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Introduction

Heavy, long-term precipitations can lead to severe floods in most drainage basins, thus causing
financial losses and casualties (Fotakis and Sidiropoulos, 2014, Avila-Melgar, et al. 2017). Low
precipitation, lack of surface water and groundwater, and increased demand for water calls for
optimized use of reservoirs and floods. Inevitably, critical points should be identified and simple
non-structural and structural methods or a combination of both, which are environmentally friendly
and feasible, should be employed for flood prediction and control. In addition to imposing
considerable costs, construction of flood control installations cannot fully eliminate the flood risks
and, therefore, more severe floods may still lead to disasters. Construction of large flood control
structures such as dykes is not only financially unjustifiable, but also inappropriate as solution both
environmentally and socioeconomically. Flood prediction and alarm systems are among the non-
structural criteria the importance of which are further realized over time. Installation and
implementation of smart flood prediction and alarm systems can lead to reduced casualties and
damages from both perspectives of flood risk management and nonstructural management.

Methodology
As shown in Figure (1), the sampling system is installed at a certain height above the water
surface at the bottleneck of the river entering the dam reservoir.
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The system emits ultrasonic waves of given frequencies. The waves reflected from the water
surface are received by the receiver system. The round-trip time is determined by the built-in
electronic oscillator of the sampling device. Given the round-trip time of the wave and the speed of
ultrasonic waves in air, the height of the sampling system measured from the water surface is
obtained. By subtracting this height from the height of the sampling system from the river bed, the
height of the water entering the reservoir is calculated. Then, the water volume entering the reservoir
can be determined using the river mouth. After modulation, the water height samples are transmitted
to the control or command center located at the dam body through telecommunication and radio
systems. After reception in the command center, the data are demodulated for detection. The water
height samples are then processes and analyzed using computers or microcontrollers.

The hydrograph of the flood entering the reservoir is obtained and plotted by the central system at
the command room based on the received data. Therefore, the flood can be observed before it enters
the reservoir. The maximum water height and/or the peak of the flood passing through the reservoir
can be determined based on the input hydrograph and by plotting the hydrograph for the reservoir
outflow. Given the maximum height of the water passing through the reservoir, in case the input
water cannot be adjusted or stored, the computer systems and the processor automatically decide to
fully open one or more of the dam gates if needed, so that the flood water can be discharged from the
reservoir to prevent causing damage to the dam and the downstream installations. The designed
systems involved in this procedure included the sampling system, which complements the process of
wave transmission from the station, measurement system for the level of river water, wave receiver
and detector systems at the control room, smart gate controllers, and alarm systems for emergency
situations. Then, the digital controllers and other electronic devices were built using microcontrollers,
sensors, ultrasonic distance meters, and radio wave transmitters and receivers (Carusone, et al., 2012,
Lin et al., 2004). Different programming languages including C, C++, Python, C#, and Arduino were
employed in the design building of systems. The proposed flood prediction and control system is
equipped with alarm systems to inform the operators in the case of emergencies. After their design
and building, the systems were repeatedly used and tested in the laboratory and open channels. The
results were favorable and of high accuracy.

Results and discussion

The maximum level of the water passing through the weir gate was determined and then
compared with the base height marked during the design of the dam (design flood hydrograph). In
case the maximum water level (i.e. the discharge of the equilibrium point on the inflow and outflow
hydrographs) is equal or higher than the maximum design flood height, the smart system fully opens
the weir gate(s) to allow discharge of water from the reservoir. The smart weir gate system is also
applicable to the bottom gate, intake (outtake) tower, and emergency gate of the dam.
The inflow and outflow flood hydrographs fully overlap in case the smart prediction and flood
control system along with the pulse method is used for routing of the flood to the reservoir, such that
the difference between the two is negligible. Therefore, the proposed smart system offers sufficient
accuracy.

Conclusion

By implementing the smart system, the flood hydrograph, the maximum water level, the volume
of water entering the reservoir, the opening angle of the weir gate, and the velocity of the water
passing through the weir gate and its discharge are displayed on a monitor in the control room,
enabling the operators to monitor the status of the dam and take appropriate actions accordingly.
Prediction of flood and its real-time control affects utilization of flood control structures, reservoirs,
the procedures followed in dealing with floods and reducing damages, water storage for different
usages, release of water to the downstream, and the process of notifying people and organizations.
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This system resolves the drawbacks of the non- or semi-automatic methods and increases the
efficiency of the dam.
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Table 1- Input flood flow rates at different times of Pataveh station located in Bashar river,
Regional water Kohkilouyeh and Boyerahmad Province

Initiation time 0 1 2 3
(hours)
Inlet rate 0 0.9 1.18 20.3
(m?/s)
Initiation time 11 12 13 14
(hours)
Inletrate 166 209 251 265
(m?/s)
Initiation time 22 23 24 25
(hours)
Inlet rate 181 173 156 138
(m*/s)
Initiation time 33 34 35 36
(hours)
Inlet rate 84 81.3 787 78.7
(m*/s)
Initiation time 44 45 46 47
(hours)
Inletrate 647 625 60.3 60.3
(m?/s)
Initiation time 55 56 57 58
(hours)
Inlet rate 52 52 50.1 48.1

(m?/s)

4

38.8

15

279

26

129

37

76.3

48

60.3

59

48.1

5 6 7 8 9 10
55.2 715 93 114 140 166
16 17 18 19 20 21
275 270 248 225 207 188
27 28 29 30 31 32
120 111 102 96 89 87
38 39 40 41 42 43
73.9 71.6 6902 66.9 64.7 64.7
49 50 51 52 53 54
56.2 52 52 52 52 52
60 61
48.1 48.1
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Water surface sampling(input flood)
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Fig. 7- Input flood as pulse and continuous signal
Olo) b diwgw JUKwg Wl Ssg04 (63959 Jaw Y SO
alssdy 0l 2ol Jlisws sl S cuwl sas Joas Jlused GISIS (V) UK el ol gl Ll Ji&ew
Frequency-) ;yemYde & YU uls 3 b Jobs  wgivw zg0 &S Oole 4 (g 00 ool Db Coy Sl I iy <y (gl ) b

Sodiwyd bwg uaw g old dade  FSK (Shift keying IS 4 e 5 b5 29090 a4 Ol gl)l Jlade Koo



DOI: 10.22055/jise.2017.23136.1643

A

e OT diadiga J 2875 o o i 101K 5 o gl e

Spo g oldl BB sy 95 (ul (03 pro 99) 7l Vilas
D9y S Pl b (03 e sl el gy andl el L
Canrbly 45 gy 95 ) §) CSeliS b s 585 5 sl ooy
Aol 3 b byt 3 358 (qw)p yidr b SCal 1S53
Oz g JyuS ily sl ysie g9y g Jine Sl yite S
Sygods sy S 5 0l U o (i Ol St
s Slp P 0 (29 gdior Al phpw Cudy g (G
G s Sl &5 Jb > Cal S eiie 9 (63909
s 0 090 ol 2 egMe Cul Aty e 5 (295
5 3y Sllog @l b cos o ol sy el
i S o s o] ke 5 4BS )15 oalie (sla JiSs
S 9 bl el wpds 8 (Jatae b pie) b yiel)l
(loyzolly) Jits (gl piio Comslun b onlpls 895 o s
ot & 558 wdali (5yob 5 395 (Ao piusw B lp
cals g phb » anld ol Wedi b ol gl b
Sbayiehl o Jl g Comluo 35 Jloel a3y )56 lapians
N oope 2 9 S e ) odd 0ydd Ol o Gl (e
oY 8 > olSiwd 5 fuye (SRS S 2 hape SR
o g Sl gy igd J)ES g dplne b o 29300 31
o823 by S g55e (slinytally ol s Bl bl5 LncseS
S35 ol g a Gosb 1) sy W godes S
Wl ¢ J S e slaployd (el 1) ol 035 bl Ul
2o o9 oly 5l T S g s (s Gy 59 Madoh oges A3
My 0 g @b Qlaebl g oy 85 5l g Cuns b (29 L
5 0P 4 3959 (23 S pSoilul 3 Gldl g9y slhd 8 5
Sy e G e Ml ooy 2m)d (SHB5L
5 oBlojl 53 g ab Bl g (Sl o sam) dadgn
38des g S 5l &S WS bl 5,8 @ygods b sla UK
@ 39)9 Jw SNl s (pl crad bl l)55 5 (09>
g Wlieder pSmeal g opbe JuS Ul 4 o
Ol 235 o oo d gladd b 4> (88 5k sl aBgen
Sl oo 35 0dimd Hlie Cliaod 4 jaote i

dos b g Sulegil 1o slagsdy; o lS wiuss (nl 3929
boamdoe il ) e 9000 9 S0 Bib | Suilegil
» ey Sl il g U8 oM o pias o) cuad
il aalgs Josds 68 gkt Cawspnly

setal, 2012 Carusone) ses oo Jlo,l oloyd 561 4y a0,
el cladiges (loyd b JyuS 361 > (Chang et al., 2010
ul?tuoy )l) ..\:9.»& )Kw—l 9 o.)Lu o04ud 4}9.\1: JLimu )l u—l
B ol b i M e Je S
& S Jae selposty atunS JiSp (3) 5 (A) slaables
015 2l JUSew 930 i (Ll) Aagn WS 4 Sl
ol 03> L (V) JSKib p0 &S Cawl (63559 S B8 950 lon
olosd U1 > gie 4399 5 JB 1) Jew Olgies cnlpls
BU1 )0 dgmge SRidilay b JyuS e, She 5l odliinl b S saaline
Dydise oy (2955 Jow S gikn oAl Wy asby g ooy
Jore stomp §l e O i) e L Sy b
qA) US4 dogi b ool odd 00ly lis (A) USUs )0 oS 0l pame
Oles )3 48 Lo iyl b oy 5030 3l r9 o €] ST
20,8 dunlie b esuie dw ok e Sl g e sk
L s 5op oiSass Lo gl 5] cllo 5 O glis) sl
Gl JodluSe Sl 1o gy w5 ol o] (gobuns
Sy g w3 Ui 395l oad B a3 S 5l &S,
=) o gl yiSlis ST S e b wslhe g0l &y 1y p) e
Sl ojlul 4 (b 5l 93 93959 Jow Bl gyan ol gabas
o 3k JelS ok | domd iedion i il 25k Jow £l
29 @) e | i o b a8

sl iy e b e g5y ol 5 O el sTas S
oyl b S sladmd Gy oz oMl e
LS oo b Slogil g diadsn Gjgod ) S A ) 290
4 g il sals O Sl eli)] do Sl b > ol sl
& (S o gl Sl zals e g8 03 3)ly F)lud e
o (3) US55 ebgpye Bl gy0m o8 3 gl 555 2 o
Oigy 3l eolazwl b g (V) Jgdo sbeodly &y dogi b .cuwl onds 00l
M908 95000 J @ e 4 3959 Jow (ab¥gy > &S Ll
oL (A) JS )3 &5 4d oy 3% Sl g% 9 2959 SS9y
Cal 0045 021
. Fenton, 2009 Hosseini and Abrishami, 2010
;51 .(Samani and Heydari, 2007 ¢Alizadeh, 2011
Modgn s (poll p o (y35% S Z9 b 9 39)9 SBl)Sgyden
Ll ol o 25, sals (A) USG5 1 late 35 o] e 395 o)
9 2959 J«w dl)f}).!.:.&a JJLU ddjcw «? s odalin g'L’L‘i
po 93) oo[+Y ciadigh i (bg) 3 edlisal b (5% 5 goys
el g Gl gy 4 04l duwloee ol (gadlais o 3l (Ao



74

INAA up.\\"ﬂﬂ JL.«\ e)uﬂ‘ 09> é)l:.:T &”W}(’}l’

Linear simulation results
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Fig. 8- Input and output hydrographs by pulse method and intelligent system
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