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Fig 3. Development of surface and population of Mashhad
between 1941-2016.
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Fig 4. Map of streams of Mashhad [13]
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Fig 1. Location of case study in the Mashhad Plain
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Fig 2. Development of Mashhad during 1891 - 1996[14].
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Fig 5. DEM map of Mashhad [13].
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Table 1. CN sub- basin calculations

Percent A (50%) A
Sub-  Area ) . A*CN
. N Street (street of (Residential) (&Park) . A*CN A*CN A*CN
basin (Hectar) (Agriculture) (Street) ) ) A*CN(Wasteland) .
total) ol S (Residential) (Agriculture) (Park) CN
2y colew C Coles =98 =74
] : R) Lo
0 ol 2 (1oyd) S s [CSBE
110  70.37 1 13 9.15 13.37 34.48 0 841.60 2165.92 2551.52 0 0 79
111 5231 1 18 9.42 14.65 13.60 0 866.25 2372.76 1006.40 0 0 81
112 60.74 1 27 16.40 22.17 0 0 1508.88 3591.79 0 0 0 84
113 74.98 1 0 0.00 0.00 74.98 0 0 0 5548.69 0 0 74
114 116.20 1 0 0.00 0.00 116.20 0 0 0 8598.77 0 0 74
115 51.36 4,5 30 15.41 17.98 0 0 1417.58 2912.21 0 0 0 84
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Fig 9. City development map between 1913 to 2006 [12].
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Fig 12. Comparison of maximum discharges for watershed

outflows between 1941 and 2016 (in Real mode)
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Table 2. Distribution of precipitation by SCS II method

Depth SUM depth Percent Total Depth Time Total Depth
tes L G pexr e mexr Aoy Oy AL g ses
0.000 0.000 0.000 00:00 29.06
0.988 0.988 0.034 00:30
0.959 1.947 0.067 01:00
1.366 3.313 0.114 01:30
1.366 4.679 0.161 02:00
2.064 6.743 0.232 02:30
2.267 9.010 0.310 02:50
2.267 11.277 0.388 03:00
8.022 19.299 0.664 03:10
1.599 20.897 0.719 03:20
1.104 22.002 0.757 03:30
2.238 24.240 0.834 04:00
1.424 25.664 0.883 04:30
1.395 27.059 0.931 05:00
1.017 28.076 0.966 05:30
0.988 29.064 1.000 06:00
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Fig 10. Rainfall pattern by SCS II
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Figl3. Comparison of maximum discharges for watershed outflows between 1941 and 2016 (in free mode)
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Fig 14. Flood discharge hydrograph between years of 1941 and 2016 (in Real mode)
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Table 3. The total of maximum discharge in outlets between 1941 to 2016 in both real and free mode

L 2016 2006 1996 1986 1976 1966 1956 1941
Year
el o e
. REAL 244.07 232.97 211.41 140.44 103.03 93.97 91.69 87.48
¥Max Discharge
m3
)
FREE 618.73 570.42 517.59 306.43 190.11 150.40 118.58 105.07

oA Pl s Sl 0 b g dre g ;- Jgr
Table 4. Relationship between city development with maximum discharge and volume of outlet water

Jlo (e mesh®) b olie Max (ol oSl ) qan Sl s (Gl ) (s 5 Ol o ¢ sae

Year Area(KM?) discharge (mTB) Total Volume (m™)
2016 328 236.59 5251000
2006 280 222.00 4883000
1996 185 200.47 4487000
1986 130 133.56 3518000
1976 78 91.26 2460000
1966 33 82.56 2134000
1956 16 79.42 1920000
1941 10.4 76.91 1825000

City area- Maximum discharge
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Fig 15. Chart of development of Mashhad compared to maximum discharge of outflow flood between 1941 and 2016.
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Abstract

The Effect of Mashhad City Development on Its Flooding During 1941- 2016

J. Azizi' and S.R. Khodashenas?
Received: 13-03-2018 Accepted: 05-01-2019

Impervious surfaces in urban zones, during rainfall, increase the runoff speed and reduce the opportunity
for evapotranspiration. This will increase maximum discharge and reduce the time of concentration of flood
in urban storm. In this research, the effect of the development of Mashhad on the urban flood has been
studied. The EPA SWMM model was used for this study. The studies showed that the surface of Mashhad
in 2016 compared to 1941 was 31.5. The results showed that the maximum discharge in 2016 increased to
307, 259 and 177 percent, respectively, compared to 1941, 1976 and 1986. Also, the results showed that
despite the increase in the size of the city in 2016 compared to 1941, the time of concentration from 6 hours
in 1320 to 4.5 hours in 1395 decreases.

Keywords: Runoff, Maximum Discharge, Area, CN, SWMM.
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