turnitin/)
Digital Receipt

This receipt acknowledges that Turnitin received your paper. Below you will find the receipt
information regarding your submission.

The first page of your submissions is displayed below.

Submission author:  Artikel 1
Assignment title:  Moh. Abduh 2
Submission title:  Measurement of Discharge in Open Channels: A Case Study of...
File name:  Channels_A_Case_Study_laboratory_discharge_calibration_mo...
File size:  678.2K
Page count: 8
Word count: 3,726
Character count: 17,726
Submission date:  28-Nov-2025 10:04AM (UTC+0700)
Submission ID: 2829254082

Measurement of discharge in open channels:
A case study of laboratory discharge
calibration model

Cite as: AIP Conference Proceedings 2453, 020037 (2022); https://doi.0rg/10.1063/5.0094277
Published Online: 25 July 2022

Moh Abduh

e =

(7]
o
=
°
9
]
o
Lol
a
o
%)
c
g
2
c
o
O
=
g

English Language Editing

High-quality assistance from subject specialists

Publishing

LEARN MORE

Copyright 2025 Turnitin. All rights reserved.




Zﬂ turnitin Page 1 of 12 - Cover Page Submission ID  trn:oid:::1:3426502519

Artikel 1

Measurement of Discharge in Open Channels: A Case Study of
Laboratory Discharge Calibration Model

Moh. Abduh 2
Publication Articles Nov - Des 2025 Dosen UMM - P4

¢iom

University of Muhammadiyah Malang

Document Details

Submission ID

trn:oid:::1:3426502519 8 Pages

Submission Date 3,726 Words

Nov 28, 2025, 10:00 AM GMT+7
17,726 Characters

Download Date

Nov 28, 2025, 2:11 PM GMT+7

File Name

Channels_A_Case_Study_laboratory_discharge_calibration_model.pdf

File Size

678.2 KB

Z"j turnltln Page 1 of 12 - Cover Page Submission ID  trn:oid:::1:3426502519



Zﬂ turnitin Page 2 of 12 - Integrity Overview Submission ID  trn:oid:::1:3426502519

9% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography

» Quoted Text

Exclusions

» 3 Excluded Sources

Match Groups Top Sources

. 18 Not Cited or Quoted 9% 8% @ Internetsources

Matches with neither in-text citation nor quotation marks 7% B2 Publications

#3) 0 Missing Quotations 0% 2% 2 Submitted works (Student Papers)
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“@

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags

0 Integrity Flags for Review
Our system's algorithms look deeply at a document for any inconsistencies that

No suspicious text manipulations found. would set it apart from a normal submission. If we notice something strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you
focus your attention there for further review.

z"j turnitln Page 2 of 12 - Integrity Overview Submission ID  trn:oid:::1:3426502519



zﬂ turnitin Page 3 of 12 - Integrity Overview

Match Groups
18 Not Cited or Quoted 9%
Matches with neither in-text citation nor quotation marks

89 0 Missing Quotations 0%
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

Top Sources

8%
7%
2%

@ Internet sources
RE Publications

2 Submitted works (Student Papers)

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

o Internet

linknovate.com 2%
Internet

eprints.umm.ac.id 2%
Publication

Hamidreza Mahdavi, Suer Kurklu Kocaoglu, Laila Halim, Michael Batten et al. "En... 1%
Internet

futur.upc.edu <1%
o Internet

johndfenton.com <1%
° Internet

www.questjournals.org <1%
Publication

C. Di Stefano, V. Ferro. "A new approach for deducing the stage-discharge relatio... <1%
° Publication

W. Boiten. "Flow-measuring structures”, Flow Measurement and Instrumentation... <1%
° Publication

Amir H. Azimi, Nallamuthu Rajaratnam. "Hydraulics of flow over triangular weirs ... <1%
c Internet

watermark.silverchair.com <1%

ZI'j turnit'n Page 3 of 12 - Integrity Overview

Submission ID trn:oid:::1:3426502519

Submission ID trn:oid:::1:3426502519


https://linknovate.com/search/?query=rectangular+weirs
https://eprints.umm.ac.id/id/eprint/5004/1/Chofidloturrohmah%20Adibah%20Andardi%20-%20Strenghtening%20performance%20unsignalized%20intersections.pdf
https://doi.org/10.1016/j.jece.2025.118953
https://futur.upc.edu/12328577
http://johndfenton.com/Papers/Calculating-flow-over-rectangular-sharp-edged-weirs.pdf
https://www.questjournals.org/jace/papers/vol10-issue2/10021932.pdf
https://doi.org/10.1016/j.flowmeasinst.2013.04.004
https://doi.org/10.1016/0955-5986(93)90006-5
https://doi.org/10.1016/j.flowmeasinst.2024.102624
https://watermark.silverchair.com/020044_1_online.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAABRQwggUQBgkqhkiG9w0BBwagggUBMIIE_QIBADCCBPYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMbMZU_69JhWFV1ANnAgEQgIIEx-7fttxZxdbSGbJuTJRjpITjWjuAjkJP6JiL-AVdQ24LUh2ESd_dzDKTpcYf9VGJvxb2aSy-I5qMkDNvputumw2fSfOO7Kg2pyRIHOXIjgKe26CDVgrSkODZiw6pNMxKdVRM1GqWGpf2iPUvirCeR0qgCvM6sXAmImkcgIkqXRJEvMCKz82Kp7_Fgs3S6oB_nN-bgJpzD4Nh2zvilQfbQHwkE2GqbUUkrJOYqpoOmjIQrLsH8uhllZJJYmDEi3j00VamcXUYetmVDoCUBJ63gEYq4DzK3_N_MV39b2sialW67G5tpmxGL1o_8RZZuxXhQ5gHDgsxVwVk47meT0dUSGWdgyWguGfxSaGg868ilY-HrB-UQxU7dJUmUVnQ9JtcmZsDSyyUX_tI49lRPFGOvpvCRkp4zzhhnk2wft8Qtj8Dx7_ZP2ApUTiTE_eEE2BzUYaRdCfJ8BHFksUUPQmI338_bYFA9k6IsvoTmfRWeBfzIkCML82Xtb-TkYajM9nGIobTbzKST7CQ_3e2PAV1F1JMJsbT0pBoBgL9MaMC6rexXnriHFvLbDeZHkr5mNK0ifiwBS85nZFOlNL50Z4k2T5iwoxonVbllXBSnSP4niGgGUPzMFMP8cOE3j-7s29mS-mmk4w-pMGRwKZd6gIDjb5NoSCyG6vLyObZJujWzWVCWKiHp8LXY1g1U6bxPb-BdzIunA1Xj266Ubl6ActhG8LXTVN0La3PiGx_J_E8seMs_CP3S3Tl7oXOy66bNbJF_mLLglJXXuAENydhJ-cNZ4fn72kPPwOwe9EjZwzrnp9iB1LV5gadu6birIeVQX4X3aKrHws2sJBlidIvAvyiehEuHmtwUgcgo11P6gzIenBciVQIeh02xVXP3zZLDxSXUbw1MuJsd4MG1a63SyG5xQG-RzPkrWwHbTh25wubLU6ZhgSd0MGn7M-Etq1Et_fu1L87fTpQpeK5oEI5_1ndxRzIwIKRh1c31cqdKkzT72xcxpb6TlVqJJiFmUw9ej4MtzTXwnrcGHMgRkLX_8rQw6L03YfxrL80CZ5waOGjdPV-Y8sY0kgOsYR9F41P9V9IFMbQRnJG3qVuA5zpX6Uh6vvF3hLs__amZLGLJGiU90cIyIVoU8GpTMZ_-pBfCn1waadmFtmgcqHlma96NhLqUhb3ZeF-dLg0rsceTkw9A2lAB58ICaD_2h3PBtp2CRvpHt6s0hOEOLOaaGrbNmuZ6WI6MeigXbbEPjhQ5wOJ_4gZ83gyOOnI2aUMerKOK294CXeqbML9Rsb9O6PyfcI6-v_gQp6GAKhujXOUjtlu_zYTgwbQCG3RSBWV3wqK85HmeEskDevzqqAxXp_fkHg9lRkY3BuMpvHaPMDJxSxDLakloyKoRSQ_6cbZtW0zG4aJkCJIfjRJWEznwAsec76PAcZNRhchAzOFIgcFc-YO7kpVRIRnfAoYWJJzZl6_oxDwQQeuWeVjoG9uJooDAkI-0j2z52x3eGCpBoWYHeYrkfpTKTlbld85p4Cw8VjWvo4hWqTw0ilFKRoaGJUBBMkOQz9OPZ7VOtET6BsjtxVrWDR3ITktEzdn516SdUckZP1Q5EEfoSdj-_jujYxy9A-eUhvz5BYCknwP

Zﬂ turnitin Page 4 of 12 - Integrity Overview Submission ID  trn:oid:::1:3426502519

Publication

John G. Webster. "Mechanical Variables Measurement - Solid, Fluid, and Thermal"... <1%
Internet
journal.uod.ac <1%

z"j turnltln Page 4 of 12 - Integrity Overview Submission ID  trn:oid:::1:3426502519


https://doi.org/10.1201/9781003418214
https://journal.uod.ac/index.php/uodjournal/article/download/953/685/

Page 5 of 12 - Integrity Submission Submission ID  trn:oid:::1:3426502519

Measurement of discharge in open channels:
A case study of laboratory discharge
calibration model

Cite as: AIP Conference Proceedings 2453, 020037 (2022); https://doi.org/10.1063/5.0094277
Published Online: 25 July 2022

Moh Abduh

AT ?
L A |

A\ J

N 74 0

View Online Export Citation

72
o)
=
O
0
7
%,
o
e
o
©
Y|
c
o
e
L
c
o
O
o
<

Author Services

English Language Editing

High-quality assistance from subject specialists

LEARN MORE /

AIP Conference Proceedings 2453, 020037 (2022); https://doi.org/10.1063/5.0094277 2453, 020037

© 2022 Author(s).
Page 5 of 12 - Integrity Submission Submission ID  trn:oid:::1:3426502519



https://images.scitation.org/redirect.spark?MID=176720&plid=1692173&setID=379066&channelID=0&CID=617387&banID=520579819&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=709ec392800af57e102db191cab377d0ef61c9ae&location=
https://doi.org/10.1063/5.0094277
https://doi.org/10.1063/5.0094277
https://aip.scitation.org/author/Abduh%2C+Moh
https://doi.org/10.1063/5.0094277
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0094277

z"-.l turnltln Page 6 of 12 - Integrity Submission Submission ID  trn:oid:::1:3426502519

3 ) Measurement of Discharge in Open Channels: A Case Study
of Laboratory Discharge Calibration Model
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o Department of Civil Engineering, Universitas Muhammadiyah Malang, Malang, Indonesia

dCorresponding author: abduh@umm.ac.id

Abstract. In order to obtain an identical implementation in the field, flow testing is frequently conducted by creating physical
models in the laboratory to describe the actual flow in the field with physical models in the laboratory; thus, a series of
calibration tests are required. In this study, the equation obtained from the results of the threshold calibration has been
conducted. The equation formed from the three calibrated thresholds includes the triangular threshold (weir#2), the discharge
equation Q = 0.0144 h"2.5726 (I/s) the 1 value 0.9918, and the rectangular threshold (weir#1) has the discharge equation Q
=0.378 h"1.9223 (1/s) the r? value is 0.9507. The discharge coefficient obtained is Cd = 2.0729 h"0.622 for the triangular
threshold (weir#2) and Cd = 4.5172 h”1.1414 at the rectangular threshold (weir#1).In the calibration process, the accuracy
of the obtained results is highly dependent on the accuracy and precision at the time of measurement, and in addition to the
completeness and suitability of the equipment and facilities required for the calibration, In small discharge, the measurement
must be conducted because smaller calibrated discharge leads to higher error rate.

INTRODUCTION

To supply irrigation water, an irrigation network is deemed pivotal that functions properly and is measurable. An
excellent and measurable water transportation process requires a channel equipped with measuring structures to control
and regulate the overall water supply.

m A basic understanding of the capacity of a drainage system provides a solid knowledge to enable performing a more
scientific approach, achieve reasonable control, and start saving water without compromising water supply
requirements. All irrigation needs to know the application system of water flow measurement in inches per hour or
inches per irrigation [1].

Flow testing is frequently performed with physical modeling to describe the actual flow. In proving it, the flow rate
is measured correctly, and it is pivotal to calibrate the flow with a model scale measuring building, constructed with
accurate and careful measurement results, to generate an accurate flow calibration results for identical implementation
in the field.

8 The flow meter structure is a hydraulic structure installed in the open/closed channel with a free water level in the

8 case of a decrease in discharge from the measured upstream water level [2]. A sharp rectangular threshold, utilized as a
discharge control, an opening with a thin metal or bulkhead, is placed perpendicular to the surface of the approach
channel boundary [3].

This research was conducted to determine the performance of the sharp threshold measuring instrument against water
runoff through it, determine the graph formed and the water level through it, and obtain identical equations based on the
measurement results of the model. The benefits include the understanding towards the calibration method for the
measurements based on general flow height.

METHODS

A good water measuring system will support accurate water usage calculations, enabling the water supply fulfilling
an optimal level in the destination area [4]. Other laboratory experiments have investigated the hydraulics of weirs and
o culverts of downstream slope weirs. The upstream water level rises when the tailwater level is below the peak elevation,
the flow in the culvert is submerged, and the discharge decreases due to the increase in the tailwater water level [5].
A sharp threshold of this experiment is formed with a triangular threshold and rectangular threshold, thereby
generating the Equation 1 and Equation 2 approach as follows Figure 1.

2
2

X<

According to Figure 1 (a), tan ; because @ =909, so

Q=Cd.A.V, Y=Xtan§, A=%Y.X.2=Y.X
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A:XZtang and X:h,SoA:hztang.

V =/2gh, Andthen Q= Cd. h’ tan . ,/2gh
_ [
Q= Cd.h.Qtan >+2¢
Cd=———7F— (1)
)
h tan E.JZg
According to Figure 1 (b);
Q=Cd.A.V
A=b.h
V = ,/2gh, And then Q = Cd. b.h. \/2gh
Q = Cd.b.h%2 [2g
Q
Cd=——F— 2)
b h3/2 [2g

b
(a) (b)

FIGURE 1. (a) V-notch cross-section model, (b) Rectangular cross-section model
(source: own drawing)

In an analysis for different types of flow, the flow equation with free-flow conditions, discharge through a sharp
threshold could be approximated by the following Equation 3.

Q=Cdh" 3)

In which: Q = discharge through the sharp threshold, Cd = discharge coefficient, h = water height of sharp threshold,
and then n = exponent of water height h, A = cross-section area, V = velocity, and g = gravitational acceleration.

Sharp flow presents as one of the most useful basic applications of hydraulic theory, both in introducing students to
the theoretical process of hydraulics and in providing one of the most widely applied formulas for practical application
[6]. The calibrated equation developed on a flume by combining the principles of Pi theory with a laboratory-scale
physical model, designed for trapezoidal, rectangular, and circular channels [7].

In another research, the application of v-notch threshold was accurate at low discharges between 5 and 10 I/s, and
at discharges between 15 and 35 /s, the quadrangular threshold was accurate [8]. Thin plate weirs are commonly applied
for measuring flumes, enabling accurate flow measurements with simple instruments. The calibration formulas of such
devices depend on several empirical coefficients, encouraging the requirement to obtain a novel and accurate physical
data to complement the existing evidence [9].

The outflow process of the triangular crested weir was studied employing dimensional analysis and incomplete
similarity theory, theoretically concluded, and the test conducted according to the literature [10]. Measurements
employing PIV technology indicate that spatial resolution is an essential factor in measurement accuracy in estimating
the dissipation rate.

Optimal results are achieved if the interrogation area is not too large (sampling phenomenon) or too small (noise in
measurement data). The effect of the number of samples applied in the ensemble average is also considered [11]. The
height and width of the weir plate become the two parameters characterizing the head-discharge relationship. Laboratory
experiments are conducted by measuring the discharge and the head over the weir for variable weir heights and widths
[12]. The analytical solution is additionally performed for establishing the water surface profile along the side weirs in
a triangular channel. The solution, which yields a direct computation of the flow profile, should be a valuable tool for
the evaluation and design of side weirs in triangular channels [13].
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Preparations that must be performed before research activities on flow discharge include the preparation of a design
scheme model and flow system by measuring the structure. The design model scheme for open and closed flow applied

in this study is illustrated in Figure 2, as follows.
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: —
T I ]
LAY OUT R=2D gﬂ%ﬁu g 5 [0) ]
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FIGURE 2. Plan model schematic for discharge calibration [14]

In this study, it is imperative to note the measuring structure used and the flow system. Other equipment includes
gauges and rulers, point gauges, flow guides, stopwatches, measuring tubs, measuring tubes, and forms to fill in
observation and crew data. Physical models in the laboratory are urged to be equipped with a ground reservoir, sharp
threshold with meter-scale, triangular and rectangular thresholds. The flow regulator employs a distribution pump
containing the required capacity. Water from the ground reservoir is channeled by a pump to the initial holding tank
(Figure 3 on the left) then after passing through the tranquilizer blade the water flows past the rectangular threshold
(Figure 3 on the right) and continues to flow into the stabilizer tank. From the stabilizer tank, the overflow of water is
controlled by a triangular threshold (Figure 4 on the right). Meanwhile, the water from the water stabilizer tank is
channeled into the pipeline network and then exits in the sinking basin downstream of the pipe and then the water is
continued to flow to the calming tank and is measured by a triangular threshold (Figure 4 on the left) downstream of the
pipe before the water flows back to the ground reservoir.

initial water storage tank (wst)  rectangle threshold after wst

FIGURE 3. Rectangular sharp threshold
(source: own documentation)

triangle threshold
downstream of the piping downstream of the weir
FIGURE 4. Triangular sharp threshold

(source: own documentation)
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Testing the flow capacity of a threshold is conducted, thereby measuring the flow rate that flows at that threshold to
control the amount of flow that passes through the threshold according to the required provisions. The process of testing
this flow capacity is conducted in stages according to the procedure [15]to obtain data from observations about the flow
capacity that passes through the tested sharp threshold; thus, data records are obtained to study the flow properties and
obtain the coefficient values of the sharp threshold flow capacity.

RESULTS AND DISCUSSION

As aforementioned, the results of the implementation of model calibration measurements, the data obtained after
analysis was applied as a reference in measuring the flow passing above the calibrated threshold. Based on the discharge
simulation results from the laboratory model, data obtained from observations on each of the observed thresholds include
a rectangular threshold in the upstream part, a triangular threshold in the downstream of the tranquilizer basin, which is
upstream of an open channel, and a triangular threshold in the downstream part of the sinking basin as the part of an
open channel. Furthermore, the observed data from the flow calibration test is described in the subsequent discussion.

Flow Calibration Results At Sharp Threshold Triangular

Observational data on the sharp triangular threshold was continued with data analysis to obtain relevant and
accountable observation results. Furthermore, observations and calculations of the discharge flowing above the
triangular threshold are described in the following Table 1.

TABLE 1. Analysis result of triangular sharp threshold calibration (weir #2)

No Overflow Duration Observation Q) Vs No Overflow Duration Observation Q) Vs
(h) cm (t)s (h)yem(V)m3 obs average (h) cm ()s  (h)cm (V)m3 obs average

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
21.320 3435 0.002 0.099 9.239 10.846  0.007 0.723

1 2.00 23.170  3.389 0.002 0.090 0.082 0.923 6 4.50 8.759 10.271 0.006 0.722 0.716  3.593
24210 2205 0.001 0.056 9.141 10.462  0.006 0.704
17.710 4353 0.003 0.151 6.049 8.840  0.005 0.899

2 2.50 17.490  4.169 0.003 0.147 0.149 1346 7 5.00 8.060 11.135 0.007 0.850 0.860  3.885
17.950 4353 0.003 0.149 8.240 11.135 0.007 0.832
17.660  6.393 0.004 0.223 6.053 10.750  0.007 1.093

3 3.00 18.390  6.486 0.004 0.217 0.217 1.636 8 5.50 6.114 11.328 0.007 1.140 1.110  4.556
19.340  6.673 0.004 0.212 5.793 10.319 0.006 1.096
11.363 8.177 0.005 0.443 5.854 13.074 0.008 1.374

4 3.50 11.689  8.036 0.005 0.423 0431 2778 9 6.00 5.835 12.490 0.008 1.317 1.338  4.556
11.746 ~ 8.130 0.005 0.426 5.725 12.295 0.008 1.322
8.739 8.177 0.005 0.576 5.260 15.333 0.009 1.794

5 4.00 9.069 8.651 0.005 0.587 0.584 3,296 10 6.60 4.297 13.660 0.009 1.956 1.851  6.331
9.340 8.935 0.005 0.589 5.576 16.325 0.010 1.802

Source: Analysis result

Based on the results of measurement data on the triangular threshold at the downstream of the pipe, then a regression
analysis was carried out which obtained a comparison between the overflow height above the triangular threshold and
the amount of discharge shown in Figure 5.
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Weir no #2 Thomson (V-notch) 90°

9
8
-l
7
I3 e
E 5 S~ ||y = 5.1866x"-385
=4 P R? = 0.9918
=
f
119
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Q (I/s)
results of observational data analysis on
triangle threshold

FIGURE 5. h and Q triangular sharp threshold - weir#2 (source: analysis result)

Flow Calibration Results At Sharp Threshold Rectangular

Another observation includes the sharp threshold of the rectangle to obtain the expected modeling results. Further,
the observations and calculations of the flow rate on the rectangular sharp threshold model are additionally presented,
as shown in following Table 2.

TABLE 2. Analysis result of rectangular sharp threshold calibration (upstream)

No Overflow Duration Observation Q) /s cd No Overflow Duration Observation Q) /s
(h) cm (t)s (hyem(V)m3 obs average (h) cm ()s  (h)cm (V)m3 obs average
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
23.420  2.650 0.002 0.070 7.120 7.800 0.005 0.674
1 0.40 22.730  3.590 0.002 0.097 0.079 0.236 6 1.40 6.930 7.517 0.005 0.668 0.669 0.304
22.890  2.559 0.002 0.071 6.170 6.673  0.004 0.666
No Overflow Duration Observation Qs cd  No Overflow Duration __ Observation Qs cd
(h) cm ()s (hyem(V)m3 obs average (h) cm ()s  (h)cm (V) m3 obs average
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
22.090 3.343 0.002 0.093 5.500 7.706  0.005 0.862
2 0.60 23970  3.161 0.002 0.081 0.081 0.130 7 1.60 7.280 10.846  0.007 0917 0.893  0.332
26.400  2.887 0.002 0.067 6.950 10.175 0.006 0.901
11.540 6.860 0.004 0.366 5.000 9.030 0.006 1.112
3 0.80 16.220  8.745 0.005 0.332 0.325 0.343 8 1.80 4.870 9.316 0.006 1.177 1.144  0.357
18.180  8.272 0.005 0.280 5.680 10.558 0.006 1.144
12.90 7.800 0.005 0.372 5.630 12.005 0.007 1.312
4 1.00 12.250  6.860 0.004 0.345 0.380 0.286 9 2.00 8.120 16.524 0.010 1.252 1.298  0.345
12.030 8272 0.005 0.423 2.400 5.184  0.003 1.329
5.700 6.580 0.004 0.710 3.910 9.983 0.006 1.571
5 1.20 7.630 8.840 0.005 0.713 0.702  0.402 10 2.20 5.430 16.027 0.010 1.816 1.804 0416
7.11 7.894 0.005 0.683 6.340 20.864 0.013 2.025

Source: Analysis result

Figure 6 explains the data analysis of the measurement results from the data calibration conducted as illustrated
above. In general, the calibration observations obtained from each threshold have different dynamics according to the
object's condition. The analysis results indicate a good match because the r? value is above 90% and even close to 100%.
The results of the formulated equation has been suitable to be applied, indicated by the value of r? approaching 100%.
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FIGURE 6. h and Q rectangular sharp threshold in upstream (source: analysis result)

The following Table 3 presents a complete description of each sharp threshold, comprising the results of the analysis
related to the discharge equation formed and the value of the discharge coefficient obtained.

TABLE 3. Analysis report and equation model

No. Threshold type Position r-square Equation* (I/s) Cd** Notes
Triangular threshold downstream of
1. (upstream open weir 0,9918 Q=0,0144 h"2,5726 Cd =2,0729 h"0,622
channels model)
upstream

Rectangular threshold
(upstream reservoir)

inlet)

(after water 0,9507 Q=0,378 h*1,9223 Cd=4,5172h"1,1414

* equation 3, ** equation 1 and 2
Source: Analysis result

The following Table 4 indicates the implementation results based on the equations built from the graph of the
calibration measurement results.

TABLE 4. Calculation report based on the built equation

Discharge (Q) I/s Discharge (Q) I/s
No. Orriios Weir #1 Weir #2 No. Uit Weir #1 Weir #2
(M) 0378 " 1.9225 Q=0.0144 h\2.5726 (em) 520378 h*1.9223 0=0.0144 h"2.5726
1. 0.40 0.06488 0.00136 11. 2.40 2.03588 0.13693
2. 0.60 0.14152 0.00387 12. 2.60 2.37471 0.16824
3. 0.80 0.24610 0.00811 13. 2.80 2.73849 0.20357
4. 1.00 0.37800 0.01440 14. 3.00 3.12708 0.24311
5. 1.20 0.53676 0.02302 15. 3.20 3.54035 0.28702
6. 1.40 0.72200 0.03422 16. 3.40 3.97819 0.33546
7. 1.60 0.93342 0.04825 17. 3.60 4.44046 0.38860
8. 1.80 1.17073 0.06532 18. 3.80 4.92708 0.44659
9. 2.00 1.43371 0.08566 19. 4.00 5.43793 0.50959
10. 2.20 1.72216 0.10947 20. 4.20 5.97293 0.57774
Source: Analysis result
CONCLUSIONS

Based on the analysis and discussion of the measurement resultsregarding the calibration results, it is expected that
it provides an important note that could be considered for further related research, which are as follows. The accurate
resultsis deemedpivotal to have complete tools and equipment following measurement needs. High accuracy and
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precision are required in the measurement and reading process. The results obtained from this calibration process are as
follows;

v' The triangular threshold downstream of the spillway (weir#2) has an excellent data distribution because it
coincides with the graph line with the value of r-square = 0,9918.

v The upper rectangular threshold of the model (weir #1) has a good data distribution and slightly coincides with
the graph line with r-square = 0.9507. At the threshold of a quadrilateral, when the measured discharge is more
significant, the tendency is that the error value will be smaller.

1. The equation formed by the two calibrated thresholds is the triangular threshold (weir#2), the discharge equation

Q=0,0144 h"2,5726 (I/s), and the rectangular threshold (weir#1) is the discharge equation Q = 0,378 h"1,9223 (I/s).

2. The discharge coefficient value obtained is Cd = 2,0729 h"0,622 for the triangular threshold (weir#2) and Cd =

4,5172 h"1,1414 at the rectangular threshold (weir#1).

In the process of performing the calibration, the accuracy of the results obtained are highly dependent on the accuracy
and precision in measuring and recording data by laboratory personnel/teams, the completeness and suitability of the
equipment and facilities for calibration; thus, if the discharge is slight, the measurement must be carefully conducted,
as smaller calibrated discharge generates higher error rate.
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