Select next, add field (Land use) and select finish.

Field Mame Data Type -
OBJECTID Object I (|
SHAPE Geometry
LANDUSE|
L]
1 | |
=

Click army field to see its properties.
— Field Properties

Import... I

To add a new field, type the name into an empty row in the Field Name column, click in the
Data Type column to choose the data type. then edit the Field Properties.

| <Back | Finish | Cancel | |

Figure.3.24.Add new field of landuse shape file.

Ema%B&E AR ST @i @al|ALens
| |
|

File Edit View Bookmarks Insert Selection Tools Window Help

worki o] Flow v % | Analysis v £ v 7

ask: |Find Common Ancestors | A

J Georeferencing'1 Layer: |bigmap.bmp __] (OR4 Pa | ‘
i iDAnalyst" Layer. | =l 4 o+ A ‘ B ] U @ @ [ ’@ BRENE ‘D [ 100 ‘[i ] ‘Ellil J Terrain Preprocessit
D@ ug\wﬁax\nd ‘11317343 H;qléjgu:p.‘kv
(A1 42 R 00| @QREO@ED BT Kk OM & &7 B8 | suattnaye| lon [ ]
Attributes of LANDUSE = | E
5 @ LANDUSE SHAPE_Leng | SHAPE Area LEVEL B
o ¥ 2648877714 | 310244193347 RESIDENTIAL
& 9 Barrapbig 4537620082 | 8559935951 RESDENTIAL
5079269653 | 683588560582 RESDENTIAL
RGB 4104929687 | 494190.883791 RESDENTIAL
MRed: Band 1 5091480774 | 765971358517 RESIDENTIAL
[ Green: Band 2 3352.583061 | 312522.378027 RESIDENTIAL
M Blue Band3 4825453622 | 625098.211297 RESDENTIAL
323462943 | 280573.05785 RESDENTIAL
1418136356 | 140540419425 RESDENTIAL
5522028965 | 717180.022533 RESDENTIAL
620803285 | 22182.521999 RESIDENTIAL
7206.012967 | 923626316435 RESDENTIAL
5104452804 | 561091737779 RESDENTIAL
2294473899 | 228291643956 RESDENTIAL
9353172676 | 957661632089 RESDENTIAL
17648.457216 | 227165232606 RESDENTIAL
3232552455 | 183074050204 RESDENTIAL
1739.489816 | 117752731783 RESDENTIAL
4463750544 | 390349.184998 RESDENTIAL
7127452429 | 794434994999 RESDENTIAL
1967.748671 | 175874086239 RESIDENTIAL
236697272 | 227159.96249 RESDENTIAL
SS—T— ) ;
Diply [Souce ] seeeon] 1
Record: 14| ¢ 10 Show: | Al Selected Records
’Qrawing'k SR || S— _]__I_ _'_] r_ T‘ vlv .~

Figure.3.25. Attribute table of land use shape file
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3.8.3 Importing coverage’s of land use and soil type data

To describe the coverage of Wadi Hadramout Catchment surface in WMS, new
coverage is added for Hydrological Group of soil types which is a Shape-File

representing a schematic map of the polygonal shapes of entire Catchment.

Similarly, the shapefile for different land-use data is also a schematic map of
polygonal shapes represents the limits of the catchment characteristics land use data.

The method for importing these shape files in WMS is shown in Figure .3.29.

To add the component of land use and soil types cover.

i Properties X E A\ Tenain Data
' [ 5 DEM ({Converted]
ltem |\-“a|ue ‘ Units | " [-]D-ﬂ Map Data
Coverage type: General j E--..ré Coverages
4| | Coverage name: Mew coverage ‘3' Drainage
Elewatior: 0.00 [m] .::—3. Land Use
- [#]4® Soil Type
1| |Selected Coverage: | [l New coverage
MNumber of points; 0 I Ell:l-ﬂ Hydrologic Tree Data
Mumber of nodes: [0 ----- ‘i’ Drainage Coverage Tree
MNurnber of arcs: 0 : Foo ‘Y Hydrologic Modeling
Number of polygons: 0 Es.*"? -]\ 20 Grid Data
-] GIS Layers
Al Coverages: -] 2D Seateer Data
Mumber of points; | ()
Mumber of nodes: |00 v
Help... 0K ‘ Cancel ‘
T

Figure.3.26. Create new coverage’s land use and soil type.

Add the Soil type and Land use data by right click on GIS layer and select (add
shape file data).
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E WMS 7.1 - [Diisoftware!catch\catch.wpr]

i File Edit Display TIN DEM Flood Window Help NEE
DEe@& [ [ [ o] || Unis.. | 7 Urits Meters 2 Units: Meters
verE i —
Y¥Y® . @ oeM
o I 7 20 Map Data
AR bx =@ Coverages
B %@ H% Drainage

$0 6 BOX H® LandUse
F4 Soil Tipe
1§ Hydrologic Tree Data
‘Y Drainage Coverage T
*¥ Hydrologic Modeling Tree

0@ 2 GidData
o e

Add Shapefile Data...

(1024300.0, 1742800.0) Upstream Area: 0017197477171 km*2

Figure.3.27. Import shapefile for land use and soil type.

Convert soil shapefile data to feature object to connect the digital information with
the polygon spatial area, by switching GIS module. Select box around the DEM
extent and select mapping / shapes feature object, then select SOIL_CLASS to SCS
soil type and finish. This window shows all of the attribute fields in the soil shape

file as shown in Figure.3.28.

| | _I Unitz... | 2 Units: Meters  Z Units: Meters

GIS to Feature Objects Wizard —- Step 1 of 2

Palygon attributes Mapping: Sail Type
Select which polpygon attributes to map to available fields:
k4 apping Preview

SHAPE_Leng | SHAPE_trea SOIL_CL&SS L

tdapping: Mot mapped j Mot mapped j SC5 zoil type | 7 _f'
11360071521, | 7.5306332562... | Z.00000e-002 £
FAF02632890.. 24219147119, | 1.20000=-001 £
92378324099, | 567292220, Z2.00000=-002 £
1.0358014673... | 48829137637 Z2.00000=-002 £
£

£

£

£

E.E254081717... | 99379046281, 2.00000=-002
2F1B037VESO... | 3.6159289817... | 2.00000=-002
F.3902653268... | 2.9040333331... | 2.00000=-002
2.9945383320... | 70444186562, | 2.00000=-002

T

Al @ |

Carcel < Back Mext

Figure.3.28. converted soil shape file data to feature object.
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Hide soil shape file, convert Land use shape file data to feature object by clicking
GIS module, select box around the DEM extent, select mapping, shapes feature

object, next, select LEVEL to Land use and finish.

i File Edit Display Data Selection Mapping Window Help

D@8« |

+ n B
Kyl ‘\L ﬁg v vel 9 B Tensin Data
¥y \X‘\y'ﬂ\#\v i e e =
vl ] bl iy AT i 8 DEM
] ogu G5 o Feture Objects Wizard - Step 1 of2 ’L" v t‘\ / =0/ ManData
A= 2-[7# Coverages
E‘i “ Palygon Atfributes Mapping: Dranage [ Drainage
* q i}f} Q @ Select which polpgon attrbutes to map to avalable figlds: F® Land Use
Mapping Preview O S Type
DBECTD  [SHAPELmg |SHAPEMeo |LEVEL | 3 I Hysolog Tee Dt
-*¥ Drainage Ci T
0 k Mapping: | Mot mapped jNutmapped ﬂNutmapped jNulmapped j ‘Y anage Lovelage
— - ‘Y Hydrologic Madzling Tres
1 1% TASBBTI0IR0.. | 22057812 RESIDENTIAL 10 2 GidData
2 19 43N8N2407.. 10740120715, RESIDENTIAL =] 48 IS Layers
3 1% GITIEIN2. 236238093, RESDENTIL -] LANDISE shp
4 192 43334965242 . 11790683566, RESIDENTIAL - SDILETYPE shp
O 20 Seatter Data
5 ] 49471596442 . 1493902519 RESIDENTIAL
£ 1490 1028320056, | BHIRATIE03..  RESIDENTIAL
7 149 40134755395, | 7ADEO3IE44E. RESIDENTIAL
8 148 10639043642 82199260787 RESIDENTIAL
9 187 11977488267 | BEAATTA3B10.. RESIDENTIAL
0 19 12264915723 4 BGEIRIIEER..  RESIDENTIAL
11 145 11639632451, | BHAA0RE0BES.. RESIDENTIAL
12 18 43008840209, 17675472773 RESIDENTIAL
13 14 A0M3R22114.. 3767053E7ES.. RESIDENTIAL ¢ ! r
Help Cancel | 4 Back ‘ Nest > ‘

Figure.3.29. converted soil shape file data to feature object.

3.8.4 Curve Number of catchment

The value of the average curve number must be calculated. It is considered as an
experimental way to provide an estimate of the runoff rate calculated depending on
the land use and soil types. The value of the curve number of Wadi Hadramout
catchment is entered in HEC-HMS to complete the simulation to estimate runoff
hydrographs for the appropriate Catchment area.

To estimate the value of the curve number Wadi Hadramout catchment by following

these steps:

The first step to determine the curve number is the hydrological group of soil that
has been clarified by geological maps and using the Tables (3-5, 3-6) for the soil

hydrological groups, drawn through shapefile.
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The second step is identifying the land cover, land-use and vegetation by inspecting
satellite images of Wadi Hadramout. Curve number for both soil types and surface

cover can be determined from Table (3-7) and included in the attribute table.

Curve number directly affects the flow of water on the surface, the change in curve
number works on the increase or decrease in runoff; refer to the permeability of soil

and its impervious rate.

3.8.4.1 Determination of curve number for catchment

Curve number can be determined by geographic information systems (GIS) through
shapefile import of soil types, import of satellite imagery for Wadi Hadramout

catchment and curve number is determined from the following steps:

1- Open arc map, select add data of the land use and soil Shapefile.

EhS%ARAES T 4L

! File Edit View Bookmarks Insert Selection Tools Window Help

[t [ 7] Aowes | Al ok ¥ Toce Tt [nd Common et 1] £
e T T (O jl\

|3DAnaIyst' e[ AR e L2 £k @)@ | TerinPeprocesing ¥ Wteshed Pocsing v AtiueToos  NetorToos  Apltes v 5 & X 3 B ‘
|DEEE  BRX | an HWI u\mm»w

[BA 4400 |QQuan@ed@ohontar 2R

ICreate New Feature j | Target | Z| X® ‘

ag
[ M SOILE-TYPE
O
2 ™ bigmap.bmp
RGB
MRed: Band!
[ Green: Band 2
M Blue: Band3

Digly | Souoe | Selcin 202 S ; [y

‘Drawmg'k ;I‘D"A'I /0] A '|__]HIUA dv hv o

[ B4370552 1630318812 Meters

Figure.3.30. shows the soil type and landuse cover.
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2- Open the attribute table of soil type shape file then add in new field and rename it

as (CN).

Add Field

- )

Name: ICN

T (TR -

- el Propertes !
Precision 0
Scale 0

ok | Ccacd |

Figure.3.31. Create a New add field (CN).

3- In the attribute table for soil type, click on each row to show the polygon decree

and previously specified soil type for this polygon.

‘ File Edit View Bookmarks Insert Selection Tools Window Help

1 Terrain Preprocessing ¥ Watershed Processing ¥ Attribute Tools ¥ Network Tools ¥ ApUtilities ¥ % @, 52 Qﬁ Q @‘

J ﬁeorefefenzing'i Layer; |44 6bmp

J 3 & & J Editor v| » & v Tk | Create New Feature =l [ Ta
7] Attributes of e 1
| = |82 |

FID | *Shape | OBJECTID | SHAPE Leng | SHAPE Area | SOIL_CLASS | CN ~
» 0 Polygon 24 81431.4357 | 25814570.7979 0.76 | 63/
1 Polygon 25| 37238000864 | 9229123.71582 012 89 [E

2 Polygon 26 | 28980.431101 | 22116708.8765 0.12] 89"

3| Polygon 27 7309.724786 | 1666756.01267 012 89

B Polygon 28 3930.229196 |  390995.68095 0.12| 89

S| Polygon 23 4323179551 | 849708.846153 012 89

6| Polygon 30 | 240368073849 | 233302928.207 012 89

7 Polygon 31| 82922441086 | 34059506.4261 0.12| 89

8| Polygon 32 13007.49481 | 3560096.38931 012 89

9 Polygon 34| 36005.497824 | 49336607.9876 0.12| 89

10| Polygon 35| 69606.138414 | 16858918991 0.76 | 68

l Polygon 36| 13593.816853 | 5045134.19438 012 89

12| Polygon 37| 19630.609545 | 7609427.39293 0.76 | 68

13|  Polygon 38 3856.341524 | 608834.783308 012 89

14 Polygon 40 | 120100.152384 | 103644808.076 0.12| 89

15 Polygon 41| 14075.568461 | 3190780.94567 076 | 68

16 Polygon 42 7119.426399 | 1505409.45239 0.12| 89

17 Polygon 43 2274104375 | 206441311739 012 83

18| Polygon 44 2622.844645 | 137579.803467 012| 89

19 Polygon 45 | 276502.517831 | 550287976.046 0.12| 89

20 Polygon 46| 27193730132 | 14115402.6635 0.76 | 68

21 Polygon 47 6744.356794 | 1088162.70422 012 | 89

22|  Polygon 48| 12337.391393 | 4009596.90296 012 89

23 Polygon 49 3193.880589 | 547372.949671 0.12| 89

24 Polygon S0 9004.534801 |  3182836.2065 012 89

25 Polygon S1| 87846.197411 | 21644626.344 012| 89

Figure.3.32.attribute table of curve number
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4 — Depending on the shape that was specified in the satellite imagery identify the

type of surface cover by visual inspection.

5 -In conjunction with the type of ground cover and soil group determine the curve
number as in Table (3-7).

Table 3-7 Runoff Curve Number (Chow V. T., 1988).

Cover Description Hydrologic Soil Group

Cover Type/Hydrologic Condition A B C D
Open Space

Poor condition ( grass cover < 50% ) 68 79 86 89

Fair condition ( grass cover, 50 — 75% ) 49 69 79 84

Good condition ( grass cover > 75% ) 39 61 74 80

Impervious areas (parking lots, etc.) 98 98 98 98

Urban districts

Commercial and business 89 92 94 95

Industrial 81 88 91 93

Residential area ( by average lot size )

1/8 acre or ( less town houses ) 77 85 90 92
1/4 acre 61 75 83 87

1/3 acre 57 72 81 86

1/2 acre 54 70 80 85

1 acre 51 68 79 84

3 acre 46 65 77 82
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6-All these steps are repeated for each row.

7- After selecting the curve number for each shape, Calculate the average curve
number from attribute table in the shapefile of soil type. As given in the following

manner.

Add Field -5

Mame:

CNAREA

Type: |D|:|uble j

Field Properties

Precision 0
Srale ]

0K Cancel

Figure.3.33. Create a New add field (CN*AREA).

7-The average Curve Number is calculated as follows:

Y(CN x A)

4 q 3.13

CN (average) =

Where,
CN is the curve number for each area.

A Area of shape.
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Stafistics of SOILE-TYPE D il

Field
CIPAREA j Frequency Distribution
Statisi

iatica 400
Count: 410
Minimum: 1.814431 200
Madmum: 284579.165577
NIV 26 74 745 159707 200
Mean: 652376878
Standard Devigtion: 25117.832133 100

0
18 813691 1627285 24409138

. ] 406835 1220468 2034101

Figure.3.34. Total of (CN*AREA)

Statstics of SOILE-TYPE | ¥ S
Field
SHAPE ez E Frequency Distribution
Statistics:
intica 00
Count: 410
Minimum: 0.021426 300
Madmum: 3309.060065
LT R 1130, 720614 200
Mean:  75.074323
Standard Deviation: 287 339246 100
0
0.0 046.1 18922 28383
‘ b 4731 1419 1 2365.2

— L L — J

Figure.3.35. Total of area catchment

-66 -



3.8.4.2 Determination of Curve number for sub-catchments.

The process of calculation of the curve number for each subcatchment by
geographic information systems is shown through the following steps:

e Open arc map and Add data to import the sub-catchments shapefile.

M, 4\
( L | fnd

AT SS
A=2581.32 G

\(,'A 176.02 #
B
A=3512.61

A A 5931.13
\ A=1647 87
et "—.m
\'\. A 8704.45 \

Figure.3.36.Subcatchment Shape file.

“z.t

5

!
\

e Select any area polygon of sub-catchment and right click layer /

Export Data shapefile.

e Clip each Subcatchment.
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1 |

ArcToolb
@ tcToolhox 7 Cip g %
- 3D Analyst Tools

EI--@ Con\rgrsmn ot Featues e
[]--@ Functional Surface |CN
[]--@ Raster Interpolation
Clip Features
[]--@ Raster Math
[]--@ Raster Reclass IA j
£
£
£

L |
| &%

| &%

]"® Raster Surface Output Feature Class

],,® Termain |C:"-.Users"-makka"-.Desktop"-.SUB-CATCHMENT‘-.SOIL_Giszhp

}@ TIN Creation XY Tolerance (optional)

[]--@ TIN Surface | Meters
£1@ Analysis Tools
E@ Eutract

- Clip
Select
L Split
P Table Select |§
[]--@ Overlay

[]--@ Proximity

[]--@ Statistics

i@ Cartography Tools

1 I 0K | Cancel ‘ Environments... ‘ Show Help = |
Favortes Search | Resy

—_— r.

A¥ (< [0 d j|mjg;g£-&-£.-v'

Lo |

-

Figure.3.37. Clip Feature for polygon of sub catchment.

e The attributes table is opened for each sub-catchment and the curve

number is calculated by equation 3.13.

3.9Sub-catchment Characteristics

Delineation of Subcatchment Process has been achieved by WMS. This constitutes
an important part in the simulation of sub-catchments to obtain the parameters as
shown in Figure .3.38. The Sub-catchments differ in shape, area, volume and
geographical. Spatial composition which represents the various activities of land use
land covers type and different soils.

The curve number will be different for each subcatchment. The different properties
of the sub-catchments have been clarified in Table (4-2).There are 7 reaches

between the 8 sub-catchments.
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| A=7561.32 km'2

e,

A=176.02 knm*2
i S

A=B612 61 k

cil AR Oy
7 A=1647.87 k2 .

i

Figure.3.38. Subcatchment characters .WMS.

In WMS switch Hydrologic Modeling Module, Select the Basin Tool as shown in
Figures (3.39, 3.40). Click on model choose HEC-HMS.

il
Figure 3.39. Hydrologic Modeling Module.

Figure .3.40.Basin Option.
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Double click on the brown basin for any subcatchment, the HEC-HMS window will
open. Select show all, Select on the display of the loss Rate Method option and
Select the SCS Curve Number.

In HMS properties window select SCS Curve then for each sub catchment enter

impervious rate and Initial loss.

Choose Transform Option, Select SCS, set the computation Type to Compute Lag
Time, and Select the SCS Method for all the sub-catchments then click Ok.

o Use \Desk

4w File Edit Display Tree HEC-HMS Models Calculators Hydrographs Window Help
B= ]
velr i! HMS Properti
o]
= L e — | e
b 1]
Type: Show:
Urits.. ype ISub-basms j IAI\ j
—— || Display options
* M
&+
W ? . Display Show
¥ Loss Rate Me... [~ Al
. E |_ Green & Ampt
I Initial/Constant
TS|
"
Iig % @ [ Gridded 5C5 Curve Nu...
@ . x I Defidt/Constant
== ED
[ Gridded SMA
¥ Transform Al
™ Clark
|_ Kinematic Wave
™ ModClark
Properties
Name |Area |Desmpton ‘Loss Rate Method |Imh’a\ Loss ‘SCS Curve No. |%Impervious |Transform Method |Compube Basin Data | Compute Map Data |SCS Lag |ﬂme
al - j -
W. H 807,576 5CS Curve Number j11‘14 82.0 100 5C5 j Define.... 650083861  Hours j
/f m G 6884.27 5CS Curve Number js.gz 83.0 10.0 5CS j Define.... 11,50286666 | Hours j
| = F 178.016 5CS Curve Number jll‘g 810 10.0 5CS j Define... 324177778 Hours j
E 3364.067 SCS Curve Number ja.% 85.0 10.0 5CS j Define... 7.97992903 | Hours j
n{o q :3 D 8704.451 5CS Curve Number j?.SG 87.0 10.0 5CS j Define.... 12,71088173 | Hours j
C 558.944 5CS Curve Number jmaa 83.0 10.0 5CS j Define.... 5.31296317 | Hours j
B B8053.665 5CS Curve Number jg.ﬁﬁ 840 10,0 5C8 j Define. .. 18.20434693 |Hours ﬂ
A 1647871 5CS Curve Number jg.ﬁﬁ 84.0 10.0 5CS j Define.... 9,81852021 | Hours j

Figure 3.41 HMS Properties in WMS.

For routing it is essential to find the parameters for the process of routing to
complete the simulation. These parameters are the reach length, slope, and side
slope.

Select the Outlet Point in the WMS dialog box tool as Shown in Figure .3.42. And
Double-click on any subwatershed outlet point (The yellow circle icon) as shown in
Figure.3.43.A HEC HMS window as shown in Figure.3.44 will open.
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Figure.3.42. Outlet Point. Figure.3.43. Yellow circle icon.

s

Click Type and in the drop down menu select reaches. From Display select

Muskingum-cung method.
HMS Properti ]

Type: IREEd’]ES ;I Show: IAI\ ;I

Display options

Display IShow

[v Method I~ al

v Muskingum Cunge Std.

[ Kinematic Wave

[ Muskingum Cunge 8 ...
[~ Straddle Stagger

[ Muskingum
[ Lag

[~ Modified Puls

Properties
From |Mame |Description | Routing Method ‘ Cross Section Shape |Read’1 Length (ft} |Energy Slope (ft/ft) | Bottom Width Diameter (ft) | Side Slope |Mannings n &
16C | 186R Muskingum Cunge Std. ;I Trapezoid ;I 0.0 0.0
15C | 15R Muskingum Cunge Std. ;I Trapezoid ;I 3044125606611  0.00183258 |
e |1 Muskingum Cunge 5td. _ | Trapezoid | 65346.63800605 | 0.00072853 |
3¢ |1m Muskingum Cunge 5td. _ | Trapezeid | 175732.65464473 | 0.00074636 |
12::7 iR Muskingum Cunge Std. ;I Trapezoid ;I 212889.05019982 | 0.00070909 |
11C |11R Muskingum Cunge Std. ;I Trapezoid ;I 14401.23349736 | 0.00136733 |
10C | 10R Muskingum Cunge Std. ;I Trapezoid ;I 141588.5407391 | 0.00039414 |
[sc = Muskingum Cunge 5td. _ | Trapezoid _|60s02.3211018¢ | 0.00075586

Figure.3.44. HMS Properties reaches.

The next steps areas follow:

1- Select hydrologic modeling in WMS as shown in Figure .3.45.

2- Select HEC-HMS and then save the file to be transferred to HEC-HMS file.
3- Open HEC- HMS software and import HMS file.

W Lo oo Help
tdodel |HEC-HMMS - | |J LI

Figure.3.45. Model HEC-HMS in WMS.
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CHAPTER 4

HYDROLOGIC MODELS

4.1 Introduction

A hydraulic model is essentially a representation of the processes that occur during
a flood event (Bates, 2005) Hydrological models are important for a wide range of
applications, including water resources planning, development and management,
flood prediction, flood design and coupled systems modeling. In addition, there is a
need to assess the likely hydrological impact of future system response (Singh V.P.
and Woolhiser D.A., 2002).

In this chapter, modeling using HEC-HMS is described. The steps of work using the
model are described in details. Different sceneries for modeling were calculated.
The parameters needed for modeling with HEC-HMS were gathered, prepared and
integrated. For comparison, two different scenarios have been studied; the main
sub-catchment of Wadi Hadramout and in the second simulation Wadi Hadramout
was divided to “eight” sub-catchment. After finishing the hydrological simulation a
design for protection structure and its position were studied. Using HEC-HMS a
simulation was performed with the protection structure implemented to find the

change in runoff hydrograph after the construction.

4.2 Catchment simulation using (HEC — HMS)

The hydrological parameter resulting from the WMS is inserted for the simulation
with HEC — HMS. Open HEC-HMS and Select file. The catchments were
represented in the form of schematic diagram representing Wadi Hadramout
catchment. Figure.4.1. shows the open file window of HEC-HMS through which
HMS file is selected.
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Compute Results Tools Help

¥
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&
¢

dyy W 33

Look in:

Network

hydrograph

basinStates
’;;5‘ maps
Recent Items oiizer
Desktop
My Documents
Computer
=)
‘,_L\ File name: catchment.hms

Files of type: | HEC-HMS Project Files (*.hms)

-

Select ’

J Cancel

J

[

Browse

Cancel

Figure.4.1 User Interface Display of HEC-HMS.

A Typical HEC-HMS model are made up of three components; a basin model, a

meteorologic model, and a control specification model, the following present each

model in detail and the steps of work by each of them.

4.2.1 Basin Model:

Basin Model is one of the components of the hydrological modeling which includes

elements of catchment. It consists of the WMS watershade which contains the

elements of the catchment. These elements are the sub basins, junctions and the

reaches of Wadi Hadramout catchment. Each element contains parameters that

describe the hydrological process for this element according to its role in the

catchment.

Basin model includes the following hydrological parameters:

1. Sub basin includes :

Area.
Loss Method.
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a. Initial Abstraction.

b. Curve Number

c. Impervious ratio.

e Transform Method as a Lag Time.

2. Junction includes:

e A selection for the downstream reach connected to the junction.

3. Reach includes:

e Length of reaches.

e Slope.

e Manning’s n.
e Shape.

e Bottom width.
e Side slope.

Some of these parameters are exported from WMS and other parameters are entered

through HEC-HMS. The values entered for each parameter at this stage are

mentioned in details in the next sections.

B e ]

File Edit View Components Parameters Compute Results Tools Help

DsES N 4ceveFs Py ¥yBEEE

) catchment
[~ || Basin Models
B&D Unit-Hydrograph Catchment
! Lo
B | Meteorologic Models
B\,Z;? Unit-Hydrograph Catchment
: {40 5CS Storm
B | Control Spedfications
@ Unit-Hydrograph Catchment

Components | Compute | Results

& Subbasin | Loss TransformlOpﬁons

Basin Name: Unit-Hydrograph Catchment
Element Name: catchment

Description:
Downstream: ZC
*Area (KM2) 30196.86
Canopy Method: :—None—
Surface Method: j—None—
Loss Method: :SCS Curve Number
Transform Method: :SCS Unit Hydrograph
Baseflow Method: :—None—

Figure.4.2.Catchment Wadi Hadramout representations in HMS Model.

{# Basin Model [Unit-Hydrograph Catchment]

=0

@’I,. catehrrent

== o
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4.2.2 Meteorlogic Model

Meteorlogic Model is one of the components of the hydrological modeling which
includes data about the meteorology of Wadi Hadramout. It consists of the WMS
meterologic data which contains the SCS storm data. The storm data are the type of
the value of the depth of rainfall event was previously selected in chapter 3 in this
thesis. A frequency analysis was performed on rainfall data to find the maximum

value for simulation. This value was found to be 75 mm.

Type (1) represents the rainfall the maximum intensity in Yemen according to
Yemen meteorological department. There for, type 1 will be selected for Wadi

Hadramout.

4.2.3 Control Specification of HEC-HMS

A hydrologic simulation run cannot be accomplished without the time period over
which the model is run. The control specifications shown in the window of
Figure.4.3. Indicate when the simulation starts and stops as well as the time interval.
The starting date, starting time, ending date, ending time, time interval are entered
in this window. The time period of the simulation of flood period is from 22 to 25

October 2008. The time interval was selected according to the equation

T< 029 TIAG oo cov e e et e et e e et e e evt e e e e e e eeen . EQ 4T

Where Ty is the shortest lag time in hours (Jessica, 2007) Time interval of 1 hour
has been chosen.

-75 -



| Components Compute I Results

IZ(E"I Control Specifications |

Descriptomn:

=Start Date {ddMMMY YY)
*Start Time {(HH:mm)
“End Date (ddMMMYY YY)
*End Time {HH:mm)

Time Interwval:

Mame: Unit-Hydrograph Catchment
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24200851
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Figure .4.3. Control specification window

Table (4-1) presents all the parameters needed for the basin model, the metrologic

model and the Control Specification.

Table 4-1 Limits Hydrologic Parameters for Catchment

Area (Km?) 30196.86
Slope (m/m) 0.002
Loss

Initial Abstraction (Mm) 8.26

Curve Number (CN) 86

Impervious( % ) 10
Transform

Lag Time Tp (Hr) 19.0

Meteorologic Models

Method Type 1
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4.3 Hydrologic Simulation

The next step is to run the model. Select Compute / Create Simulation Run. Accept
the default name for the run with a name (Catchment hydrograph). Click next to
complete all the steps and finally click finish to complete the run. Now to run the
model, select Run / catchment hydrograph, then go to compute as shown in
Figure .4.4.

Compute Run (Catchment hydrograph) and select close.

Compute| Results Tools Help

Create Simulation Run B &m

Select Rum b ca‘cchrﬂt_ﬂt hg.rdmgraph_ tchment hydrograph]
Run Manager

Create Optimization Trial

Select Trial »
Tnal Manager
Create Analysis

Select Analysis ¥

Analysis Manager ac

Multiple Compute..,
Check Parameters
Compute Run [catchment hydrograph]

== catchment

Figure.4.4.Simulation Run.

4.3.1 Subcatchment simulation (HEC — HMS)

To simulate the 8 sub catchment, WMS was used to import the data for HEC-HMS.
The HEC-HMS opens the HMS file, select file and then opens Subcatchment /HMS
file.
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HEC HMS was used to estimate the flood hydrograph for the 8 sub-catchment using

parameters as shown in Table (4-2). (Rainfall, losses, Land use and soil characters)

the SCS method was used to get the lag time for the unit hydrograph. These steps

were clearly described in the last sections what is new is that the catchment were

divided in this section for comparison between the two runs outputs.

The hydrographs were obtained by HEC HMS where representation of the

catchment model is as given in Figure.4.5.

De@adabvudesy ¥NENG

"R
-@G

i
el
-

1R

Components w

-

Basin Name: WHMS Watershed
Flement Name: 16C

Description:

Downsiream; | ~None-

EIU Jincton .

" @1

{4 Basin Model [WMS Watershed]

LIS

1 }

NOTE 10008 Finished apening project HYDROGRAPH_SUBCATCHVENT” n directory E:\saftware \HYDROGRAPH SUBCATCHVENT” at time 0120:08:31, 2013Ug.
NOTE 10173: Opened basin mocel WMS Watershed " at ine 0120:07:50, 2013ugs.

Figure.4.5. Sub-catchment Wadi Hadramout representation in HMS Model.
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Table 4-2 Data for Sub-catchment.

Basin Area Loss Transform
Name Km?
Curve Initial Impervious Lag time
Number Abstraction (%) (Hr)
(CN) (Mm)
A 1647.87 84 9.66 10 9.56
B 8612.61 84 9.66 10 18.21
C 755.88 83 10.38 10 4.42
D 8704.45 87 7.58 10 12.42
E 2561.32 85 8.94 10 7.31
3.14
F 176.02 81 11.9 10
G 6931.13 88 6.92 10 11.29
H 807.58 82 1.14 10 6.30
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4.3.2 Routing Parameters

Runoff of excess precipitation has been routed to the outlet of the catchment.

Muskingum- cung method was used in routing the flood along the catchment.

The data in Table (4-3) was obtained from WMS and used as the routing parameters

in HEC-HMS.

Table 4-3 Standard Parameters reaches.

Reach Routing Routing
Name Method
Length Shape Slop Manning's | Bottom Side
(M) (M/m) n Width slopes
(M) (M/M)
(9R) Muskingum | 18484.0 | Trapezoid | 0.000755 0.03 267.5 0.3
- cung
(10R) Muskingum | 43042.9 | Trapezoid | 0.000394 0.03 3155 0.3
- cung
(11R) Muskingum | 4377.97 | Trapezoid | 0.001367 0.03 236.5 0.3
- cung
(12R) Muskingum | 64718.2 | Trapezoid | 0.000709 0.03 221.2 0.3
- cung
(13R) Muskingum | 53422.7 | Trapezoid | 0.000746 0.03 282.5 0.3
- cung
(14R) Muskingum | 19865.3 | Trapezoid | 0.000729 0.03 286.5 0.3
- cung
(15R) Muskingum | 9254.14 | Trapezoid | 0.001832 0.03 286.5 0.3
- cung

These data were required to complete the simulation process by HEC-HMS.
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4.3.3 Simulation results

HEC-HMS enables us to display the results in the form of graphs and tabular form.
It represents the estimation for the size of flows predicted in Wadi Hadramout
catchment. All rainfall cannot be transferred to runoff. Some of water is being lost
to water infiltration into soil which can lead to excess of rainfall. The excess of
rainfall is obtained by subcatchment losses from the total rainfall. The flood
hydrograph is presented in appendix (A). Table 4-4 shows the different output of the

model result.

Table 4-4 Results of flood.

Catchment

Peak discharge ( m3/s) 12519.902
Total losses ( mm) 30.412
Total excess ( mm) 44.588
Direct runoff ( mm) 43.262

4.3.4 Results analysis for Wadi Hadramout subcatchment

Each sub-catchment contains its own properties need for simulation.
The properties can be seen as follow:
1. The size of runoff.

2. The peak time and peak discharge.

3. Loss value.
4, Excess rainfall.
5. Sub- catchment size.

The simulation results for the different sub-catchment are given in Table 4-5 and the

flood hydrograph is presented in appendix (B).

The parameters of models reaches are shown in Table 4-6.
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Table 4-5 Data resulted for “eight” sub-catchment.

Name of | Area Total Peak Total | Total Depth Volume | Infiltration Total
basin precipitation | Discharge | Loss | Excess | Precipitation Soil Run Off
(Km?) (mm) (m3s) | (mm) | (mm) (mm) (mm) (mm) (m3/s)
A 1647.8 75 1008.9 | 33.71 | 41.29 19.8 41.29 10.1 1008.9
B 8612.61 75 3510 33.71 | 41.29 19.8 40.44 10.1 3510
C 755.88 75 663.7 35.29 | 39.71 19.8 39.71 10.9 663.7
D 8704.45 75 51555 | 28.68 | 46.32 19.8 46.26 8.2 5155.5
E 2561.32 75 18224 | 33.71 | 41.29 19.8 41.29 10.2 1822.4
F 176.02 75 170.4 38.29 | 36.71 19.8 36.71 12.1 170.4
G 6931.13 75 4549.1 | 26.89 | 48.11 19.8 48.09 7.6 4549.1
H 807.58 75 570.8 36.82 | 38.18 19.8 38.18 11.8 570.8
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