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Abstract

In drainage and irrigation channels, vertical drop structures are commonly used to transfer water from a
higher elevation to a lower one. At the downstream end of these structures, measures are taken to prevent
channel bed erosion and reduce the destructive kinetic energy. In the present study, the effect of a non-
extended step on the relative energy of the vertical drop structure was investigated using the FLOW-3D
software and RNG turbulence model. Two relative heights and three relative widths for the step were
considered, and the relative critical depth range was chosen between 0.2 and 0.5. The results indicate that
the computed values of downstream relative depth show good agreement with experimental data.
Additionally, both extended and non-extended step configurations yielded similar results, with an increase
in the relative height of the step resulting in a reduction in the relative remaining energy. In other words,
at a constant relative height of the step, for all critical relative depth values, the drop and turbulence
generated in the plunge pool are the same for both extended and non-extended step models. Furthermore,
employing a tranquility basin downstream reduced the wall height and length of the tranquility basin by

more than 12% compared to the model without a step.

Keywords: Downstream depth, Energy loss, non-Extended step, Turbulence, Vertical drop.
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Fig 1. Schematic view of a vertical drop with a downstream non-continuous step
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Table 1. The range of independent variables of the current study
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Fig 2. Three-dimensional view of a vertical drop equipped with continuous and non-continuous steps
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Table 5. Downstream relative downstream depth and relative residual energy equations
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Abstract

The Isfahan water treatment plant, with a final capacity of 12.5 cubic meters per second, is one of the
largest water treatment plants in the Middle East. It has 10 sedimentation basins with a retention time
ranging from 1.91 to 2.75 hours; each basin has a volume of 9172 cubic meters and a surface load of 14.2
to 2.85 cubic meters per square meter per hour. This research was conducted to investigate the efficiency
of the combined use of accelerator sedimentation basins equipped with tube settlers on a full and field
scale. The goal was to achieve greater efficiency in improving the quality of output water and managing
the reduction of water wastage, backwashing time wastage, as well as reducing the need for repairs and
maintenance of treatment plant equipment. In this study, the accelerator sedimentation ponds related to
two stream 1 clarifiers from the first phase of the treatment plant were equipped with rapid tubular settlers
made of food-grade polypropylene. These settlers are hexagonal in shape with a hydraulic diameter of 50
to 80 mm; placed at a 60-degree angle to the surface, and have a length of 90 cm. Stream 2 was operated
without the simultaneous use of rapid tube settlers in the circuit. The amount of backwashing’s of filters,
the number of times the aerators and backwashing pumps are engaged in the circuit, the amount of water
wastage, and the time required for each wash in streams 1 and 2 were compared with each other. The
results of this study showed that the number of times of reverse washing of filters was reduced by an
average of 25% compared to stream 2. This action also reduced the amount of water used for
backwashing the filters and consequently reduced the number of working hours of the electrical and
mechanical equipment of the water treatment plant.

Keywords: Backwashing, Electromechanical equipment, Time wastage, Tube settlers, Water wastage
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Fig 1. Location of installation of pipe settlers on clarifiers
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Table 1. Specifications of sand filters in the first phase of Isfahan water treatment plant
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Table 2. Characteristics of clarifiers and accelerators in Isfahan water treatment plant
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Table 3. Steps of backwashing process in Isfahan water treatment plant

ok S ran 55
1! J=1ye
(a2ds) (Celu Olyels)
\ Yoo A0S s
Y Vo sl ay 035 s Jsl d> e
) vo £33 ey 035 )
\ Vo Jsl Gy 035 ordss
\ Vo £93 oy 03,5 5 f’“"\’f
\ ve £33 ey 025 s
\ Vo Jsl e 035 ords5
\ Vo £93 oay 05,5 ) N..u\.l’,a
\ A £33 ey 035 )




Sldg) ouiis pilidds buwgy ‘Ln:‘;éha 6290 382 w1381 9 (Lo NI ‘yi Sy y0d Cu pdo ol g 0ol ;loxo

‘;.Jc,:’,)_u sla eyl anslie 5 albtadas Jyl 36 51 Jl ﬁj:w:l): sl glaeas Lisw el Sleslinal @ a5 L

g_)I Ml}-w J)‘ )L‘i V.“:J’;.u\ 93 > oslaiul S48 &KA} L;.:J;&H Q\j:de u,»)g;u LS}‘:':‘“"'"‘:’ C)W Sloas

Ao anwlie UK L Ol
-

S (6 s U 31 B0 gl 5 Clas s sl js CaSe 20 VY0 s 5 lo EA slas 8 S b s L
0T sl 4 4z 5 L (e 0) b bl Colos

Vx\ Ve =V VLA M)
VAXYYVEA =Y+ 4V )
il 358 o S5 Lo Dhaw oS staed a6l

Y q/VxY =Y/ VY )
Jﬁl”pi/\CMLS‘)’)})ML‘;'JJw}gﬂdw&i&‘bé‘f@j‘maﬁMUTJSJL'\“?A

AV /VYXEA =Y YV/A (¢)

(onSan ) Iy Jsb 5otk G (s pimd Sl e Sl Syl Ol

YeYV/AXY0 =V V0¥V E (0)

Jadr 5 oS hilan 358 e sSae (gt 355 53 JLSS W Jle Jsb o3 Slo a &S il (55 cnl Losae ol
Lo S ) da Gl dlo s asSae sptaed sl 5 as; e Of e (el sl el 0L (8)
Olgee s S aslis 2L (S2) Gl glaediS pudias O 2la DS 51 d gla Bl 5 (S1) Gl slaediS pdis

il 003 S alous olo i 53 xS 20 YYHIA0 5 VTLAY s S o &by e
5o ok A b 5 sl Sl S VO g 5 Slles sk s lo Gl e sSae S350 a STl
Jsb 53 sk 5 g 3l eslizal 35050 3lans «(0) Jsdor sl w350 853 piiecd a (sl S VAL b il £A (51,
Aok S Do sk s Bl Gl rsSee atned a Slila Gromes das e LS ) e sSee (ss0ad
U 5 T e Olge (F) IS8 ol a3 815 slial 3,50 gt a5l LU $A bea s el il ks Yoo

A3 0 0L Sy 581 b os 5 e See (g s sl (8)

AR



Vo louds (S5 0593 NP gLty o il 4o 6 slbs ol y aloe

e sl o S (8 3t 35050 3l 5 O S psds ST 5 . Kle « JBlas 6 s
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Fig 3. Comparison of minimum, average, and maximum effluent loss in backwashing operation
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Abstract

Piano key weirs are a type of long-crested weirs with a light foundation and a high discharge coefficient.
Due to the high efficiency of these weirs, it is essential to find ways to increase their energy dissipation
and ultimately reduce scour. This study investigated the energy dissipation of piano key weirs with a jump
in their outlet keys. A laboratory experiment was conducted using a trapezoidal piano key weir with three
discharges of 0.3, 0.35, and 0.4 cubic meters per second. Two jumps with radii of 0.21 and 0.15 meters
and jump heights of 0.14 and 0.075 meters were also used. The results showed that the energy dissipation
increased with increasing jump radius. The energy dissipation in the weir with a jump radius of 0.21
meters and in the weir with a jump radius of 0.15 meters is approximately 3.8% and 2.5% higher,
respectively, than in the weir without a jump. The average energy dissipation in weirs with jump radii of
0, 0.15, and 0.21 meters was 54.1%, 55.4%, and 56.2%, respectively. With increasing jump radius and
jump height, the discharge coefficient decreases. The discharge coefficient in piano key weirs with jump
radii of 0.21 and 0.15 meters is reduced by 10.9% and 3.9%, respectively, compared to the weir without a
jump. The use of a jump in the outlet keys of a weir can throw the flow forward of the weir toe. This can

be effective in reducing scour.

Keywords: Energy loss, Jump, Output key, Piano Key Weir (PKW), The discharge coefficient.
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Table 1. Characteristics of the studied spillway
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Fig 1. Laboratory flume
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Abstract

Advancements in technology have significantly facilitated fieldwork for engineers and researchers by providing new
tools and methods. Utilizing tools and software designed for routing, orientation, and traffic management has proven
highly efficient and effective in field surveys, particularly in river engineering. One such software is AlpineQuest.
This application is easily installable on both Android and iPhone devices, granting users access to topographic maps,
Google Earth imagery, slope maps, and more for any location on Earth. Additionally, AlpineQuest aids in
determining the optimal route efficiently in terms of cost and time. This software offers various capabilities,
including sketching, data collection in different formats, compatibility with other engineering software, and
geometry calculations. In this study, AlpineQuest was used during a field visit to investigate the causes of the July
2022 flood in Rafsanjan. The software was used to register the accident locations, critical intersection structures, and
the entrance to the floodway. The flood polygon was mapped and point data were defined within the application.
Initial analyses of the field sites were conducted using Google Earth maps, Google Hybrid, and AlpineQuest slope
maps. Subsequently, all data collected during the field visit were exported from AlpineQuest in GIS format. The
findings indicate that factors such as long-term precipitation, urban development in the downstream alluvial fan,
critical intersection structures near accident locations, and the presence of unregulated flood control structures

upstream from Rafsanjan airport were responsible for the flood in Rafsanjan City.

Keywords: AlpineQuest, Navigation application, Rafsanjan flood, River engineering.
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Table 1. Values of short-term rainfall intensity, duration, and frequency (mm/hr) - (Source: Idepardazan
Toseeh Engineering Consultants Company, 2021)
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Table 2. Station specifications - (Source: Water Resources Directorate of Rafsanjan)
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Table 3. 6-Hour precipitation recorded at stations during the study period - (Source: Water Resources
Directorate of Rafsanjan)
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Fig 3. The Position of Rafsanjan city in relation to flood discharge routes
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Fig 4. Field Visit on 05/01/1401 to the location of the damaged Rafsanjan-Sarcheshmeh road and the entry point
of water into Jihad Town and Imam Ali boulevard (x=407352; y=3357783 UTM) - (Source: Authors)
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Fig 5. Streets along the flood path
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Fig 6. Field visit on 09/01/1401 to flood-affected areas - (Source: Authors)
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Fig 7. Assessment of the status of intra-city rivers during the August 2022 Flood
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Fig 8. Status of the Sadeghabad river bridge at the beginning of Imam Hussein boulevard (x=402799;
y=3363045 UTM) - (Source: Authors)
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Fig 9. Status of the bridge installed on the Sadeghabad river at the beginning of Musa Ibn Ja'far Street
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Abstract

In this study, the hydrological processes of Khaveh Watershed located in Markazi province, Iran were
simulated and the effect of check dams on floods in this basin was evaluated. To assess the impact of
watershed management structures on floods, flood volume and peak discharge with different return
periods were calculated. In order to estimate the irrigation rate of Khaveh Watershed, in this study, the
method of Justin was studied. Then, flooding situation of Khaveh Watershed was simulated using HEC-
HMS model. For this purpose, the flood hydrographs resulting from the design storms with different
return periods in the pre- and post-construction states of watershed management structures were
compared with each other. The results showed that the constructed dams clearly reduced the peak
discharge and flood volume of the region. Based on the results, the construction of corrective structures
has reduced the peak flow, increased the base time of the hydrograph and increased the time to the peak of
the hydrograph in different return periods. For the 5, 10, 20, 50, and 100-year return periods, the peak is
0.6 to 3.3, 4.9 to 2.7, 9.4 to 1.5, and 6, hours respectively. Discharge decreased to 0.8 and 22.4 to 12.4
cubic meters per second. Also, the base time of the hydrograph for the mentioned return periods increased
from 6.8 to 11.2, 9.3 to 0.16, 2/10 to 17.5, 5/10 hours to 18.5 and 10.10 to 29.3 hours. The latency in

time-to-peak for hydrographs due to the construction of structures was approximately 3.5 h.

Keywords: Check dams, Discharge peak, Flood, Khaveh
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Table 1. Curve number, concentration times, and lag times of Khaveh watershed before and after
construction of structures
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Table 2. Precipitation with different return periods at times equivalent to concentration times of
Khaveh watershed
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Fig 1. Sub-basins of the Khaveh watershed
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Y



Al x> 3 Sy (29 2 (5 sl (2ol sbusy Glasl Ol BT b3, Slgusel g sglad

)‘Jdb- ub\jJJSV»‘(de0~ g:,.,.:'s/)b 692 2 C‘}.}é u&)b)éwri/QN d‘;’)b&ié‘f‘yb@bwl‘”lf
h_)L’lj‘) “-"'.’.j"p Lﬁ-‘f’b &L‘.«.«JM-\/V Jbl}udo.l..:: J‘))Tﬂ g_,.a.{,oj’u)\}h \VV/O j"‘)" L;}S&J:A‘)\jﬁ in U’:’-)L’ LJ':‘

.JATQM:@MﬁV\ o IS Gl e
O p ANl sl };S;U wop 7Y

Sl badee 0F (3, S glaanl ] 55 cud 2alS 5 Yol ot b g O Cdge (ilwesd b b ax 5 L
(ol glade S Ul hea b ialS basss s i 3 e SIS0 3 o3 cLledd
Sham s 8 Sl s il gt 5k o5 53 ad s S e Oles bl el b sla 500 sl Jom SIS 5
JKa s gilwans HEC-HMS Jue 5l eslinad b (Gl 31 L3 S ol 95 50 Oley 255 L) Laesle lus|
O 1) baejle &last 51 a5 13 sbacle s 1y Wl Vo glaciS5h oy55 (gl Jde s 5 sadl S5 0 ()

.J\.AJL;«’

el glad Sla! 3l a5 13 Gl 6l e OS5 pum Y IS

25 1
— e, Sl 'HL_..!
—  leac Julas! ;IMJ
20 4
— 15 -
T
(3]
E
1
' 10 |
5 <
0 T T — T — T 1
0:00 4:458 9:36 l4:24 19:12 000
ke

Fig 3. Flood hydrograph comparison for pre- and post-construction states of corrective dams
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Fig 4. Peak flow changes in flood hydrograph of Khaveh watershed for different return periods before and after
construction of corrective dams

f))w\ksu.u&l.b-lj\J@)‘p;&wéh@fﬂg_w}:é\ﬁ b Ol Ol s -0 IS

24 - = JENCRRCARCS YT  RERCORGARCS RS

(celo) b ole;
[y
N
1

) Ve Y. A Yo
(Jlo) S 3b o9
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Abstract

Arched concrete dams are three-dimensional structures that, in terms of their special shape resembling a
huge shell, transfer the water pressure from the tank to their stone supports. Besides the forces of weight,
hydrostatic pressure and thermal stresses, another significant force that the dam's structural system must
withstand is the dynamic forces generated by earthquakes. In such dams, there is a possibility of non-
linear behavior due to the change in the location of the two faces of the contraction joints, cracking,
corrosion, or non-linear behavior of the concrete of the dam body depending on the intensity of the
earthquake. Dynamic analysis of time history, assuming that the dam body is an integrated structure with
elastic behavior, usually leads to the creation of significant tensile arch stresses in the upper levels of the
dam, which is not in accordance with reality. Since the arch dams are built as ridge blocks, due to the
opening and closing of the contraction joints during the earthquake, the released tensile stresses and
internal forces are redistributed from the arch performance mode to the ridge performance. As a result, by
reducing the level of tensile stresses and energy consumption as a result of joint closure, the risk of

concrete cracking and dam destruction is greatly reduced.

Keywords: Seismic analysis, Arched concrete dam, Contraction seams, Earthquake.
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Abstract

Water loss is a significant issue that leads to substantial damage to water resources, civil infrastructure,
the environment, and water distribution companies. Urban water supply networks, particularly in regions
with scarce water resources, face challenges related to water loss. Leakage from these networks
constitutes a major portion of the overall water loss. Factors contributing to leakage include the aging of
water supply systems, pipe damage due to soil stresses and urban traffic, fluctuations in water pressure,
improper urban plumbing practices, and inadequate embankments. Examining factors such as pressure,
pipe type, soil environment, and temperature can help identify the causes of leakage and effectively
manage and mitigate its volume. Laboratory and field investigations have revealed that the leakage
power, contrary to the pressure-leakage relationship, falls within the range of 0.5 to 2.79, with values
exceeding 0.5 due to variations in pipe types, dimensions, and the type of cracks. Reducing the Ds
(median grain size) of the soil and selecting an appropriate soil granulation around the pipes can
effectively reduce the leakage flow rate. This article provides an overview of water wastage, its types, and

underlying causes, followed by a discussion on the fundamentals of leakage calculation.

Keywords: leakage management, leakage flow, Water supply network, Pressure, Crack.
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detectable using traditional
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Reported leakage

Often surface and is reported
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workers
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* Pressure reduction
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of joints and fittings of joints and fittings

= Proactive leak detection

Fig 1. Types of real water loss and coping methods (Thornton et al., 2008)
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Table 1. Elasticity correction factor based on temperature changes

Temperature (°C) Elasticity correction factor (k)

10 1.32
16 1.18
23 1

27 0.93
32 0.82
38 0.73
43 0.64

Ay i ¥t

Law g W) s Of Jlis agls ad ) 25 Sk, 3 e 5B ) L 45 Wsls 0L (2007) Clayton 5 Van Zyl
\JJ'.'.) Q‘Jﬁ'\ .LJ[JWJ@)}W L L;LALC‘ w\ ’g‘qﬁ UJJJJL\JJJ)*:J@ w‘)f AJ)J 64)‘_}.13)) )_P—_}A LgLAJ:..S

5 e ) s S5 Al 4 0l
Sad e bl sla Sl sbel ol cdiS el il oS oL s s o S sl SanSa b a5 ()
Al oo sl ) (ol 53 A Rl s ) s s e g slakilas b (O)

ol 531 L el s (Farley & Trow, 2003) ; (Thornton & Lambert, 2005) b o yiol5l badg) Sas 5 @

SIS slaay s s bl

Sy 5 1 ms 3 sl Glad 5l s Ol 5 Ol AL ST & 50 « Greyvenstein & Van Zyl (2007)

Sy 53 a5 Job S 5 8 Glaghsm Jold andlas ol Lsls S5 s 3550 1) o3l o g
Jolm Sl Galls g s om0 Ll 5 Loy (B a0k o saer oy Olepes Sl 5 355 UPVC

By 25 s 4 Van Zyl & Clayton (2007) gaadles Lol (slaanl s iz Y& 5 0 /8) o

A 8l e Sl Sldlae s edicdl i gladl g (L)

qr



\c)Lc.w ‘gSa 099 AFYQML @T GLbNLOLd 3° ‘$é ‘slbé)a.b‘) M

slge JialS ol oS S, Jds eu.iYLQ:}\ G P & 033555 6oV sad gl s s bols op i (O)
‘J:"’.:'.'.lﬁ W‘Yl J}Jﬂ ‘p.} 4 ‘;«QMW (5[.&4.‘)5 4SCM\ )j.éj &J}A}J; w‘ b}w& C\)}w QJ\}L‘ BE) Q.L.SC,\LL&

ls g i il

56V bl o golslas wules 5 Wy /0 g e 4 sy oclid sl gl 5 S sl ()

A edalin s S 6LA.C‘JJ-: sl - UPVC

Sl i oS b s s sl Jsb Glass 5 sl il Gladlys o 855 ( Sy sbrs SLFse el ()

el Jsb et 5 i e s BB sk 4 Ypene Lad s aos

L'ISM L;J.J:)L: LY JAJL;« QL.:..: LY g v /0 )lj:‘,S JAK UPVC LSLA‘O‘}} BLl Jbtb“ LSLAJJ: 6‘;: s 6&0‘)3 (e)
Aas o ol f@hj Ol s 4S 395 0 03ld s Il Sl s Gade SLas il b el
o 2 5 S 7 0D oS sl e ST oS 3p5 5 3 sl ) s em 5 BB b sl i

(Cassa, 2005) ol ol Aol 3 50mme (glsl Lo 30 b ) (slaze Bl el el e ol gl SialS Jl-

S5 & s Cassa & Van Zyl (2013) s S slgis V0 b= w h 6l e 05 L e 3 Ferrante (2012)
SYslas sde el il Jde O3l eslanad b5 Ls S asdllas UPVC (6 e Jo VY0 d ) G655 1) e b W b

s S kgt g e Omen S Gla S s Sl ol Ol 4 (M) Cmlos —5L05 dolas o it 10
sSJS' oIl 4 t:,a —§-¢

2 e 5 b S 5 oS gl w4 sl gl Van Zyl & Clayton (2007) «  iis s
5l ke YF 5 /8 S5 G0l 5 S Wiy ame cpl 4 Ay Oler Sl 5 5 55 WPVC sladd )
UPVC ;5 sV sladdyd oo sobslme sl 5 oap /0 (g a0 e 0 S i gladls ls 3.8 slagl o
G 5 gl o Golg S5 (S sl gl » edle bt sdalin 55 gbaplpm
Ao o Ol aS g +/0 1 xS a8 UPVC lad ) jo e oS 5 gl cis sbaoly s il Job
Soddi o Sladaes U i ladilas oS das o 0L (V) Jodr 55 Laudie Hlis (il b el (Sew Sl
ol awpwhéuameu_g;,.,.;dlu;;\t{.¢\jol{ﬁ6\ﬁ\)6ﬁ)ﬁ)w¢>m}3@(u&; Lile) slliS

(Van Zyl & Clayton, 2007) sas e

4t



Ol 2 F5e Jolge 9 60 (Sl T A 5l Of cdyy0n Soke

(Van Zyl & Clayton, Ldy 5 beenSs 5l golans @l 280 LsT i gladlys ¥ s

2007)

Table 2. Laboratory leakage exponents for a number of failures and pipes (Van Zyl & Clayton,
2007)
Failure type Leakage exponent

uPVC Asbestos Mild

cement steel

Round hole 0-52 - 0-52
Longitudinal crack |-38-1-85  0-79-1-04 —
Circumferential crack 0-41-0-53 - —
Corrosion cluster — — 0-67-2-30
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