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Introduction

Shohada diversion dam was constructed on the border of agricultural lands of Behbahan plain
(Khuzestan province, Iran) to divert the water of the Maroun River. This dam has a concrete-soil
composite. The concrete part consists of an ogee spillway, a stilling basin, and two intake channels
and sediments on the right and left sides. The height of the dam is 12.2 meters and its spillway length
is 150 meters. The dam has a sloping basin and its capacity is 22 m¥sec. The longitudinal slope of
this basin is 1 to 5 (vertical: horizon). The studies have shown that parts of downstream of the stilling
basin are being eroded and scoured. Unless controlled properly, this will continue and might lead to
the destruction of the basin or the main structure of the dam. Most of the stilling or apron basins used
in the previous studies are horizontal and smooth, and no research has been conducted on scouring
downstream of sloping basins so far. Therefore, the purpose of this research is to explore the causes
of scouring downstream of the Shohada dam'’s stilling basin and its controlling factors to finally
provide an appropriate strategy to prevent its spread.

Methodology

Considering the Froude similarity principle, the modeling scale was considered equivalent to Lr
=40. Maximum design discharge for the model is 16.6 liters per second and the overall height is
25.29 centimeters. In this study, 16 experiments were performed in two groups. The purpose of the
first group of experiments was to find out the causes of scouring and the factors affecting it. The
second group of experiments examined the ways to reduce scouring and ultimately provide the best
solution. In the first group, 3 experiments were carried out with a discharge equal to the maximum
design flow rate, two thirds of the design discharge and one third of the design discharge,
respectively. Also, four tests for maximum discharge of the design were performed in which the
normal depth for this discharge decreased by 10% and 20%, respectively, and then the same values
were increased. In the second group, the effect of Rip-rap and slope correction of downstream has
been analyzed: 3 different diameters of Rip-rap with 3 different thicknesses were investigated. The
experiments were conducted in a 10-meters long flume, 0.3 m wide and 0.75 m high at 2.5 m after
inlet and 0.45 m until outlet of flume. The bottom of the stilling basin contained sedimentary
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materials of uniform sand with a diameter of 0.4 mm and a length of three meters as a bedding
material. The height of the material is 10 cm in the first 25 cm of inlet and it reaches a height of 25
cm, with a gradient of one to five, reaching to 15 cm. In the remaining 2.5 meters, the material keeps
a height of 15 cm. Then, to the end of the flume, a constant bed was formed at a height of 15 cm that
was used for coating on a mixture of glue and sedimentary materials. Running time of all tests was
considered to be 6 hours. Sediment bed topography was measured ina 5 x 5 cm grid by laser meter
with a precision of one millimeter. During the test, hydraulic jump characteristics such as jump
length, roller length and conjugate depths were recorded. The length of the hydraulic jump and the
roller lengths were measured by meter with an accuracy of 1 mm through observing the air bubbles
and conjugate depths of 0.1 mm precision.

Conclusion

In this research, the scouring downstream of stilling basin of Shohada diversion dam was studied
using a physical model. The previous studies (Dez Ab, 2003) also reported scouring downstream of
stilling basin of this diversion dam. The results of the experimental model showed that due to the
slope of the sedimentary bed, after a flow of currents into this part of the bed, a vortex flow was
created, which caused the sedimentation to occur at the end of the sedimentation basin, and
immediately after the basin, the scouring hole was formed and the depth of the cavity reached its
maximum at a short distance from the bottom of the basin. With the distance from the bottom of the
basin, the depth of the scour hole is reduced. Based on laboratory results, the reason for scouring in
the bottom of the sediment pool is the short length of the stilling basin and higher local flow velocity
in the downstream jump of the bed velocity threshold. As in all experiments in this research, the
length of the hydraulic jump has been longer than the stilling basin and is part of the jump outside the
basin. Similar to the results of Shafai- Bajeatan and Omidi (2016), by increasing the discharge rate
and increasing the length of the hydraulic jump for a constant discharge, the scour hole dimensions
have increased. Also, increasing the depth of 20% reduces the maximum depth of the scour hole to
41% and the longitudinal extension to 70%. Slope modification of the materials at the bottom of the
stilling basin decreases the power of vortex currents caused by this slope, thus reducing the power of
the cutter in this area and the average scour to 46%. It was recognized that application of Rip-rap as a
protective layer for bed is a functional solution to reduce scouring with an average of 83 percent. In
other words, Rip-rap coatings have improved performance in reducing scour. Ultimately, the use of
Rip-rap with an average diameter of 20 cm (equivalent to 5 mm in the laboratory) is proposed to
control the scouring downstream of the stilling basin of Shohada diversion dam.
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20 58.8 42.95 0.75
30 39 25.56 0.5
40 29.25 16.60 0.375
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Fig. 4- Flow splitting after impact on materials slope
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Fig. 5- Scour created in the laboratory at Froude number 2.68
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Fig. 6- Dimensionless Souring profile changes in various initial Froude numbers jump
W Wl LaliSe 39,8 dlasl yo ‘5{:...;9‘{,\,_3‘5? E 3o O s 1 JSE

odd 03y iy glite glaazudes Jsbo 4 Gip Job Cus
rom|

3 Sspden Gon sk s onl slaptale)] (olos
D9 S b sl yio il FO/O Jolee a5 yial)] amigs Jobo
el & 298 0SS5 a5l e S 5l (85 O
ol 03 o oyl > (Sl sl

Slasio p by Sbb Gos & Dbl Gae cus 5T
T RIS RN

@l ) (Kbl dn g9k Eoes Sl (A) S5
Sbl GBes 4 Ol Gee calie clacuns § )b Sl b
g oo oblin (A) U5 > &S jobjlon waad o L ¢ Jloy
555 2 Jlag bl a4 bl Fos S Sl
Gos i)l b &S cul cpl cde g oo diwnd yiww dlge
02 4 > (YL (5551 &y )l 25 Ol o bl
5Pl 5 ooks e g WS e 2)55 2 oS ey b T Sl (0L
Coge S (Studol oy opbie Slagws o
b Bos oRIEIL el 23 S Gln Bb Sl Spdie
oM gnl g Mo GIB(Fre) Ghp adgl gate 358 das
55 Sl 01d g9 (o bl GBI L & Culine
g2 amlss S (Studol (lply 9,5 0 Sygo <5t

ST am O399 F s 2 998 due Ol jae Wb
U5 Lyl 5 48 md e s b igleg] ) ol gl
3908 23e Il b (Ve /Yen = 1) azdse gl 3 oy
b el (Sewscl (Fry) bp adgl glhie
Lol (St ol 5 g8 29,8 s 4 oy ©)88 S gl
SPube 5 Sl g 0dd S G 3905 e 38l
(F) S g amlss 5nS (Studol e 9,50 Oyp0
Cilisee adgl 39,8 slasl 3 1y (Stunb ol dny (19 & Sy

a3 o olis

O3 s 2 9> Jsb 4 P Job S b
(b T o
b (Stndl a9 Gos g Jsb & a3 ol ol
53 e dlally (Lj /L) domdg> Job & iy Jsbo s
Jsb @ Ui sk cans Gl GRlBI L ol 0 S
ORI (SadOl s g Jsb g Ges e el azse
o8l 3l a2y iy il sk i ) b e
g 0s Sluns domdg 49 JalS ygbay O (551 oy >
039 (63b S3 5l Gl Bgdioe )l wmsgs Sl & bchS
Mg o ge Ao Cundomly 1) (b (Stadol o
5 ol @ (Stadol e fons Sl (V) S5 5



DOI: 10.22055/jise.2017.22138.1587

Vo

@}m_k))@u"—))j‘-}lﬁ‘;ﬂ)jQb&o&))‘}.“‘_s.'\:}}

x/yy

Initial bed
- Lj/Lg =14
O Lj/ls =16
% Lij/Lg =2

x—Lj/Lg = 2.8

o Lj/Lg =35
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Fig. 8- Dimensionless Souring profile changes in the maximum design discharge and ratios of the
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Table 3- Results related to the flow velocity and critical velocity for first series test

Q (lit/s) (m)ye (mm)Dsq (m/s)Ve V (m/s)
5.5 0.213 0.4 0.175 0.229
11 0.238 0.4 0.175 0.394

16.6 0.230 0.4 0.175 0.553
16.6 0.259 0.4 0.175 0.526
16.6 0.288 0.4 0.175 0.472
16.6 0.317 0.4 0.175 0.345
16.6 0.345 0.4 0.175 0.307

S S k3T Sl (Sl Ce g Ol S g 4 g S -E S
Table 4- Results related to the flow velocity and critical velocity for Rip-rap test

Qlit/s)  (m)y,  (mm)Dsoriprap  (m/5)V; Vv (m/s)
16.6 0.288 2 0.392 0.472
16.6 0.288 34 0.416 0.472
16.6 0.288 5 0.620 0.472

P93 diwd Sl k3T 8 Kbl ol wo 33 -0 Jyuo
Table 5- The percentage of scour reduction in second series test

Scour Reduction Percentage

Description of experiment

74
76
79
80
85
90
100
45

DSO Riprap =2 mm 'tRiprap =2mm

DSO R
Dso r
DSO Rip
DSO Rip

iprap =2 MM - tpiprap = 4 MM
iprap =2 MM = tpiprap = 6 MM
rap =34 mm - tgipyqp = 3/4 mm
rap =34 mm - tgipyq, = 6/8 mm

Dso riprap =3/4 mm - tgiprqp = 1012 mm

DSO R

iprap =9 MM = tpiprep = D MM
Slope 1t0 6
Slope 1to 7
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Fig. 9- A: Deep variation of maximum relative scour depth to Froude number, B: Maximum scour
length variation against Froude number
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Fig. 10- A: Deep variation of maximum relative scour depth to jump relative length, B: Maximum
scour length variation against jump relative length
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Fig. 11- A: Deep variation of maximum relative scour depth to downstream relative depth, B:
Maximum scour length variation against downstream relative depth
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