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Figure 1. Map of the study area
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Figure 5. Rainfall Hytographs for Precipitation With a Return Period of 2,5and 10 years
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Figure 9. Calibration Results of the Observed and Simulated Hydrographs of Run Off for

The Fourth Event 2015/3/6

0€:ST

o (or( g # Fy)

(cels) e

WAV asdly gy o> oo 5 Shmlie clacdlSgyum )l s -« S5

Figure 10. Calibration Results of the Observed and Simulated Hydrographs of RunOff for
the Fifth Event 2015/3/27



Yo

Uizl deze b g (Slygid (B dese G (63 A3y oo s Lol ol 4l

Ve ol g 5lee VY oyl /023519y Jlo jusul o) Ca e doliiimgs

6,
5,

1

L) F/\\ \
T4
3 .

- — g b Al
A X
,;32— ) saalia 0
2

1,
077\"\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ\\\\\r\\‘\
O 0O 0O 0O 0O 0O 00000000000 o000 o o o
S 9y a3 a3 A g a9 Ay dF dF ads o
N O O d " N AN MMS<T < NN O OKNNOOON N O O
O ™ ™o ™ ™= ™= ™= = " A =" A A A A A A A A A = N
(acl.u)ul_qj

\\w‘\\‘;/\/\\ 4:5‘9 L;I)J 2 AML;)L»M 9 @‘JALM dl.m_é‘)f”.\..b u;l.,))l EJLJ - JSM’

Figurell. Calibration Results of the Observed and Simulated Hydrographs of RunOff for
The Sixth Event 2015/3/31

It o ST gilodnd Sdww) axi 4 o
Je 3l oolatul b adlles 350 dilaio (0 b (sla S5l
S b3 o cgy bl > o yn 45 axsl L SWMM
b Calles Wil o Jdo o siludnd Couws
ity o 3Skac ) lsall Jpan 1 o S 53
B Sl ¥ sl Juo pil Budod add )8
CBeiS ]l yey o Simghy b salsd Lal Jlo Ve
JL Ve BY o |y b gble (b Gl culia
0)93 ¥ L Jaw eyl 51 e oldl o (YY) Wlod)S™ 34l 5
SBST 4 plas g Moo U 5 ke Sl
salgs ity ol @by slp culie la)lSaly 5 et
ol BLI Y Joao 0 Jdo (gilwdnd 5 Jols guls a8 .0

Lowl
S b U s @l Ve b D S
Sl Jlley bae ;3 ASSA Juo sla g b plgisa

2 Silwand & ob las e oxwls ol ks

Shalie o b @ Gl oxdowyn By
ol A8 e /0 §) jin gyl NS Jlie &S5
Ll Jsbe cds 5 oS (V) Jod> ASSA Jas L)l
solde esmen S o Al o/ 51 YL NS s
bisl g (Aely 5l Jol siloand @By sl RMSE
g AJAY g <JON 5D o5 ply csga ASSA i
By Gy ks S cops Jhie 9 WY 5 /9
i 5 ASSA Juo 2Lyl g (eiwly | Jols (giluand
oS s IV g NV g I8N 5 oINS IAD VS L,
U5 ey il Jsa Jpd bl ssasoli
Iy odaw Cllsy (gilwand clild joShe Juo &5 aad 0
F e (0) ghen g osljmdy glaadl b a5 asl o
13,8 odlatwl IS o Sl gilwand 5 55550 Jo
e b 250 <8 SWMM Jue Sy o &
b osizped 5 Miloe Dl 1) (e Gllyy (gjloansd
oS Silwand (W) ghlen 5 (o) shasl
bl 606 05 5l saise )3 (S 5l (86 S

Ml aiaie 5,8 00> 5 Jgo ¥ Sy

Table 3. Lengh ans Percentage of Flooding in The Study Area

e

oy Job 83l o9
VAN a0-/vE Lo ¥
y/a\ \OYY Alod
i7Ans YYVV/S0 ALy
A YV-SIAA Al YO
AN YY¥/¥Y Al 0
o/bo Yayv/ay AloVee
AV TITV/AY Lo Yoo




Uizl deze daw 5 (gt (B dedwe Gl (63 g oo ypo Lo e (ol abld
Y5 Gl CiS3ly clooygd 13 GIS 4 (Civil Storm) ASSA e ails 5l sslizsl b s sla JUIS oypess

Channel

Links

Pipe

[ ] subbasin

ASSA Jio sla g b & a2gi b ol sl (2 bapes 53 Jlo ¥ it 0)93 b e gl o (sl JUI (e VY JS5
Figure 12. Determine the Critical Channel with a Return Period of 2 years in the GIS Environment
According to the Outputs of the ASSA Model

ASSA Juo sla g & dagi b ol sl (> baes 53 Jlo 0 cutS3l 0y9 b e gl (sl JUI (e VY IS0
Figure 13. Determine the Critical Channel with a Return Period of 5 years in the GIS Environment
According to the Outputs of The ASSA Model



Ol deze b g (Slygied (B dese Fudd (63 I3y oo Lol (ol 4l
A% Ve il g 5loe VY oyl /o235l9d Jlo jusul o) Ca e doliiimgsy

ASSA Jao sla 255 g b ol gl (& e o Jlo Ve cuiS3h o)g0 b e Slyon s JUI puuns =V S
Figure 14. Determine the Critical Channel with a Return Period of 10 years in the GIS Environment
According to the Outputs of the ASSA Model

JUo ViS5l 0,0 LASSA  Jao buwgi( ol 5)) (58,500 bl —Vo S
Figure 15. Flooding Points with the Return Period of 10 Years by the ASSA Model



Uizl deze daw 5 (glygiwd (B dedwe el (60 g oo ypo Lo e (ol ) abld

YA iliso cuiS 3l claoygs 3 GIS 4 (Civil Storm) ASSA Jus 3dls 5l eslizl b Sl ey slaJUS (yuees

Lais)
June
® Node

® Outfall

Channel

Links

Pipe

I:l Subbasin

Jho sla s 4 dogi b ool 6 (> lasmo 3 Jlo Ve il 090 b (S3,S41 bl -V8 IS
Figure 16. Flooding Points with the Return Period of 10 Years in the GIS Environment
According to the Model Outputs

03> Syo L S (oo pilllad g ulJIlS (g
S del SIS Ll sl JSitie i 3)85 352
G s b3 ol jpe e o] & WS e S
5 ddbaie | 48> DEM oSGl ey aslllas ol 5o o]
=) b Sl oslital 5 (Slae gy 5l dn 95 oy
3 Opomen b di aoje pj jye L3l 605 4l
sl oojglcuwnd cas oldlps cleMbl gt
dox 5l Ul e 4 9399 sbayiell
2oyd g bwgle cud g Wojen ) Jole ) orlus
Ll cooty (Jo8 LB mls o8 25,5 ooliul p4idess 3ble
Gl (YRAYY) mbs b oomlcwnda mb g
Ob Calles oS te Jio (g il
Sbl glp bl cnpimte Olgisa ojp 3505 o)
aibte 1o Sloli-ciemcnd laimie jl 2ok b )lS)
b sl s QUlgy p 9o Jelge Sl ais )3 5 039,
S5 5 syl > 008 ploj Cuanl 4 a2y
S bt & L8 5 M SIS
Oloj dmbre Bl GeSame (Sl g ol ) sl
S3Parkn 5 ilusw g bl slaefgy o 3 e
gl 500 Bb l gdie Cgmme (a2 (el (1
el p b sblie (il g (SoSune Bble o Loy
5 Lol sl oiis ™ gl.zaojy P S gl Lhals
el (58] phus (2eLS6 5 b (Ll Blge pdn
Gilisko (slasis) Ot 5l ool 133,535 pa5 oloj sl
oSkl edlatl b oles gy Jl 3565 (loj 3yl
G dog b coly o &S Wb awS oy oddo,JlS Rod
colo K bl ojer 35505 olog oddplnl cluslrs

B lagjlodnd sl Sl 5 ¥ Joix 5l &5 jshailes
4l o pd VAY b cuiSih 0y9 (sl Cunl polro VF
09 Uy g Wb Sl LS Ghb iSe;
JLuJ Yoo 9 Voo e NO Ne D W)JAJ dlﬁ&,\.mf)l)
T I s R
o Ul wwl pastie g8 Joi> 5 &5 jolailen
el b ash il o (S, i gy 8 Wls g
sogMe pizmad )b cislhs (F) o )Ken g odlj
0393 b (S, lee S L bl (Sl sl UK
O slazgp Ll 5 Joo b > il slacuiSl
M L gl g ol 0330)5 3y9l ol (gl (& 580 oy o
0,8 YAF oluw 5l Su)b cuiSih oye0 il b oaS
5 b bl yglaer aSd B pgdy 39290
cle @S cwl o 5l S Sebol sl giluans
5 55 (s gl o (oSS dn S3S] Lo
Cawl 039y 4 bla S g )0 0L g oS cund (peismen
I b SBST Gileand @l ke
W 2 5 a1 | aallan 390 iaie 3 2k (sla S
Jho Glagiloams Como Mgo ad e g9y bl
ik e
P8 ey oyl ol Gl mls K5 eba
9 035> jro 385 Oma Sl lae (Sodlgyhen sla e
P e omS Gl adlas 3y9e dilaie laoj
Sloojes 0 4l 4 drg b g pd g SlunsS glooje



Y4

5 *IVY 353 (s 050 2By (sl i e LpgS— S
Jie 5 o IS ASSA o b)) glts 48l so /YD
0 3 5V eShe slaylee e & XS et Iy
ke jedome Hlde pSle uimen S (g pSejlul
&Sl oYY ).3‘):. d9>g0 lelbwb ‘5])4. s ul:u).o
Ol i ) sl Jho JeS LB @l saimyglis
hanlie 5 osdgiloand Cllyy oo (5> Bllail cds
Jie &S w5l ol oo lis Wlg o cpl g 24l dgg
SR Sblyy Copte glaglo lp Jre ool 5l Gl 9
djge adlaie )3 gpd Cllyy (ASH) aSud (b
5 Sed 5 arsS sloaiil | & g0 o3litl adllas

b callas (W) o) Ken g 005

OBl deze duw g (Slygied (B deste Fudd (63 Iy oo Lol (ol 4l

Ve il g 5loe VY oyl /o235l9d Jlo jusul o) Ca e doliiimgsy

Jisl culls ASSA Jie b asuie oo cpl
Iy ldlye SleMbl g 5l 1) GleMbl 5 osld puiiune
& oy b Jae 5l 0ys0 cledbl a sl o )b
b oyt et > Aibbe Ll |y Js] Cobls Attes
1 o,S da JUIS dbojg ;4 bogsye cledbl 5 plas
Spapp g S8y sl 5 45235 3)ly s ©jg0n
oo & Aibe Juo 4dld (p ke E9oge (nl
Joeo Sl 538 5 paniaes (a )l b g5
Sl K03 slate b oY (s miscillan] cubls g 1dl
ol Cllas (4) oylSan 5 16593 (cloazily L a5
2 bt Jao 2b5)) g (Peily Sl Jols gl cpiozan
S0yl (gt Bl ord gy asdly (Ad (gjludnd &
@il Sl g dSSle —(26 cops e (S0le

&l

1. Ahmadian, M. 2012. Evaluation of Urban Runoff With Using The SWMM Model to Reduce Flood
Hazard (Case Study: Hashgrd New Town). Master's Thesis, Science and Research Islamic Azad
University, 150 pp (In Persian).

2. Ainluo, F. 1393. The Effect of Land use Changes and Urban Development on Runoff (Case Study:
Zanjan City). Master's Thesis, Department of Natural Resources, Tehran University, 18 pp (In
Persian).

3. Akart, J. 2005. Applications Quaternary Geological. Department of Publications (SID), First Edition,
Tehran, 466 pp (In Persian).

4. Asghari Moghaddam, R. 1999. Hydrology and The City Flood Hazard. First Edition, Masei,
Publications, Tehran, (In Persian).

5. Badeiizadeh, S. A.R., Bahremand, A.A. Dehghani, and N. Nora. 2015. Urban Flood Management
Through Surface Runoff Simulation to Use SWMM Model in Gorgan City, Golestan province.
Journal of Soil and Water Conservation, 22(4): 1-16 pp (In Persian).

6. Badeiizadeh, S. A.R. Bahremand and A.A. Dehghani. 2016. Calibration and Evaluation of The
Hydrologic- Hydraulic Model SWMM to Simulate Runoff (Case Study: Gorgan). Journal of

Watershed Management Research, 7(14): 1-10 pp (In Persian).
7. Chen, AS., M.H. Hsu, CJ. Huang and W.Y. Lien. 2010. Analysis of The Sanchunginundation

During Typhoon Aere, 2004. Nat Hazards.

8. Dalir, A. 2009. Simulation of Sewage Network Performance during rain fall using of MIKE SWMM
and Arc View Model Combination (Case Study partial of Mashhad Sewage Network). Master's
Thesis, Water trend, Ferdowsi University of Mashhad, 195 pp.

9. Dongquan, Z., C. Jining, W. Haozheng, T. Qingyuan, C. Shangbing and S. Zheng. 2009. GIS-based
urban rainfall-runoff modeling using an automatic catchment-discretization approach, (case study in
Macau). Environ Earth Science, 59: 465-472 pp.

10.Jevelyn Ann S. Tobio, Marla C. Maniquiz-Redillas and Lee-Hyung Kim 2015. Optimization of The

Design of Urban Runoff Treatment System using Storm Water Management Model (SWMM). Journal
of Desalination and Water Treatment, 53(11): 1-8.
11. Fewtrell, TJ., A. Duncan, C.C. Sampson, J.C. Neal and P.D. Bates. 2011. Benchmarking Urban Flood

Models of Varying Complexity and Scale Using High Resolution Terrestrial LIDAR data Original
Research Article Physics and Chemistry of the Earth. Parts A/B/C, 36 (7-8): 281-291.

12. Gupta, H.V., H. Kling, K. Koray, Y. Guillermo and F. Martinez. 2009. Decomposition of the mean
squared error and NSE performance criteria: Implications for improving hydrological modelling.
Journal of Hydrology, 377(1-2): 80-91. DOI: 10.1016/j.jhydrol.2009.08.003.

13. Hashemi, N.S. and G. Abedi Kupayi. 2016. Use of Urban Runoff in Green Space to Reduce Pressure
on Drinking Water and Health. Resources Case Study: Najaf Abad City. First National Conference
on Drinking Water Supply and Demand, Challenges and Solutions, Isfahan, Isfahan of Technology
University.

14. Hosein Zadeh, S.R. and M. Jahadi Toroughi. 2007. The Mashhad city Preceding Effects of the
Natural Drainage Patternand Urban Flooding Intensify. Geographic Studies, 61: 145-159 (In
Persian).

15. Hojjat Marvost, A. 2011. Presentation of Water Balance Model for Studying Urban Runoff in Part of
Tehran. Master Thesis, Yazd University, 61 pp.


https://www.tandfonline.com/toc/tdwt20/current
http://www.sciencedirect.com/science/article/pii/S1474706510002184
http://www.sciencedirect.com/science/article/pii/S1474706510002184

16.

17.

18.

19.

20.
21,

22,

23.

24,
25.

26.
27.

OiSugl deswe S g (Slygiwd (B desre G (635 Ay ooy Lo Jlis ¢ Lo, 4l
Gl CiS3ly clooygd 13 GIS 4 (Civil Storm) ASSA e ails 5l sslizsl b s sla JUIS oypess

Ghasemi, S. and M. Maghrebi. 2015. Delay Ponds as Solution for Development and Urban
Sustainable Management. Iranian Journal of Rainwater Catchment Systems, 3(6): 1-14 pp (In
Persian).

Karimi, V.A., K. Solimani, M. Habib NeJad Roshan and K. Shahehdi. 2015. Simulation of Flow in
Open and Closed Conduits by EPA-SWMM Model. Case and Water Conservation, 22(4): 1-16 pp (In
Persian).

Karami, M., A. Ardeshir and C. Behzadian. 2015. The Flooding Risk Management and pollution
caused by Urban Flood Using Modern and Modern Optimal Solutions. Iranian Water Resources
Research Journal, 11(11): 162-170 (In Persian).

Kling, H., M. Fuchs and M. Paulin. 2012. Runoff conditions in the upper Danube basin under an
ensemble of climate change scenarios. Journal of Hydrology, 6(424-425): 264-277
DOI:10.1016/j.jhydrol.2012.01.011.

Nash, J.E. and J.V. Sutcliffe. 1970. River flow forecasting though conceptual models. Part 1-A
discussion of principles. Journal of Hydrology, 10: 282-290.

Misgana, K., P.F. Muleta, C. Orr and J. JeRo. 2005. Using Genetic Algorithms and Particle Swarm
Optimization for Optimal Design and Calibration of Large and Complex UUrban Storm Water
Management Models. Proceedings of World Environmental and Water Resource Congress.

Rezayi, F., A.R. Bahremand, V.B. Shaikh, M.T. Dasturani and M. Tajbakssh. 2018. Determination of
the Most Important Parameters Affecting the Urban Runoff using SWMM Model (Case Study:
Mashhad City, District). Journal of Watershed Management Research, 10(18): 135-145 (In Persian).

Shad, R. and A.R. Hoveidafard. 2015. Comparison Of Rational, SCS and SWMM Models for
Analysis of Urban Pathway Inundation Using GIS (Case Study: Zone 9 Of Mashhad). Jounal of Soil

and Water Science, 4: 285-301.

Seth, 1., P. Soonthornnonda and E.R. Christensen. 2006. Use of GIS in Urban Storm-Water
Modeling. Journal of Environmental Engineering, 132(12): 1550-1552.

Scott, A. 2006. Sanitary Sewer Design Using EPA Storm Water Management Model (SWMM).
Department of Civil and Environmental Engineering. Manhattan College, Parkway, Riverdale, New
York, 10471.

Todini, E. 1999. An Operational Decision Support System for Flood Risk Mapping. Forecasting and
Management, Urban Water, 1: 131-143.

Wang, X., X. Gu, Z. Wu and C. Wang. 2008. Simulation of Flood Inundation of Guiyang City Using
Remote Sensing, GIS and hydrologic model. The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences. XXXVII: 775-778.



Journal of Watershed Management Research, Vol. 12, No.23, Spring and Summer 2021 ..........cccoiiiiiiiiiiiiniiiiiiinene 41

Determination of Critical Channel Using Combination of ASSA and GIS Models in
Different Return Periods (Case Study: Mashhad Municipality9 District)

Fatemeh Rezayi', Abdolreza Bahremand?, Vahed Berdi Shaikh®, Mohammad Taghi
Dasturani* and Saiid Mohmmad Tajbakhsh®

1- PhD Student Gorgan Agricultural Sciences and Natural Resources University
of Golestan Proviance, Iran (Corresponding author: frezayi25@yahoo.com)
2- Associate Professor Gorgan Agricultural Sciences and Natural Resources

University of Golestan Proviance, Iran
3- Associate Professor Gorgan Agricultural Sciences and Natural Resources
University of Golestan Proviance, Iran
4- Professor Mashhad Ferdosi University, Khorasan Razavi Proviance
5- Assistant Professor, Birjand University, Khorasan Gonobi Proviance,
IRAN Birjand University
Received: 24 February, 2018 Accepted: 8 May, 2019

Abstract

The quantitative and qualitative management of urban runoff is a very complicated.
Regardless of the economic and social impacts, water engineers always need to know how to
respond to a city's drainage system against different climatic conditions. In this research, the
combination of ASSA and GIS models in the returns periods of 2, 5, 10 and 50 years were used
to determine the flooding points in the 9th district of Mashhad municipality. First, the watershed
boundaries, canals and nodes maps was extracted from the GIS environment. Then the ASSA
model was simulated for a One-hour design for a different return period. Then, the outputs of
the model were analyzed in the GIS software environment. The results showed that with
increasing rainfall return period, 2806 nodes in underground and superficial networks of 114,
178 and 226 nodes were flooded and inundation during the return periods of 2, 5, 50 and 50
years, respectively. Field surveys, existing elevation digital maps of the urban runoff network
and simulations have shown that the main cause of inundation is the small size of the cross
section of the duct, as well as the low slope in some parts of the network. Adaptation of the
results of the simulation of rainfall-induced waterlogging in the study area with what happens
every year confirms indicates the correctness of the simulations of the model. Moreover,
simulation results of the model also showed that there is a good agreement between the
simulated results and the measurement.
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