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Abstract

The Differential Quadrature (DQ) method is a high-order numerical approach known for its remarkable
accuracy and low computational cost, making it an attractive option for numerical modeling. However, a
notable limitation of this method is its lack of geometric flexibility in modeling domains. The Radial Basis
Function-based Differential Quadrature (RBF-DQ) method addresses this limitation by combining the DQ
method's direct derivative estimation with the flexibility of mesh-free numerical techniques, making it
suitable for both regular and irregular domains. This study compares the performance of the DQ, RBF-DQ,

and Finite Difference (FD) methods — an established numerical technique in solving groundwater flow
equations in confined aquifers for both steady-state and unsteady-state conditions. Exact solutions for these
problems are derived using the Thiem and Theis methods. The results demonstrate the high accuracy of both
the DQ and RBF-DQ methods in modeling groundwater flow in confined aquifers. Additionally, the DQ
method outperforms the RBF-DQ method in terms of both accuracy and computational efficiency.

Keywords: DQ Method, RBF-DQ Method, Unsteady Flow, Steady Flow, Groundwater Equations, Confined aquifers
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Fig 1. Nodes distribution in the first problem
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Table 1. Average error values for different N and L in solving the first problem using the DQ method
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Fig 2. Graph of average error variations with respect to shape parameter changes in the first problem
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Fig 3. Graph of average error variations with respect to shape parameter changes in the second problem
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Table 6. Computation time for the three methods for different values of the number of points (N) used in the first problem
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Abstract

Weirs are essential components in water engineering projects, effectively managing surface flows. Among
these structures, circular-crested weirs are particularly popular due to their simple design and high flow
capacity. This study primarily focuses on investigating the hydraulic characteristics of flow in a culvert-
weir system with a circular crest and analyzing the effects of critical parameters such as crest radius and
gate opening on the discharge coefficient. For this purpose, velocity profiles, water surface levels, and other
flow parameters were analyzed as the main variables. Various models of the culvert-weir system with cir-
cular crests were designed and meshed using Gambit software, then imported to Fluent software for detailed
computational fluid dynamics (CFD) simulations. The discharge coefficients of the weir crest, gate, and the
entire structure were calculated and compared under different water load conditions and independent pa-
rameters. The results indicate that the discharge coefficient of the weir crest is higher when a gate is present
compared to a gate-free condition. Furthermore, the discharge coefficient increases as the crest radius de-
creases and the gate opening expands. Additionally, the comparison between numerical simulation results
and reliable experimental data shows a high level of accuracy and satisfactory agreement, validating the
numerical modeling approach. This study provides precise data and practical analyses to improve the design
and performance of combined hydraulic structures.

Keywords: Circular Weir, Computational Fluid Dynamics (CFD), Culvert-Weir Combination, Flow Hydraulics, Nu-
merical Simulation
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Fig 1. Cross-section of a circular-crested weir
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ﬁ)ﬂ‘gdl}ls d_,.b); C_J,.» ‘_;LhJ,.}jJi ‘!"'JJ‘:_*_“
Loy P 4 e (1) O il (0 5o 5 (V/UD) sVl s S0k b ok g oo SlRe BB s

OLL 1y (L) oo Jsb e oo Sl 51 Jbs 0 ahols IS0 0 VL 881 5 g ol 125 55 50 (Vimax) s

\ VY



4z 5o b ol pod (glo pIoEl 3 5 yaui— ) IS ot 50 Bl y2 Sdgjaud (gous Judxi Lo 9 gy

A) S ol s Bl Aey S gl plagl e = oIS s it bl aied st o)L31 45 43S0l Ans e
5T e S35 3wty St e e (511 O IS8 a5 L adas o 0L 5 s VL 3 1y e 55 (A
,uu:JL,J\oCUC&.‘;l{ﬁ)ﬂ);&glgq—jjL.;ﬁngw}:j&l}&iQQﬁwswlﬁw«{g;Sfb;w\
Ol o3 WV el Ve 50 K0 plad g Cond f s 4 DS S5 Ly 1l i (SCn3 3 Ol e
gl 53 o PO PTGV [ Vo VUV GOV V| FESR T o4 K L i INGHS FR POOE gl gt Rl o sed Oy Ol e 4zl
MR ghls 5 edd ol CHpS S Sl 0L e 4 O S5 L ks DL L oo sl sy S0
b s ol a8l 2l 53l o3 €31 28 o) plad 553G IS w0 O (63055 e ol S, IS (53505 L3 Sl
A JSE el e 2Bl 1 2eS b L b e e it 5 e e S iy nl ] e 4 DS SO
G5 azm 53 33 0L o sy il Sl sl aS &S0l das o OLES 55— Sy IS Jsb 3 1y s e Ol uss (C
ol s .&Q&JASM):V;\J;ASCUCMU:MSQijjlsotiﬁwﬂ«;t;ﬁ.wl S8 gl 5y 5 JUIS &S
QL;“..}cLSJgLiJad;u"\}.é\Mﬁ\Y’d&iJi,.alSl.gcLSch\ﬁ)JMCL?ngjogﬁwﬂw.u:da;)uﬁ)ﬂébwﬂ
ST s 555 3155m 26 3 8 Ol e it Sl e 2 Ol e I s plad rals b s
o g SUo5 53 Ol e Al 5 ol S gy pl 2B ol 5 e 2B 4 00 S L el
OLES o3le Cawn iyl s 1y S o Ol oS (G—/\)JQJ.;M\ sl S ce Cl*“:’ o) Y R T OGOV YU VR RGN
Wl 35T e 3 3 0L e it 5 0kt SIS 0L e3le Sl B S Aol LS sk e sdalie das e
Vol RS e Ble 10 5 Ve plad b 5 dopa Ve Sle Ve 5 0 el o3l G oy O S e SO Ao

ol 3l sl S 3 plad oS 3 sdins 0L oS ool A

o SVl 3 1y e w5 (A -4) IS Ll s (SAE5L e Gl pls U 5y sem oy IS 0 ane el
Db Sl G 4 S o g ol 15T s ST 35 53 iy oo e (Sl 0L K8 a4 5 L s e 0L
o a8 OF e a8 il o (Rl Ao s Vo s (S5l e a8 L 0L o o e 1355 o a8liann 55 5 5SS
Sl Jls Gils 5 odd ot ot oSG b 51O 2 ) e 4 O S5 bl il oo SO (2 L 0L o shade
dols JUS S 5l (Saasl 2l b as s a4 O (6555 ot i Sl ol JUS S S35 5 4z s (83505 U3
Y [ Viax = dols 53 5 e la Ve Suisl o by e G adiy Jldie o iy sl @l (2ol doyn V) 5 an S
s &S 45 S Olas s e OLLS dom y3— 5 s Jsb 3 1) G Ol i (-1) S Ll el Lt JUIS s 51019
53 0k Sz (Sl Gl Lol agm s gl s 5 JUKS S (G azm s 0 Ol S e iy ol
s SAEL Bl b 5w sy 2 X /L =048 Clazﬁug;&ﬁ)\.m el 4Bl 13l e 3 VY sgd 5 4w o
C"-“J““-"-:*:':%Qlﬂﬁd‘i‘cla“'u:'-“ks“-."‘-?_ﬁ:’l‘.dij‘-"’%}W\jﬂ)ﬁ&})&)ﬁ;&’uuls°m°bw‘5wkiu:*-“ts
(78) US55 ol Bl 28l o3 W0 Gy =l (655 Ol S s (S350 Sl bl e il 8
Wi 5 ol St oSS 0L o g e Sl 58S Aol LaS 55l e sdalive das o QLIS 55 e el 3 1) S Ol s
Bl SRl Ao T am 5o (Sl (Rl L e Cansinl 0 Ol S e ST e S5 53 Ol s

w\ a)Lw w)dﬁlﬂ v&Jw Q‘J‘S‘S”: ).} 4.‘>_:r_l).3 j,’:"..'L’ J:S‘U sl QL.:MJ 45

\YE



Yo louds <90 090 NF+Y Olia»glb' sai swaibolv 5o @.9 ‘_gl.baﬁ.bb alxo

™ u))lgwsuub):(c)4%_1);—).1))“d)b)s(gkws’}?l{ﬁ(uﬂlﬁ)ﬂcuCla.; O GO N R YRR P T
&‘“ﬁ\JCU
x/L=-10 -8

ﬁ%[ﬁlilizl

@R=15¢cm °
05 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 150 123
v/U,

[

x/L=0 0.12  0.24 0.36

— . . .
‘ y 07 J \% \ \}J,J/

(@R=5em |y, 05 R
0.25 : e
@R=15cm s mee e -, -, ~, ~ ~
0 2z 40 2 40 2 40 2 40 2 40 2 40 2 40 2 40 2 4
v/Uy
1.5 2 4
|@R=10em| & 1 3 i
H 3 B
. y 075 :g i i i
| @R=5em Yinax 95 z H } 5}
0.25 H 2 =z =
| @R=15cm 0 — | — | — [ —— —
0 25 52 35 52 35 52 35 52 35 52 35 S

v/Uy

Fig 8. Variations in velocity profiles based on the radius of the weir crest: a) upstream, b) along the weir-gate, and
¢) downstream of the culvert-circular-crested weir

Sl gzl 55 u))lﬁwqubﬁ(cje\:q):—ﬁ)ﬁdjb):(g‘w:ﬂgﬁ(uﬂl PRI S | P W TGO T3 W PYRRCE O S L B T

-0.5 —02 -0

x/L=-10 -8
[.Dﬂ:m 11
| @omsem |_¥ 07
|.o-7s Ymax 0.5
L.5em
| 0.25
@0s10cm >
05 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 1505 1 150123 4

Uy

0 0.12 0.24 0.36 0.48

x/L=
@0s3 e | )) \\ \ \ )
@obz5cm M) M
/ 3/ :
@0s7.5¢m 4 -
e T R e =
@D=10¢cm 2 . 3 . J LU, .2
v/Uy
1.5 2 3 4
@03 cm : B g g
i £ z i
@o:5cm 3 = = H
@o=7.5¢cm 'S- :: -:—' ¥
@r=10¢m - K " . - . :.'.‘
52 35 52 35 52 35 52 35 52 35 §

v/Uy

Fig 9. Variations in velocity profiles based on the gate opening: a) upstream, b) along the weir-gate, and c¢) down-
stream of the culvert-circular-crested weir



4z 5o b ol pod (glo pIoEl 3 5 yaui— ) IS ot 50 Bl y2 Sdgjaud (gous Judxi Lo 9 gy

S S ams ¥

W.C,‘..w‘i?:c.i)}Q}u\.f6uﬁ)ﬂj‘pﬁ)\34%=g‘))LsLAﬁ)ﬂ))&J%J.’ééMJ@OuML'J.i\)"aMTwJ.iciu
JM&ULN\OCutwmjaff&bviﬂwjlécAoj_;?duﬁ)ﬂ)éJJLJNL;cU;i‘ﬁ‘&.;Jg_AiJ,pcﬁ)JMCUCMULAlSL
6@‘).,.,«&24@0Cwmjéffdbviﬂwﬁdgb)bw\sy]:x:\/Y’f,C\/Y o))MJJ&JgTA{PG\SCMN‘
L K_A-.J‘).»ﬂ )l.,\.z.a cH]/R C,...WJ)J LC L] L;"L;')L u:‘il_)ﬁlb‘ui\f e‘f})@ .J)‘J)t:ij VoY B V/LY 63 gd>we )3 L \-'1;‘9
Vo (Sadsba b 03t it Blos S lan e 55 asd e SusB 0 u s amms Hl s el SR
ASK:AaN‘J:ﬂL;:Jle;MJLJMLfJAdJ%ﬂui}:ASJJMSL;“J:?S\/iwb\/r@bﬁw);&buﬂdw\ﬁ&)b
LB 30 e s ;m;pjcu CL”“; 03 Ol s &S Las 0 OLS @L“J el ool as VB BVYY edgdome 53 03 g o

AL e Sasde s b oleang 5o LIS e s Lo e o3 cu sl S

O ks g il 3L =0

A el Ll by Stas s b oadady 5y edla 2L s oS Ll o el i o8 ks

gle -7

Bagheri, S., & Heydarpour, M. (2010). Application of Euler equations in determining the discharge coefficient of cir-
cular crest spillways. Iranian Journal of Water and Soil Research, 40(1)67-73. (In Persian)

Beigi Poor, G., & Bina, M. (2005). Hydraulic flow in circular and cylindrical crested weirs. 5th Iranian Hydraulic
Conference, Shahid Bahonar University of Kerman, Kerman, Iran, 1-8.

Bhajantri, M.R., Eldho, T.I., & Deolalikar, P.B. (2006). Hydrodynamic modelling of flow over a spillway using a two-
dimensional finite volume-based numerical model. Sadhana, 31(6), 743-754. https://doi.org/10.1007/BF02716893

Ghobadian, R., Farmani Fard, M., & Karami, A. (2012). Effect of crest roughness and body on discharge coefficient
and hydraulic conditions of flow in circular crested weirs using a physical model. Journal of Soil and Water Sciences,
22(1), 1-8.

Izadinia, E., & Heidari, D. (2023). Flow simulation in a combined culvert-circular crown spillway structure, 22nd
Iranian Hydraulic Conference, Maragha. https://civilica.com/doc/1963858

Izadinia, E., & Heidari, D. (2022). Flow simulation in a combined structure of culvert and circular crown spillway, 21st
National Conference of Iranian Hydraulics, Ahvaz. https://civilica.com/doc/1694896

Negm, A.M., Al-Brahim, A.M., & Alhamid, A.A. (2002). Combined-free flow over weirs and below gates. Journal of
Hydraulic Research, 40(3), 359-365. https://doi.org/10.1080/00221680209499950

Ramamurthy, A.S., & Vo, N.D. (1993). Characteristics of circular crested weir. Journal of Hydraulic Engineering,
119(9), 1055-1062.

Samani, J., & Mazaheri, M. (2009). Combined flow over weir and under gate. Journal of Hydraulic Engineering,
135(3), 224-227. https://doi.org/10.1061/(ASCE)0733-9429(2009)135:3(224)

Schmocker, L., Halldorsdéttir, B., & Hager, W. (2011). Effect of weir face angles on circular-crested weir flow. Journal
of Hydraulic Engineering, 137(6), 637—643. https://doi.org/10.1061/(ASCE)HY.1943-7900.0000346

Severi, A., Masoudian, M., Kordi, E., & Roettcher, K. (2014). Discharge coefficient of combined-free over-under flow
on a cylindrical weir-gate. ISH Journal of Hydraulic Engineering. 42-52.
https://doi.org/10.1080/09715010.2014.939503

AR


https://civilica.com/doc/1963858
https://civilica.com/doc/1694896

Technical Strategies in Water Systems

https://sanad.iau.ir/journal/tsws ' \¢
ISSN (Online): 2981-1449 g §
Summer 2024: Vol 2, Issue 2, 127-140 Y, ‘o
https://doi.org/10.30486/TSWS.2024.1184789 Pegios in W

Research Article
—

Analysis and evaluation of key indicators in technical and management
strategies in water systems with emphasis on sustainable water resources
management

Sadroddin Etesami

PhD in Civil Engineering, Lecturer Payam Noor University, Tehran, Iran.
* Corresponding author email: sadretesami@gmail.com

© The Author(s) 2024

Received: 22 Sep 2024 Accepted: 23 Nov 2024 Published:24 Dec 2024

Abstract

Water, as a critical element for economic development, demands effective management. In arid and semi-
arid regions, this essential resource is a limiting factor for agriculture, where competition for its acquisition
is intense. Neglecting this issue can result in wasted capital and environmental degradation. In Iran, water
scarcity has raised serious concerns, with the agricultural sector being the largest consumer. Effective
innovations and policies are necessary for sustainable conservation and use of water resources. This
research aims to identify key factors in the technical strategies of water systems focused on optimal water
management. By reviewing theoretical foundations and prior research, essential dimensions and
components related to water systems were identified. These dimensions were weighted and prioritized using
the best-worst method, along with a survey of twenty university professors specializing in civil engineering
with a focus on water resources (based on prior studies). The study highlights the crucial factors in technical
strategies for optimal water management. Results indicate that maintaining water quality, conserving
resources, and controlling water pollution are paramount. Water quality is essential for public health and
ecosystem protection. Additionally, water conservation aids in reducing waste and optimizing resources to

mitigate water shortages. Finally, controlling pollution is fundamental for environmental sustainability,
supporting the effective functioning of water systems.

Keywords: Water system management, Strategy, Modelling, Best-worst method
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Fig 1. Decision tree of criteria and indicators used in this research. (Source: Author)
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Fig 2. Method of data calculation using the best-worst decision-making method. (Author)
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Table 2. Key elements (water resource management)
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Abstract

Dam construction projects have various impacts on the biological and social environment. The construction
of a dam on the Kelaroud River in Mazandaran Province is one of the important development projects. This
study aims to examine the social, environmental, and economic impacts of the construction of this dam on
the surrounding areas. The study primarily relies on a review of existing resources and the socio-economic
analysis conducted during the initial phase of the Kelaroud Dam studies. The study predicted population
growth and drinking water demand for the target year using demographic data. The social and economic
consequences of the construction of the dam were also examined. Among its many positive effects, the
most important of them is the storage and regulation of water from the Kelaroud River to meet part of the
drinking water needs of the cities of Babol, Babolsar, and Fereidounkenar, which are currently facing a
shortage of drinking water. According to the latest population data (2016), these cities collectively have
419,493 residents. By the target year of 1430 (2051 in the Gregorian calendar), the estimated water demand
for drinking, industry, and tourism in these cities is approximately 40 million cubic meters of which 17
million cubic meters is planned to be supplied by the Kelaroud Dam. In addition to addressing water short-
ages, the dam offers positive social outcomes, such as job creation, increased income, higher land value,
enhanced public participation, improved health and social welfare, reduced migration, and development of
the regional tourism industry. However, the project also presents several negative impacts, including erosion
and sedimentation, waste accumulation, deforestation, wildlife displacement, air pollution, and noise pol-
lution in the area.

Keywords: Social effects, Economic effects, Environmental effect, Kelaroud Dam, Drinking water need
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Table 1. Specifications of the Kelaroud Reservoir Dam
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Fig 2. The number of immigrants entering the studied areas in 5 years
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Table 2. Population of cities in the drinking water supply area from Klaroud Dam in the years 1335 to 1395
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Table 3. The population growth rate of the cities of the plan area in the years 1335 to 1395
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Table 4. The final estimated population of the cities covered by drinking water supply from the Klaroud Dam
until the project horizon year
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Table 5. Drinking water requirements of the cities within the project area until the year of the project horizon
(million cubic meters)
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Table 6. The most important diseases related to water in Klaroud region
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Abstract

This article examines the principles of the "sponge city" concept, proposing it as a sustainable solution for
water resource recovery, specifically through the application of its principles to revive one of the rare water
management systems in Iranian cities: the Maddies of Isfahan. Desert cities in Iran, including Isfahan, are
facing serious challenges such as water shortages, pollution, climate changes (including urban heat islands
and atmospheric inversions), and prolonged droughts, all of which make urban and human life increasingly
difficult. Adopting an approach to mitigate these problems and restore natural elements is essential. The
Maddies of Isfahan serve to direct, drain, and store water, playing a crucial role in protecting underground
water resources. The emerging concept of sponge cities-designed to absorb and retain rainwater-coupled
with the development of urban greenways as natural pathways within cities, can enhance the role of these
linear natural elements. This research employs an analytical-descriptive method, reviewing existing litera-
ture on sponge cities principles and greenway characteristics. By extracting the principles of both ap-
proaches and aligning them, this study explores their application in the restoration and regeneration of the
Maddies in Isfahan.

The findings suggest that the concept of "spongy greenways" represents an innovative approach to revital-
izing ancient water systems. Through design solutions and practical interventions, this approach can en-
hance environmental functions, social vitality, economic sustainability, and public health. These solutions
fall into seven categories: shell design, spatial form and structure, materials and color, natural resource
management, vegetation, functionality, and management and maintenance. Together, these strategies con-
tribute in realizing the vision of sustainable urban water management.

Keywords: Sponge city, Sponge greenway, Urban design guidline, Maddies of Isfahan
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Fig 1. Comparing the traditional water control management model with the sponge city model

(Sun et al., 2020) s ¢ motal 64 Sslas =Y s

e Slaole
%)
Wi ) S
o i |
$ &3
5 OB
LS 9 e J 35
) s, SR

I

st

Fig 2. Schematic of urban sponge body

(Pl S\a gl psgin Joi p Fae Jalge —F-V-Y

ool Sk 5 L S 5 (6t (sl ol oKl e 53 WL | il e ) O el o iash Slosl e

bombe oy o s Jaee Ll 0o o e g o e palate &0 ) 0185 o 1) (il 1035 555 0 S st

Vo4

s paeddl Sl s



------ 295 6L e 30 T @ilie oy 0 (sl s (510 yrasno ()b S0l s Sehinor

Shu et al., 2023; Gan & Sun, 2023; Chen, 2024; Zhu, 2023; Li et al., 2016; L awej ol 55 cilises Solalllas
a3 0 55 ekl ol (6,8 ISSE Bt ol ol 52 Wei & Sun, 2022) (Wang, et al., 2022; Deng et al., 2022;
Las e olis

(o el 2508 M (531 el Dt ae Jul e

o8 AT GRI(6ed Comar e L5 plazzl Lol e

SN ale o glacs b ol g e (VL (slaay o 1salasdl Ll ye

Helln e (s sl 53 f5 1 D ke 5 ol Jolse

(Jamshidi, 2024) ¢ e2 ~1b 53 G515 wsls sl iy 1S54 55 Julpe

P S oo o5 )b g 0-N-T

e 4 das s L rwiﬁl«sw\;)Ugsuuﬁ.:ﬁqcugﬁﬁyéuwwﬂﬁ‘;&m%w,ﬁ
S ke 4z ;U oy 0 53 (Dietz et al., 2015; Ahiablame et al., 2016) (v |Ss) (Deng et al., 2022)s S ot
S S 0 e,u\&i,ﬂ,a@ﬁu@ﬁou,@);o\,g@_wuﬁvss,,a;u,w)s Sosls 5 AAr m‘u_&ieu
s s LID (b o sgin At 55 sdowie SVLT g3 Jae 51444 Ju)scbf\kdggjtxulbgjuoi
Deng ) Loy e Slalas s Cusai Y000 s Yovs gladle oy bl glacd s 5 odoeie OVLI J108 S g e s
SIS b 5 0L pde g1 LID i35 oo o il OF w0 bl 53 48 el a3 S 515 ey 0 5,50 (et al., 2022
S Goww Sl 5 3 “@,ubfw\ﬂ_ﬂw@u LUl codoie SNLT s 3 Jama 31 bl J,;ljﬂa_.ﬂjs Lg‘d..)a.d.vj.&c...a
bl ol 53 1, O Ol e 48 A8 o 0L GAQS s 42 men (Deng et al., 2022) s o s 5 odonte VLI
dx:.:.\agis&;'—ﬁ\{QSJ@J&&A)&LAM&&-LA)@)LNQTJMASJ_ZQJAJ‘J%QL;JSA)'MQIJQ,...v.':b;:}a
rl 534S (553 5,50 (Deng, etal., 2022) ks Giss Ll o OF pUsS 5 sy 5aS s ol 0818 IS s 45 oo
Kazemi )s 55 oo 51y alin o sede W & Wl 53 a8 ail o Of a4 ulom (600 b sl 5,18 o IS Ll
et al., 2018; Rostami et al., 2024

s L Ol Bl s ool 5o a8 bae) pl3l (SO s 0lsl e glaelSus oS Eslotl pl YY) 03 ps3 s 53
O 3 wldiad ga Cblis 51 (g and e Ctle 5l OF Jlazals 5 SOlosl 5 s ctlo (23 S 515 L e il
.(Benedict & McMahon, 2012 )| VSJ 5 S

(Jamshidi, 2024) iul o psahe Sl o T JS2

2
iood. 3, 77 i/
J ¥ o3 / £ 2
2 9 " 2 f’ 9
0:'0,70° #°%0.2°0,
JE iy SN S
7 A RN
2 o - Y ]

Fig 3. The Evolution of the sponge city concept

Ve



Yo ylos 093 095 N Fet cylils ol bl o 5 gbes yuly alxe

Pl gl Gho b B, 5 b Sal e By oJ gl £

(Jamshidi, 2024) 5 ,a2 51 i3 = 5 & 1 sl cpl Jsol Ol oo il e (315 o] 3 (ol S8 51 plell U
D Bld OF C pde 55 et ST s sladnl 3 48 gl S w0 s el b et ST S
O b 355 a5 5 Of e 51l eslinad 10T L <y e

s Sbke Sk 5o s g8 B 5 B s S g

il o g0y 5 slaslaly 4 |y boave ol 5> (Zhang et al., 2019) Sldlas w5

ol oo il s w0 e glaliad Sl eslizal e lac sl

OLL o 5 eslinad @j@}, S\ 3o St bl 5 b 0Lk O L;,j@,,\ Sla s
o s Lim Coanl )50 55 pses u_nlff el 53l :UAKTJ Sl

Slhawl Oole el b Gam gl s Oldlas oolginy sba i) 5l &

(SRR RISl st glalad (b o i alad S

e 3 6 S e sl T SOl alta 5 3 g ol 0L Sy e

Lk Sl ey sl ol e sl s are s

e g 3 i Ol (Zhang et al., 2019) cladlas 55 oolgins sla b, 3 & 5
(Slwe S 5 354 sl O Soslaer Gl s (b 358 Slaans

OLL ol gl i (555 » S 5 LS 5l eslial e glaciin

b azils o sl ol Cupde Glle il 53 pew (gliad S (516 S @ baadoes 1 b e (laaloes

c b T Sl suzes eslizal 563 gl plalas sbewl ol (gl bl

) s Sl Sl sk g s, Sl V- -Y

5 Klouas il gl s J ol (3lesly 4 G550 53505 SIS O 5 Osmman Olgr ol v )3 iliies sla g
da s dde ol 53 1y 5 OISl B il L sl Sisplgll Al o Ladd gl ol o sl s s |y it ol
5,8 ss ol 5l b ge ladisad &S Ljls 3525 5 g 5538 5 gt ol (il Gl g S e 3 S
ol o b e S Lol (galgiiny oKl 5 s gl opl sl 53 biles S (g 5lwesly
e Ol el 03 503 |l | Cilin Sl Al L il (5ot 3] hlisn (sl gt 5 5 by 553 Ol s 10
S g Gble 5 WL e )l sl s slalizd (b el L5 -0 o 0 e 53 oalgniy sla i, 5 Sl
5 pde gl iy (glacs ool Sl eslinnl) e pn S Slapia s (U o SaS OLL ST o 5 Sl 4
Sl 5 Al la il (ALS lacm s o iy (Sodes Slaaanms ($3lsa e Sl OLL T gl
WSS 5 e 5o s s8 las 5l asbinal) 23 5 sla ot oppa szl 53 ey & Y 51T Sl s esli
.(Greening Solution, 2023) (_ziwl ssl> Xy ol S,L
53 oslil (gl 0L O 0 b (ladms > slowl) O 6,53 (gladms s> 5l eslinal’ 05 (galgin sla 3, 5 La Kl
5ol e Gl b Sl Lu 5 an ) anb sladul b ol 0L O e (M I 28 5 5l
(Wang et al., 2022) (o iS55l

’Shenzhen

AR}



~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 PR

P Bl s 3 oalenty et 5 LAty 3 ped o)Ll a5 Bl e 4 05 o Ole (nl 3 1S ol odonze UL
T sl laams 5 (OLL O Sl sl Oletlan s s lacii o sloml 4 33525 ) o Slaciin Juls
.(Urbanist, 2023)cl (CMw [2alS 5 oLl s eslizad gl 0L ol Soslpmr s > b0l
Saglsbml 5 5 bl ana 5) 6 et b 3 e (sldb ool Fuls g et s (golgnin i, s LKl
5 e 3l esli e VL (6 035 L g3l g0 3,008 @ Grp i3 slacwlw 5 (UL T 035 A 5 e gl S
(O’Donnell et al., 2020) (1S o olds e 2l w0y O a8 =1 b claay S

Lo 58 Slanions 5l ol 6 e OF S e Slagios 1S sule e 6l salet sl 5 LSl 0l
bl 5 e Slapl (b a e 25 s (slaled 5 e Slapl G lalidd (e (2S5 5 ST 0L I 28
(T kS 55 5 M J 28 6l Sl gL

T i BT e (6l Jtms slag b Mol 555 4 (sl s3lemin sl hs 5 ISl s
Slas sl Sl eslinal) a3l slaged dle €yl slaeds  anmn 5 (Jlims Slagm G b 51 SO 5 (6 4
£ 0Lk O Jse o GdUB (i 58w Gl 5 (65505 &Y o i) 5 b ol o e Sl
(SWM, nd)( Sl ss ol s pn) ol sla s sl da ul 5 sl ol

503 Gl p el D36 anw ) g O3be Sl eslial T S 5 e s gl onleia S i 5 LSl 1ol
(e 288 5 DT kS 35 L o 2508 Slaldd ol (1530 5 o gos ol (OLL T 2y ke
.(ANCAS, 2019)

S b e 0L O Sl o e 5 il g eealie Gizs gl Sler sl 2O SThles Lyl 5 byl ol
ablie 5 ol o e glaly 3 b e s (6l e (U Wil 5 g0 4 Lo S A1 ol (glo gt 4 L gl )
W PR CI WP (LA U PR

oo Sl bl ggae —Y-T

e Sl p gghn -\ -Y-F

S\ S St 0> St bl =) 380 3 L3 OF sl Codls W 5 S35, S L 1 (6 e L
el b L psgte cpl 5 00l ) .(Benedict & McMahon, 2012)c .l ~.b e s gble 5l bl =Y Ol 4
o g 5L S &I@u oy b gl oo Co s O > 6l aS Cdls UL a5 5 S

e Sl 5 S e B b bk ccdiblbns O ab a5 5148 il O o e 6l 2 65,5055 e Sl
> (Sunet al., 2020) .(American rivers, nd)ass o il | amslr SU5 CohS 5 el 5 Sl (3latl 5 5 ge
Sl 5 el Olse e Sl s 1S s (S o5l G Gl b e 9 e Sl 5 A B s
b bl Sl JSCime e (glad 4 w3 pd o ealinal il S Ol @ e Sl 58S WK ks Ul 4 e
S il b s o) 5 oo 2 5 ase8 odd CBU bl ( aob Gble dlaz )t sy oo a0 5L glaliad pla s
sk OLES 355 o eslil G K Ol a4 o bl 5 oS _sKs (Woznicki et al., 2018) 5,05 o Ll bla

8 Seattle

9 Portland

10 Hamburg
11 Rotterdam
12 Tokyo

Y



Yo ylos 093 095 N Fet cylils ol bl o 5 gbes yuly alxe

5 Ul a0ladl (sl sl Shas 5 S o Clidlos acb ailie (2551 5145 Gl ot Cabloen Sl ot oS3 S
Lafortezza Alves et al., 2018; Bohns, 2020) ol (sl 5 0ds (65 540l 5 s Sl 5 5 LS o Lt | OlaLS
(etal., 2013;

sdinl 53 d Il i Colda 5 e 3l s Chilis (gl e plB1 S Ol a4 OF S G Sl 5 Gres Ss L
A5 dal g eslind

eSSl 5 5 Shes 5 bl e —Y-Y-Y

3 S el =\ il g 5 ,Ses £ glols pew b o5 (EEA, 2011) Lyl s Jaes il 20158 ol
e pn bl —f (g3Lleole =Y 035 (63 Shas dix —Y o

IS e b re ozl ) e ol 55 Ses (UNEP, 2014) doze e Ol OF o pie (6l 5 s i lin 5 slaal
G 52l 55 goslal sl -t o K S 5 w5 sblse -Y Lgduﬂgﬁq;,s;usjl-rw?u\ e b g8k -
£ =0 gl 5 o

el @S Sl ol e Sl 5 e 5 3 Shes (EPA, 2015) IS ol oy 5 James 1 Sl 3050
oS Gl —f OF CnS 5 kS Gl Y edlBl Sl /e kS Wl Y ealaml B, o -) e b e o LB

el slces 3 -0 S

ol JISS Y-y
bl s s o 51310l Sl S5 5 0l (S3leil 5 b oz St ST 51 o 58 i s il oSt
5 rses Blim o 5,8 e s 1y G Ol el s baal ol s 1K e WE dle sl bl ek
5l o Gl Gl (i Sl sl paly edd Chlis b Gbla s 5 e GG il o s
Benedict & McMahon, )l bacgl 5 Slbls )l cCdad 5l (gl s jew sl a0 IS L 51l 5o Sl s
(£357) e gy b 1 gl 5 Gat) e e b | bl (i ) e S0 Ol 5 25 0150 1y 5810 (2012

(Jamshidi & Ghalenoee, 2010) 5 5 & =5
e ol S Sl i 53 1 Of 015 o 5 3L sed 3l e Slosl 55 s o sgie e litlas Do Sl S U e
S 5 e o sllae BLIOL il S Ay Olss s el i il Sl A Olss Sl e b2 5 b L BLI o
el by i 3l ol Jleel b sy Olss )3 oS 35 5l e gLadd 5 ol antl (gLd Ol ol alo
3 oo ML ol 5 b (630e V4 0,8 3 ol OLES 1 5t (g5l s e B o el anles glad sl 0 SO cad
S 5l A Ol e L 5l & ged 3l aS s ST (6 et Olaasite 5 Ol Site DLl ks glalzs alS
h i b Lo s e (slalsd 03,5350y 6 " el (S0 Lo odkas 48 35 o L3I (3Ll i 5 TSl
Bl s g e et 5 ke Lyl e 22l anle plaed) (0 oI e 03 ilsl s 2l 5 S (5leSk gl
3 VS 8l G et ST I R eoalin b 633 VY 03 ol ) o e TS5 (3 5m8 t etiL

13 Andrew Jackson Downing
14 Frederick Law Olmsted

15 Ebenezer Howard

16 Le Corbusier

17 Biophilic

Yy



~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 PR

)gu)ljiw,\igéu)j”)wéuwjdududjg HESPIEPR S L;b)yw:djl&.ﬂj—\ :@;Jﬁi);ﬂduﬂ

f, J&..Z)J) a)jla../au\.ﬁa-ﬂéuw—v )\JC,.@;-@:.&JJJJMN LSLAJ':""”‘ I(:)JJ_M}—Y 4(&1]«])55}45- LgLA;S)b?jL_J)l
.(Jamshidi & Ghalenoee, 2010)(cslodiosls QL s (Sla s &2

(Benedict & McMahon, 2012) ;.. jle ol -t (S

inter-raglonal link

Fig 4. Green structure elements

s o LIS Ty oy skie L 5 Shae L laSs

(Jamshidi & Ghalenoee, 2010) ;s p 3540 (S b o =) Jsur

Table 1. The evolution historical course of the greenway concept

u.:fls S s, lad cle (oS5 _
s Shos ¢5 Jsb S
‘;wj.w: ool LS‘f. &f‘ﬁ
L5 b, goee oL S L SYsb S S Jsl s
A by e o .
P b e ] Loy boye sl SN £33 Jod
A5
Lo gl e . N N P s "
2L Sas Sas ol o
0)}2-'“ d‘w C

G St oS 2] (g 4 (B S o S e 5 (sl gl YT
G lgl 55 S5 i 50 5 o 500 s o gl gl o o) Olge o mmiinl g s) (Ad s ] uldl
SF5 ssb Bl oS Sl Gl S @ (e b 0T 534S 5580 GBI o sphe 0 midl g nl 0538135500 S
b ablie 3 (5t U5 Gl Sl s 5 e Lol Sl aslind L s gl LS e 5 0 cor 1y 0L
o SaaSd Ol 4y 55 s e gla e L ls ST 3 geS 5 LS Sl ol Jamecn 5 slatlr s 5 oSl
CS e ilie bl |y e Wl Ol 60 B AiS o Joe o808 Ol sie 4y 45 Wild iy a5 o see slaliab 4

¢



Yo ylos 093 095 N Fet cylils ol bl o 5 gbes yuly alxe

Gl 5 (6 st 2 53 (Ss03ly (6l nlin (slias ol o sDhe L s ol Sl Bl oon j2ed e (glb 4 5 S
S s S SaS ST ,55 5 ol (S s g5 B (s ed Sl S RS dpr kS 3 0 5 e S0
58 S8 0Ll S dr 4 Wl e s e ol ABL il g 53 O e s 5l s A5 e Rt e
e Sl combie (b Gk Sl paan s e s Slagtenn ST a5 5 D o 1l 4wt
SaS il g 3 Shas oyl 4 o5 opl S Solem (s Slagees 4 01 3565 ST 0L 5l Wl e e
Wl e s WIS Sl (e (S5 CadS g ssb e sn kel b 5 e Gl o) 09381 S e
G LS 0 oS s ol KlS e LSS 5 dedir e b s mul sl slarl e a2l
S el |y (5 ad (S 5 o Jams 35 53,5 el

St 3 S £l =) 3505 Oy 25 855 £ 3 L e 2 s e S35 ASTL OIS a1 ppgde 53 0l 0 DS
g ) dpa i (sl e S Wl a5 3l Sl e G el bl s e
Jo 5 Jom g za fals (e d_.{b'.)mu; (o) 83930 sl e sl sl 1) (galaBl SIS =Y (6550 LS
(ol (S sy o SH5 i 5 SH ) plal ol Y (Sl at m slaausa (Gl latusa (e see
.(Jamshidi & Ghalenoee, 2010; Dehghanzad et al., 2018) . zlug 5 Dl —£.( 35 5]

Pl g b S0l b Kialen sl 53 g S\ s 21l J gl VY-
Glaasl 5 Lol (ol sl Gl &S b gl ol 0 G e 5 e Sl gl ol ke Sle 4 g L
(0 JSi)s5d oo sl b3 8 4 ol lles
3Bl ab w5l ags elizl 5 Bl bl 53 G 1 b) Gy laee 5 Sk b (Siales sl b
gyt a3 1 31 oslizal (8351 G e (&3lotingy sliely 535 b 0T U5 5 S5 (ool 5 b Il il
{p5ee JE 5 Jom 5 5 250 5 odly 235 Ssg lp (b)) S S 5 Jom olal 2 A1k
(sstasl =1 b) LS~ b
Sy ol IS 5 (18 i35 ol a5 S o2l SIS s 155 055 D) L (b
(Sl ool ¢ omaz (S e b= E (b (Ko
dga 5 Sk ol mbio sla So 1 2als Jol (s mmelldl Jool : Gladl (o1 b)) amms bl 5 Codls 6l (b Lol
.(Jamshidi & Ghalenoee, 2010) (o .l 5 LB

S5 S 53 (bl g s g S o ¥

et 3055 Al Jasme G s OO LBl Ll 5 bt w6 p S sle el

ph g S3LES 5 o pd Ol 558 Lol &S ol el 5 oS Sl Hlds 4 OLL AL Gble ol 5o i &be 35S =)
ssd e Gl e 6350 5 end 5 Gl mla SRalS 4 Wl e e SV b sla JLSis 1 S gla JLSCis Y
SLaolSiny s 5 prrb Slapioms STy 55 4 Ll o 03 (5,0 St 5 Sl Sl i sl i 5 Jams 4 ] =T
Dy e gl

g ol LS sl 5 bes Gl Bl o a edBl Dl i 5 e O p S 1 el Sl i 5 Les )8l -

18 ESA: Environmentally Sensitive Areas

o



~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 Sinns

5 el Jool SOl IS e 3 S5l ule e 3l G Olse 4 e bkl Sl eslinal b il g
Sl 03 psie ol $SS @ Slaiss Sl B st a8 S I 3 58 et 3 ol SSie b ablis (sl LTS
1l 3 35050 Jols il s laat pol lad 5 5 058

ol S 6t (S slaoles 53 15 0L T Ol e OLL sTaer Gl amilie Slapioan (1 b Li0LL O oslaer
BEPW °>u;w\di‘:>~rti|)> Sl G las 5 e sl bl Sl srie Ol 4 Ll5 o ol

Sl S IS 1 bs 5 03,5 S OLL O i @ Wil o s slaliad 5 Sl Sk slagly sboml 13w (5Lb anwr 5
LS S8 (ST el 5 e slen kS 3 4 WIS e ied S

S e SaS O (UK 5wl @ Glesesle 5 0l el Gl S5 b slse 5 wlas 5l eslinal 1 i3 s 3l4e 5l eslizd
L 8 o)l e sl B s Jame e a1y O SE0L 5 e S ()

NI Eg uT dag Sopde 5 b 5oL i Ol e Sy sleesls 5 65l 5l 6 S e Loidedi g 1 e cUé_}
S SaS ol el o s 5 chns LS oLl 4 Al 5 e diad pa Slanteew

;s'iT Gt.a BEVPS wl)\.j Ol e ol e A s, suse 52 S S la s OLSLL ui)'jﬁ :L;J'L.ugf;.ajéjuijyI
A8 K8 Ol 5l cblis s gl oS lie 5 AT 2l 4 Kls e

(Jamshidi, 2024) 5 sl s 5 2wl g3 S ke slacaiS -0 IS

s S el =l
g“‘,“,—"‘“ S édl..a.‘.’ﬂ
los: s cendle
e=lozs Cedlags

Fig 5. Common qualities of sponge city and greenways

o g s -f

Olgio! i slaesle b me —\-F

YUl 10T lans 5 g b ailing, cpl A oelos e e (55500 06 3 Sl O3 G Ol 4 3550015 Bl
Voi sluas S 55k 4 .(Honarfar, 1992)cnl 2o slS YVe sjio qitis Lot 0 albols ol 5l Ll cliland g e llS 8Y
YA 5 Gor o 3l 8V 45 0l S5 5o VA La g cnl sliad ol e Slosh 4 S 350 o 1 355 0015 5l o3l b g
G 5 Slodi 355 o 2 5 355 00 plndl Lol g Y ulid s (pl s e e Sl a1 g8
Cro 3 Gl ES g 45 wiS e e Olghol gd S Sl 55 3l Ve 08 laggsle sluas cpl 1 el axdls o
s o e and glakils 5 LEL (ol plas S el Kos o3 o Gib 5 Sl 03 B0 e w8

"\



Yo ylos 093 095 N Fet cylils ol bl o 5 gbes yuly alxe

el 5l glosl 45 BAS o (2 copmes S 4 ol 0Ll gl okl Of 2l s .(Ahmadi, 2015; Shafaghi, 2001) ..
2 ole Ll MBIl ol L(Shafaghi, 2001)ail oS Laske 0les LU S Olgiol slagsle tile ol Oly, o 5 ya
oot ka4 gole il Lasle Ol s el sl & gloslil s il o ol e 4l 3005 uT S gl g
o35 Iuseas 4l i) 55 (Ahmadi, 2015) wsl S5 6 5l 5 =SS 6biss, 51 S Ay S 1 ol Sl 5 pon (o
13 osee ool 8l e 3l 45 Ol glme 5 S5 s Oblginl J5lh 3 col ol JUIS il 0l ms i (g30s
e ol Olginol 53 O, s a5 e Dol (le saalS b CaJB Ol OUS s auled I Dbl
o g e oler et pl gy e sb 4o qu Copde 5 le Kin b Sl e e 5 Lok gas 31 4S 500l o
el

3 laesle gl S, 6,5 5l (Jamshidi & Ghalenoee, 2010) Lo 55 o el Sldlle ool il onle JlSS s
ol plalis LB Olgaol e

ol st L e tise s O Sl a0 1 ol (g555LES gla ey 51 5 see L aS diteen o (6ls s Ol i 4 agsle 151 555
Al n sl pio O3 ST 5555 o 5L Slala O3 & Blas o5

Al s b Jlis 4 Olss cpl 53338 e 5L sie Dloss 4 s Sl s Ol e 0 Lagale Slensn cplipsn 4555
Glp asio Olyss 55 s S el wlsag, Of colie gl i el pa) 5 LE LSl g 4 bt S 5 Lagl
5 Sl e 5 3as e duls adls OLss cnl 53 Al ke 50 ole Olpe 4 O b 5 ole SL ol
S ghyls baggale Olas cpl L3 sl 2l p el 3 Bl OIS (gl 1 plae Jase LS g sl L basle
ol sl elanrl (Ko 5 S0oe LD oletrl (o sla ST ulin ¢ Sl il 5550 5 5508 ) (L5
e a5 (553188 o 58 (galal (B S ( BLINGUS a5 ol o (5015 5 U5 OLIS sl
s S80S 5 e B et b 5 I b polie e (Soa s sbil < skes 456 i)

S e o 55 5 anw g 5 Ol Gla s w0 cpiile 3555 b S 51 3 eslitul 540 ol s plas Ol g a0 s gobe T RSTE
Wl s ) pole cpl o 25 el pl s LA B Lley SHL 5 pse o bagale ((g5,5LES

ol 3 S35 3 st Ol e 4z 3550 Oy nl 3 wesly Cu sl L plas Olsie o lagsle o 3T5L 5 L ipler 6553

(-\ Jg,&) Sl ebﬁjlé.'s.l,amlf: LSL"‘)P""""'JA*"J.‘)‘ L;"J"Ji“)é]@'g d)l.wl.u“)ub))

e (bl g S8 s Ol g 4y Lagole —Y-F
53 eSS Jomly G 5 Bt Jed 4 p 8 s OS m Cr  Gh lele L 4 Olesl e slassle
3 e ol Gt s 5 LOL 51 g Wacels a0 (6 g b 51 (gl L3 Ly sms pl xS .xﬂiwﬁlﬂowny
e ) S0 aS |y il (gla el 55 BLSSI pate EE Ll s die po a5 S5 sl L T gslslsT Js Llass,
5ol 55 ege L3 LIS e (Jaly 5 (o i) 4 ) Lagonle 63l ol a8 il 1) cl SI1 ol JSCS1 5 ol
1S (6t S S L) 5 S R e b il 53 ST 5s pl LB wndls il g 5L 5, e jolie Cu sl
Sl oss o 2N i 5 S b e (55 4 S 03 L assle 2k 5o S0 Ol 4 il s (5L s
Sy o 5 assle (5550558 Olon ol 93 S o (el O3 et S 5 s 0l gy s 2l 5 Olgiol e
(Y JS2)iles S sloml (558 et G Olse 4 Olghool 3 il b J gl Giowd (60 1) orolie Gl 3 LT o

v



~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 PR

ol e g\t s b gl ISal, —¥F
\)ﬁjéu)&ﬂ:bbdblﬁ ;.,\.;)L.NJ..pL&L;‘f d‘jj&@u&.«\ﬁ.ﬁdy‘jﬂéuﬂﬁf‘}dj&\}u;ﬁ}wu‘f
ol slgly

Lt sy 5 o,lds > b sla,IKal, —\-Y-¥

as o SalS 1 LS 5 es S ol 1 0L o 45 LS (slapl oty Slesliad s ol -

S SaS S (6551 el 4 A5 e Wledd S5 ek sl LS alapl 5 3l slagly -

Lole b sloGle 4 5 S oo 1) 0L O 5 e a5 ol 055 sbaanbli b o508 Glaplisleml 5 2L clapl -
Al Ol e 5 5l S OLLS ol dSl g e aliad ol S SS

okl 53 5 lalys don CuiS 35 5 bos 2alS 6l s LS Sleslinwl b v slaslps 5 oo lus -
S SGS b sl 5 OF o 4 Wl e o slaply

csdae Sl Sl (Sadl 5l Gl LS as (gl et >l b ane ol 1 sy glajlys -

5 s 3 e dikie 13 S S L (g e ol s S T 0 las Sl eslind DIl 5 oo Alas leslind -
A3 o S gh L 4 8S mb S, L

Ll a5 b sl tile 1S o 53T oyl 60 5 Gl 1 b S a8 sdlas Sl eslinal 5 15555 Hlas el -
s

Sl S b5 S, Sl eslinad Olgisl e gl e sl p il b cliae S5 glacdl 5 LSS, Sleslinal -
e b S K wile ilaly Gua b ol e, Clnl s o [2alS 1) e 5 A8 o KaS &)l >

Sl G5 D pman JalS sk by cole 6l Gile Aleas Sleslinal 5 0BG bl 5 501> slagle ) eslannl — -
Golare 3 25 S s, S3lwls 5 65 A SN 51 S sl sl S8 Sl e s 5 aeb s ale Sl eslaul Jla

T ety
(Esfahan Municipality (2020) . Ls oK1 s Tk 3 a5 5 e IS it l)0lehal (slagsle 48 T ST

> e

Fig 6. Maddeis networks of Isfahan

A%



Yo,lods cgd 0y90 IF ¥ Ly ‘sai sabole jo S8 o ol alxo

(Jamshidi & Ghalenoee, 2010)0lgan! V ailaie _zeibosl s Sl s Joilyy -V S5

SN

Fig 7. The potential of spongy greenways in the 1st region of Isfahan

bz (58 JSS 5 p gla, Sl —Y-r-¥
Laejlir s bagausle gl s 31 sl sl gl 4y Lao o s a9 slp b b -
wudjtscﬁ,@;-) d_}))\ ebl.d.?...»:\_}N)fwblj&wulﬂ)b}dw:-b6@}{“}\.&0\.&&-@ fﬁf‘flﬁ -
a5l el slal 5 cnlin Llgs s a8 5 ol b conlis Olazx b

e L3 5 (e Sapieew 2 AST L slaosle (b 5 s slaesla Sl eslizal -

Lk, Blas la,Sal, —Y-r-¥

o2 SR Sllsr s s Plas Sl eslial 5o o 8 slags sl Sl eslial -

0% polie DB L O e 516t Oladis Sl eslinal g e Olakin 6l oy lin 5l 3 B L llae 5l eslinal -
Looly (gls e 53 0Ll 5 oS caad jsb s (Sa s SOl (b L sk ol

O3 dm D) b glio oy e (sla, ISl —F-Y-F

T B Dl Sl eslinal 5 T i3l sl sl g ol 5y O Sy e s e 2L

3L 5 slo a3 (LT (slapts Sl eslinal o gas 5L (slalias 5 s slalias (gl At pa (T (Slapims 3l oslinal-
e sLd 3 0LLS (Ll ) 0Lk

o oy Il o 3 5 S e i [ Olish T a8 Sledd eeiign Sl S s3lital 5 sdd il sV -

Al 5 e Sl ol S 05 e ST s oslgar b DS IS a b 5 o Sl sl -
Ll o OLLS 5 (g3l b slaazs = ula

A%



~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 PR

iz opl .S e sl Laodo VT Gl 5 Of wias (gl 20 LS 51 a8 e s 1 iy Slaan s > -
S Jos 55 sl 5 B Sl Ol 4 Wl e

S o LS (5 b e 4 bt ol Ge b 3l s oslaer 1 OLL T4 el ol b 0L slalaiol -

of sl b a8l slaolSe s ca s O N CHRV L;UT@}_ @ 3B a8 b GadU e gl e -
o (S 2

ol oS @Bl 53 3 35 F el 5 0L Sl e b (sl O3k ol i a3 Obe -

Laams s 5 O3l 4 OF Sulta (gly T (6l maor (Slapitmms £ s 5 SULES -

5 bl sleol dile Lad 05 S St 6l s sla 0L 8 8 b5 s Laolale b 5 b 45 Sl eslina -
LS 0 SaS Iga 0L 4 a5 Jtls slabl>

dldidas glacs sw O ae LAl 5 (65 e JlalS g 5o (655l L SLL slaf i 5 s iy Sl esled -

.J;;Sg_éfm6):.66)‘)3!)))3ASV.:L;JJ{GJQWVSLSLA'&J?)\;;L&;M\

AU by sl ISal, 0¥

AL adkaie BIL S e J.va@. pslie OLaLS Sl eslizal : po s OlaLS Clssl -

S35 Sy bl 5 0LL Ol Gl a0 5 e 5 sl 08 1 Sl i &y 40 S S LOIUS 0l o oIS -
S SLS eses glalas 5 plae s

K gn o3zl OLS Cugby el 5 OLL O oslaer sln ot (A1 L aS GollS SOl saoluls -

n o Sl s gy o8 2 305 3ol 5 e St s o (b e (6l il S Sl Lo b e (1L sl S -
Slr A it b lagesly ax s 5 e 5503l sWelS 08 (O ai s (50358 S5l lisly 3 s glaliad
Joe ol 253 5 5003l 6l Sy Gla s Ol 4y A5 0 Lol 08l a5 S5 5 OLL O Dl

5 Sl S s Jlia gl SU B 5 Jom Slesliial (gl s glald 5 e Sla s (S b -

5 Shas sla,\Sal, —5-v-¥

ik a5k b Bl S Ol 4 Olagen Al S el b o iatin slalas Sl eslind -

4S b e Glaellles 5 e, S ez gl 2O sl skt 4 iled 5 ol il (sl o b 5 slml -
S S8 balad it (6 5 ol 4 Al e

533 BG 1 2 55 OalS il 5 e QLS OF 534S racr (slaglsloml 5 baod) sl [ shie 4y o sae 5 oo slafl -
s plonil (Sin b elanrl glac s Lol s 5 auS oSl elal slac i

Sl sy 5 a1 ML (55058 65Lo5 amalr 355l () pLdd sloml 5o 4y st 5 b5 sl SLafL -
BPEINL) Bl S e

s S s b 53 Ol el Sbslgi 5 b (gl e gslin Dllds 5 elSLS ()18 5 -

G 53 e S Lk SRl skine e e s a3 5 (s gLOlesle 5 (NGO) b gyl 5 Jows ol g sl -



Yo,lods cgd 0y90 IF ¥ Ly ‘sai sabole jo S8 o ol alxo

SN 5 ke sl Sl —V-Y-¥
L o 2 e 55 L oDl g 5 o Sl Sl peis (OIS0 Sl alaasli (> 1ib 5 (OISS Sl mlie (s 3aal -
a5 ol Cands

Ww)fjwﬂ)@)uaa -

S domi -°
gdﬁ_:éuuu@upuw@icuqﬁmé\ﬁJJ;,&;,\)&Nolﬁ@jmléuﬁ;‘mw,ﬁsaﬁgm
b Dlbdg Gl g a5 L b ke Cdlg 5 cedln 5 ol olazx ] (s Ty Ol 05 9
5 el b 85l jobe a5 L e B 4 0 il et sl ax 5 O e 5 5aS 5 el Sl ks
Olgie a1y midinl s e 303) Ol o ¢ el s LS| _zie 5 s (sla eos 3ol 53 e glacst bl J5iS
b 3 55 ol e sobie 4 p3Y el 5 sl Ls S slgt b e 55 anbs Jos olie (gl eSS
aS ansl pslie OIS sla bl 53 s € a8 5 S Iy altws e Sl & 015 oo i) s s 41 L O
Sl Ol ol (6l bl (et St 5 S5 ol (alal LIS (Ol et S5 Sk s Sl
O3l e Ol el L) s 1 b gla,Kal, LB s slac il ol CJ'Y St o B s 5 il Sl g
Voo S b b gl el cpl il cs s ol 55 Il 6 ol 4 0T olal 5 63,8 513 Ol lens
b bal, pl sl Sl R (sl alaialy WIS e Sl Ollene 5 (548 Ol IS 13l oS SIS ¢ 5 50
3 e 5 OIS o Shas (amb mlie o e (ALS il s K55 5 leas daliad (8 ISCE 5 0 sy
el col e laslg 5 lacdgs (g 3l ol D-.L:_Mw%\ ol s La,Kaly ol 5 038l dis S e |
e 23l 5 ol 5 SB Gladisy Jegd (o a5 pages Glas IS le e i ol L Joe 5 o

sl OF g e sla iy ) eslial gblse oo
Gl s 0505 40) e Slact L 5 5 il s ol (g3luosly wie) L3 st S0s Ghge sl 4 a5 (Salg 3
Sl b ablie 5 Of aug Cu e Cogr 53 (558 Sl gt OV sts 5 OLSLe (gl sl gad 5 U Ol g a0 il 5 o (e
a0 LIS e 5 LS o Iy b S el il Gl ol 0l s Bl Sl w5 b gt e e

o8 ks Pl sl -1

o e ) LBl G s (S 5 b alaly 53 ndls LT g 45 3505 e el e pl iy 5

gl -V
Ahiablame, L., & Shakya, R. (2016). Modeling flood reduction effects of low impact development at a watershed
scale. Journal of Environmental Management. 171, 15, 81-91. https://doi.org/10.1016/j.jenvman.2016.01.036

Ahmadi, F. (2015). Maddies of Isfahan. Isfahan: Publications of Isfahan Municipality Welfare and Recreation
Organization. (In Persian)

Alves, A., Gersonius, B., Sanchez, A., Vojinovic, Z., & Kapelan, Z. (2018). Multi-criteria approach for selection of
green and grey infrastructure to reduce flood risk and increase CO-benefits. Water Resources Management, 32(7),
2505-2522. https://doi.org/10.1007/s11269-018-1943-3

American Rivers. (n.d.). What is green infrastructure? https://www.americanrivers.org/what-is-green-
nfrastructure/#:~:text=Green%20infrastructure%20is%20an%20approach,costly%20new%?20water%20treatment%
20plant

WA


https://www.sciencedirect.com/journal/journal-of-environmental-management
https://doi.org/10.1016/j.jenvman.2016.01.036
https://www.americanrivers.org/what-is-green-nfrastructure/#:~:text=Green%20infrastructure%20is%20an%20approach,costly%20new%20water%20treatment%20plant
https://www.americanrivers.org/what-is-green-nfrastructure/#:~:text=Green%20infrastructure%20is%20an%20approach,costly%20new%20water%20treatment%20plant
https://www.americanrivers.org/what-is-green-nfrastructure/#:~:text=Green%20infrastructure%20is%20an%20approach,costly%20new%20water%20treatment%20plant

~~~~~~ 6285 B s 30 O @ilio Sy oo )0 (bl jow Gy ()b Jgol S )5 PR

Esfahan Municipality: Associate President of Urban Development and Architecture. (2020). Urban design in
Daraygah e Nazar with tourism approach. Report. Design by Gozine Architectural and urban planning consultant
office. (In Persian)

Benedict, MA., & McMahon, ET. (2012). Green infrastructure: linking landscapes and communities.Washengton:
Island press.

Bohns, J. (2020). Urban Greenways: A guide to planning and design. Routledge. Island Press; First Edition (October
1, 1993)

Chen, J. (2024). Research on performance evaluation of sponge city construction based on PSIR Model. Frontiers
in Science and Engineering, 4 (4) . https://doi.org/10.54691/b555ky45

Dehghanzad, SH., Ghalenoee, M., & Jamshidi, M. (2018). In search of macro measures of urban green structure;
Case study: Shahreza city. Master's Thesis, urban design field. Faculty of Architecture and Urban Planning. Isfahan
Art University. (In Persian)

Deng, Y, Wen, J., & Zhang, CH. (2022). Sponge city and water environment planning and construction in Jibu
district in Changde city. Sustainability. https://doi.org/10.3390/sul5010444

Dietz, ME., Clausen, JC., Rosa & David, J. (2015). Calibration and verification of SWMM for low impact
development. The Journal of the American Water Resources Association (JAWRA). 51, 746
757. https://doi.org/10.1111/jawr. 12272

EEA: European Environment Agency. (2011). Green infrastructure and territorial cohesion. The concept of green
infrastructure and its integration into policies using monitoring systems. EEA Technical report. No 18/2011.
https://www.eea.europa.eu/publications/green-infrastructure-and-territorial-cohesion

EPA: Environmental Protection Agency. (2015). Green Infrastructure. https://www.epa.gov/green-infrastructure

Gan, R., & Sun.R. (2023). Construction of sponge city in luoyang city. Engineering Advances, 3(4), 302-305.
https://dx.doi.org/10.26855/ea.2023.08.005

Greening Solution. (2023). The construction of sponge city is in progress. Retrieved from https://www.greening-
solution.com/the-construction-of-sponge-city-is-in-progress

Hinman, C. (2005). Low impact development technical guidance manual for Puget sound. Puget Sound Action Team,
Olympia, WA, USA.

Honarfar, L. (1992). Isfahan's treasure of historical works. Tehran. Saghafi publish. (In Persian)

INCAS. (2019). Sponge cities: New perspectives on the progress of urban de-growth in Japan. INCAS . Retrieved
October 13, 2024. https://doi.org/10.58079/q41d

Jamshidi, M., & Ghalenoee, M. (2010). Urban design of the forgotten greenways: a way to create a more sustainable
urban environment (case example: Madi Niasserm). Master's thesis, urban design field. Faculty of Architecture and
Urban Planning. Isfahan Art University. (In Persian)

Jamshidi, M. (2024). The approach of sponge cities to realize the sustainability of water resources in desert cities.
The first national conference on engineering and management strategies in water systems. Isfahan: Isfahan Islamic
Azad University (Khorasgan). (In Persian)

Kabarfard, M., FazlOli, R., Zarghami, M., & Akbarpour, A. (2017). Evaluating the most efficient method of low-
impact development and determining the best quantitative urban flood management solution using real-time events.
Iran Irrigation and Drainage Journal, 12(1), 40-52. (In Persian)

Kazemi, F., Golzarian, MR., & Myers, B. (2018). Potential of combined water sensitive urban design systems for
salinity treatment in wurban environments. Journal of Environment Management 1(209), 169-175.
https://doi.org/10.1016/j.jenvman.2017.12.046

Khatami, SM., & Al-Sadat Mousavinejad, F. (2022). A sustainable link between the city and nature through the
design of the network of public spaces (case example: Shahr Noor). Journal of Urban Structure and Function Studies,
9(31), 74-100. https://doi.org/10.22080/usfs.2022.22409.2193

Kryvoruchko, N, & Tymashkov, M. (2024). The "sponge city" program as a system of adaptation methods to climate
changes in reforming and forming the architectural environment. Current Problems of Architecture and Urban
Planning. https://doi.org/10.32347/2077-3455.2024.69.252-269

\VY


file:///E:/proof%20new%20new2/%204%20)%204
https://doi.org/10.54691/b555ky45
https://doi.org/10.3390/su15010444
https://doi.org/10.1111/jawr.12272
https://www.eea.europa.eu/publications/green-infrastructure-and-territorial-cohesion
https://www.epa.gov/green-infrastructure
https://www.greening-solution.com/the-construction-of-sponge-city-is-in-progress/
https://www.greening-solution.com/the-construction-of-sponge-city-is-in-progress/
https://doi.org/10.1016/j.jenvman.2017.12.046
https://doi.org/10.22080/usfs.2022.22409.2193

Yo,lods cgd 0y90 IF ¥ Ly ‘SJ sabole jo S8 o ol alxo

Lafortezza, R., Davies, C., Sanesi, G., & Konijnendijk, C. (2013). Green infrastructure as a tool to support spatial
planning in European urban regions. iForest-Biogeosciences and Forestry, 6(3), 102.
https://doi.org/10.3832/ifor0723-006

Li, X., Li, J., Fang, X., Gong, Y., & Wang, W. (2016). Case studies of the sponge city program in China. In World
Environmental and Water Resources Congress 2016. 295-308. https://doi.org/10.1061/9780784479858.03 1

Ming, L., Zhang, Y., & Zhou, J. (2019). Green infrastructure as a solution for urban flood
management. Environmental Engineering and Management Journal, 18(12), 2711-2725.
https://doi.org/10.1002/wat2.1560

Nguyen, T., Ngo, HH., Guo, W., & Wang, XC. (2020). A new model framework for sponge city implementation:
Emerging challenges and future developments. Journal of Environmental Management, 253, 109689.
https://doi.org/10.1016/j.jenvman.2019.109689

O’Brien, CD. (2015). Sustainable drainage system (SuDS) ponds in Inverness, UK and the favourable conservation
status of amphibians. Urban Ecosystem, 18, 321-331. https://doi.org/10.1007/s11252-014-0397-5

O’Donnell, E., Thorne, CR., Yeakley, A., & Shun Chan, FK. (2020). Sustainable flood risk and stormwater
management in blue-green cities; an interdisciplinary case study in Portland, Oregon. Journal of the American Water
Resources Association (JAWRA), 56(5), 2235. https://doi.org/10.1111/1752-1688.12854

Onuma, A., & Tsuge, T. (2018). Comparing green infrastructure as ecosystem-based disaster risk reduction with gray
infrastructure in terms of costs and benefits under uncertainty: A theoretical approach. International Journal of
Disaster Risk Reduction, 32, 22-28. https://doi.org/10.1016/j.ijdrr.2018.01.025

Peiyao, W. (2024). Application of sponge city concept in urban waterfront landscape design. Academic Journal of
Architecture and Geotechnical Engineering, 6(3). https://doi.org/10.25236/AJAGE.2024.060301

Rostami, 1., Ithari, M., Bahrami, J., & Jafari Nadushan, E. (2024). Investigating the use of the sponge city concept
for the city of Sanandaj for flood prevention, storage and optimal allocation of water. Scientific Research Journal of
Irrigation and Water Engineering of Iran. https:/doi.org/10.22125/IWE.2024.459447.1810. (In Persian)

Sallustio, L., Perone, A., Vizzarri, M., & et al. (2019). The green side of the grey: Assessing greenspaces in built-
up areas of Italy. Urban Forestry & Urban Greening, 37, 147-153. https://doi.org/10.1016/j.ufug.2017.10.018

Shafaghi, S. (2001). Geography of Isfahan. Isfahan: Isfahan University Press. (In Persian)

Shu., Xi., Sun. Lu., & Guo, CH. (2023). Research on sewage purification technology in sponge cities. Frontiers in
Sustainable Development, 3(4). https://doi.org/10.54691/fsd.v3i4.4779

Sun, Y., Deng, L., Pan, Sh., & et al. (2020). Integration of green and gray infrastructures for sponge city. Water and
Energy Nexus, 3, 29-40. https://doi.org/10.1016/j.wen.2020.03.003

SWM. (n.d.). Vertical sponge city above Hamburg. Retrieved from: https://www.swm.aco/case-
studies/reference/vertical-sponge-city-above-hamburg

UNEP: United Nations Environment Programmer. (2014). Green Infrastructure Guide for Water Management:
Ecosystem-based  management  approaches  for  water-related  infrastructure  projects.  [PDF].
https://www.unep.org/resources/publication/green-infrastructure-guide-water-management.

Urbanist, T. (2023). Urbanism 101: What is a sponge city? The
Urbanist. https://www.theurbanist.org/2023/02/08/urbanism-101-what-is-a-sponge-city/

Wang, N., Li, H., Zhang, J., & et al. (2022). Research on sustainable evaluation model of sponge city based on
emergy analysis. Water, 15(1). https://doi.org/10.3390/w15010032

Wei, L., & Sun, X. (2022). Study on sponge city construction scheme based on the AHP: Taking Tianjin as an
Example. ICCREM. https://doi.org/10.1061/9780784484562.084

Woznicki, SA., Hondula, KL., & Jarnagin, ST. (2018). Effectiveness of landscape-based green infrastructure for
stormwater ~ management in  suburban  catchments. Hydrological ~ Processes, 32(15),  2346-2361.
https://doi.org/10.1002/hyp.13144

Zhang, C., He, M., & Zhang, Y. (2019). Urban sustainable development based on the framework of sponge city: 71
case studies in China. Sustainability, 11(6), 1544. https://doi.org/10.3390/sul1061544

Zhu, J. (2023). Research on the problems and strategies of sponge city construction in China. Applied and
Computational Engineering, 24(1), 83-90 https://doi.org/10.54254/2755-2721/24/20230681

VY


https://doi.org/10.3832/ifor0723-006
http://dx.doi.org/10.1061/9780784479858.031
https://doi.org/10.1016/j.jenvman.2019.109689
https://onlinelibrary.wiley.com/authored-by/O%E2%80%99Donnell/Emily+C.
https://doi.org/10.1111/1752-1688.12854
https://doi.org/10.1016/j.ijdrr.2018.01.025
https://dx.doi.org/10.25236/AJAGE.2024.060301
https://doi.org/10.1016/j.ufug.2017.10.018
https://doi.org/10.1016/j.wen.2020.03.003
https://www.swm.aco/case-studies/reference/vertical-sponge-city-above-hamburg
https://www.swm.aco/case-studies/reference/vertical-sponge-city-above-hamburg
https://www.theurbanist.org/2023/02/08/urbanism-101-what-is-a-sponge-city/
http://dx.doi.org/10.1002/hyp.13144
https://doi.org/10.3390/su11061544
http://dx.doi.org/10.54254/2755-2721/24/20230681

Technical Strategies in Water Systems

https://sanad.iau.ir/journal/tsws ' '\ ¢
ISSN (Online): 2981-1449 g §
Summer 2024: Vol 2, Issue 2, 174-185 %,@’ &g
https://doi.org/10.30486/TSWS.2024.1128791 agios N

Research Article
e

Investigating the dam failure process and associated risks: A case study of
Doroudzan dam

Roozbeh Aghamajidi

Department of Civil Engineering, Sepidan Branch, Islamic Azad University, Sepidan, Iran.
Corresponding Author email: roozbeh1381@yahoo.com
© The Author(s) 2024

Received: 11 Aug 2024 Accepted: 07 Dec 2024 Published: 24 Dec 2024

Abstract

Dam failures pose significant risks to human communities, as these critical structures are essential for water
resource management and energy production. Consequently, any failure can result in substantial loss of life
and property. This study examines the factors contributing to dam failures, specifically focusing on the
Doroudzan earth dam, which plays a vital role in regional water supply and agriculture. The purpose of this
study is to investigate the dam failure process and associated risks: A case study of Doroudzan dam. MIKE 21
software was employed to analyze these risks and provide detailed numerical modeling. MIKE 21 enables
precise simulation of water flow and structural behavior under various scenarios, facilitating a comprehensive
assessment of potential dam failure impacts on downstream areas.

The results indicate that failure of the Doroudzan earth dam could lead to catastrophic flooding, causing
widespread damage to downstream communities. Simulations highlight that residential areas, agricultural
lands, and critical infrastructure are particularly vulnerable, emphasizing the need for optimal dam design and
proactive risk management measures. Raising community awareness about dam failure risks and promoting
emergency preparedness through regular drills can further mitigate human and financial losses. This study
underscores that adopting scientific approaches and leveraging advanced technologies such as MIKE 21 can
significantly reduce the adverse effects of dam failures, helping to protect lives and minimizing property
damage.

Keywords: Dam Failure, Earth Dam, MIKE 21 Model, Numerical method
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Fig 2. Dam failure ﬁlodeling and investigation of the downstream area of the Dorudzan Dam
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Fig 3. Areas with different risks of Doroudzan Dam
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Table 1. Characteristics of areas with different risk
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Fig6. Changes in discharge at a distance of 1500 meters from the failure site
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Fig 7. Variations in water height based on distance in a channel or river for three different values of the Manning
roughness coefficient
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Fig 8. Reaction and readiness check for dam failure control
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