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ABSTRACT

The calibration of various types of outlets plays pivotal role in ensuring accurate
and equitable distribution of water. A study was conducted to calibrate three
different types of outlets including orifice type semi module (OSM), pipe outlet
and open flume (OF) off taking from Rahuki distributary. These types of outlets
are commonly found in the irrigation system of Pakistan, particularly in Sindh.
In this study theortical discharge was computed from geometrical parameters of
outlets, actual discharge was measured through cut-throat flume. The values of
coefficient of discharge (Cqy) for all the outlets were calculated from minimum
and maximum heads of the selected outlets. The results showed that the open
flume outlet and adjustable proportional module produced higher C4 values as
compared to pipe outlet. Hence open flume and adjustable proportional outlets
could be used for higher accuracy. It was found that Cq values have direct
relationship with upstream head at outlet as head increased, Cq values of all
types of outlets increased. This study also developed an explicit empirical
equation for all the outlets and rating curves on the basis of Cq4 values. The
results of this study can be used as guidelines for agriculture engineers as well
as Farmer’s Organizations (FOs) for proper operation of watercourses.

Keywords: calibration of outlets, coefficient of discharge and Stage discharge
ratings

INTRODUCTION

Pakistan’s irrigation system is one of the biggest irrigation systems in the World.
Its irrigated area has been increased from 9 million hectares (Mha) in 1950 to
about 18 Mha (total irrigated area not Basin area) in 2006 (Government of
Pakistan, 2006). Despite having the world’s biggest irrigation system, huge
amount of water is lost in the conveyance system. According to estimates only
30% of water diverted into the canal system reaches at the farmers’ fields
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(Kahlown and Kemper, 2004). This is attributable to the uncertainty and inequity
of water distribution at the head reaches of watercourses. In addition, farmers at
the head reaches get more water, which results in the unavailability of water at
the tail reaches (Bhutta et al., 1992; Latif and Pomee, 2003).

Outlet, also known as farm turnouts in some countries, is a device
constructed at the head of a watercourses, which admits designed discharge of
water from government own distributary or minor to public owned watercourses
(Sharma and Sharma, 2008). Common types of outlets found in the irrigation
system of Pakistan, particularly in Sindh are: orifice type semi module (OSM),
pipe outlet and open flume (OF). There are several other structures like orifices,
weirs, and flumes (Spitzer, 1991, Gertrudys, 2006, Chin, 2007) are used to
measure irrigation water directly by making a reading on scale in an open
channel or closed conduit (Bos, 1978; Tollner, 2002). However, outlet partially
restricts the flow in an open channel and supplies irrigation water judicially on the
basis of their rights and needs (Adkins, 2006). The accuracy in the measurement
of designed discharge is crucial for equitable distribution of water (Pomee et al.,
2005, Bureau of Reclamation. 2001). This is consistent with Thandaveswara
(2007), who stated that the success of any irrigation enterprise depends on the
accuracy in the distribution of water.

Hence, calibration of various types of outlets plays pivotal role in ensuring
accurate and equitable distribution of water to the watercourses. Once a
structure is properly calibrated for immoveable channel regime, it provides
accurate data so that the relationship among discharge and depth of flow can be
established (Shaikh et al., 2012). Therefore a study was carried out at three
types of outlets off taking from Rahuki distributary.

MATERIALS AND METHODS

This study was carried out on the calibration of three types of outlets (orifice type
Semi Module (OSM), Pipe outlet and Open Flume (OF)) off taking from Rahuki
distributary. The total length of the distributary is 14.32 km, gross command area
is 20880.56 hectares (ha) and cultivable command area is 20623.59 ha. The
salient features of selected watercourse are depicted in Table 1.

Table 1. Salient features of selected watercourse

S.No. | Name of watercourse Actual Dimensions Type of outlet
By/dia (m) Y (m)

1 8-L 0.12 0.23 OsSM

2 2-CR 0.01 - OF

3 Pipe 0.10 - Pipe outlet

Calibration of outlet/mogha

Discharge measurement

The actual discharge of selected watercourses was measured by cutthroat flume,
while the theoretical discharge was computed by empirical formulae at different
heads (from minimum till maximum) (IWMI, 1998); hence four readings were
taken at each location.
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Orifice semi module outlet (OSM)
Empirical formula of orifice semi module outlet

Q=BtxY x/2gHs

Where, Q is discharge (m3/s), Bt is width of the opening (m), Y is a difference
between the elevations of the roof block and the elevation of crest of the outlet
(m), g is acceleration due to gravity (m/s®), Hs is height between the upstream
water level and the roof block (m) i.e. Hs = hu — Y, where, hu is upstream flow
depth (m).

Pipe outlets
Q=C, x Ax/2gH

Where Q is discharge (m3/s), C; is coefficient, A is the inner area of pipe, g is
acceleration due to gravity (m/sz), H is height between the upstream water level
and the center of pipe (m).

Open flume outlet
Free flow condition

Q=KxBtx(G)"

Where Q is discharge (m3/s), Bt is width of the opening (m), G is height between
the upstream water level and the crest of outlet (m).

Cutthroat flume
Empirical formula of cut throat flume is

For free flow formula

Q=C,(h)"
Submerged flow formula
_Cy(h,=h,)"

Q (-logS)™

Q = Discharge in cusec

h, = Upstream

hy = Downstream

S =Ration of downstream and upstream
S <0.68 for free flow

S > 0.68 for submerged flow

Co-efficient of discharge Cq4

The ratio of actual discharge to the theoretical discharge is known as Coefficient
of discharge. It is unit less
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Cd — Qact

Qy

Where,

Cy = Co-efficient of discharge

Q.ct = Actual discharge in cumecs

Qu = Theoretical discharge in cumecs

RESULTS AND DISCUSSION

The results of coefficient of discharge for OSM outlet are given in Table 2. The
upstream head (hu) varied from 0.46 to 0.66m, while the fluctuations in the Cq4
values were recorded from 0.79 to 0.92 with an average value of 0.859.

Table 2. Theoretical discharge, actual discharges and values of coefficient of
discharge for OSM outlet

Sr. Theoretical Discharge Actual Discharge [Cut- |Coefficient

No. [Outlet] throat Flume] 12"X 3' Discharge
Hs (m) Qth Type of | hu (m) Qact |[Type of Cd

(Cumecs)| Flow (Cumecs)| Flow

1 | 0.459 0.081 FF 0.213 0.064 FF 0.79
2 | 0.522 0.086 FF 0.226 0.071 FF 0.82
3 | 0.556 0.089 FF 0.238 0.078 FF 0.88
4 | 0.602 0.093 FF 0.244 0.082 FF 0.88
5 | 0.659 0.097 FF 0.256 0.089 FF 0.92
Average 0.86

In pipe type of outlet upstream head (H) varied from 0.42 to 0.66m, while the
fluctuations in the Cq4 values were recorded from 0.68 to 0.78 with average value
of 0.74 as shown in Table 3. C4 values of pipe outlet were less than that of OSM.
This may be due to low discharges.

Table 3. Theoretical discharge, actual discharges and values of coefficient of
discharge for pipe outlet

Sr. Theoretical Discharge Actual Discharge Coefficient

No. [Outlet] [Cut-throat Flume] 8"X 3' | Discharge
H (m) Qth Typeof |hu(m)| Qact |Type of Cd

(Cumecs)| Flow (Cumecs)| Flow

1 | 0419 0.023 FF 0.012 0.016 FF 0.68
2 | 0496 | 0.025 FF 0.012 0.018 FF 0.71
3 | 0534 | 0.026 FF 0.013 0.020 FF 0.75
4 | 0573| 0.027 FF 0.014 0.021 FF 0.78
5 | 0.659 | 0.029 FF 0.014 0.023 FF 0.78
Average 0.74
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In open flume outlet, upstream head (H) varied from 0.34 to 0.57m, while the
fluctuations in the C4 values were recorded from 0.79 to 0.84 and average value

of C4 was 0.81 as shown in Table 4.

Table 4. Theoretical discharge, actual discharges and values of coefficient of
discharge for open flume

Sr. Theoretical Discharge Actual Discharge [Cut- Coefficient

No. [Outlet] throat Flume] 12"X 3' Discharge
H (m) Qth Type of | hu (m) Q act Type of Cd

Cumecs)| Flow (Cumecs) | Flow

1 ]0.335 0.032 FF 0.530 0.025 FF 0.79
2 |0.410 0.043 FF 0.630 0.035 FF 0.80
3 10.433 0.047 FF 0.660 0.038 FF 0.80
4 10.488 0.056 FF 0.740 0.047 FF 0.83
5 [0.570 0.071 FF 0.850 0.060 FF 0.84
Average 0.81

The results also showed that the coefficient of discharge is directly
proportional to the upstream head of all the outlets in free flow state. As
upstream head increased Cd values also increased. Similar trend was found in

all three types of outlet as shown in Figure 1.
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Figure 1. Relationship between upstream head and co-efficient of discharge
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Figure 2. Stage discharge (rating) curves of OSM, OF and Pipe Outlts

The results of this experiment are in resemblance with Arjen (1997), who
found that coefficient of discharge for Orifice type Semi Module (OSM) outlets
ranged from 0.89 to 1.04 (average 0.97). However IWMI (1997), found
coefficient of discharge for Orifice type Semi Module is 0.81 and 0.91 for Open
Flume outlet. Igbal (1994) states that there is a clear distinction between Cd
values of OFRB and AOSM. This is probably due to the difference in the
upstream face of the orifice.

Pomee et al. (2005) conducted a study to calculate the coefficient of
discharge for commonly used outlets in Indus Basin Irrigation System (IBIS)
under real field conditions. The results of calibration outlets of Hakra 4-R
distributary showed that coefficient of discharge for Orifice Semi Module (OSM)
type outlets ranged from 0.89 to 1.04 (average 0.97), while for Open Flume (OF)
and Open Flume with roof Block (OFRB) type outlets ranged from 0.62 to 0.86
(average 0.73) and 0.99 to 1.19 (average 1.10) were observed, respectively
(Arjen, 1997).

Stage discharge curves were developed for all three outlets (OSM, OF and
Pipe) on the basis of average Cd values as shown in Figure 2. The curves
showed that maximum fluctuation occurs in Open flume outlet, followed by orifice
semi module and pipe outlets with respect to water level in the distributary.

CONCLUSION

The selected outlets were calibrated against the cut throat flume and the
corresponding values of coefficient of discharge Cd were 0.859, 0.814 and 0.74
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for OSM, OF and pipe outlets, respectively. The open flume outlet and adjustable
proportional module produced higher Cd values as compared pipe outlet. Hence
open flume and adjustable proportional outlets could be used for higher
accuracy. It was also found that Cd values had direct relationship with upstream
head. As head increased, Cd values increased.
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