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Abstract:

The upper basin of Wadi Orana is located close by the eastern part the City of
Makkah. It is considered as one of the most important drainage basins around the city
because of its rapid urban growth during the past years. This basin had bean exposed to
frequent flood hazards which were responsible for many damages in several areas of the
basin. So this study was designed appeared to estimate the runoff and the flood hazards in
the upper basin of Wadi Orana using remote sensing and geographic information systems.
The annual runoff was also estimated by applying the curved numbers model of the runoff
through the recruitment of remote sensing and geographic information systems. It was
possible through applying remote sensing and GIS techniques upon the Runoff Curve
Numbers (RCNs) to estimate the runoff in three spatial levels: the pixel unit, the level of
sub-basins, and the basin as a whole. It became possible also to estimate the runoff
according to two chosen rainstorms. The first reached 18 mm, and the second 191 mm.

Through the application of this model, it was found that the natural and human
characteristics of the basin have contributed to raise the values of imperviousness. In the
basin, the value of the curve number of the basin reached 88, while in the lower and higher
value it ranged between 55 and 98.The curved values in any partial basins had not been
less than76 which makes the upper basin of Wadi Orana has a high response to the runoff.
As it turns out, the figure of the curve 98 is responsible for about 56 % of the basin's runoff
response. At the level of sub-basins, Al-Shry'a and Al-Bujidi basins are considered to be
the highest generating of the runoff. Both has contributed about 57 % of the total runoff
formed in the basin.

By applying the graphical peak discharge, it has been possible to study the flood
hazards in the basin, to estimate the peak discharge in the sub-basins and the basin as a
whole and to identify the most vulnerable areas to flood hazards in the basin. The peak
discharge in the basin was reached (4096 m *s) and 11 Sites have been identified as the
most vulnerable sites to the flooding risk in the upper basin of Wadi Oranah.

This study consists of five chapters. Chapter one introduction. Chapter two
introduces the naturalism profiles of the studied area. Chapter three introduces estimating
runoff in the upper basin of Oranah. Chapter four deals with the flooding hazards in the
basin. Finally Chapter five concludes with the discussion of the results that are reached
and the recommendations that emerged from the study.
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CN for CN for CN for
Condition Il Condition | Condition 111
100 100 100
95 87 99
90 78 98
85 70 97
80 63 94
75 57 91
70 51 87
65 45 83
60 40 79
55 35 75
50 31 70
45 27 65
40 23 60
35 19 55
30 15 50
25 12 45
20 9 39
15 7 33
10 4 26
5 2 17
0 0 0
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Table 2-2a  Runoff curve numbers for urban areas ¥

E——
Curve numbers for
Cover description ——hydrologic soil group -
Average percent
Cover type and hydrologic condition impervious area ¢ A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, etc.):
Poor condition (grass COVEr < 50%) ....vvmuummrerecmmsessesesssssssins 68 79 86 89
Fair condition (grass cover 50% to 75%) . 49 69 7 84
Good condition (grass COVEL > T5Y) .....uvewrrvseesssmsmssssassssssssiss 39 61 T4 80
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-of-way) 98 ] ] 9%
Streets and roads:
Paved; curbs and storm sewers (excluding
right-of-way) ] 98 98 9%
Paved; open ditches (including right-0f-way)......cccwsumsssrinn 83 89 92 93
Gravel (including right-of-way) ; 76 85 89 91
Dirt (including right-of-way) 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) & ... 63 7 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) 9 96 96 96
Urban districts: -
Commercial and business 8 89 92 94 %
Industrial 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses) 65 Wi 85 90 92
1/4 acre 38 61 75 83 87
1/3 acre 30 57 72 81 86
1/2 acre 25 54 70 80 85
lacre 20 51 68 79 84
2 acres 12 46 65 1 82
Developing urban areas
Newly graded areas
(pervious areas only, N0 Vegetation) &............wwmmmme 1 86 91 %4

Idle lands (CN's are determined using cover types
similar to those in table 2-2c).
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Table 2-2b  Runoff curve numbers for cultivated agricultural lands

——
Curve numbers for
Cover description hydrologic soil group
Hydrologic
Cover type Treatment & condition ¥ A B C D
Fallow Bare soil — 7 86 91 94
Crop residue cover (CR) Poor 76 85 90 93
Good 74 83 88 90
Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89
SR + CR Poor 71 80 87 90
Good 64 75 82 85
Contoured (C) Poor 70 79 84 88
Good 65 75 82 86
C+CR Poor 69 78 83 87
Good 64 4 81 85
Contoured & terraced (C&T) Poor 66 74 80 82
| Good 62 71 8 81
C&T+ CR ' Poor 65 73 79 81
Good 61 70 77 80
Small grain SR Poor 65 76 84 88
Good 63 75 83 87
SR +CR Poor 64 75 83 86
Good 60 72 80 2
C Poor 63 74 82 85
- Good 61 73 81 84
C+CR Poor 62 73 81 84
Good 60 72 80 83
C&T Poor 61 72 79 82
Good 59 70 78 81
C&T+CR Poor 60 71 78 81
Good 58 69 7 80
Close-seeded SR Poor 66 7 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83
Good 51 67 76 80
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Table 2-2c  Runoff curve numbers for other agricultural lands V

—
Curve numbers for
Cover description hydrologic soil group
Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. ¥ Fair 49 69 79 84
Good 39 61 74 80
Meadow—continuous grass, protected from — 30 58 7l 8

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 7 83
the major element. 3/ Fair 3b 56 70 7
Good 304 48 65 3
Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). ¥ Fair 43 65 76 82
Good 32 58 72 7
Woods. ¢ Poor 45 66 1 83

) Fair 36 60 73 7

Good 0¥ 55 70 T
Farmsteads—buildings,lanes, driveways, - % u 8 8

and surrounding lots.
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Table 2-2d  Runoff curve numbers for arid and semiarid rangelands V

R
Curve numbers for
——————————— Cover description - hydrologic soil group
Hydrologic

Cover type condition ¢ AY B C D
Herbaceous—mixture of grass, weeds, and Poor 80 87 9
low-growing brush, with brush the Fair m 81 89
minor element. Good 62 I 85
Oak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 8 57 63
and other brush. Good 30 41 18
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80
Good 41 61 71
Sagebrush with grass understory. Poor 67 80 8
) Fair 51 63 70
Good 35 47 55
Desert shrub—major plants include saltbush, Poor 63 m 85 88
greasewood, creosotebush, blackbrush, bursage, Fair bh 72 81 86
palo verde, mesquite, and cactus. Good 49 68 79 84
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