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Abstract

Declining pervious areas is one of the most important effects
of land use changes and replacing natural watersheds with
urban zones. This phenomenon increases the surface runoff
and the possibility of urban floods. In recent years, the
unprecedented expansion of urbanized areas of Mashhad City
has caused an increase in runoff potential. Since, on the other
hand, there is a serious lack of water resources for the city, a
comprehensive study on urban surface runoff and methods of
managing the runoff has become a serious necessity in
Mashhad. In this study, after sub-basin delineation, based on
the available data, first the rainfall-runoff process for a number
of urban and natural sun-basins was calibrated using HEC-
HMS rainfall-runoff model. Then, the volume of surface runoff
was computed for the whole city of Mashhad. Finally,
management methods of surface runoff especially in terms of
runoff storage were considered both technically and
economically. The results showed that despite the high volume
of produced runoff, runoff management merely based on
storage is not reasonable due to spatial restrictions. In other
words, the cost ratio for storing and using each cubic meter of
runoff is very high and economically not feasible.
Consequently, the main approach in runoff storage in Mashhad
needs to focus on utilizing the potential of existing lakes and
reservoirs. In addition, the other important approach should be
based on storing the water released from Golestan Dam located
5 km of the southwest of Mashhad.
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Conclusion(s)

Constraint(s)

Author(s) Title Study Objectives
Mitchell et al. Modeling the urban Changing the idea of
(2001) water cycle surface water disposal

and using runoff as a
potential water
resource

The urban water balance
model used in this research
was successful to simulate

the urban water cycle in

order to reuse stormwater
and wastewater.

Requiring detailed
information to obtain a
better understanding of

the input and output
flows in the study area.

Abdolghafoori

Urban Water

Investigating storm

The study shows with
upgrading wastewater
treatment plants and urban
surface runoff control, there
will be good water
resources for irrigating
green spaces.

High initial investment

anetal. Management runoff reuse and
(2012) Considering Reclaimed wastewater recycling
Wastewater and Runoff as renewable water
as a New Water resources in Tehran
Resource for City of
Tehran, Iran
Binesh et al. Investigating the effect Determining critical
(2015) of applying BMPs on flood points and
quantity and quality of  solving their problems
urban using the best
floods management practices

The study concludes that
permeable pavements as
one of the best management
methods (BMPs) reduce
flood peaks and eliminate
pollution. Bioswales,
another BMP method, are
more efficient in terms of
reducing flood recession
time. Consequently,
combining the two
mentioned BMP methods
has the best results.

The study focuses on
only two BMP methods.

Radmehr and
Araghinejad

Optimal Urban Flood
Management Using

Creating flood
potential maps based

Their study concludes that
applying a multi-criteria
decision making approach
in GIS environment is a
powerful tool in preparing
high precision flood maps.

Requiring accurate
information on
topography, land use,
precipitation, peak
discharges, the
groundwater level of
observation wells

(2016) Spatial Multi on multi-criteria
Criteria Decision decision making to
Making Approach achieve proper urban
planning
Peng et al. Effects of Low-Impact  The effects of LIDs on
(2019) Development on Urban storm flooding in

Rainfall Runoff under
Different Rainfall
Characteristics

urban areas under
different rainfall
characteristics

The results show LID
scenarios are more efficient
in flood control during
smaller rainfall return
periods and longer storm
events. In addition, the
study introduces best LID
methods to use separately
or in combination with
other methods.

The influence of
locations of peak rainfall
intensity on runoff is not

clear.
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Fig. 1- The position of main channels and Mashhad municipality areas
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Table 2- Municipal areas covered by rain gauge stations
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Station Owner Covered Districts
Edareh Mashhad Regional Water Company of Khorasan Razavi 1, 2, 3 and Samen
Synoptic Weather Station Meteorological Organization 4,5,6,7and 8
Ab-o0 Bargh Meteorological Organization 9,10 and 11
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Table 3- Rainfall depth at the selected stations (mm)
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Station Duration (min)
15 60 120 180 360 1440
Edareh Mashhad 3.3 6.4 8.8 111 15 26.4
Synoptic Weather Station 35 6.8 9.4 11.7 15.6 26.4
Ab-o Bargh 3.6 7 9.6 12 16.2 28.8
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Fig. 2- Dimensionless temporal pattern histogram in Mashhad synoptic station
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Fig. 5- Flow time series recorded on June 26 and 27, 2019 at Khayyam flow gauging station
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Table 4- Optimized values of loss model parameters
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Parameter

Initial Value Optimized Value

Urban Subbasins

Initial Loss (mm) Natural Subbasins

Constant Rate (mm/hr)

2.57 5*
12.7 19.05
2 3.81

*except for subbasin 2 in District 9 (D9-S2)
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Table 5- Runoff volume in Mashhad main channels and outlets
i gt (SB 2955 9 BSD) Ay 29y Ul JS poxe -0 Joua

Drainage Runoff Volume (1000 M3)
Outlet Name vae_r ed Area ;
Districts : 15-min 1-hr 2-hr 3-hr 6-hr 24-hr
(km°)  Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
1, 21 3’ 47 5|
Eghbal-e Sharghi 6,7,8,0, 915 62 1509 2311 2403 3264 4789
and Samen
Eghbal-e Gharbi 1’35('13;19’ 78.6 706 1673 2513 2685 3698  565.2
Chehel Bazeh Main 1) 1494 27.3 30.2 745 1129 1186 1618  239.6
Channel
Forest Areas 7 13.83 36 8.2 122 133 177 26.9
Kashaf Roud 2 4,and7 156 18 421 63.7 67.9 921 1387
Tributaries
Malek Abad Garden 9 281 2.2 53 7.9 8.4 11.4 17
Lands
3 15 14 33 5 5.2 73 11.2
Mashhad 7 0.6 0.6 15 23 23 3.1 45
Total Value  2.63 26 6.2 9.4 9.7 133 19.9
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Table 6- Calculated rainfall depth and runoff volume at Chehel Bazeh Channel in Emam Ali Highway and
Noh-Darreh Channel

S8l litee (gBegl (g 0,045 Jawno 5 25Uk o dadls 43 b wg CUlg ) w2 9 (i)l Gos —F Jgoa

Rainfall Duration Rainfall Depth (mm)

Runoff Volume (m3)

Chehel Bazeh Noh-Darreh
15 min 3.6 4000 3700
1lhr 7 9900 8800
2 hr 9.6 15000 13100
3hr 12 15800 14200
6 hr 16.2 21600 19300
24 hr 28.8 32100 29800
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Fig. 6- The location of the proposed earthen water reservoirs with a volume of 30,000 m?
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Table 7- Suitable places to build small water reservoirs to store surface runoff
s (BOT 0pdd Ca Sa o5 (51 Slaal gy cawlio oo -V Jous

No. Place District
1 Basij Park 4
2 Heights of Namaz Boulevard 9
3 Shahid Mazaheri Square on Hejab Boulevard 10
4 Shahid Esmailzadeh Square on Andisheh Boulevard 10
5 Amiriyeh 25th 12
6 Car market on Majidiyeh Boulevard 12

Table 8- Investigating the possibility of storing surface runoff in the artificial lakes of Mashhad
Mo e g 53 29290 B2, )3 (Sdaw SOl 0083 Gl (w2 —A Jgaa

Water
Water
Storage Transfer Water Transfer
No. Location of the Lake  Potential - Note
Distance  method to the lake
of the lake
(mS) (m)
1 Pardis Qaem Park 7500 1600 by Gravity First option
2 Pardis Qaem Park 7500 1000 by Pumping Second option
There are concerns
. about sediment
3 Mellat Park 14000 - by Gravity volume and water
quality.
4 Vafa Park 1500 <500 by Gravity -
The maximum
runoff can be stored
X 3 b
5  Kooh-SangiPark 52000 : . 153000 m , which
as no quantitative
and qualitative
justification.
6 Vahdat Park 6000 1000 by Pumping -
7 Behesht Park 2500 <500 by Gravity -
8 Eram Park 9000 1500 by Gravity -
The lake can be used
9 Raja Park 1848 2500 by Gravity to store runoff from

Eghbal-e Sharghi
Channel.
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Table 9- Comparison among some LID methods

LID &B)JJ%MU?A—‘\ Joss

LID Method

Advantages

Disadvantages

Absorbing well

Cost saving, groundwater
replenishment

Improper for soils with low
permeability

Bioswale/Vegetated Swale

Visually appealing, providing a
biological filtration system, protecting
against land erosion, being more cost-
effective than traditional curb and
gutter systems

Requiring more maintenance,
unsuitable for areas with steep slope,
being a potential source of odor and
mosquitoes if water is left stagnant

Curb Drains

Draining water rapidly to the surface
water drainage system or green space
on the sides of streets and highways

Having a higher construction cost than
general curbs

Detention Ponds

Storing water, Slowing down water
flow and reducing peak runoff, suitable
for dry areas, having multi-purpose use,
improving water quality

The slope of the site and the
contributing area are important, and an
emergency spillway is necessary for
safety during storm events.

Green/Vegetated Roof

Collecting and filtering stormwater,
providing beautiful landscape

and urban amenities, reducing

the temperature on the roof,
absorbing environmental

noise pollution, improving air
quality

Requiring major costly changes to the
building

Infiltration Trenches

Groundwater replenishment, providing
a biological infiltration system and
retaining heavy metals, offering water
to plants (where vegetated)

The possibility of being clogged with
pollutants and sediment, requiring
regular maintenance, unsuitable for
areas with steep slope

Permeable Pavement

Reducing runoff volume, Groundwater
replenishment

High costs of preparing this type of
pavements, and low durability

Retention Ponds

Storing water, Slowing down water
flow and reducing peak runoff,
improving water quality

Sediment accumulation and high
maintenance costs

Table 10- Suitable places to use Low Impact Development (LID) methods in Mashhad
Moy 93 PleS dmwgi SBR) (6705 )50 Eqa cowlio S0 Y+ Jgu>

No. Place Method District
1 Malek Abad Boulevard Bioswale 1
2 The intersection of Majd Boulevard and Bioswale 1

Abkooh Street
3 The intersection of Kolahdooz Boulevard and Bioswale 1
Abkooh Street
4 Basij Park on the side of the highway next to  Curb drain systems with water drainage 4
the gas station system to transfer runoff to the park
swales
5 The intersection of Rostami Boulevard and Curb drain systems to transfer runoff to 6
the highway next to Arghavan Park the park swales
6 The sides of Ghadir Highway Curb drain systems to transfer runoff to 6
the green space on the sides of the
highway
7 The sides of Emam Ali Highway Curb drain systems to transfer runoff to 10

the green space on the sides of the
highway
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