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Uncontrolled floods always cause extensive financial and human losses in cities.
Flood control is one of the most important goals of urban management. In this
regard, an attempt has been made to investigate the effect of delayed ponds on the
flood control of the Eghbal Floodway located east of Mashhad. East Eghbal
Floodway, with a sub-catchment of about 13850 ha, is one of the most significant
floodways of the developing Mashhad metropolis, including eight major floodways
and 213 sub-catchments with many urban facilities. To evaluate and simulate the
flood path, the precipitation pattern was calculated using different methods,
including the concentration time of each sub-catchment. The most extended length
of the stream, the uniform distribution of catchment sensitivity, periodic block, and
peak flood flow caused by critical rainfall with a 50-year return period were
calculated at the outlet. Finally, according to the topography of the area and
available places using two, three, and four detention ponds to consider 11 different
scenarios (economic-hydraulic), the peak flow of the flood decreased, and the time
of peak flow increased. By evaluating and comparing different scenarios, scenario
number 11 (using four detention ponds reduces the peak flood discharge by 48%)
was the best hydraulic scenario. In addition, scenario number 4 (using two detention
ponds reduces peak discharge by 24%) was the best economic scenario. A dry
trapezoidal catchment within the network with two outlets, a lower opening, and a
rectangular overflow was modeled in SWMM5.0. Geographic Information System
(GIS) and SWMMS5.0 rainfall-runoff simulation have been used to determine the
physical component of sub-catchments.
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EXTENDED ABSTRACT

Introduction: Development and construction in cities have caused an increase in impervious surfaces and an
increase in the volume of runoff due to rainfall, which, if the necessary measures to direct and control the runoff
are not considered, will cause extensive financial and human losses. In this regard, various software models are
used to simulate rainfall-runoff. There are different structural and non-structural LID methods for flood control
and management. Meanwhile, using flood control ponds in urban catchments is very effective. One of the flood
mitigation methods is storing and controlling floods in the upper parts of the catchments, which is done by
building flood control dams. Building said dams are usually impossible in flat areas and plains, so artificial
ponds and pools or natural pits on the ground are used to control floods (ICOLD, 1973). In Iran, water supply is
a critical and vital issue, and most cities in Iran need help in supplying drinking and non-potable water.
According to the government's plans, collecting the city's surface water for non-drinking and irrigation purposes
is possible, and it helps solve the crisis providing by water for the citizens (Rashidi Mehrabadi, 2019). The
current research was conducted to investigate the effect of the construction of delay ponds on the existing
surface water collection and channel network to reduce the peak discharge and increase the time to reach the
peak of the flood, as well as to protect urban facilities and downstream areas from the risk of flooding.
Methodology: East Eghbal catchment in Mashhad city is evaluated as a case study in this research. It is
divided into 213 sub-catchments based on the existence of different types of conveyors and channels and taking
into account the 1:2000 digital maps of the study area from the country's mapping organization, and based on
topography, land use characteristics and the main branches of the collection network and the outlet of the runoff.
According to the considerations related to the location of tanks, such as considering the abandoned lands and
green space, using Google Earth maps and Mashhad Comprehensive Spatial Information System and field visits,
the site of the tanks was done. Then, four different methods were used to obtain a suitable rainfall pattern,
including uniform rainfall pattern, most extended waterway length, uniform distribution of catchment sensitivity
with consistent rainfall cards, and periodic block method. The final network has 214 nodes and 206 transmitters
with a rectangular section, and seven transmitters with a circular section are modeled in Storm Water
Management Model (SWMM). After locating and determining the location of the proposed flood control
reservoirs and considering the extraction of different areas, these reservoirs are modeled in the software, and
their impact on the output discharge is determined. Each flood control tank consists of an orifice and an
overflow. The parameters related to the orifice and rectangular overflow affect the amount of flood adjustment.
Therefore, modeling the flood control reservoirs in the software has determined these parameters as a trial-and-
error process.

Results and Discussion: According to the topography of the region and the available places, the placement of
four delayed ponds in Figure (1). By considering different scenarios, including eleven combined scenarios of
two to four reservoirs, the optimal economic and hydraulic states were determined. Due to the location of the
ponds, considered abandoned lands, parks, and green spaces, the cost of land acquisition has yet to be included
in the calculations. The final dimensions of the reservoirs were obtained according to trial and error and
downstream flooding control and in the form of a dry reservoir with a circular orifice at the bottom of the
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reservoir and a rectangular emergency overflow to pass the flood of the design with a 50-year return period and
flood permeability control with a 100-year return period. Examining different hydraulic scenarios shows that
small delay ponds have a negligible effect on flow regulation, and this small effect also decreases with time and
along the course of the waterway. The presence of several flow adjustment structures in a single catchment can
change the peak flood timing due to the combination of hydrographs. The abovementioned phenomenon can
decrease or increase the peak flood downstream of the network. Therefore, it is necessary to check the effect of
the flood control structure in the collection or the entire surface water collection system in the design process of
reservoirs.

Figure 1- The channels and flow paths related to various sub-catchments and the location of the East Eghbal flood
control catchments and the borders between the sub-catchments (Technical and Civil Deputy of Mashhad
Municipality, 2013)

According to the examination of different situations (Table 1), the best hydraulic situation scenario number 11 is
the use of four delay tanks and a 47.5% reduction in the output flow of the East Eghbal outlet, and the best
economic situation is option number 4, the use of two tanks (tanks number 2 and 3) which has the lowest cost
per percent reduction of peak flood discharge. It is worth noting that the worst hydraulic condition is option
number 1, with a minor decrease in flood peak discharge, and the worst economic situation is option number 2.

Table 1- Combined states of reservoirs

Cost for each one

) The cost of Flood The outlet discharge after ~ The outlet discharge
percent decrease in

building tanks reduction the construction of ~ before the construction of ~ Name

P
o

(tc))ilIJItiFZ) l:]t IfQIiOaVI\;) (billion Rials) percentage reservoirs (m°) reservoirs (m°)
4.26 3.7 8.77 163.56 179.64 tank 1,2 1
3.94 81.7 20.7 142.45 179.64 tank 1,3 2
7.6 153.4 20.2 143.2 179.64 tank 1,4 3
3.67 88.9 242 136.1 179.64 tank 2,3 4
7.01 160.7 22.9 138.4 179.64 tank 2,4 5
6.23 205 329 120.5 179.64 tank 3,4 6
3.74 104 27.79 129.49 179.64 tank 1,2,3 7
6.39 175.7 27.5 130.1 179.64 tank 1,2,4 8
5.72 227.3 39.7 108.3 179.64 tank 2,3,4 9
6.1 220.1 36.04 114.9 179.64 tank 1,3,4 10
5.1 242.4 475 94.08 179.64 tank 1,2,34 11
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Conclusion: Obviously, due to the increasing expansion of Mashhad city due to the centrality and attraction of
the population and the authorized and unauthorized constructions on the outskirts of the city, the studies related
to the eastern Eghbal, which includes a large part of the marginal lands, should be reviewed every few years.
And according to the new conditions, a decision should be made regarding the remedy of the existing situation.
It is worth mentioning that the volume of flood stored for two reservoirs, including reservoirs number 1 and 2, is
14468 (m?) and for three reservoirs, including reservoirs number 1, 2, and 3, is 132017 (m°), and for four
reservoirs including reservoirs number 1, 2, 3, and 4 is 219620 (m?).

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: This study was conducted as a research project without financial support.

Authors’ contribution: Mahdi Amini Yazdi: Writing-original draft preparation; Mahmoud Faghfour Maghrebi:
Resources, Software, Manuscript editing, and supervising.

Conflicts of interest: The authors of this article declared no conflict of interest regarding the authorship or
publication of this article.

Acknowledgment: We would like to express our sincere gratitude to the Technical and Civil Deputy of

Mashhad Municipality for their support in providing the technical details of the urban runoff collecting system.


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.1.9
http://jircsa.ir/article-1-454-en.html

[ Downloaded from jircsair on 2026-01-31]

[ DOR: 20.1001.1.24235970.1402.11.2.1.9]

S 5wdumnd dhowgay (Shas GO (g polgan a1 (g S U azudg 1 o3lii! o)y
(ageabuo (8 s JUST JI5 253 550 andllan)

£ . fea ) . .
O (220 ;9838 d9000 B (0351 (el (S0
Ma8681137@gmail.com <))l cigiio ¢l ygls Jlo j3590] dumwho iyl yos gwtige 05,5 eyl wlidylS .
maghrebi@um.ac.ir <)l pl ciguio clguio 93,8 oIS ¢ pwdino 0SS 4yl pas awdigo 09,5 dliwl Y

EXVCES

die Slasuin

S Kigdion Byeed ) Sl 5 (Jlo 0308 Ge)lud 59 sl ojlsan oais JyuS oM
3l osliil 5 b ond ol o (e Lily ) )3 4 el (60 e Blaal Cp piers 5 (S9N
U e 365 35 (st 3350 o 3 (B JU8) pmo s S5 1 (555 (sloicnogs
2 ASAS Gla o (ke § 02505 31 Ko S \WAD: 5935 1> (gl ades b (B
sl (g s dasite Sl b adg> 05 VI g Lol Juwo ki Jolis 45" 004y Spuiio (i pinS 1>
g iy 35 05 oloj) il slabyy 4 (Bl 55N 1l (598 e silodnd 9 o)z Gl
@ o el Cenday (gl Sshy g adg> Coslun OIS, @i cnlyl Jsb il 55505 ol
Sl o A8 duloe (295 dat 3 Al O cuiSl0ye3 b Sle (5L BT O 4l
blitis J2yp 5 5500 S 3 pey) Jolb g5 53 b oS S (S5 5 ajzd USG5
S basss 1 35 e 50 Slaseto Jlasil ly diwly 4l 55 4 g5l Jro SWMMS.0 Lasxs 5
Seelind Jae 51 Qg =o)L (gilwdnd (Saoms cps 4 9 (GIS) ol cledbl wlobus
odliiwl b ¢ yoyiwd 53 sla e g dalaio 31,5507 4 dngs b culpd 50 Cuwl 0id o3litwl SWMMS.0
& Cand (gdlaiBl( Sgyaun) calises (ga0,liw VY (18,8 Ja5 0 b (608l domdes o g duw oo
o )lomd (gl clizes Y sy g duglin b ad pludl O gl oy 1381 5 2l (20 ShalS
Sonsbuo Cpyitg Oloieds O ol (23 (gdoyd YA Lials cely (608 azses e jl oolitul N
Olsmsdn @l (25 sho ) VF Lials el (6,30 35 ¥l ealitul oF o)less (5905l 5 (Sdgyiun

i bl (oolaiBl g4yl oy e

V|9 &9

Ao azse U

AL CR IR R VT [ P
VY e ¥ 35,595
Ve Ll oV 1 dy
VF-Y bl pe VY tdad g L)

flS sojly
o e (Byd JUl LS
SWMM5.0

gy (o clacl gyglaen < 1 (63U ages Sl oalitl s (V) sige 5330500l g gmo ¢ i yoid 1oLl
AN (VWY e ohb oS ol (slodilols sgpin (3 yis JUBI IS 2 63y90 anlllas) (ojluwdnis

DOR: 20.1001.1.24235970.1402.11.2.1.9

sk 5 S 2 g Dt

Oyl gl dpuiin (gugdyd olRuisly ¢ pwidige 0aSily (ol jas wdige 05,5 ‘;’lw.a

ANV IYYOVS 5 yal

maghrebi@um.ac.ir : Sug w5 oy



https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.1.9
http://jircsa.ir/article-1-454-en.html

[ Downloaded from jircsair on 2026-01-31]

[ DOR: 20.1001.1.24235970.1402.11.2.1.9]

P g 8 Sl ond (S 5l (B Ul o Sl g 3908 BBt zolaw (Il el bajed )3 Sl g cdlo g drngs
Silwaend sl Loy ol )3 2900 Slo g (Jlo 03,08 Slas)lusd el Cllyy JiuS g colin cup p3¥ Glined (58,55 e
Copde 9 JyuS lp LID (lojloyd g (slojl ciliie (sl ) 9o odlitul (5)ljdley e slase 51 Ulg) —( 8k
s Sy 5l (S sl g sleas b a0 J S gladmsgs Sl edlatul le nl 3 45315 3929 O
Boliayd 3,8 o 90 M LS (slads Slind b o el laddgs e slaise ) Wl Hlae g s5loopsd aodhuw
g b (S b (sghas byl g bamoe I plpl 3,15 392 sg5e sladw Slisl Gl Ygors il 5 das
aclyy s a5 ) oolitl b (YWAY) (sdooSle caizo) oyl 55 (ICOLD, 1973) 35 oo olitusl lasMws Hlgo o305
Ly aobys 51 gsd gl 5 ol 03,8 (s5lodands |y ot S YY blio | Sy oo sla] (65l en 4Ses MIKE SWMM
oo 5 o JUIS adgl slasl (1251 Cuwday (gl Yzl (o) S sl 03,8 auglie (JYasl 29, wbo) ool (sla g, gl
4 s ol Calis 13 5 €85 15 aolitl 5,50 SWMM 133l 5 L JUS 5 s yruns liasiido 355 (gl oo b 03li
€95 9 Joo HYL CuiSil 0j90 b Mo (il v g 8l AL3IG g2y (Mow ltg g Joy g Al Ve OV 3 454D plonil glaigS
2,8 odlatwl (g 50 (g32y400 0 53 lg o SleMbl oyl 5l el sanlie LB M

3905 65 dand | ahe Byt 5 ol JIS ol didgs oS aSs MIKE SWMM 4 GIS o j1 oozl L (VWAS) zis o6
5 el oab o3litnl laorimd Sl g adg> ) (Sdgyin 9 (Soiolgrian layiehl (esS slp GIS Jl3dle s 5l 3uis ol 5
S Sa U 55 b g i (Soolins Aoleo 13 g 035y ()5 juiio g a3b o Gl 2 058 S )3 o s iy Jelow
Yl Ve Sl 50,00 Jlael L g il o Csdy s plad )3 (2 Slasedio plo 5 (23 (3o g 00 J> 398 wha Sy
oiren ods @Sl g ahb o as ) 55 sl 390 AY exima Jlml JUI WWE g 505 olulid (3lptil s |ome
5 odlisal b g wld S 3ios Apdio (b JUB| ddge (50 OUlgy Spglaen s (ogas > (WAV) (ulidlis o (iougl
0313F ) M g 035 by 5 039 JIKSI Hlad saimd Jlaml id oS Wby ol iSe; aSd (gjlwans L MIKE SWMM
Ol Sl s (S350 cage oS Cusl 5398 sl b (b JUB| s 0adiludend 4Sud ) Al (p F Sl o
Loy bl 1oy YO UV o 1y 0w ol (20 Aiiiles dmses 0y90 ¥ (g5l a9 (oloils b D9 0

Jio 5l oslitol | agutio 8 it ()8 g adg (e slac] (yglaer 4Sd (iluae Sl e (WWAR) )l 5
o s Jols iliseo o)l s 31 gy ol 53 5003 S8 (y )90 |y 0 CUlgy 2 IS drwgs sla gy 55 SWMM
53 oS o e e Uiy pidehs iS5, S Cans i dm o gVl b 3] ]
SR a4 a0 Ve (Vb el b (3l Jlas s B i gl coled 0 9 <85 515 oy 2y50 (SL cdlize glaciS L
gy Sy g (o o310l 93 3) (b Ol 083 4ty Sl gy (VP2 ) hSan g mao el 2 0gMe b Qs cudls
Il A1 oS dng lagdy) 65,4 A Ui agh cnl gt 53,8 ooliel s b A a4l oM » (Soolsm Sle
doly g O iwi 5w (605,54 pinpd D o bl oy T fBlas lieds |y dle Ve cuiSHl 0y b Mow aie
5 Bl s ly (o) 65 Ka g SBSOT sladome suopd Ar el cage S b b ol 4y g, 5 Sl
P9 5 M > (03 VO il Cage FSagS 0plad b )l aSiiy

N Syyien Sl G e Dl e 5 5 (st oS S5 slaszmags ) (YY) olien 5 Goorden
Flel Jnl g SsSle ouSpmead Gh9)) w55 9 L ey Sl plil ailea S eslil (635)9 M Sliges,
olei 2 (2o > SRS g obladl e cile Gladije (ialS cun M S8 sladon)d 6554 <l (UPPAAL
2 bbb Uil awge caiSib (0,95 959] Cawnds sl (Y4IF) o) Kan g FOMtUNALo cslsl )3 .163,5" odlil aigo Jlade 4y oY
009> b &5 (glaSd 4 Mo oy LIl & Qb )lud Sl LSU ()l g e Ol ladize ggecme sped Gbls
duglie (Sgphen 9 (Sfglo i Clasude (elul p iS5l (g0y90 QI o9y L 1) WS (o0 3)ly sunl oad b dig iS5
N8l b (gilwdnd) cuiS b (slaoygd plod b duslio jd 558 gy (wlol p cudS5h (50,90 bl a5 Wlodwy doxs () 4 9 00,8
a8 wSle (ool (Yo +) ) Sen 5 GIroNas .3 Sy 5 aijo il el Llg o Joizes g)lw o o (EPA SWMM

3l lsisar o ol j1 g 0005 S8 (s 2 y90 1y sl 032 0yt o S 58105 & a2 )s0 5 g9 SWMM Jljile 5 slosal,


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.1.9
http://jircsa.ir/article-1-454-en.html

[ Downloaded from jircsair on 2026-01-31]

[ DOR: 20.1001.1.24235970.1402.11.2.1.9]

\4 e P SO (51000 4l 2 (55U drdgn 1 23l (o) 0

bl (el Il ) onlazl l58le 5 (claialy as 8 )3 iled S ool Lyl 5JUT g (60 3blio 5 iSa) slaaSis slhb 4> (48
Sl s g 035 b (oS 5 Glaptuns ciwgy (siloand lly) b )kb) 0gos Jud I g ad by Slegsge 5 (gilode
ol 04 031y gy

Clgy w5 39290 (Sgphen Jao p b sloasily (86 aog LID' 136 pogas 5 (Y)F) olylSea 5 Yan
5l e oligS (gl yoyb 5l iU o0 Sy (glooldl 398 36 LID BMPs' 1 edlatwl &S Wlodgwy dons cpl &4 9 03,5 Guiod
U3t sl (6585 oDl 31 o6 Ulg, e 31 ials 3 LID 5 BMPS 5l oslitsl 3,15 (5508 558 56 ol golBy o 5
goho GRS L plojen O (ite SISl S 3 adal wxsss 5 gpSU o (85 4 ple ol sl 0ud
SS9k Silodnd Gp & lodyinS Clallas g8 0 didy (3 M Cope 3 owlul )l Glyiea dUded
bJse cpl plad 0 dad e olis 1) by 5 (Kb o Jae bl p Mo Copte glaadl, S5 Cul oad plodl
bl dngd glajlib ) (Sejsls)ne it glhaasiie plad (gjludnd gl slezel LB Jao G SWMM Juo (Sjsls )i
Oud & 3ble gy LID g BMPS gy 4 (So5elgyiad (slaodls oply lis adllas o) Cad oy ipkeo -l (6500 i g (5 00
Cosad 5> ik ) (YVE) o, Kan 5 MIller iz on ol SWMM l3le 5 ciliseo celaJio 51 odlisiol b 005 (g5l 03
Do ilS g isldg zobaw Lialial 45 Wlosls Lt 5 03,8 odlitsl 0dd (s yad 036 bl 3 Lblyy » yilideds oo (il
Bble d O I b Gllgy 5 Glnss dwslie g o duoyd Feooll CMuw gl dais )58l 5 pleSiSwle oyl jd dus)d
SBlamwg (b golaw ) ad> JiSly (loj 9 OMew Jlyetnl (Gl zol (23 o b)) & e300 (LS aBbdsng Sk
g g0 3685 B b ol 2 M 51 (86 gy GalEl el Vs OF Jal s S (o s g Sl 555 5 ke
2 (YVF) ylSen 5 Zhang coll ;5 .l pre sl (s 2Ulg) 09557 Jao (sl gl (slalols bl e ldoss 5o gl
ey 0> 45l (S (Sojlgyn (siludnd laliBle s lod)S 305 GIS (bl 608 Mew (gjlwdend £3590
GIS sl 5 USISIM s, oo il 53 5,1 ablis 5 s oy ol bl ipm0) (6305 £33 cgli5)) ecaps ads > ool ;|
i o pl8 SWMM sk jl58le 5 gl 008y (slaaiiss DEMY clio y cleMbl opl pual dy o 03l & jgu0ty

SWMM Jao 3 bl o b o] colin 5 ¢glaen a$s (65w Jde g (owyp b (V+)3) Karimi 4 Rashidpour
bl cilisee glagyjluw (58,5 jlai )0 b M Jass o350 Sy ) odlatal b g 5 (lolid |y a8l (Slon b silys
b Ollyy Colin o (gyglgen 4Sid (Y-Y+) lSen o Rajabi oyl 5 odle S Mol 4 g5, |, S Sib, 5]
Cre Al 0 CtS3l 0)93 b Y s SCS (g Sl eslial b gyl (ol 50l )13 (cwy 0 3590 1y (0 535) (o)l b sloadg>
295 (2 Olye @Sy OV Joas (35e WY (585 )5 3 L gl (gileand aSs SWMM . Jas i esliial b s 5 03
ozl ()l yod VY ddlais ;0 jil oS axwgs sla ybgy | (V+)R) o, ISen o Poursahebi « yisen 0,5 lay SialS aae LB e
Lol (592 5 () pdedol SladeS pdide lagiosly caw pl 9290 oy Jolis cilisis g2)liw & (585,105 )3 b g 28
CuiS 3k 0yed b (oo Cllgy a5 wmd o lis wyp guls 0 )S pladl dlw Yer g B0 Ve ¥ CulS L slroygn 18,53 0 L
bl g g s slapl WS el il Al Ve Sk ojed b OOl gly g LRI 358 sl plos > Al B-
2> o gl alall (Ll g (o CUlyy 2 36 e

bopd e g e o ol gl olnl lojed 581 g Casl Sl g oo Sl Alie S Ol ol Gl )5S )3 05
5 ool pdy ISl ()l g oy e Bilas (ly ped (e slac] (glaen gy sladdly 4 dr g L s 99, St
Slisl (U oy im b ol adss (WA (ool pe (oaud)) cal GlBgpas lp O el Gy ol Jo o (SS
ol a4y (s oloj Gl 5 sl (> Sl jghaieds dgrse gy (law slac] Colun g gpglaer &b 5)BL Slaanss
ool 48,5 plol M o0 Jlad Sl Cawd (ol Bblie 5 (608 Slunul bais rized 9 O ol

! Low Impact Development


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.1.9
http://jircsa.ir/article-1-454-en.html

[ Downloaded from jircsair on 2026-01-31]

[ DOR: 20.1001.1.24235970.1402.11.2.1.9]

(VB Y als oY ojleid) oy 559 ok sLdlolw A

GBS (9, 9 dlge
axlllao 3,90 0390
le g By ABBI VD g 2 O g Jlod B> Ve a2 3 V7 oLl Job 5 15)e 2 98) ol il JSye 50 Al
b deedie poed NS sl 0 ()]3S yia oo VO 5l 568 10 nl 3 (S5l (Sle sl 0l @By L) awjl yie AV )]
5 IS ol 5551 5 (gl s 15 48 sl ioxbas (clo] glin Lol JUIS ¥ 5 oo 5 JIS YY) sl qpo sioshS VY consg
2o ol b ol oyl sbase 5 (S (b JU pl ace culord siluaing g (palols dpdio ()00 L o fre
S Casl S Jb > sped labiome I (S (Bpd Sl ade 0,5 )8 b))l 090 63)90 adllae g Baios
o deg by ool ohlud Jow go8g a5 Cunl anb aad o lis 1y dilaie (pl Cuodl a5 Conl (gddaie (6 b Ol (gl
2y90 algd Jb 4 ddlaie pl (gl Camaog

5 el sSsl s ety 60 Gblio )3 298 e sdalio ) S5 13 4 Canl Lol s cutin (glyls athaie
9 ALY C8 o Caz)d gl bl B 13U cod )5k g laplls andl (5)le 5 )L (x9S ble
I3l e 5500 gl 4535, Caans 45 0 3 blg) 5 JUIS 5yl 51 smsibs (clbppmus 1 &8 > sl 4y s claslly,
Sy adds Glojl I Slalllae adlate ViV e+ cogd) laaids (585 Jlaiyd b g b e g rosind JUE! elgil s929 4 axgily (555
ol A5 05 IV 4 Ollyy (298 e 5 (69l qor Kb (glaed iy 5 (e (6)8 Slasdio (1S58 bl 1 g 0
@) 5 (e S5)) OB 03 Jeme 4 bgiye adge 5 A (i S5)) 60U JUB @ (3laite 42905 P oS a0l
) oy S JU 4 bopye adgj ¥ (2550 S5)) plomes JUS & bgiye 4292 05) (30,8 5)) e JUI & by
b JUI e 45125 (295 330 sl 155 (sl 00 (asiie (o] S5) (338 JUBI s 42 gy a9 25 0F 5 (35
sl JUSB VoV Calun b o oo (2 5Se 98 9 )l VAAY Conlus 4 legooe JUBl (sloasgs 5

719000 731000

W09 (B JUBI JB Mo ol dzedgs leile § 555 Us (sadgn 5 4 Lg2ye 5l sa S pmane 9 Jomuo =) JSui

(VWA cxgudeo (5,13 00w (S p0 9 (8 Cglan) Ladgn 25 oo
Figure 1- The channels and flow paths related to various sub-catchments and the location of the East Eghbal flood
control catchments and the borders between the sub- catchments (Technical and Civil Deputy of Mashhad
Municipality, 2013)
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Figure 2- a) Determining the sensitivity time of the catchment and b) precipitation pattern by periodic block method
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Table 1- Outlet discharge with different precipitation patterns

Output flow rate (m°) Method
135.96 Concentration time of each sub-catchment
79.43 Concentration time of the most extended waterway length
113.78 Uniform distribution of catchments sensitivity
179.64 Periodic block
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Figure 3- Network modeling and delay ponds in SWMM 5.0
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Figure 4- Schematic design of trapezoidal delay catchment with circular orifice outlet and rectangular overflow
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Figure 5- Hydrograph of production runoff at the outlet of East Eghbal Flood Way with two delay ponds (50-year

return period)
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Figure 6- Hydrograph of production runoff at the outlet of East Eghbal Flood Way with three delay ponds (50-year

return period)
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Figure 8- a) Placement of delay pond 1 in Namaz Boulevard, Zakaria branch, b) Placement of the delay pond 2
Zakaria branch, and c) Placement of delay pond 3 inside Torogh Park, Abu Dhar branch and d) Placement of delay
pond 4 at Mashhad Airport, East Eghbal Flood Way
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Table 2- Dimensions and final specifications of delay ponds

Length of the overflow The height of the overflow Orifice diameter Tank dimensions The name of the
crest (m) crown (m) (m) (m) delay tank
1 42 0.5 76.8x53.5x5 MAKH-1
15 35 0.6 94.7x62.3x5 MAKH-2
3 35 0.7 167.5x98.7x5 MAKH-3
55 3 1.2 243x136x5 MAKH-4
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Table 3- Combined states of reservoirs
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Cost for each one The_co_st of . The outlet discharge after ~ The outlet discharge
percent decrease in  building  Flood reduction the construction of before the construction Name No.
output flow _ tanks percentage reservoirs (m°) of reservoirs (m°)
(billion Rials)  (billion Rials)
4.26 3.7 8.77 163.56 179.64 tank 1,2 1
3.94 81.7 20.7 142.45 179.64 tank 1,3 2
7.6 153.4 20.2 143.2 179.64 tank 1,4 3
3.67 88.9 24.2 136.1 179.64 tank 2,3 4
7.01 160.7 22.9 138.4 179.64 tank 2,4 5
6.23 205 329 120.5 179.64 tank 3,4 6
3.74 104 27.79 129.49 179.64 tank 1,2,3 7
6.39 175.7 27.5 130.1 179.64 tank 1,2,4 8
5.72 227.3 39.7 108.3 179.64 tank 2,3,4 9
6.1 220.1 36.04 114.9 179.64 tank 1,3,4 10
5.1 242.4 47.5 94.08 179.64 tank 1,2,3,4 11
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