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FLOOD ANALYSIS AND MITIGATION FOR PETRA AREA IN JORDAN
By Radwan A. Al-Weshah' and Fouad El-Khoury®

ABSTRACT: Petra is located in the southwest region of Jordan about 200 km south of Amman, between the
Dead Sea and the Gulf of Agaba. Petra was carved in sandstone canyons by the Nabatean over 2,000 years ago.
Today the city 1s a major tourist attraction, its monuments being considered the jewels of Jordan. Floods pose
a sertous threat to the tounst activities in Petra as well as to the monuments themselves. In this paper, a flood
analysis model developed and calibrated for the Petra catchment 1s descnbed. Using the model, flood flows and
volumes are estimated for storm events of varnous return periods. To alleviate the impact of floods on tourism
in Petra, several flood mitigation measures are proposed. The impact of these measures on flood peakflow and
volume 1s evaluated. These include afforestation, terracing, construction ot check and storage dams, and varous
combinations of these measures. The flood simulation model predicts that the measures can reduce flood peak-
Aows and volumes by up to 70%.
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GSMaP Rainfall Data Jan. 18-20, 2010 (mm/hr)
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Key Questions for Wadi FF_|_.- -m
1- Rainfall P

% Rainfall Intensity, Frequency, Duration?
% Rainfall Monitoring and Past Records '
% Hydrological Modelling for Predlcatlopf
#+How much Volume, and How Fast?, £

|
H”,‘ i ‘1

5- Drainage Channel
and Target point

6- Hazards, Social & Wadi Ecosystem

Industrial, Urban, Agricultural, Touristic,
Q Energy, and Development Areas




Wadi Flash Floods Management Strategies

1- Structural Measures Distributed

R TR . Dams
4+ Dams (blockage, storage, :

retention, recharge)
Distributed or Concentrated?
4 Embankments and Artificial Lakes\
<+ Drainage Channels Improving |
. and Cleaning

__________________________________________________

3- Water Harvesting

4+ Temporally water storage
4 Groundwater Recharge

% Underground dams
Agrlcultural development

____________________________ /
Concentrated Dam ’

Integrated Approach

is required
\

2- Non-structural Measures

___________________________________________________

<+ Monitoring and Early Warning

<+ Guidelines

« Hazard Maps, Risk Maps |
# Public Awareness and Education

Channel Improvement % Training
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Risk Assessment of Flash Floods in the Valley of the Kings, Egypt

Yusuke OGISOW, Tetsuya SUMI. Sameh KANTOUSH. Mohammed SABER and
Mohammed ABDEL-FATTAH®)

(1) Graduate School of Engineering, Kyoto University

Synopsis

Flash floods unavoidably affect various archaeological sites in Egypt. through
increased frequency and severity of extreme events. The Valley of the Kings (KV) is a
UNESCO World Heritage site with more than thirty opened tombs. Recently, most of
these tombs have been damaged and inundated after 1994 flood. Therefore, KV mitigation
strategy has been proposed and implemented with low protection wall surrounding tombs.
The present study focuses on the evaluation and risk assessment of the current mitigation
measures especially under extreme flood events. Two dimensional hydrodynamic model
combined with rainfall runoff modeling by using TELEMAC-2D to simulate the present
situation without protection wall and determine the risk of 1994 flood. The results
revealed that the current mitigation measures are not efficient. Based on the simulation
scenarios, risk of flash floods is assessed. and the more efficient mitigation measurements

are proposed.

Keywords: Flash floods, The Valley of the Kings. TELEMAC-2D. Mitigation measures



Flood Impact on
Archeological sites

Study area (The vaIIev of the Kings)

25° 480°N 4

25° 46'0"N A

The number of
tombs is 49

=+

25° 440"'N 4 +

0 0.4750.95 19 285 3.8

T T
32° 340°E 32° 360°E

Small basin(0.5 km?)
steep topography

Ramesses V & VI

1979 a UNESCO World Heritage site P __

1994 Big storm damaged KV

Mitigation strategy is critically needed




Flood Impact on
Archeological sites

Study area (The vaIIev of the Kings)

25° 480°N 4

Protection wall

25° 46'0"N A

25° 440"'N 4 + +

0 0.4750.95 19 285 3.8

2 340°E 2" 90 =% Tutankhamun

Small basin(0.5 km?)
steep topography

Objectives

N sses V & VI

e Assess the risk of flood in the Valley of the Kings with the existing protection strategy
* Propose efficient mitigation measures based on future scenarios for extreme rainfall

16



maximum daily rainfall (mm/day)

: : Over 30mm/day occurred three times
Ra | nfa I I dnd lySIS in the recent 30 years(1971-2010).

There are no observational data
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Histogram of measured maximum daily rainfall at Luxor IDF curves at different return period predicted

Airport (1941-2000)

Return 1994 100 year | 200 year
Periods storm

the Intensity of storms has

an increaSing tendency Rainfall 16mm/h 22mm/h 30mm/h 40mm/h
intensity

Reference

Ghanem, A and Elgamal, M, (2010). Protection of the Valley of the Queens from Flash Flood. .



Runoff analysis

Small basin Inefficient
KV Discontinuous flow drainage

Possible to use Shallow function
Water Equations

To reproduce details of

flow path e

TE L E MAC'2 D (Developer is EDF)

based on 2D model adopting a Continuity

finite-element scheme based on %+ﬁ'ﬁ(h)+h.div(ﬁ') =S5, ()

triangular elements over the non- X-momentum

structured grids %+ﬁf"(h) = —gg—i+sx +%div(hvtﬁu) @)

to simulate the dynamics of flow y-momentum

In a water-body via the solution of o upa) =_gg_j+sy prdivvdn) G

Shallow Water Equations
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Result (with current protection wall)

The simulations in the of 1994 flood, rainfall of 50-year return
period and 100 return, period were implemented

Flooded BE

KV62

88T KV9 \EU
\/\Tﬂ 7/

KV17

{p

-
R . -
[y LY S
: “.l.‘_
f
Vi

Simulation of the 1994 flood Simulation of the 100-year return périod

KV62 and KVS were flooded with the
rainfall of 100-year return period .
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