  and s l u i c e  g a t e  
openings a r e  a l s o  covered by t h e  manual. 
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1 INTRODUCTION 

The purpose of this manual is to give guidelines for 

the operation of sluice gates at the large diversion 

weirs in Thailand. The manual is one of the products 

of a research project undertaken jointly by Hydraulics 

Research and the Royal Irrigation Department of 

Thailand, the final report on the research project is 

Atkinson (1986). 

Guidelines on the following aspects of 'the operation 

of gates at diversion weirs are covered: 

(i) When the sluice gates should be opened. 

(ii) The duration of sluicing. 

(iii) The gate opening required during sluicing. 

Present practice is to sluice during periods of high 

river discharge. However the collaborative research 

project showed that bed levels in the sluice channel 

do not drop significantly during sluicing if the river 

discharge is high, on some occasions bed levels can 

even rise. The reason is that at larger discharges 

the high downstream water levels and the large water 

level drop across the sluice gates cause the water 

level in the sluice channel to be too high. The high 

water levels prevent the flow from scouring the sluice 

channel. 

The manual seeks to enable engineers to set the gate 

operations so that sluicing can be performed at a low 

river discharge and at the minimum frequency; this 

ensures that the canal is closed for as short a time 

as possible during the irrigation season. It is 

recognised that other considerations apart from 

sediment control affect the operation of the intake 



structures. Therefore the guidelines presented in the 

manual will not always be applicable. 

It is assumed that the canal gates are always fully 

closed during sluicing, this is recommended, it is 

also current R I D  practice. Therefore the manual does 

not need to give any guidance on the operation of the 

canal gates. 

The kind of site for which the manual has 

applicability is shown in Figure 1 (a plan view of the 

Mae Tang diversion weir). Generally, the manual can 

be used at sites which have the following features: 

(i) A sluice channel upstream of the canal intake 

gates. The channel allows sediment in the flow 

to settle out before entering the canal; it may 

be a separate channel, as at Mae Tang, or it 

may be separated from the river by means of a 

dividing wall. 

(ii) Sluice gates for the flushing of sediment from 

the sluice channel. It is assumed that the 

gates can be opened and closed easily enough 

for a sluicing of only a few hours to be 

possible. 

(iii) The diversion weir may have water abstracted at 

one or both banks of the river. If water is 

abstracted at both banks then it is assumed 

that there is a sluice channel and a set of 

sluice gates at each bank. 

The theoretical background to the manual is presented 

in the final report of the collaborative research 

study (Atkinson, 1986). Also Appendix I gives an 

account of the theory and measurements which were used 

to produce the tables in the manual. 



An example of the use of the manual is presented in 

Appendix 11. 

2 DATA REQUIRED 

The following data are required for the use of this 

manua l : 

(a) The D 35 size of the bed material sediment in 

the sluice channel. (D35)is defined as the 

sediment size at which 35% of the sand sized 

sediment is finer. Sand sized sediment is 

defined as the sediment which is retained on a 63 

micron sieve.) If possible at least five 

separate samples should be taken and their D 3 5  

values averaged. It is best for the individual 

samples to be taken from different locations in 

the sluice channel. Also, if possible, samples 

should be taken on separate occasions, but not 

immediately before or after a sluicing. 

(b) The D 35 size of the bed material sediment in the 

main canal. Again five separate samples should 

be taken and their D 3 5  sizes averaged. The 

samples should be collected from different 

locations, but always near the centre of the 

canal cross-section. Samples should not be 

collected from the first 2km of the canal. 

(c) The design slope of the main canal, S . 
C 

(d) The mean width of the main canal, W . For a 
C 

trapezoidal canal section this is the mean of the 

bed width and water surface width. 

(e) The discharge into the main canal, 
QC 

(f) The water surface width in the sluice channel 

during normal operation, W . 
S 



(g) The side slope of the sluice channel (ratio 

horizontal distance/vertical distance) S . 
side 

(h) A set of measurements of water levels during 

sluicing (see Chapter 4 for details). 

3 DETERMINING WHEN 

TO OPEN SLUICE 

GATES 

The principal questions to be answered in setting a 

gate operational strategy at diversion weirs are: 

(i) When should the sluice gates be opened? And 

(ii) For how long should the gates be left open? 

This chapter largely deals with the first question 

while the second question is discussed in Chapter 4. 

The following five rules should be sufficient to 

determine a suitable strategy for gate opening: 

(a) Whenever the sluice gates are opened they should 

be opened fully. At lower discharges the gates 

can be considered fully open when the bottom of 

the gate is clear of the water surface. 

(b) During any period of canal closure for 

maintenance the sluice gates should be opened. 

This prolonged period of sluicing allows drawdown 

of river bed levels as well as the drawdown of 

bed levels in the sluice channel. Usually canal 

maintenance is done during periods of low river 

discharge, however, if the river discharge is too 

high then sluicing may not be beneficial. An 

indication of the maximum allowable discharge for 

sluicing is the discharge at which water just 

spills over the weir when the sluice gates are 

fully open. 



(C) During normal operation the timing of sluice gate 

opening should be determined by the water depth 

in the sluice channel: when sediment deposition 

causes the water depth to be reduced below a 

threshold depth, it is then time to sluice. 

It is the depth in the sluice channel and not 

just the bed level which should determine when 

to open the sluice gates. This is because it is 

the depth in the sluice channel which determines 

the sediment load entering the canal. For 

example, during periods of higher river discharge 

the water levels are high and so the depth also 

is high. As the canal discharge is constant this 

results in low velocities in the sluice channel 

and hence a low sediment load entering the 

canal. It is only after the water levels have 

dropped that the depth is reduced and the 

sediment loads entering the canal may become 

excessive, then would be the time to sluice. 

Calculation of threshold depth 

The threshold depth in the sluice channel, 

is determined using the tables at the 
d sluice
back of this manual. Firstly the main canal 

sediment transporting capacity is obtained using 

Tables 1 (a) to 1 (v), the canal's D 3 5  sediment 

size should be used in the tables. If more than 

one canal takes water from the sluice channel 

then the minimum of the sediment transporting 

capacities should be taken. The threshold depth 

in the sluice channel is then read from 

Tables 2(a) to 2(k), these tables use the sluice 

channel D 3 5  size. A n  input to Table 2 is the 

mean width of the sluice channel which in turn 

depends on the depth. Therefore the following 



t r i a l  and e r r o r  p rocedure  i s  r e q u i r e d  t o  use  

Table  2: 

( i )  Choose a  s e n s i b l e  v a l u e  f o r  t h r e s h o l d  

d e p t h ,  s a y  2.0m. 

( i i )  C a l c u l a t e  t h e  mean width  i n  t h e  s l u i c e  

channe l : 

Mean w i d t h ,  W = Ws - dep th  X S 
m s i d e  

where W = wate r  s u r f a c e  width i n  
S 

t h e  s l u i c e  channel a t  a  

t y p i c a l  water l e v e l  

d u r i n g  cana l  o p e r a t i o n .  

' s ide  
= s i d e  s l o p e  of t h e  s l u i c e  

channe l .  

( i i i )  C a l c u l a t e  t h e  d i s c h a r g e  per metre  wid th  i n  

s l u i c e  c h a n n e l ,  i t  i s  

where Q = d i s c h a r g e  i n t o  main c a n a l  
C 

( t o t a l  d i s c h a r g e  f o r  a l l  c a n a l s  

i f  t h e r e  i s  more than o n e ) .  

( i v )  Use Tab le  2 t o  o b t a i n  t h e  nex t  e s t i m a t e  

f o r  t h r e s h o l d  d e p t h ,  t h e  answer i s  g i v e n  

i n  m e t r e s .  ( I f  t h e  sediment t r a n s p o r t i n g  

c a p a c i t y  of t h e  c a n a l  i s  g r e a t e r  t h a n  

1000ppm, t h e  l a r g e s t  v a l u e  g iven ,  t h e n  

t a k e  t h e  t h r e s h o l d  d e p t h  f o r  1000ppm). 

( v )  If t h e  new e s t i m a t e  f o r  t h r e s h o l d  d e p t h  i s  

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  p r e v i o u s  



e s t i m a t e  t h e n  r e t u r n  t o  s t e p  ( i i )  above.  

Otherwise  i t  i s  t h e  f i n a l  answer .  

L inea r  i n t e r p o l a t i o n  between t a b l e s  o r  w i t h i n  

t a b l e s  may be r e q u i r e d  f o r  t h e  c a l c u l a t i o n .  An 

example of l i n e a r  i n t e r p o l a t i o n  i s  g i v e n  i n  

Appendix 11. 

The t h e o r e t i c a l  b a s i s  f o r  t h e  c a l c u l a t i o n  o f  

t h r e s h o l d  d e p t h  u s i n g  t h e  t a b l e s  i s  g i v e n  i n  

Appendix I. 

Moni tor ing of d e p t h  i n  s l u i c e  channe l  

A c r o s s - s e c t i o n  i n  t h e  s l u i c e  channel  ups t ream o f  

t h e  s l u i c e  g a t e s  ( a t  about  a  q u a r t e r  of t h e  

d i s t a n c e  from t h e  s l u i c e  g a t e s  t o  t h e  s l u i c e  

channel  e n t r a n c e )  shou ld  be moni tored.  The d e p t h  

a t  t h e  c r o s s - s e c t i o n  could  be measured u s i n g  a  

p o l e  wi th  d e p t h  mark ings ;  t h e  d e p t h  a t  abou t  10 

p o i n t s  a c r o s s  t h e  s e c t i o n  away from t h e  banks 

could  be measured,  and t h e  v a l u e s  averaged .  When 

sediment d e p o s i t i o n  i n  t h e  s l u i c e  channe l  c a u s e s  

t h e  dep th  t o  be reduced below t h e  t h r e s h o l d  v a l u e  

then  t h e  s l u i c e  g a t e s  shou ld  be opened. 

Once t h e  g a t e  o p e r a t i o n  s t r a t e g y  d e s c r i b e d  i n  

t h i s  manual h a s  been p r a c t i c e d  a t  a  w e i r  f o r  two 

o r  t h r e e  d e p o s i t i o n  and s l u i c i n g  c y c l e s ,  t h e n  t h e  

g a t e  o p e r a t o r s  would g a i n  a n  u n d e r s t a n d i n g  of how 

f r e q u e n t l y  t h e  measurement i s  r e q u i r e d  f o r  t h e i r  

s i t u a t i o n .  The r e q u i r e d  f requency  of measurement 

depends both  on t h e  s e a s o n  and on how n e a r  t h e  

d e p t h  i s  t o  t h e  t h r e s h o l d  d e p t h .  I n i t i a l l y  t h e  

measurement i s  r e q u i r e d  weekly. 

( d )  During t h e  i r r i g a t i o n  s e a s o n  t h e  c a n a l  may 

o c c a s i o n a l l y  be c l o s e d  f o r  a  day o r  s o  d u r i n g  



periods of high rainfall or for other reasons. 

Engineers operating the structure will then need 

to know if it is beneficial to sluice. Sluicing 

will be beneficial if: 

(i) bed levels in the sluice channel are high 

(ie the water depth is approaching its 

threshold value) and the river discharge is 

below the maximum allowable discharge for 

sluicing (which is described in Section (b) 

above); or 

(ii) the river discharge is less than half the 

maximum allowable discharge for sluicing. 

(e) Some diversion weirs have a sluice channel and 

canal offtake on both banks; in this case the 

sluice gates should, wherever possible, be 

opened together or not opened at all. Therefore, 

when the depth in the sluice channel is reduced 

below its threshold value for one offtake then 

sluicing at both offtakes should be performed. 

At times when only one canal is in operation, it 

is not possible to open both sets of sluice 

gates, so in this case it is advisable not to 

sluice at all. 

Also, the maximum allowable discharge for 

sluicing when there are two sluice channels is 

the discharge at which water just spills over the 

weir when both sets of sluice gates are fully 

open. 



4 DETERMINING THE 

DURATION OF 

SLUICING 

This chapter seeks to give recommendations on the 

minimum duration of sluicing. Longer periods of 

sluicing are possible when a canal closure provides 

the gate operators with the opportunity. It is not 

possible to provide tables of recommended minimum 

sluicing durations because the optimum duration 

depends on too many variables. 

A suitable duration for sluicing can be determined 

quite easily by measuring water levels during a couple 

of sluicing operations. Water levels should be 

measured at three positions in the sluice channel, at 

a quarter, a half and three quarters of the distance 

from the sluice channel entrance to the sluice gates. 

The measurement could be performed by periodically 

taking a reading of the distance from a fixed point on 

the bank down to the water surface. 

The sluicing measurements should be made when the 

water depth in the sluice channel before sluicing is 

at or near its threshold value. 

Plotting graphs of measured water level against time 

should show a steady drop in water levels as the 

sediment was flushed from the basin, followed by a 

much slower drop in water levels (or no discernible 

drop at all). Considerable scatter in the water level 

measurements is expected due to standing waves in the 

flow, however the trend described above should still 

be noted. 

A suitable duration for sluicing would be when the 

steady drop in water levels has ceased. It is 



expected that the duration of sluicing would be a few 

hours rather than days. 
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Fig l Mae Tang Weir and headworks 
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APPENDIX I: Theoretical basis for calculation of 

threshold depth in sluice channel 

The depth (and hence the other hydraulic conditions) 

just upstream of the canal intake gates determine the 

sediment concentrations entering the canal. As the 

bed level rises during the deposition phase of sluice 

channel operation, the depth is reduced and so the 

velocity of the flow passing into the canal rises. As 

the velocity increases it can carry more and more sand 

sized sediment. When the depth in the sluice channel 

approaches a minimum permissible value (the threshold 

depth), then the sediment concentration entering the 

canal reaches its maximum allowable value. 

The calculation uses the White et a1 (1979) method to 

~redict the friction slope in the sluice channel from 

an initial guess for the flow depth and hence the 

velocity; and then the Ackers and White (1973) method 

to predict the sediment transport from these values 

for depth, velocity and friction slope. The 

prediction of sediment transport is next compared to 

the maximum allowable sediment concentration entering 

the canal, and so a new guess for the depth is made. 

Eventually the depth is found which exactly produces a 

sediment transport rate equal to the allowable 

maximum. The White et a1 and Ackers and White methods 

are listed in a compilation of methods for predicting 

friction and sediment transport in alluvial channels 

(Sakhuja, 1987), the compilation will be circulated 

with this manual. 

The method just described has been compared with data 

both from the Mae Tang diversion weir and from a 

settling reach at the Mataram intake structure in 

Central Java. The results are summarised in the 

£01 lowing table. 



SEDIMENT DEPTH IN SLUICE 
CONCENTRATION CHANNEL AT THAT 
AT DOWNSTREAM SEDIMENT 

END OF CONCENTRATION 
SETTLING 

REACH OBSERVED PREDICTED 
(PP~) (m) (m) 

Mae Tang, canal 
discharge = 21m 3/s 200 1.8 1.2 

Mae Tang, canal 
discharge = 17.5m 3/s 200 1.45 1.05 

Mataram 100 2.05 1.75 

The method consistently underestimates the threshold 

depth by about 0.4m. The cause of the discrepancy 

is related to the turbulence introduced to the flow 

at the entrance to the sluice channel. In the theory 

just described the methods used to predict both the 

friction and the sediment transport assume that the 

flow is steady and uniform down the channel. In this 

application the sediment is settling out from the flow 

so the theory only applies if all the excess sediment 

has settled and the flow is uniform. The turbulence 

produced at the sluice channel entrance prevents all 

the sediment from settling. The effect is described 

in greater detail in the final report on the field 

measurements (Atkinson, 1986). 

Tables presented in this manual (Tables 2(a)-2(k)) 

give the predicted threshold depths, using the method 

described above, plus an allowance of 0.5m; this both 

accounts for the increased turbulence and gives a 

small margin of safety. 

One of the input parameters required for the 

prediction of threshold depths is the maximum 

allowable sediment concentration entering the canal. 

An indication of the approximate value that this 

maximum allowable concentration may have is the 



sediment transporting capacity of the canal. In fact 

the method which was used to produce the tables takes 

a sediment concentration of twice the canal's 

transporting capacity as the maximum allowable value. 

The sediment loads entering the canal would then be 

allowed to rise higher than the canal's transporting 

capacity, but this would be for only a short time at 

the end of the deposition phase. . 
Values for the sediment transporting capacity of the 

main canal are provided in a separate set of tables 

(Tables l(a)-l(v)). These tables give predicted 

transporting capacities from canal slopes, sediment 

sizes and values for discharge per unit width; again 

the White et a1 (1979) and Ackers and White (1973) 

prediction methods are employed. 





APPENDIX 11: Example of using the manual 

1. Data (a) Sluice channel D35 = 0.14mm 

(b) Canal D 35 = 0.40mm 

(c) Design slope of main canal 24cm per km. 

(d) Mean width of main canal 10m. 

(e) Canal discharge, QC = 16m3/s. 

(E) Water surface width in sluice channel = 19m 

approximately. 

(g) Side slope in sluice channel 1.5 horizontal 

distance to 1 vertical distance. 

(h) Water levels during sluicing. Figure 2. 

2 Calculation of D 35 = 0.40mm 

sediment Discharge per m width = 16.0110.0 = 1.6rn2/s 

transporting Slope = 24cm/krn 

capacity of 

canal Using Table l (m) 

Sediment transporting capacity of canal = 60ppm 

3 Calculation of For D 35= 0.14mm 

threshold depth 

in sluice Initial value for threshold depth in sluice channel = 

channel 2.0m 

Mean width = 19 - 2.0 X 1.5 = 16rn 

Discharge per m width = 16/16 = 1.0m 2/s 

Table 2(c) gives: depth = 1.971~1 

Therefore the next try for mean width in sluice 

channel is: 



mean width = 19 - 1.97 X 1.5 = 16.051~ 

So, discharge per m width = 16.05116 1.003m 

Table 2(c) again gives: depth = 1.97m 

The final answer for threshold depth is therefore 

1.97m. When the measured depth in the sluice channel 

becomes less than 1.97m it is time to open the sluice 

gates. 

4 Examplesof The example just presented was chosen so that linear 

linear interpolation in the use of the tables was avoided. 

interpolation Examples of linear interpolation are given below: 

in the tables 

Interpolation in Tables l(a) - (v) 

D ,, = 0.54mm 

Discharge per m width = 2.3m 2/s 

Slope = 20cm/km 

Starting with Table l(o): 

For = 0.5mrn and 2.0m2/s 

concent rat ion = 42ppm 

For D35 = 0.5mm and 2.5m2/s 

concentration = 46ppm 

So for 0.5mmand 2.3m2/s 

concentration = 0.6 X 46 + (1-0.6) X 42 

Likewise, using Table 1 (p): 

For = 0.6mm and 2.3m2/s 



f = 
2.3 - 2.0 
2.5 - 2.0 = 0.6 and 

concentration = 0.6 X 39 + (1-0.6) X 36 

Therefore 

For D ,, = 0 . 5 4 ~  and 2.3m2/s 

concentration = 0.4 X 38 + (1-0.4) X 44 

Interpolation in Tables 2(a) - (k) 

D 35 = 0.13mm 

Sediment transporting capacity of canal = 42ppm 

Discharge per m width = 1.05m2/s 

Using Table 2 (b): - 
D 35 = 0.12mm, concentration = 4Oppm 

(interpolating between values for 1.0m 2/s and l. lm 2/s) 

depth = 0.5 X 2.17 + 0.5 X 2.04 = 2.11m 

= 0.12mm, concentration = 60ppm 

depth = 0.5 X 2.10 + 0.5 X 1.98 = 2.04m 

D 35 = 0.12mm, concentration = 42ppm 

f = 
42 - 40 
60 - 40 = 0.1 

depth = 0.1 X 2.04 + (1-0.1) X 2.11 = 2.10m 

Then, using Table 2 (c) 

D35 = 0.14mm, concentration = 4Oppm 

depth = 0.5 X 2.16 + 0.5 X 2.03 = 2.10m 

D 35 = 0.14mm, concentration = 60ppm 



depth = 0.5 X 2.09 + 0.5 X 1.97 = 2.03m 

D 3 5  = O.l4mm, concentration = 42ppm 

depth = 0.1 X 2.03 + (1-0.1) X 2.10 = 2.09m 

depth = 0.5 X 2.09 + 0.5 X 2.10 = 2.10m 

5. Duration of Measurements of water surface elevation during 

8 luiciag sluicing at the Mae Tang diversion weir are shown in 

Figure 2. The scatter in the measurements is 

considerable but it appears that little sediment was 

flushed from the sluice channel after about two hours 

of sluicing. The measurements were made to provide 

data for a comparison with predictions, more frequent 

readings of water surface elevation would give a 

better guide for the optimum duration of sluicings. 
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