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1 Introduction

This paper reports on the efforts undertaken to calibrate the six IIMI sample watercourses on 6-R
Distributary of Hakra Branch Canal. These watercourses are studied under the research study as
proposed by Cris de Klein in 1996 Collective Action for Water Management. This research falls
within - IIMI’s Dutch-funded project: “Managing Imrigation for Environmentally Sustainable
Agriculture in Pakistan”.

One purpose of this report is to document a process of leaming that might be of benefit to others
that want to perform similar exercises in Pakistan. Especially, the selection of a discharge formula to
be used for AOSM-structures has been preceded by much discussion. By reporting on these
discussions and the outcomnes thereof, the time and effort of researchers can be saved in future
endeavours.

The second purpose is to present the outcomes of the daily staff gauge readings for the six
sample outlets. These outcomes will be further used in the study on Collective Action for Water
Management Below the Outlet, as the actual daily discharges are expected to be one of the
important physical factors that explain water management activities at the watercourse level.

This report gives an overview of the choice of a discharge formula for the Adjustable Orifice
Semi-module (AOSM) structures', the methods used during calibration, and the problems
encountered and the solutions applied in the calibration efforts, as well as the calculations of daily
discharges using the calibrated formulae. Lastly, some conclusions are drawn from the daily
discharges as measured, and they are compared with the design discharges. Design and actual
allowances for the six watercourses are presented and the water availability is related to the
cropping patterns.

2 Choice of a Formula for Calibration of AOSM OQOutlets

2.1 Introduction

In the following sections, two different formula that are both used to calculate discharges through an
AOSM outlet are compared. One is the formula used by the Irrigation Department for the design of
the structures. The other is a formula that has been derived from the submerged flow formula for an
orifice and was used in the Training Course on Field Calibration of Irrigation Qutlets that was
organized by IIMI in 1995 (see 1IMI, 1996).

2.2 Design formula AOSM/APM

The formula as used by the Irrigation Department to design the dimensions and crest elevation of
AOSM structures is given below. In the following discussion, it will be referred to as the “design”
formula.

! The AOSM is a later version of Crump’s Adjustable Proportional Module (APM). The names are frequently
interchanged. An explanation of the difference can be found in Mahbub and Gulhati, 1951; p.80.
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0=73*B*Y.[h
Where: Q = discharge
B = width of the opening
Y = height of the opening
h, = height between upstream water level and suffit of the roof block

See Figure 1 for a cross profile through an AOSM structure. In the formula as used by the Irrigation
Department, 7.3 is the empirically derived constant for this particular structure, which is claimed to
be a constant (Visser, 1996),

Hu = the energy head over the crest of the AOSM

h, = the water depth above the crest

Hs = the energy head above the suffit of the roof block

h, = the water depth over the suffit of the roof block

hy = downstream water depth

Y = height of the opening of the orifice (crest to suffit of the roof block)

Figure 1. Cross profile of an AOSM outlet structure,

Theoretically, the discharge formula for a sliding gate (from which the formula for the AOSM is
derived) is:

Q= \2g*BaWHu—aW
[L.T7) = LT T L]*[-]*[L]*[L""]

In this formula, g is the gravity, H is the energy head over the crest of the structure, W is the height
of the opening and « is the contraction coefficient, which is generally on the order of 0.61. The
formula for a sliding gate is derived from the formula for an orifice, where the issuing jet is
supported. This implies that the velocity in the jet is assumed to be the same for all practical
purposes (see paragraph 2.5 on page 37 in Mahbub and Gulhati, 1951 for a more detailed
explanation). Therefore, in case the jet is supported, the discharge varies with the head to the top of
the orifice, instead of to the center of the opening as is the case for a jet leaping into free air.

When the AOSM is considered, the shape of the roof block is more or less similar to the
contraction line when a rectangular sharp gate is considered. Therefore, the assumption can be made



that the water as flowing from the downstream opening of the AOSM is fully contracted and Y =

aW. If the velocity component of H is considered to be negligible, Hu = h,, so that:
Hu-aW=h,-Y=h,

Also, 2g = 64.4 (in the imperial system). Therefore, theoretically, the discharge formula for the

AOSM is:

O =8.02«BY.[n,
The value of 7.3 as used in the empirical formula is smailer because the friction and velocity losses
are included in this factor.

However, the constant in this formula is not really a constant and changes with different values
for Y/h,. Mahbub and Gulhati explain that for large orifices (or low water levels, that is) the actual
discharges will start to differ considerably from the discharges calculated with a normal orifice
formula. Up to where the working head (h,) equals the height of the opening of the orifice, the
discharges can be calculated with the orifice formula, while at lower heads they suggest using the
following formula for a rectangular orifice (see p. 34 in Mahbub and Guthati):

2
Q= %@*cw[(h, W) - hf}

This shows that the constant ¢ used in this formula is not a real constant, but can be regarded as one
for values of h, greater than 2Y.

2.3 The Cd-formula

Another much used formula to calculate discharges through an AOSM-outlet is derived from the
“submerged flow formula”, which is referred to here as the ¢,- formula.

Q=c¢ \/E *BY \/’Z
Where: Q = discharge

¢, = discharge coefficient

h, = height from crest to upstream water surface

g = gravity acceleration
In this formula, ¢, is not a constant, its value changes with changing values for h, and Y. In the
literature {Ankum, 1991), the formula for c, is given as:

o

In case of an AOSM (where the assumption is made that xW=Y and o has been included in Y), this
can be written as;

C; =

1

1+%.‘

Cd:

2.4 Submurged flow formula

When submerged flow is considered, the situation becomes even worse, as than the constant is
dependent on both upstream and downstream water depths and the variation in possible values for ¢,
becomes enormous (0 to appr. (.6). See Figure 2 for an impression of the possible changes of ¢,
with different upstream and downstream water levels. Here these are expressed by the ratios of the
up- or downstream water level over the gate opening (fixed in the case of a single AOSM). This
implies that for a good calibration of an AOSM under (partially) submerged conditions, the curve
should be divided into different ranges for which different values of ¢, are valid. The data to
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calibrate the five sample outlets with an AOSM structure under submerged flow conditions were not
available.

There is a need to note that the formula used for submurged flow is the same always. The
submerged flow formulla for an AOSM is:

Q= Cd\/z—g*BY h,~hy

In this formula, h, is the downstream water depth over the crest.

discharge
oowllickent

y,= upstream water depth

0. - e 7. / | y;= downstream water depth
cbund 1/ /471
02 {I (/ / / 4 ’ /a

nwyy i

Source: Bos, 1989, p.275

Figure 2: Discharge coefficient for free and submerged flow for the c-formula

2.5 Comparison of the two formula for modular flow

For a comparison of the two formulae that have been given above for describing modular flow
through an AOSM structure, see Figure 3 below. Here, the curve as described by the two different
formulae is graphically represented for a sample outlet on watercourse (W/C) 61-L. For the
calculation of the ¢ and c, values, the discharge measurements taken for this cutlet were used.
Notice that the curve has a distinctly different form. Over the range of h, that is to be used for
calculating the daily discharges using the AOSM formula, h,= 1.5 ft. (to be explained later) to the
maximum measured h, of 4 ft., the difference in Q calculated with the two formulae is maximally
46% of the discharge calculated using the design formula (See Table 1 below).



5.00
4.50 1

4.00 1
3.50 +

3.00 +
2 250 + . = = Qdesign
o / QCd

2.00
¢ () measured

1s)

1.50
1.0¢ -+
0.50 +
0.00 t t 4 +

Hu (ft)

Figure 3. Comparison of Two Discharge Formulae for Watercourse 61-L, Hakra 6-R
Distributary.

Table 1: Comparison of two AOSM discharge formulae for 61-L, Hakra 6-R

Hu Hs (021 Q2 Q1-Q2 Y% of Q1 | % of Q2
1.5 0.45 1.94 2.83 -0.89 -46 -31
2 0.95 278 3.26 -0.48 -17 -15
227 1.22 3.15 3.48 -0.33 -10 -9
2.5 1.45 3.43 3.65 -0.21 -6 - -6
3 1.95 3.98 4.00 -0.01 0 0
3.5 245 446 4.32 0.15 3 3
3.8 2.75 4.73 4.50 0.23 5 5
4 2.95 4.90 4.61 0.28 6 6

Design formula: Q1 = c*b*y*sqrt(Hs)

Cd formula: Q2 =c,*b*y*sqrt(2g*Hu)
y =105 c=73
b=0.37 c,=0.75

This large difference in the low values can be understood from the fact that the discharge
measurements used for calibrating the two formulae were largely taken in the upper range of water
levels. This explains why in this range the curves are closer together. This also indicates that as long
as the calibrated outlet mostly functions within this upper range of water levels, not too much
difference in outcomes has to be expected. The accuracy of the callibration and the daily staff puage
readings can be expected to be on the order of 10% or less. As can be seen in Table 1, the
difference in calculated values become 10% at an h, of 2.27 ft. This implies that only for the lowest



30% of the measured range is the difference in calculated values exceeding the expected (wished
for) accuracy.

OQutlets that have been calibrated with one formula can easily be converted into the the other
formula, because all of the values that are needed to do so are available (Y, B, Q, and h,).

2.6 Concluding remarks

As explained above, both formulae that are regularly given for the modular flow through an AOSM
give different values for the discharge at one and the same h,. The formula that is closest to the
theory underlying these kind of structures is the formula in which the suffit of the roof block is used
as a reference level. Also, for this formula the discharge coefficient seems to be less dependent on
the upstream water depth than in the case where the crest level is used as a reference level (c,-
formula). However, this study of the difference in dependence of the constants on the upstream
water level was not conclusive. Still, from a review of the theory and literature dealing with these
formulac, the author has got the impression that with the “design” formula more accurate discharges
will be calculated. Therefore, the design formula has been chosen to calibrate the five AOSM
sample outlets on Hakra 6-R Distributary.

As long as the measurements are mostly situated in the upper range of water levels, the
difference in accuracy obtained with one formula in comparison with the other will be negligible.

3 Methods Used

3.1 Discharge measurements for calibration

The sample outlets on Hakra 6-R Distributary had to be calibrated in order to make it possible to
calculate the daily discharges by measuring water depths only. To do so, white marks were placed
upstream of the structure and downstream, making it possible to measure the water level up- and
downstream of the structure using a staff gauge with reference to a fixed benchmark level. The
white marks were related to the crest level of the outlet using a leveling instrument.

To be able to accurately calibrate the outlets, it was thought useful to take several discharge
measurements. Most of these measurements were taken using current meters. Two types of current
meters were used during the research period -- a direct velocity current meter and a Pigmy 005 -- for
which revolutions were counted and a calibration table was used to calculate the velocity from the
number of revolutions counted.

First, the width of the watercourse (w/c) was measured with the help of the staff gauge. Then
the width was devided into several sections (the number depending on the width of the w/c). The
depth of the waler was measured for each section. Measurements were taken in the middle of each
section, at 0.6 of the depth below the water surface. Three measurements per section were used to
come to an average velocity per section. The derived velocity was multiplied by the area of the
section to calculate the discharge in the section. The total discharge in the watercourse was
calculated as the sum of the discharges in the individual sections.

The upstream and downstream white mark readings were taken before and after the
measurements. If there was no considerable fluctuation in water levels (less than 0.02 ft) before and
after the discharge measurement, the measurement would be accepted; otherwise, the discharge
would be measured again.



3.2 Measurement and calculation of daily discharges

To be able to calculate daily discharges, the water levels in the distributary (upstream white mark)
and in the watercourse {downstream white mark) were measured every working day for most of the
peried from 3 July 1996 to 15 April 1997. The levels were measured from the underside of the
whitemark to the water surface. Later, these measurements were used to calculate the working head
over the crest of the structure, which was used to calculate the daily discharges.

For the calculation of the daily discharges in the five IIMI sample watercourses on Hakra 6-R
Distributary where an AOSM is installed as an ouflet structure, the “design” formula has been used

for the upper range ofh,.: O = c*B*Y\/h—,

In this formula, the ¢ value was calibrated using the discharge measurements. The formula was
only calibrated for modular flow conditions. Most outlets always flow modular and for those that
are sometimes submerged, not enough measurements under non-modular circumstances were
available to calibrate the submerged flow formula.

Because of the form of the roof block, the AOSM functions as a free flowing flume (FF) for a
considerable range where the water is still touching the roof block (pers. com. Marcel Kuper). For
every outlet this range differs. The different ranges have not been measured in the field and only a
few of the daily discharge measurements fall in this range. Therefore, it has been decided to
estimate this range by looking at the way the curves for orifice flow and flume flow fit together.
This was done graphically in the computer software Excel, where it is easy to compare different
curves and decide which one fits best. In this way, the ranges for which each of these formulae
would be used were decided.

The formula used for the free flowing flume (FF) is: Q = 2.95*b*(h,)'"*

The discharge coefficient was suggested by Marcel Kuper, and finds its origin in literature about
these kinds of structures.

The outlet for Watercourse 10-R has a pipe outlet. Here, the discharge formula for a pipe outlet
was used. The flow through this outlet was always submerged, so the formula has been calibrated

for submerged circumstances only. The formula used is: O = C,* A* f2g(h -k »

4 Calibration of the Six Sample Outlets on Hakra 6-R Distributary

4.1 Introduction

In the following sections, an explanation is provided on how the calibration calculations for the six
IIMI sample watercourses on Hakra 6-R Distributary were performed. The problems faced along
with the assumptions and estimations made to overcome these problems is also discussed. In some
instances, discharge measurements have been discarded. Where so, the measurements and
calculations have been thoroughly checked before deciding to discard the measured value in
question.

4.2 Watercourse 7-L

The outlet of Watercourse (W/C) 7-L is an Open Crump AOSM (OCAOSM) (see Figure 4).
The OCAOSM consists of an AOSM orifice, that is connected to the distributary by a pipe. The
pipe ends in a stilling well, in which the AOSM is constructed. The discharge for an OCAOSM can
be calculated similarly to the discharge of an AOSM, with the upstream water level being taken in
the stitling well, instead of in the distributary.
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To calibrate the OCAOSM at W/C 7-L, seven discharge measurements have been used (6 current
meter measurements and 1 flume measurement). For each measured value of Q and h,, the constant
¢ was calculated. For W/C 7-L, all of the resulting c-values have been used to calculate the average
c-value, which happened to be exactly equal to the design value of 7.3. Thus, the derived discharge
formula has been used to calculate the daily discharges for the period 4 July 1996 to itie canal
closure in January 1997. The range for using the OM (orifice modular) formula was h, > 0.6 ft. For
h, < 0.6 ft., the formula for a free flowing flume (FF). The rating curve and the measured
discharges are graphically presented in Figure 4.

Table 2. Calibration of Watercourse 7-L Outlet.

Ha Hb Hu Hd Q c Qc QQc | %ofQ
0.58 1.34 4.50 1.14 1.64 7.16 1.67 -0.03 -1.94
0.74 1.46 4.34 1.02 1.35 6.01 1.64 -0.29 -21.39
1.44 1.03 3.64 1.45 1.48 7127 1.49 -0.01 -0.36
1.97 1.57 3.11 0.91 1,31 7.04 1.36 -0.05 -3.63
2.19 14 2.89 1.08 1.53 8.58 1.30 023 1498
223 1.44 2,85 1.04 1.36 7.69 1.29 0.07 543
346 1.58 1.62 0.90 091 7.33 0.91 0.00 0.36

Avg.e=| 1730
b=0.27 WMup= 5.08 Al (Q’s are in [cfs)
y=042 WMdown=2.48 All heights and width are in [ft]

« y=the height of the opening of the AOSM

s b= the width of the opening of the AOSM

¢ WMup= the level of the upstream white mark related to the crest of the outlet

*  WMdown= the level of the downstream white mark related to the crest of the outlet

s Ha= the measurement from the upstream white mark (WMup) to the upstream water level

¢ Hb= the measurement from the downstream white mark (WMdown) to the downstream water
level

¢ Hu= the height of the upstream water level above the crest of the outlet

Hd= the height of the downstream water level above the crest of the outlet

Q= the measured discharge

c= the constant for the discharge formula calculated from Q

Qc= the discharge as calculated using the average c-value

% of Q= the percentage deviation of the calculated value, Qc, from the measured Q

*  Qtheory= the discharge calculated using the design value of 7.3 for ¢ (not calculated in this case
as average c = 7.3).

* & &

Table 2 shows that some of the measurements deviate considerably from the discharge calculated
with the calibrated discharge formula (using 7.30 as the c-value in this case). However, by
discarding these points, one arrives at exactly the same c-value. Therefore, alt points have been
considered.
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Figure 4.Discharge calibration of outlet for Watercourse 7-1, Hakra 6-R Distributary:
discharges and rating curve before canal closure (15 January 1997).

During canal closure in January 1997, the “machine” of W/C 7-L was taken out of the outlet
structure by the Irrigation Department to be readjusted to the design dimensions. The sub-engineer
for this part of Hakra 6-R related that NESPAK (a Pakistani consultancy firm) had checked the
dimensions of all the outlets and compared them with the design dimensions. The outlets that
deviated from the design dimensions were to be readjusted during the closure period. As a
consequence of this, the discharge formula for the AOSM at head of W/C 7-L changed.

After the closure, the changed b and y were measured and the outlet (crest and white marks)
were leveled anew. For the constant, the design value of 7.3 has been used. Earlier research in the
Chishtian Sub-division suggests that the discharge through AOSM structures can be calculated with
a higher than 30% accuracy by using the design discharge coefficient of 7.3 (Visser, 1996). Also,
the earlier calibrations of the AOSM sample outlets showed that the calibrated discharge formulae
were all within 10% of the outcomes of the design formula, which strengthens the outcomes of this
earlier research.

The desired accuracy for the daily discharges was not more than 90%, and the re-calibration of
the outlet would have taken a substantial amount of time from the field staff, which was not
available. So, from the opening of the canals in February 1997 onwards, the design constant (7.3)
has been used to calculate the daily discharges for the W/C 7-L sample outlet. The new dimensions
of the outlet have been measured: y = 0.36, b = 0.26. Also, the crest and the upstream white mark
have been re-measured. It turned out that the machine has been replaced at a level 0.62 ft. higher
than before the closure. This, in combination with the reduction in size of the opening, results in a
considerable reduction of the discharge passing through the mogha (see Table 3). The range for
which the FF values will be used for the daily discharge after the canal closure has graphically been
assessed to be: h, < 0.5 fi. See Figure 5 for a representation of the rating curve used to calculate the
daily discharges after the canal closure.

The chosen solution seems to have a high probability of falling within the desired accuracy.
Further research into the relation between actual c-values and the design c-value would be
recommendable, because if the design value can be used with more than 90% accuracy for non-
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tampered outlets, this would save enormous amounts of time now spent on the calibration of these
outlets. :

Table 3. Changes in discharge over the normal operating range of Watercourse 7-L before and

After canal closure.
y(f) | b(ft) ¢ WMup
elevation
W/C 7-L before closure 042 0.27 7.3 5.08
'W/C 7-L after closure 0.36 0.26 73 4.46
Hs,before | Hs,after | Qbefore | Qafter | % reduction
i 0.8 0.83 042 49.1
1.5 0.88 1.01 0.64 368
2 1.38 1.17 0.80 314
2.5 1.88 1.31 0.94 284
3 2.38 143 1.05 26.5
35 2.88 1.55 1.16 25.1
4 338 1.66 1.26 24.1
1.40
1.20
1.00 +
?f) 0.80
[ .
0801 ] : —Rating curve
| 0.40 T
0.20 T
0.00 ;
] 1 2 3 4 5
Hu

Figure 5. Discharge calibration of Watercourse 7-L, Hakra 6-R Distributary: rating curve after
canal closure (04 February 1997).
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4.3 Watercourse 10-R

The outlet in the sample Watercourse 10-R is a pipe outlet. In the opening of the pipe, a metal throat
was fixed with a diameter of 12-inches. This throat was regulating the discharge cominy through the
pipe. During the closure period in January 1997, the outlet was changed from a 12-inch pipe outlet
to a 6-inch outlet. However, this change was very temporary, as shortly after the reopening of the
canals, the installed 6-inch diameter, 6-feet long metal pipe was removed and the .old gap was
restored as an outlet; only, this time without the metal throat, which had been removed when the
new outlet was installed. The new opening is not as regularly shaped as the old one, but still has
more or less the same size (12-inch diameter). Therefore, it was decided to continue using the
discharge formula as was used before the closure period.

The calibration of a pipe outlet in itself is not an easy job. In this case, some circumstances even
aggravated the situation, making this calibration and the resulting daily discharges less accurate than
those of the AOSM’s in the other sample watercourses. At first, the outlet was judged to be a
severely tampered Scratchly type outlet and the discharge formula for this kind of outlet had been
used for this structure. Also, the calibration was based on only one current meter measurement, and
the leveling equipment that was used to relate the white marks to the “crest level” later proved to be
severely deregulated. The upstream white mark had been placed in the stilling well on the
downstream side of the pipe.

During a field visit in November 1996, it was found that the water level in the stilling well and
downstream of the stilling well had the same level. It was concluded that the stilling well was so
severely tampered that, in fact, the pipe from the distributary to the stilling well functioned as the
outlet structure. It was, therefore, decided that the upstream white mark had to be moved to the
distributary side of the pipe. In a later field visit, when the distributary was on third preference, the
metal ring of 12 inches constructed on the upstream side of the pipe was discovered and it became
apparent that this outlet was meant to be a pipe outlet.

Since that time, five current meter measurements have been conducted in order to calibrate this
outlet (see Table 4). The discharge formula for a pipe outlet is:

Q = CF*A*-V 2g(hu - hd)

Table 4. Discharge calibration of the pipe outlet for Watercourse 10-R.

Date Ha Hb Q Hu' Hd Hu-Hd Cp
10/16/96 3. 1.18 2.69 1.37 1.21 0.16 1.07
10/16/96 3.84 1.20 243 1.33 1.19 0.14 1.03
10/19/96 4.08 1.35 2.83 1.20 1.04 0.16 1.13
10/27/96 1.27 0.27 5.09 276 2.12 0.64 1.01
11/04/96 1.44 0.21 4.86 2.66 2.18 0.48 1.11

avg, Cp 1.07

D=12inch=1ft WMup (crest = 0.0)=3.46
A=0.785 ¢ WMdown = 2.39

2 {a was measured along the side of the disty, i.e. under a slope of 1:1.5. Therefore, Hu was calculated here as
Hu = 3.46 - 0.5547*Ha.
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With this value for ¢, (1.07), the daily discharges for W/C10-R have been calculated. For the period
from 4 July 1996 up to 14-10-1996, no upstream water level measurements were available as they
had been taken in the stilling well and were thus useless. The water level in the distributary was
estimated using the daily measurements m the stilling well of W/C 7-L outlet. For the range in
which data were available for both W/C 10-R and W/C 7-L (from 15-10-1996 to 31-12-1996), the
differences in relative, daily water levels for the two outlets were calculated (34 measurements were
available in this period). On average, this deviation was 0.08 ft. with a standard deviation of 0.11 ft.
The maximum deviation was 0.39 ft. These differences are surprisingly high, seeing that the two
outlets are situated very close together and there is no other outlet taking off between the two. In
general, the time span between the two readings was not very large (between 10 and 20 minutes),
which makes it unlikely that these large fluctuations would occur, However, there was no better
alternative to arrive at a reasonable estimation of the daily discharges for this outlet.

Due to this method, many daily discharges in the first period of measurements have not been
calculated for W/C 10-R. In the data series for W/C 7-L during this period, many days the outlet
was closed due to rain and no measurements were taken, making estimation of the water level at
W/C 10-R impossible. An attempt was made to derive these water levels from the measurements
taken at W/C 45-L., but the differences in water levels between the measurements in W/C 10-R and
W/C 45-L, were so large that this estimation would not have made sense. Also, some of the
estimated values for h, in W/C 10-R were discarded as the value for h, was larger than the estimated
h, value, which would have resulted in a negative discharge.

4.4 Watercourse 45-L

The outlet in W/C 45-L is an AOSM. Some important assumptions were made when calibrating
W/C 45-L. Firstly, the outlet is part of the time flowing modular and other times non-modular. As
the influence of these different flow conditions on the discharge constant cannot be found in the c-
values calculated from the current meter measurements, it is assumed that the influence of the flow
condition is negligible compared to the maccuracy in the current meter measurements. Also, when
observing the flow in the outlet under different flow conditions it became apparent that the outlet 1s
always working in a range close to modular flow, it is never really severely submerged. This
strengthens the idea that the differences in discharge due to non-modularity of the flow are
negligible compared to other inaccuracies and are therefore ignored. So, for the range where the
AOSM discharge formula is used to calculate the daily discharges, the flow condition is ignored,
and modular flow is assumed.

Secondly, for the calculation of the discharge constant, two measurements have been discarded,
as they were way out of range compared with the other measurements taken in the same range. (see
Table 5 and Figure 6). The reasons for these measurements to be so different are not known.
Potential causes can be that the outlet was partly blocked, that a2 measuring error was made in
assessing the cross profile of the measured section, or that the current meter was temporarily
deregulated (lack of oil on the propeller?). Anyway, the discarded measurements are so far off from
the expected accuracy (>90%) for these kind of current meter measurements, that they cannot be
considered for calibrating the discharge formula.
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Table 5. Discharge calibration of outlet for Watercourse 45-L.

Date Flow | Ha | Hb Hu Hd Q [ Q¢ |Q-Qc| % of |Qtheory|% of Qe
cond Q
10/15/96 ON 1034|047 378 [1.19| 237 |748(226]|0.11 | 446 2.31 22
11/4/96 ? 0581048 354 [1.18| 210 |688}2.18|-008( -3.80 | 2.23 22
10/16/96 ON 059|042 3.13 [124| 198 |698|2.03(-005}-240| 207 22
10/19/96 OM |1.18|042] 294 |124| 193 |7.06(195]|-0.02] -1.19 2.00 22
8/7/96 OM |[136)|092] 276 |[0.74] 1.88 }|7.15(1.88] 000 | 0.03 1.92 2.2
10/21/96 ON [1.88{052| 224 [1.14] 169 [{732]|1.65] 004 | 242 1.69 2.2
avg.c i 7.14
Discarded
10/11/96 ON [032]033( 380 [1.33]| 186 |585)227(-041|-2210| 232 2.2
10/27/96 ? 058 | 037 354 [1.29] 192 |629]218]|-026]-13.53| 223 2.2
y=050 WMup=4.12
b=035 WMdown=1.66

For calculating the daily discharges, the FF-formula with c=2.95 was used for values of h, smaller
than 0.6 ft. For water levels more than 0.6 ft. above the crest, the OM formula was used with the
calibrated value of 7.14 for c.
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Figure 6. Discharge measurements and rating curve of outlet for Watercourse 45-L, Hakra 6-R

Distributary.

4.5 Watercourse 61-L

The outlet for W/C 61-L is also an AOSM. The dimensions of this outlet have, so far, been changed
twice during the research period. On August 10, 1996, the outlet was enlarged by the Irrigation
Department. During the canal closure, the outlet size was reduced again and the discharge at full
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flow was reduced to almost exactly the discharge the outlet used to draw before enlargement (see
Table 7 for details). For the first period (3 July to 10 August 1996}, no calibration measurements are
available. Here, the design constant of 7.3 was assumed. In this period, not a single measurement in
the free flow (FF) range was taken, so no effort was done to find the range over which the outlet
used to work as a free flowing flume. As for the other outlets, the discharge measurements, on
which the calibration from 10 August 1996 until the canal closure (15-01-1997) was based, were
conducted with a propeller current meter. Details are given in Table 6.

For similar reasons as described for W/C 45-L, two points have been discarded (see Table 6 and
Figure 7). The resulting c-value is the average of the remaining values. The flow condition was
always modular (FF).

Table 6. Discharge measurements for outlet of Watercourse 81-L.

Ha Hb | Ha | Hd Q c Qc | Q-Qc | % of Q | Qtheory | % of Qc
0.29 009 | 383 | 125 | 460 | 7.10 | 482 | -0.22 | -4.78 4.73 1.9
0.44 008 | 3.68 | 1.26 | 473 | 751 | 469 | 0.04 0.89 4.60 1.9
1.00 041 1312 (123 420 | 751 | 416 ] 0.04 0.97 4.08 1.9
1.12 038 | 300|096 | 401 | 739|404 | -0.03 | -0.67 396 1.9
1.82 0571230077 | 334 | 769 | 3.23 1 0.11 3.23 3.17 1.9
avg.c | 7.44
Discarded
0.28 038 384|096 | 353 | 5441483 -1.301| -36.78 4.74 1.9
0.36 376 | 134 | 42 | 657 {4.76 ] 056 | -13.30 4.67 1.9
y=105 WMup=4.12
b=0.37 WMdown =1.34
5
451 .
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Figure 7. Discharge measurements and rating curve for outlet of Watercourse 61-L, Hakra 6-R
Distributary.
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Looking at the differences between the theoretical value for ¢ and the calculated value in Table 6
shows that here too, as for the other AOSMs, the values calculated using the design formula are
very close to the values calculated using the calibrated c-value, The difference is 1.9%. Until canal
closure, the FF formula was used to calculate the daily discharge data for values of h, smaller than
1.5 ft.

During canal closure, this outlet, too, was changed by the Irtigation Department. In the case of
W/C 61-L, they have raised the level of the crest with concrete, without changing the width of the
outlet. The crest level has been raised by 0.36 ft., resulting in a new WMup elevation of 3.76. The
newly measured y is 0.67. For similar reasons as explained for W/C 7-L, the outlet has not been
recalibrated. Instead, the design c-value (7.3) has been used to calculate the daily discharges from
the closure period onwards. The change in discharge due to the change in crest elevation and y is
given in Table 7. Figure 8 gives the rating curve as used after the annual closure period.

Table 7: Changes in discharge over the normal operating range of 61-L before
10/08/96, until canal closure, and after canal closure.

y b c WMup
elevation
61-L before 10/08/96 0.64 | 037 7.3 4.09
61-L before closure 1.05 ] 037 | 7.54 412
61-L after closure 067 | 037 7.3 3.76
Hs before | Hs before | Hs after | Q before | % of Q | Qbefore | Qafter | % of Q
10/08 closure closure 10/08 before | elosure | closure | before
closure closure
0.97 1 0.62 1.70 58.1 2.93 1.42 48.6
1.47 15 1.12 2.10 58.4 3.59 1.92 53.4
1.97 2 1.62 243 58.6 4.14 230 55.6
247 2.5 2.12 272 58.7 4.63 2.63 56.9
2.97 3 2.62 2.98 58.7 5.07 2.93 57.7
347 35 3.2 3.22 58.8 548 3.20 58.3
3.97 4 3.62 3.44 58.8 5.86 3.44 588
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Figure 8. Rating curve for outlet of Watercourse 61-L, Hakra 6-R Distributary after
canal closure.

4.6 Watercourse 101-R

Once again this outlet is an AOSM, but this is a special case as the outlet has been tampered.
Underneath the “machine”, a hole has been created that considerably increases the discharge of this
outlet. The exact dimensions of the hole are not known, as it does not have a regular size and shape.
The outlet has been calibrated wsing the AOSM formulae, and assuming that the hole undemeath the
outlet has to be added to y and has the same width. This implies that the reference level for the
calculation of h, is not the crest, but the bottom of the hole, 0.45 ft. lower This resulted in y=1.13,
These assumptions yielded acceptable results, seeing that the calibrated c-value is 7.67, and that the
curve runs nicely between the measured points. The curve resulting from a logarithmic regression
on the measured points has a largely similar form as the calibrated curve, which reinforces the idea
that this curve can be used. Also, the curves for the orifice and for the flume range nicely fit
together. See Figure 9 for a comparison of the calibrated curve, the logarithmic curve, and the
measured points for this tampered outlet. Note that R-squared for this curve is 0.87. Figure 10 gives
an overview of the calibration curve. For the calibration of W/C 101-R, all of the current meter
measurements have been used. They are listed in Table 8.

For the calculation of the daily discharges before the closure period, the FF formula has been
used for values of h, smaller than 1.45 ft.
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