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Abstract: Dam construction is one of the structures that costs a lot of money to build and may cause
irreparable damage in various ways in the event of an accident, so it is necessary to build a model in
laboratory dimensions before constructing the main model. In this study, the Palang Darreh Dam model
is examined in dimensions of 1:20 compared to the main model. The results showed that at discharges
less than 280 cubic meters per second, the thin blade of flow after hitting the bottom of the first step is
separated from the step surface and, passing over several other steps without engaging them, hits the
rapid surface again. Also, the energy dissipation efficiency of the stepped rapid was calculated and
based on this, the efficiency values for discharges of 1000 to 4000 cubic meters per second were
obtained from about 72 to 40 percent. From the results obtained from the model, it was determined that
from low flow rates to a flow rate of about 3000 cubic meters per second, the hydraulic jump is
completely formed inside the stilling basin and the basin has good efficiency in dissipating flow energy.
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Introduction: Considerable accuracy in studies, correct location, correct assessment of water needs that will be
met by building a dam, building a dam according to the materials available in the region, etc. are among the most
important things considered in order to increase the advantages and make dams more practical.Given the nature
of dams, which are artificial walls placed against the flow, challenges arise during floods with different return
periods, which, if not predicted correctly, can lead to irreparable accidents. For this purpose, modeling with an
appropriate scale in a laboratory environment has always been considered with the aim of evaluating the hydraulic
behavior of different parts of the dam. This, in addition to the design engineers' knowledge of the dam's
performance, will also reduce economic costs. Therefore, the present study was conducted with the aim of
examining the results of the 1:20 scale hydraulic model of the Dasht-e Palang Dam and evaluating the performance
of the stilling basin and spillway.

Methodology: The construction site of Dasht-¢ Palang Dam is located in Bushehr Province, Dashti County, and
Shanbeh and Tasuj Districts from the perspective of geographical divisions. The study area includes the Dasht-e
Palang River watershed with a geographical range of 51 degrees and 28 minutes to 52 degrees and 5 minutes east
longitude and 28 degrees and 31 minutes to 29 degrees and 13 minutes north latitude.Construction of the hydraulic
model of Dasht-e Palang Dam is the refinement of the spillway design in order to ensure proper and safe flood
discharge under different operating conditions. Considering the dimensions of the steps, the spillway length and
other hydraulic characteristics and considering the limitations in the laboratory environment, a scale of 1:20 was
determined for the construction of the model. The stepped rapids of Palang Darreh Dam consist of 37 steps, the
height and length of each step are 1.2 and 0.84 meters respectively; therefore, the assumed angle of inclination of
the rapids with the horizon is about 55 degrees. The geometric characteristics of the stepped rapids are presented

in Fig. 1.

Results and Discussion: The highest and lowest energy dissipation efficiency of the rapid is about 72 and 40
percent, which correspond to the flow rates of 1000 and 4000 cubic meters per second, respectively. By evaluating

51


https://doi.org/10.22034/ijwer.2025.513508.1069
mailto:J.vejahat@ut.ac.ir

Investigating the hydraulic parameters of an earthen dam Vejahat and Saraf

the energy dissipation efficiency values, it is clear that with increasing flow rate, the energy dissipation efficiency
has decreased. With increasing flow rate, the water depth on the rapid increases and the ratio of step height to
water depth at each section decreases, and therefore the effect of the step's interference with the flow on energy
dissipation decreases. In order to examine the flow pattern at the end of the rapid, inside the calm and backwater
basins, important information is obtained in terms of the location and formation of the hydraulic jump. At a flow
rate of 1000 cubic meters per second, a submerged hydraulic jump is formed in the basin. At a flow rate of 3000
cubic meters per second, a strong hydraulic jump is formed in the basin. The position of the jump formation is at
the beginning of the pond, and the subsurface currents near the bottom of the pond move at high speed and, upon
impacting the bottom water, upstream and eddies are formed in this area. At this discharge, the hydraulic jump is
also formed completely inside the pond, and the flow in the downstream is uniform with short waves. At a
discharge of 3300 cubic meters per second (as the design discharge of the stilling pond), the flow conditions are
largely similar to the flow conditions at a discharge of 3000 cubic meters per second, but the position of the
hydraulic jump formation and also the flow fluctuations are slightly different. At the design discharge, the pond
has a hydraulic jump formed at a distance of 3 to 4 meters from the beginning of the pond and continues to the end
of the pond. In order to observe the trend of velocity changes along the spillway, the average velocity values at
different sections of the spillway using measured data are shown in Fig. 4.

Conclusion: In evaluating the performance of the stepped rapid at low flow rates, it was found that at flow rates
less than about 280 m3/s, the thin blade of the flow separates from the rapid surface after hitting the bottom of the
first step and, passing over several other steps without engaging with them, hits the rapid surface again. Moreover,
efficiency values for flow rates of 1000 to 4000 m3/s were obtained from about 40 to 72%. From the model results,
it was found that from low flow rates to a flow rate of about 3000 m3/s, the hydraulic jump is completely formed
inside the stilling basin and the basin has good efficiency in flow energy dissipation.

© 2023 University of Zabol, Zabol, Iran.
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Table 1 Characteristics of the studied dam

Description Amount Unit
Earth dam with

Dam type clay core -

Crest Elevation 432 Msl

Height of the dam

from the river bed 33 M

Overflow type Free ogee -

The flood return

period of the plan 10000 Yr

Stilling basin

length 47 M

Stilling basin

width 160
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Fig. 1 Geometric characteristics of the stepped rapids of
the studied dam
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Fig. 2 Water level profile along the spillway, rapids, and stilling pond for different discharges
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Fig. 3 Comparison of hydraulic gradient line changes on the spillway and the stilling basin for tested discharges along the
middle axis of the spillway
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Table 2 Measured flow velocity values at different flow rates (flow rates in m3/s)

Piz Station
No. specifications Q=1000 Q=2000 Q=3000 Q =4000
Q (m/s) El (m)
4 0 426.5 5.11 6.12 7 8.05
7 3 425.35 9.75 10.8 11.68 12.72
11 7 421.2 11.63 12.56 13.68 14.67
12 7.96 419.25 12.52 13.52 14.31 14.91
17 12.16 413.25 13.15 14.71 16.31 17.75
22 16.36 407.25 13.3 15.16 17.75 18.38
27 20.56 401.25 13.73 15.66 18.1 21.06
32 24.76 395.25 14.18 17.44 19.11 21.96
37 28.96 389.25 14.31 18.1 19.82 22.14
42 33.16 383.25 14.53 18.22 20.3 22.81
47 37.36 377.25 9.84 11.63 20.57 24.02

Flow Velocity along Center line of Spillway

velocity (m/s)

—Q=1000 {cms}

—— =2000 (cms)

—— Q=4000 (cms)

4 i
e @=3000 {crmis)
2
o . ; e
o 5 10 1s

20

25 30 40

Distance from crest of ogee spillway (m)
Fig. 4 Changes in average flow velocity along the middle of the spillway and for the tested discharges
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Table 3 Energy dissipation efficiency on stepped rapids using measured data

d

Q q RWL V bis H Res H max AH n
(m’s) (m¥s)  (m) ([;;]s) (m/s) (m) (m) (m) (%)
1000 6.25 428.7 2 14.53 12.76 45.43 32.67 7191
2000 125 42993 25 18.22 19.42 46.66 27.24 58.38
3000 18.75 431 3.6 20.57 25.17 53.75 28.58 53.18
4000 25 431.96 3.7 24.02 33.11 54.71 21.6 3949
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5- List of symbols
V" (s
n
0 (m’/s)
q (m/s)
H (m)

Sl ok >

Speed

Efficiency
Discharge
Specific discharge
Energy of flow
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