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 Riyadh is an ancient city that has deep roots in history. Although the core of the current city 
of Riyadh was formed in the twelfth century of Hijra containing a group of towns (Mi’kal, 
Muqran, Al-Awd and others). The surrounding area was used to be gardens and orchards. The 
region on which the city was created, witnessed the human presence nearly quarter of a 
million years ago. There is also an evidence in the National Museum of Riyadh proving that 
this area was inhabited by people about 30,000 years ago.  

Historical Roots of the City of Riyadh  

The oldest written historical references about the region on which the city of Riyadh was 
established date back to 715 BC referring to a city that had existed at that time called, Hajr, 
which was the capital of the province of Al-Yamamah that comprised Al-Aarid, Al-Hotat, Al-
Hariq, Sudair, Al-Mahmal, Al-Kharj, Al-Aflaj, etc. Historians believe that the city of Hajr was 
located between Wadi Al-Witr (nowadays Batha) and Wadi Al-Ird (nowadays Wadi Hanifa), 
spreaded over eastern and western sides of Al-Batha.  

Two centuries before the advent of Islam, Banu Hanifah settled in Al-Yamamah. In their times, 
Hajr became the center of Al-Yamamah and the headquarters of its governors. Arabs made it 
one of their markets in which they traded, boasted, and stayed from the tenth of Muharram 
to the end of the month every year.  
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The city of Hajr was the target of many raids, but it was not affected because it was 
impenetrable for being surrounded by strong fortresses. Among its invaders was the famous 
poet Amr Bin Kulthum Al-Taghlabi (of the Mu’allaqat poets), but he was defeated and 
imprisoned in one of the Hajr palaces. Subsequently, Banu Hanifah generously released him 
later. 

Hajr continued to serve as base of Al-Yamamah province in the Najd region at the times of the 
Rightly  

Guided Caliphs and the Umayyads. It remained as such until the third century of Hijra under 
the Abbasids. Historians who lived in the Abbasid times agree that the city of Hajr was the 
base of all the provinces that comprised Najd and the presently eastern region, serving as their 
economic and administrative hub. The city of Hajr remained as one of the main stations of the 
caravans that passed through the middle of Arabia. It was amid four rich and populated 
provinces with varied products and commodities : Basra and Kufa in the northeast, Bahrain in 
the East, Yemen and Najran in the Southwest, and Hejaz in the West. In his book Sifat Jazirat 
Al-Arab, Al-Hamdani mentions ten towns that were located around the city of Hajr along the 
course of the valley. However, it gradually lost its attraction.  

In the first half of the fifth century of Hijra, the Persian traveler Nasir Khusraw visited Al-
Yamamah (by the end of Jumada II, 443 Hijri / 1051). “There is in Al-Yamamah,” he says, “an 
old huge fortress. The city and the market where there were artisans of all types existed 
outside the fortress. It has a beautiful mosque. In Al-Yamamah there is water running through 
canals. It has palm trees. It is said that when there is a plenty of dates, a thousand of them are 
sold for one dinar.” 

Origins of the name “Riyadh”  

Hamad Al-Jasir says that the name “Riyadh” began to be called in the eleventh century of Hijra, 
based on the reference of Ibn Bishr says in his history : “In 1049 Hijri / 1639 the Judge of Riyadh 
died.” The name “Hajr” became faded and was only referred to a small part of the old city, 
and later to a well of water on the west bank of the Batha valley in the city of Riyadh between 
the two streets of King Saud (now Batha street) and King Faisal.  

The new name of the city of Riyadh encompassed the remnants of the city of Hajr and its 
surrounding lands and orchards. The name of Riyadh was derived from the site’s nature and 
features. An element of the unity of the city was manifested in the clay wall that was built 
around it in 1162 Hijri / 1748. Orchards behind the wall were separated from each other. In 
1159 Hijri / 1746, before the wall, a palace was built and was later used as the headquarters 
of the emirate until the end of the nineteenth century. 

Urban Development of Riyadh  
 
“Riyadh” means orchards and gardens. The city was named as such probably during the past 
centuries, for it was one of the few cities in central Arabia to have had fertile and green land.  
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Riyadh was built on the ruins of the city of Hajr, a small hilltop village in the Najd plateau, in 
the middle of a small basin on the two sides of Wadi Al-Witr (Batha), one of the tributaries of 
Wadi Hanifa.  

The location was known as Riyadh only 300 years ago, when it was a trade and pasturing 
center connecting the east of Arabia with its West and its North with its South.  

The Birth of Riyadh 

The modern city of Riyadh was born on 5th Shawwal, 1319 Hijri / January 15th, 1902, when 
King Abdulaziz Bin Abdulrahman restored the city. He made Riyadh his base and starting point 
for creating and uniting the Kingdom of Saudi Arabia over three consequent decades. The area 
of the walled city was less than one kilometer and its population was less than 19,000.  

Urban Expansion  

Over the two subsequent decades, the city witnessed a significant urban expansion. The walls 
of old Riyadh were destroyed, modern materials were used for the construction work.  The 
public facilities and national administrative headquarters were founded. During that period, 
internal immigration to the city increased.  

Beginning of Transformation  

The seventieth of the 14th Hijri century witnessed a huge urban transformation that radically 
improved the city’s planning, facilities, institutions and demography. This stage was initiated 
with the construction of the state’s sovereign, administrative and service institutions and 
headquarters, public network of roads and facilities, modern districts, water and power 
networks, formal and high educational institutions, medical service centers, and the city’s 
municipality.  

Comprehensive Development  

By the end of the ninetieth of the Hijri calendar, the city of Riyadh shifted to a new stage of 
planning and comprehensive development.  

This transformation has made several achievements in all urban, economic, social, cultural, 
and environmental sectors, and provided the city with its needs of public facilities and 
services.  

 A Global City   

During the last three decades, the city of Riyadh exerted strenuous efforts to qualify as a global 
city that accommodates different forms of modern human, cultural and economic activities, 
stably and capably heading toward the future. With its achievements, the city has attracted 
the world attention in several domains, and its plans and projects won awards from leading 
international institutions.  
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The Riyadh’s mass transit project 
 

The Riyadh Metro is the largest urban-transit system ever built from scratch. It is a $23 bn 
project with a driverless operating system, which comprises 6 lines (176 km), 85 stations (50 
underground, 31 elevated and four at-grade), 7 depots and 25 Park & Rides (P&R) with 
expected completion by the end of 2018. Line 3 is the longest line with 41.6 km, of which 25.7 
km are over concrete slab viaducts, 11 km of underground section (including 5.7 km with TBM) 
and 4.9 km at grade. It includes 22 stations, 2 depots and 5 P&R for users, with a total value 
of $6 bn and 48 months of expected construction. The transit project will pass through some 
of the most congested areas of the city. Most lines are to serve the modern business district 
in the North of central Riyadh, which is far less pedestrian-friendly than the historic centre 
further South. 
 
The landmark King Abdullah Finance District station is the western terminus of lines 4 and 6, 
which are to share a route before Line 4 branches off to the North to serve Princess Nora Bint 
Abdul Rahman University and King Khaled International Airport. Line 6 runs South to meet 
lines 2 and 3. Lines 4 and 6 would share a depot. 
The largest part of Line 4’s alignment, 16·7 km, is elevated, with 6·9 km at grade and 5·9 km 
in cut-and-cover tunnel. King Abdullah Finance District is also served by the 38 km North-South 
Line 1, which connects it with the business district of Olaya to the South. There are 26 stations. 
Also serving Olaya is Line 5, which runs mainly along King Abdul. 
Aziz Road, providing interchange with Line 2 at its northern end and Line 1 at its southern end. 
It runs entirely underground, with about 10 km in bored tunnel. Three TBMs were used. 
Lines 2 and 3 are the main East–West routes. Line 3 is the longest on the network, at 40·7 km. 
Because of its length, it will have a depot plus two stabling areas. The line in the southern part 
of the city has 22 stations. Line 2 runs along King Abdullah Road for 25·3 km with 16 stations. 
Most of the line is at grade in a road median strip, with only 5·3 km elevated and 3 km in bored 
tunnel. There are 16 stations, and interchange which are provided with lines 1, 5 and 6. As 
with Line 1, Line 2 has a depot at one end and a stabling facility at the other. 
 

 Line 1, the Blue Line 

 
Line 1 runs North-South along Olaya and Batha streets, starting north of Prince Salman Bin 
Abdul Aziz Street and ending at Dar Al Badia neighbourhood .The Metro will be mostly 
underground in a bored tunnel along Olaya and King Faisal Streets, and elevated on a viaduct 
along Batha Street. Line 1 is 38 km with 22 stations, in addition to 4 transfer stations with 
Lines 2, 3, 5, and 4&6. 

 Line 2, the Green Line 
 

Line 2 runs in the East-West direction along King Abdullah Road, between King Saud 
University and the Eastern Sub-Center, mostly on a raised strip in the median of the planned 
freeway. This Line extends over a length of about 25.3 km and features 13 stations, in 
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addition to 3 transfer stations with Lines 1, 5 and 6. Enabling works will involve sequencing 
development to prevent traffic snarl-ups. 

 
 
 Line 3, the red line 
 
Line 3 runs in the East-West direction along Al – Madinah Al Munawwarah and Prince Saad 
Bin Abdulrahman Al Awal Roads, starting at the west near Jeddah Expressway and ending at 
the east near the National Guard Camp of Khashm El Aan over 41.8 km with 20 stations. 

 Line 3 of the Riyadh Metro forms part of the six-line mega project that will run for a total 
length of 176 Km across the city. ANM is led by Italian construction group Salini Impregilo and 
includes partners Larsen&Toubro (India), Nesma (Saudi Arabia), Ansaldo STS (Italy), 
Bombardier (Canada), Idom (Spain) and WorleyParsons (Australia). 

The new Line 3 is the longest section of the gigantic project of the new metro network of the 
capital city of the Kingdom of Saudi Arabia. 

Line 3 is composed of 22 stations (including the iconic Downtown Station and Western 
Station), 2 depots, and 6 park & ride. 

Line 3 runs from West (near the Jeddah Expressway) to East (near the Khashm El Aam National 
Guard Camp). 

The line consists of :   

• 25.8Km elevated section (viaducts) with 10 elevated stations (including the iconic 
Western Station) 

• 11 Km underground section with 8 underground stations (including the iconic 
Downtown Station which serves two lines) 

• 4.8Km at-grade section with 4 shallow-underground stations (including a transfer 
station). 
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Source : rgi_february_14_-_riyadh.pdf 
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Source : http://www.mapsofworld.com/saudi-arabia/cities/riyadh.html 
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Source : http://www.railway-technology.com/news/newsfirst-tbm-starts-drilling-on-riyadh-metro-green-line-
4569238 
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The metro network consists in six routes, which will be designated by different colors : Line 1 
(blue) is the Olaya-Batha route, line 2 (red) is King Abdullah Road, line 3 (orange) is Madinah 
Road, line 4 (brown) is the King Abdullah Financial District (KAFD) to the airport, line 5 
(yellow) is King Abdulaziz Road and line 6 (purple) is KAFD to Abdulrahman bin Ouf & Sheikh 
Hassan Bin Hussein Bin Ali Road. 
 

Line 4, the orange line 
 

Line 4 reaches to King Khalid International Airport from King Abdullah Financial District (KAFD), 
a mix of elevated and at-grade alignment. It’s 29.6 km and it features eight stations (three 
shared with Line 6), iplus a transfer station with Lines 1 and 6. 
 
Line 4 shares a common section with Line 6, between King Abdullah Financial District (KAFD) 
and Imam Mohamed Bin Saud University. 
 
The Metro starts elevated at KAFD, and remains on a viaduct section along the median of 
Prince Saud Ibn Muhammad Ibn Muqrin Street. The Metro runs in an underpass for 
crossing under Prince Saud Ibn Muhammad Ibn Muqrin Street to get closer to Imam Mohamed 
Bin Saud University. 
North of Imam Mohamed Bin Saud University, the Metro follows the Airport Road elevated, 
to reach the grounds of Princess Nora Bin Abdulrahman University where 2 stations are 
planned. 
The Metro continues North, always elevated, until Prince Salman Bin Abdulaziz Road, where 
it becomes at-grade in the median strip of the road until it connects with the Airport Road. 
The Metro enters the airport premises in a cut-and-cover tunnel due to limitations 
imposed by the Airport Authorities. 
The total indicative length of the elevated, at-grade and underground sections is as follows: 
 • Cut-and-Cover Tunnel : 5.9 Km. 
 • Elevated Guideway : 16.7 Km. 
 • At-Grade Sections : 6.9 Km. 
 
The line also includes : 
 
 • Stations : 10no. (4B1, Future Shallow, 4C1, 4C2, 4D1, 4E1, Future At-grade, 4G1, 
4G2, and 4G3) of which one (4C2) is interchange station. 

 • Park-and-rides : 3no. (near 4B1, 4C2, and 4E1). 

 • Depots: 1 no. (near 4E1). 
 
 

 Line 5, the yellow line 
 

Line 5 runs underground in a bored tunnel along King Abdulaziz Street, between King 
Abdulaziz Historical Center and the Riyadh Airbase, before connecting with King Abdullah 
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Road. It’s 12.9 km and it features 10 stations, in addition to two transfer stations with Lines 1 
and 2. 
 
The Metro starts underground at the intersection with Line 1 near King Abdulaziz Historical 
Centre. It runs in a bored tunnel under King Saud Street, and continues, always in a bored 
tunnel, under the median of King Abdulaziz Street until the Airbase Roundabout. 
The Metro continues North, still underground in the middle of King Abdulaziz Street, until just 
South of Orouba Street. 
Just South of Orouba Street, the Metro turn east into the Riyadh Airbase grounds, to 
ultimately reach, always underground, Prince Nasir Ibn Farhan Al Saud Street. 
The Metro will run under Prince Nasir Ibn Farhan Al Saud Street to reach King Abdullah Road 
where a transfer station between Lines 5 and 2 is planned. 
The total indicative length of the underground section is 13.4 Km. The length of NATM tunnel, 
bored tunnel and cut and cover sections is as follows: 
 
  • NATM tunnel: 0.4 Km. 
  • Bored tunnel: 11.8 Km. 
  • Cut-and-Cover Tunnel : 1.2 Km. 
 
The line also includes : 
  • Stations: 11 no. (5A2, 5A5, 5A3, 5A4, 5B1, 5B2, 5B3, 5B4, 5C1, 5C2, and 5C4) 
of which one (5C4) is interchange station. 
  • Depots: 1no, (near 5C4). 
 



Underground and surface transit lines environment in Riyadh metropolitan area 

 11 

 
 

Source: ArRiyadh Development Authority (“ADA”), Riyadh Metro Package 3 (Lines 4, 5 & 6) Line5. Compilation of geotechnical 
interpretive Reports for Central TBM Tunnel between Stations 5A5 and Central Launching Shaft  

Schematic plan of Line 5, showing the location of the central TBM tunnel 
 
 
Line 6, the purple line 
 

Line 6 follows a half-ring starting at King Abdullah Financial District, passing by Imam 
Mohamed Bin Saud University and ending at Prince Saad Ibn Abdulrahman Al Awal Road. 
Mostly elevated except along Sheikh Hasan Bin Husein Bin Ali Street. It’s 29.9 km with eight 
stations. Line 6 shares a common section with Line 4, between KAFD and Imam Mohamed Bin 
Saud University. 
The Metro starts elevated at KAFD, and will remain on a viaduct section along the median of 
Prince Saud Ibn Muhammad Ibn Muqrin Street. The Metro will then run in an underpass for 
crossing under Prince Saud Ibn Muhammad Ibn Muqrin Street to get closer to Imam Mohamed 
Bin Saud University. 
 
North of Imam Mohamed Bin Saud University, the Metro will go South on the side of the 
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Eastern Ring Road, following an elevated guideway. 
The Metro then turns East along Abi Jaafar Al Mansour Street, along which it will run elevated 
in the central median until Sheikh Hassan Bin Hussein Bil Ali Street. 
The Metro will remain elevated in the median of Sheikh Hassan Bin Hussein Bin Ali Street until 
just North of King Abdullah Road. 
 
Just North of King Abdullah Road, the Metro will go down to run underground in a cut-and 
cover tunnel, always in the middle of Sheikh Hassan Bin Hussein Bin Ali Street, crossing under 
the King Abdullah Freeway. Just North of Khurais Road, the Metro will become elevated and 
will cross to the median of Abdulrahman Bin Ouf Street. 
 
The Metro will remain elevated along Abdulrahman Bin Ouf Street until North of Prince Saad 
Bin Abdulrahman Road, when it first runs at-grade in the median of the road, and then goes 
underground to meet with Metro Line 3. 
The total indicative length of the elevated, at-grade and underground sections is as follows: 
   
  • Cut-and-Cover Tunnel: 8.5 Km. 
  • Elevated Guideway: 19.9 Km. 
  • At-Grade Sections: 2.0 Km. 
 
The line also includes: 
 
  • Stations: 6 no. (6D2, 6E1, 6F1, 6G1, 6G2, and 6H1) of which one (6F1) is 
interchange station. 
  • Park-and-rides: 4 no. (near 6D2, 6F1, 6G2 and 4E1). 
  • Depots: 1 no. (near 4E1). 
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Sources : Addressing Urban Sprawl Through Activity Centers: Riyadh as a Case Study Saad Alzekry University of Southern 

California April 24, 2014 
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Natural environment 
 
The weather  
 
The climate of Riyadh is typical of an inland continental Mediterranean climate. The city is 
located in the heart of the desert developed on ancient plateaus and a Wadi system, 
established on Alluvial Plains of Wadi Al-Batha a tributary of Wadi Hanifa (West), but as result 
of rapid expansion of the Urban Limits it now covers portions of drainage basins of both Wadi 
Hanifah and Wadi Sulaiy (East).  
With a hot desert climate, temperatures in Riyadh during the summer months are extremely 
hot, approaching 50 °C occasionally. The average high temperature in July is 44 °C. Winters 
are warm with cold, windy nights. The overall climate is arid, and the city experiences very 
little rainfall, especially in summer. 
But substantial rains occur in late November - early December as well as March & April as 
seasonal events. 
On average there are 25 wet days a year. Are also remarkable the extreme events in 2010 with 
over 500 mm in parts of Riyadh and 1984 with 400 mm. 
After the climate data collected by the National Meteorology and Environ Centre in the station 
located at the Old Airport from 1985 to 2010, the mean climatic characteristics are 
summarized in the histogram below : 
 

 
Source : Riyadh Metro Package 3 (Lines 4, 5 & 6) Project Wide Hydrogeological Study, 

 ref. M3-DJV-TRP-EBG00-GEN-000006 AB 24 January 2015. 
 

Main climatic characteristics of Riyadh 
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Source : http://en.wikipedia.org/wiki/Riyadh 
 

The Arriyadh climate is marked by extremes of temperature with low humidity throughout 
the year, particularly in the summer season. The temperature varies greatly between night 
and day. In summer, the highest average temperature ranges between 40 °C to 43 °C. 
Humidity ranges from 10% to 13%. In winter it is cold with the highest temperature ranging 
between 20 °C and 28 °C, and the lowest between 8 °C and 14 °C. The temperature 
occasionally declines to - 2 °C, while the humidity ranges between 40% and 49%. Rainfall 
ranges from 10 cm to 13.1 cm (approximately four inches). 

 
Wind 
The average daily wind’s speed in October has been around 8 km/h, that’s the 

equivalent to about 5 mph, or 5 knots. In recent years the maximum sustained wind’s speed 
has reached 74 km/h, that’s the equivalent of around 46 mph, or 40 knots. The chart below 
plots the average daily wind speed you can expect for any month. It also shows the maximum 
recorded sustained wind speed for each month. 

 

Source : http://www.windfinder.com/windstatistics/riyadh_international_airport 



Underground and surface transit lines environment in Riyadh metropolitan area 

 16 

Statistics based on observations taken between 03/2011 - 03/2015 daily from 7am to 7pm 
local time. 

 

Source :http://www.myweather2.com/City-Town/Saudi-Arabia/Riyadh/climate-profile.aspx?month=10 
 
 

 

 
 

Nota : 10 knots = 18,5 km/h 
Source : http://www.windfinder.com/windstatistics/riyadh_international_airport 
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Precipitation amount 
 
 

 
Source :http://www.myweather2.com/City-Town/Saudi-Arabia/Riyadh/climate-profile.aspx?month=10 

 
 
 

Rain days 
 

The chart below plots the average number of days in any month that you can expect to see 
rain falling. 
 

 
Source :http://www.myweather2.com/City-Town/Saudi-Arabia/Riyadh/climate-profile.aspx?month=10 
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Source : ArRiyadh Development Authority (“ADA”), (King Abdulaziz Project for Riyadh Public Transport, Fast Riyadh Metro 
Alliance,  
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 Floods 
 

Wadi Hanifa 
 

A dry and sharply defined riverbed (wadi) begins about 40 km North of Riyadh and runs in a 
North-South direction for over 120 km's, cutting through the western edge of the city, known 
as Wadi Hanifah. Wadi Hanifah was once the lifeblood of the Riyadh area, rich in groundwater, 
filled with palm groves and farms and dotted with a string of small towns and villages 
throughout history. In recent decades, the Wadi has been used as a large dumping ground for 
wastewater, sewage, and industrial waste, but a recent ambitious rehabilitation project has 
just been completed. An 80 km stretch running through western Riyadh is now essentially an 
80-km desert park, though many parts of the Wadi floor are occupied by private estates and 
farms with high walls. While dry for most of the year, wadis can flood very quickly with a 
moderate amount of rain. Never approach a wadi during the rain or even its immediate 
aftermath. Even looking over the edge of a wadi can be dangerous as the Wadi's edges can 
break off during the rain. Every year, several deaths are reported from flash floods all across 
Saudi Arabia.  
 

 
Source : https://sputniknews.com/middleeast/201811211070004258-saudi-arabia-rains-desert/ 
  
Riyadh’s floods  
 
 Heavy rains poured on the Riyadh region of Saudi Arabia in 2005, as well as on other areas in 
neighboring countries (i.e. Oman and the United Arab Emirates). The resultant flood claimed 
the lives of seven people ; 700 people had to be evacuated by helicopters and another 700 
were left homeless.  
 On 3 May 2010, Riyadh city experienced a brief 45-minute water shower, accompanied by 
light hail and winds gusting up to 24 km/hour. As brief as the downpour was, however, it 
resulted in floods and car crashes across the city.  
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Source : http://www.hydroweb.com/protect/pubs/jeh/jeh2010/alsaif.pdf 
 
Drainage system map of Wadi Hanifa Basin WHB and the surrounding basins around Riyadh 
 

 
The irregularity of rainfall frequently leads to torrential downpours giving rise to catastrophic 
floods. An increasing frequency of flooding disasters is being witnessed in the last few decades 
in the Middle East region at different scales and magnitudes due to the diversity in the climate 
patterns that dominate the region. 
Saudi Arabia is a typical example where rainfall can be described as being little and 
unpredictable as well as irregular, but very intense during local storms (Subyani et al., 2009). 
Rainfall normally occurs in winter and spring seasons of the year. Winter and spring rainfalls 
are due to the African-Mediterranean interaction (Alyamani and Sen, 1992). 
In Journal of Environmental Hydrology, Hussah Al-Saif describes a study which focuses on the 
capital Riyadh and the neighbouring regions where dense urbanized suburbs are located, 
composing the largest human settlement in the country. It is situated within a number of 
valleys (wadis), and the Wadi Hanifa Basin (WHB) is the largest. The other major wadis are 
Wadi Al-Haniyah and Wadi Nessah. 
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Source : https://www.arabnews.com/news/484281 

The study area includes the three wadi basins, and has an area of approximately 14681 km2.  

Factors influencing flood occurrence 
 

Other than anthropogenic involvement, there are a number of physical factors influencing the 
occurrence of floods. They are found to be different from region to region depending mainly 
on the physical setting of these regions. However, human interference, and mainly urban 
expansion, has an essential role in increasing or reducing the flood impact. In general, physical 
factors are represented mainly, in addition to rainfall intensity, by the characteristics of the 
water catchment area (watershed or basin) and the morphometry of the drainage system 
within the watershed. 
Amongst these factors, rainfall intensity is the most effective since it represents the 
generating agent. Without rainfall, flooding does not occur. 
For this reason, geo-spatial data and climatic records are essential tools to predict flood 
occurrence. Meanwhile, new advanced techniques (e.g. GIS) can help by analyzing geo-spatial 
data and producing flood-vulnerability maps. 
 

Rainfall 
 

It is essential to involve rainfall amounts and its behavior in the assessment of floods. A low 
rainfall rate and lack of torrents will not produce any flooding event. In this regard, the WHB 
is considered as a low-rate rainfall basin, since the annual average rainfall does not exceed 
100 mm and usually ranges between 30 to 60 mm/yr, and is averaging 45 mm (Al-Saif, 2009). 
The rainy period almost extends over four months (between December and March). 
Considering the areal extent of the basin, which is 14681 km2 ; however, the total volume of 
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rainfall water on the basin will be : 45/1000 x 14681 x 106 = 661 millions m2/yr 
Therefore, each 1 km2 receives about 45000 m3/yr. 
 
Even though the volume of rainfall is relatively low, yet there is a noticeable recurrence of 
rainfall peaks in the region. This is observed in the last few decades, notably in the context of 
changing conditions of climate. Hence, in the absence of sequential and complete records 
rainfall peaks in this study were extracted from the space tools and more certainly from the 
Tropical Rainfall Mapping Mission (TRMM), which is a useful tool for climatic data analysis. 
The assessment of any region to flood vulnerability is achieved by analyzing a number of 
hydrologic and geomorphologic parameters, and this is usually followed by a comprehensive 
environmental management plan. However, there are studies concerned with determining 
floodprone areas, which are usually applied on local scale regions where all terrain elements 
and data are available. Nevertheless, assessment is also applied to evaluate the entire setting 
of a hydrologic system, and thus assessing its vulnerability to flooding, and this is in turn is 
considered as an inventory phase to build up a flood-prone areas map. 
 
In Saudi Arabia, concerns with natural hazards are little, and even the studies in this regard 
are rare, but the increasing development of many catastrophic events in the last decades has 
raised the ideas of many researchers. Thus new perspectives to establish projects and studies 
related to environmental risk assessment have come to the fore, notably after the 
catastrophic flood even that occurred in Jeddah in November 2009. Hence, the status quo 
indicated the urgent need to involve the environmental security issue in a national program 
of the country. 
 
In this study, focus was on basins assessment and its vulnerability to flood peaks in WHB1 and 
the surrounding basins around Riyadh city, which is a highly populated area. For this purpose, 
the major three existing basins (watersheds) were diagnosed using a number of systematic 
approaches for analysis, with a special emphasis on the applicable use of a GIS system. 
Even though the three studied basins show a relatively moderate vulnerability for flooding. 
 
 
Thunderstorms  
 
Lightning is an abrupt electric discharge from cloud to cloud or from cloud to earth 
accompanied by the emission of light or it is a flash of light that accompanies an electric 
discharge in the atmosphere, which can scintillate for a second or more.  
It is helpful to construct a visual representation of lightning strike densities in countries such 
as Saudi Arabia in order to locate areas, which are most likely to be stroked, and those, which 
are not. By knowing where lightning strikes hit we can design better lightning insulation 
systems for residential, commercial as well as industrial regions. Of most important is the 
insulation required for power plants and transmission lines wither overhead or underground.  
Consider the following approximated maps of lightning strokes in Saudia Arabia : if we 
compare the following two figures, we note why it is important to have lightning detection 
and mappings as illustrative methods in determining the rate of strokes and where most likely 
they would hit. Here it is clear, that the Southern western region of Saudi Arabia is the most 

                                                
1 WHB : Wadi Hanifa Basin 
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attacked by lightning strikes thus resulting in possible faults in power lines in that area as 
shown in the second figure which is a map showing transmission lines and their voltage rates. 
 

 
Source: Tamer Al-Alami, “Mapping lightning strikes in KSA: using numerical methods as a tool”, ppt  

Flashes per square kilometre per month (from 0,1 to 50) 
Nota: Detailed mapping with visible contours showing where lighting mostly strikes  
- SCECO-EAST: SCECO (Saudi Consolidated Electric Co.) Is the leading electric power company in Saudi Arabia handling all 
generation, transmission and distribution activities and operations in the entire Kingdom.  
- PDD: The Power Distribution Department mission is to manage the electrical power system of all Saudi Aramco facilities 
under PDD area of responsibility in a safe, reliable and cost effective manner, exceeding customer’s expectations. PDD was 
established in January 1983 as a maintenance department then evolving into distribution of power to all facilities).  
 
Topography and relief 
 

 
 

Contour plot of the ground surface in Riyadh area around Metro Lines 4, 5 and 6 
 

Riyadh is located on a sedimentary plateau about 600 m above the sea level in the heart of 
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Kingdom of Saudi Arabia (KSA), 400 km West from the Arabian Gulf. The plateau is slightly 
tilted to the southeast, and so the main wadis run in that direction. 
The ground where Line 4, 5 & 6 are located has a smooth surface, almost flat, with maximum 
slope around 2% to 4%. The alignment of the three lines ranges from an elevation of 585m in 
the southeast of Line 5, with a maximum of 665 m  around the chainage 4+000 of Line 4. 
 

 
 

Hydrological network 
 

The current drainage network reflects the monoclinal structure and the grabens, and 
comprises a large and complex system of wadis. The two major wadi-systems are Wadi 
Hanifah and Wadi Sulaiy. 
The old hydrological network through has been analyzed with aerial photographs of Riyadh 
city from 1950 and 1976, obtained from Saudi Geological Survey. Nowadays this network has 
been hidden by the growth and development of the city. 
In the photografh from 1950 several wadis with N-S direction can be observed. One of these 
channels was located approximately in the layout of the Line 5. These hydrographical systems 
would have left alluvial sediments that have been detected in some observation points and 
boreholes. 
In the photograph of 1976, the city has grown towards the North following the route of the 
Line 5, and the old airport. The river channels observed in 1950 no longer exist and their 
deposits were probably hidden by the growth of the city. 
All these changes in the hydrographical system have potential impact on water circulation and 
hydrogeology. 
It is worth noting that storm water pipeline is running along King Abdul Aziz road 
approximately where the ancient wadi was located. 
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Approximate location of main current hydrological network 

 
 Regional hydrogeology 
 
The study area presents a wide range of formations that behave as aquifers and waterproof 
or aquiclude2 levels. Many of these hydrogeological units have a heterogeneous water level, 
which is affected by seasonality and urban activity. The aquifers that have been identified in 
the subsoil of Riyadh are the following : 
 • Deep aquifers :  Also named as “sandstone aquifers”. They are the hydrogeological 
units located to 800-2,000 m under the city, or outcrops several kilometres at East of Riyadh, 
and comprise the following formations : 
  - Minjur-Dhruma aquifers. 

- Wasia-Biyadh aquifer. 
 • Shallow aquifers : they are all hydrogeological units which outcrop at surface and are 

                                                
2 Aquiclude : a hydrogeologic unit which, although porous and capable of storing water, does not transmit it at rates sufficient to furnish an 
appreciable supply for a well or spring (after WMO, 1974). 



Underground and surface transit lines environment in Riyadh metropolitan area 

 26 

located less than 800 m deep under Riyadh city, comprising the following formations or units 
: 

- Quaternary alluvial of wadis : Associated to the alluvial sediments of existing 
wadi channels and ancient wadis currently covered by the city development. 

- Cenozoic deposits of Eastern Riyadh : Includes groundwater system composed 
by sediments of Al-Butain Depression and Wadi Sulaiy. 

- Arab and Sulay Formations which include karstic sulphates-carbonates. 
- The Jubaila Aquiclude.  
 

The shallow aquifers (<50 m depth) are which directly affect the Riyadh Metro works. 
Groundwater in these shallow aquifers is mainly man-made, coming from different kinds of 
losses of water networks (potable, sewage, irrigation, etc.). Water is located in the uppermost 
and most weathered layer of rock and in the superficial layers of soils, where present. 
The citizens of Riyadh, for many years, have depended upon Wadi Hanifah for their water 
supply. Only during the last four decades other sources of water have begun to contribute to 
the water supply system of Riyadh :  the sandstone aquifers and desalination of sea water. 
The first Wasia well Field was drilled in 1980. 
 
 Deep aquifers 
 
Minjur-Dhruma aquifer (Upper Triassic - Lower Jurassic) : 
 
Confined aquifer with the following hydrologic characteristics ([R5]) : 
In Figure is shown the iso-pressures lines of the aquifer (blue colour), showing a circular 
contours close to Riyadh. It corresponds to a depression in the groundwater contours due to 
water extraction by pumping from the aquifer for supply. The small box in the upper right 
corner shows the evolution of cone pumping between 1974 and 1980, approaching the city of 
Riyadh. 

 
Minjur – Dhruma aquifer (R5) 
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Wasia-Biyadh aquifer (Cretaceous) : 
 
It represents as well an important aquifer to supply Riyadh comprising sandstone, shale, and 
siltstone, with 100 to 250 meters thickness. The outcrops are located in the east of Riyadh. 
Since the dip is to the east, this formation is not below the city of Riyadh.  
 

 
Wasia-Biyadh aquifer 

 
 Shallow aquifers 
 
Quaternary alluvium : 
 
In this unit are included the deposits of Quaternary age belonging to the current wadis, which 
contains water in the gravel levels of current wadi channels. It also comprises the deposits of 
ancient wadis (studied in hydrological network section) actually covered by the growth of the 
city.  
 
Cenozoic deposits : 
 
The Cenozoic deposits of the Al-Butain and Maraghah Depression in the eastern area of 
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Riyadh, on which Wadi Sulaiy is superimposed, form a complex groundwater system (Eastern 
alluvium).  
 
Arab and Sulay Formations : 
 
As it can be seen in the geological map of Riyadh, these formations outcrop in the middle and 
western area of Riyadh. They are in contact with the Quaternary deposits of ancient wadis 
and, together, constitute the so-called “shallow aquifer” or poor aquifer (aquitard), with 650 
meters in complete section.  
 
The piezometry for the Upper Arab and Sulay Formation Fracture Zones is similar to the 
regimes for the Arab-ArRiyadh aquifer. In general, groundwater flows towards the Al Jubaila 
escarpment and then presumable southwards towards Ain Hith, except at city center of 
ArRiyadh, where dewatering schemes have a big impact on flow direction. This is due to the 
effect of recharge that makes the city itself, produced by the continuous loss of water supply 
and sewage. 
 
The Jubaila Aquiclude : 
 
The Jubaila formation is located beneath the Arab formation. The bulk of this formation is a 
massive well stratified micritic limestone, with a very low permeability (0.0001 – 0.1 m/day), 
considered as an aquiclude that cannot transmit water. However the top 10 – 50 m of this unit 
can be fractured and karstified, with decimetric and metric caves hollow or filled with karstic  
fillings , seen in the talus of the Western Ring Road, particularly under and adjacent to the 
wadis, with a marked increase in permeability. Groundwater salinities have been measured 
by electrical conductivity.  
 
The apparent regional hydraulic gradient appears to be of 40 m/km. However there is no 
regional interconnected flow in the Jubaila formation. Just isolated fractured areas with water 
have been reported, associated with soak ways in newly built ArRiyadh districts. These are  
frequently constructed on thin veneer gravel overlying the Jubaila limestone, resulting in very 
shallow perched groundwater . 
 
Apart from the upper 50 m fractured and karstified, the rest of the Jubaila formation acts as 
waterproof level, preventing the hydraulic communication between the shallow aquifers and 
deep aquifers and protecting these deeper aquifer of pollution due to sewage leak. This is the 
reason why the Jubaila aquiclude is so important in the hydrogeological scheme of Riyadh. 
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Source : Misfer Saud Kalthem, Department of Hydrology and Water resources, University of Arizona, « Evaluation of Riyadh 
City water supply and demand », thesis for the degree of Master of Science with a major in Water resources administration, 
26 June 1978, 120 p. 

Schematic geological cross section 
 

Geology 
 
The geology underlying Riyadh is a succession of Mesozoic Late Jurassic to Early Cretaceous 
strata over the Arabian Shield basement complex. Many cavities are expected to underlie 
Riyadh sub-soil which is expected to pose the most significant geotechnical challenges for the 
Metro construction. Finally, there is an Hith Anhydrite unit where the massive anhydrite crops 
out in a vast swallow hole of karstic origin. 
In the outcrops of Ar-Riyadh, as everywhere in Arabia Saudi, the anhydrite rocks of the Arab 
Fm and Hith Anhydrite have been transformed to gypsum and remain as solution residues. 
Sometimes all the sulphates rocks have disappeared by dissolution resulted in a very intense 
brecciation of the carbonate rocks of the Arab Formation and the lower part of the overlying 
Sulaiy formation. These Jurassic deposits are the substrate in the western part of the city.  
 
The geological units presented in the area of Ar-Riyad can be subdivided into three general 
groups , depending on their age.  
 
On one hand, the Jurassic Units (Fm. Jubaila, Arab and Hith Anhidrite) represents the more 
ancient materials, composed of carbonate deposits, with breccias units, that may be 
interbedded with evaporites at deep (Fm. Arab). In the outcrops of Ar-Riyadh the anhydrite 
rocks of the Arab Fm and Hith Anhydrite have been transformed to gypsum and remain as 
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solution residues. Sometimes all the sulphate rocks have disappeared by dissolution resulting 
in very intense brecciation of the carbonate rocks of the Arab formation and the lower part of 
the overlying Sulaiy formation. These Jurassic deposits are the substrate in the western part 
of the city. 
Located above these Jurassic materials on a discordant manner, Cretaceous materials are 
found, mainly calcareous, with breccias units, constituting the substrate of the east part of the 
study area. The Sulaiy formation is expected to be at shallow depths at the start of Line 4 
increasing in depth towards the east. 
These materials are covered by Quaternary deposits of different types from the alluvial 
deposits of current wadis, which constitute the main quaternary unit likely to be encountered, 
to the aeolian deposits constituting the dunes. The following sections describe in detail all 
these units, from the most modern to the oldest. 
 

Bedrock 
 

The entire Ar-Riyadh quadrangle is underlain by Phanerozoic sedimentary rocks of the 
western edge of the Arabian Platform, which rest on Proterozoic basement (Precambrian 
rocks) of Arabian Shield. The Phanerozoic sequence is unconformable overlain by Late Tertiary 
to Quaternary deposits (Figure below). 
 
The geology of Riyadh is dominated by limestone rock from the Jurassic and Cretaceous 
periods (140 to 150 Million years ago). Three main geological formations in the city are :   
 
 - The Jubaila Formation – The oldest and deepest rock in the city ; this rock formation 
acts as a leaky aquiclude beneath the ‘Arriyadh Aquifer’. Based on the geological map this unit 
is typically encountered in areas west of Wadi Hanifa. 
 
 - The Arab Formation – is a sequence of limestones that were originally interbedded 
with soluble rocks (gypsum and anhydrite). The soluble rocks have since been dissolved and 
the limestone beds have been subject to geological movements to take the place of the 
removed soluble rocks – the resulting rock mass is generally referred to as a‘collapse breccia’.  
The Arab Formation (J1) has been identified along the first 5.6 kilometres of Line 5, until the 
contact with the Cretaceous deposits. The two units of the Arab formation : Breccia complex 
(J1a) and Carbonate facies (J1c) are present along the 5.6 km of the Line-5 alternatively. The 
Carbonate facies is a stratified rock composed of Arab-C and D members, with cream to light 
grey bioclastic and oolitic calcarenite and limestone (Jad and Jac). The Breccia complex may 
be massive or grossly stratified, comprising carbonate clast of Arab-B and Arab-C members, 
mixed together with blocks from overlying Sulaiy formation, possibly after solution of 
evaporitic anhydrite facies of Arab-C and Arab-B members and Hith Anhydrite unit, or 
sedimentary deposition. 
 
 - The Sulaiy Formation – The youngest in the sequence, and consist of marly limestone 
and limestone of low permeability that forms a leaky aquiclude overlying the ‘Arriyadh 
Aquifer’. 
The same type of breccia (stratified and massive) has been identified in Sulay Formation. This 
unit is encountered approximately East of the eastern ring road under a varying cover of 
superficial deposit. 
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 Cretaceous deposits 
This unit is composed by three formations from base to top : Sulaiy Formation (C2), Yamama 
and Buwaib Formations (C1). 
In Line 5, from the 5.6 kilometre until the end of the line, materials of Sulaiy Formation are 
the only bedrock. 
This formation is composed of compacted cream micritic to sparitic limestone with cream 
calcarenite and some coquina beds. There are also cream carbonate breccias in the base of 
the unit. 
 
 Quaternary deposits 
The fluvial deposits identified along Line 5 are composed of two formations : Sheet Gravel 
(Qgy) and Wadi alluvium (Qtz, Qty). 
The first one is composed of unconsolidated superficial deposits of gravels, sand and silts 
which have been frequently reworked during wadi floods. 
The wadi alluvium deposits are well-sorted sands usually reworked during periods of rainfall. 
Gravels and sands are the Granular soils (Q1a). Some fine deposits with clay and silt are named 
as Cohesive soils (Q1b). 
These alluvial deposits consist mainly of sub-rounded gravel and pebbles of Mesozoic 
limestone mixed with abundant reworked aeolian sand in a clayey matrix, and giving away 
upward to very fine-grained clayey, silty and pedogenic sediments. 
Other types of quaternary deposits identified at ground surface and at depth are the karstic 
fill materials and decalcification soils (Q1c). They originate by the dissolution processes of 
limestone, leaving reddish to brown clays and silts with limestone clast that fill ancient karstic 
voids at depth. 
 

 
  

Simplified general geological map of Saudi Arabia 
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Earthquakes, and seismic risks  
 

Volcanoes  
 

The Arabian tectonic plate is migrating away from the African Plate at a rate of around 2 cm 
per year. In North - western and central western Arabia crustal extension is also occurring, 
and has resulted in significant Cenozoic volcanism. The two most common types of volcanic 
emission (more than 80 percent) in Saudi Arabia are shield volcanoes, with fairly flat slope, 
due to thin fluid basalt lava flows. 
 

 
Source: National Centre for Earthquakes and Volcanoes 

A: The main Cenozoic lava fields (harrats) in western Saudi Arabia showing the MMN volcanic line.  
B: The three-armed rift of the Red Sea – Gulf of Aden – East African Rift zone. The inferred mantle plume is 
below the Afar triangle. 
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The more recent basaltic lava fields and volcanoes date from 10 million years ago up to the 
historic eruptions. They lie along a 900 km line within the shield that extends south from the 
Great Nafud Desert, through the cities of Al Madinah and Makkah, and then as far south along 
the coastal plain as Al Qunfudah. The northernmost 600 km length of this trend takes the form 
of a North-south graben structure about 600 km long through which the main Cenozoic 
basaltic lava fields (harrats) have been erupted. This zone has been named the Makkah-
Madinah-Nafud (MMN) Volcanic line, and includes Harrats Rahat, Khaybar and Ithnayn.  
 

 

 
Source : Shell Global Solutions International BV, « Dubai LNG Seismic Hazard Desk Study », Seismic Hazard Desk, Study Rev A 
December 2006. 
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Harrat Rahat, which extends between Makkah and Madinah, covers about 20,000 km2, and 
has 644 scoria cones, 36 shield volcanoes and 24 domes. It forms the axis of uplift in western 
Saudi Arabia, and geothermal phenomena are observed along this trend.  
Low level geothermal activity and seismicity indicate that the MMN trend remains active. The 
areas of Cenozoic volcanism and the MMN volcanic line are shown in the map of the harrats. 
 
 Earthquake Seismology  
 
 Tectonics of the Arabian Plate  
 
The crust of the earth is composed of many tectonic plates, and most of the major earthquakes 
occur at the plate boundaries. The eastern and northern margins of the Arabian plate consist 
of the Zagros and Makran Mountains in Iran, and the Taurus Mountains in southern Turkey, 
and these form a convergent zone where the Arabian plate collides with the Eurasian plate. 
The Arabian plate moves in a northeasterly direction between the Owen fracture zone and 
the Dead Sea fault, with widening of the Red Sea and Gulf of Aden, and collision or subduction 
with the Makran, Zagros, and Taurus Mountains.  
Apart from the seismicity along the axis of the Red Sea and along the Gulf of Aden, 
considerable activity occurs along the Dead Sea transform fault system, and many 
earthquakes also occur due to collision at the subduction zone along the Zagros Mountain 
belt. In the central and western part of the shield some of the Cenozoic volcanic areas are still 
potentially active, and some seismicity is associated with this low-level volcanism.  
 

 
Source : SGS 
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As far as Saudi Arabia is concerned, the most active area is along the Gulf of Aqaba (Dead Sea 
transform fault), where the left lateral movement relative to Sinai is 4 to 5 mm per year. The 
region of the Gulf has active sinistral transform faults with associated pull-apart basins (the 
deeps in the Gulf of Aqaba), and hence is an area where large damaging earthquakes occur 
quite regularly. The last major event was the 1995 Haql earthquake in the Gulf of Aqaba 
(magnitude 7.3), which caused significant damage on both sides of the Gulf and was felt 
hundreds of kilometers away. Magnitude 6 earthquakes are common along the spreading axis 
of the Red Sea but generally they are not felt onshore and appear to pose little risk to 
infrastructure. The figure here shows earthquake epicentres greater than magnitude 2 in the 
SGS catalogue for all years up to 2009. On 19 May, 2009, 19 earthquakes of M4.0 or greater 
took place in the volcanic area of Harrat Lunayyir to the north of Yanbu, including a M5.4 event 
that caused minor damage to structures in the town of Al Ays (40 km to the SE). This event 
produced the spectacular ground cracks seen in the photograph below. The maximum actual 
dip-slip offset on the fault in the hard rock in the nearby hills was about 90 cm.  
 

 
Source : - V. Pascucci, Seismic Engineer, Arup London, M.W. Free Associate Director, Arup, London and Z.A. Lubkowski, Arup 
London, » Seismic Hazard and Seismic Design Requirements for the Arabian Peninsula Region », paper in the 14th World 
Conference on Earthquake Engineering october 12-17 , 2008, Beijing, China. 

(a) Regional tectonic map (Johnson,1998) ; (b) Earthquake catalogue 
 

Seismology at Saudia Geological Survey 
 

 Permanent stations from the other previous seismograph networks have now been 
integrated with the SGS national network and upgraded using new broad -band 
instrumentation and satellite telemetry. Most earthquakes greater than magnitude 2 within 
the Kingdom are now routinely located and a comprehensive earthquake data- base has also 
been established for earthquake research. The stations (about 75 at present, see map) are 
concentrated in western Saudi Arabia, where most of the seismicity and hence the risk occurs. 
Eventually when the network of about 100 stations is completed the coverage will enable 
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earthquakes as small as magnitude 2 to be detected and located anywhere within the 
Kingdom.  
 

 
Source : http://www.sgs.org.sa/English/Earthquakes/Pages/default.aspx 

 
The SGS seismograph stations use a standard arrangement, with equipment manufactured by 
Nanometrics Inc. in Canada. Each broad-band seismometer is on bedrock in an insulated 
concrete vault about 2 m in depth, and is insulated to minimize temperature variations. Data 
from remote sites are transmitted via satellite to the SGS processing centre in Jeddah and 
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satellite channel usage is managed via commands from the SGS seismic center. 
Typical records of seismic waves arriving at 2 SGS stations from an earthquake in eastern Saudi 
Arabia are shown. The first wave to arrive is the direct P (compressional) wave, followed by a 
succession of P and S (shear waves). From the arrival times of these waves we can work out 
the location of the earthquake. 
 
  

 
Source : Jamal A. Abdalla and Azm Al-Homoud, American University of Sharjah, UAE, « Earthquake hazard zonation of 
Eastern Arabia », paper n°1008 in 13th World Conference on Earthquake Engineering Vancouver, B.C. Canada, august 1-6 
2004.  

Tectonics of UAE and its vicinity 
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Source: http://www.sgs.org.sa/English/Earthquakes/Pages/default.aspx 

Seismic zoning map of UAE and its vicinity for 475 
years return period showing five zones (0,1, 2A, 2B and 3) 

 
 
Karst Hazards  
 
 Riyadh Karst Limestone 
 
At the northwest part of Riyadh city, there are two units of limestone bedrock which have high 
potentiality of karst caves, sinkholes and open fractures. 
The first unit is exposed a NW-SW limestone belt at the eastern side of Riyadh city and is 
known as the Sulaiy Limestone Formation of the Cretaceous age (Geologic map of Riyadh 
Quadrangle, 1991). The Sulaiy Formation is typically composed of compacted limestone with  
few thin calcareous beds. In outcrop, this formation exhibits slumping features in its lower 
beds identical to the features found in the Arab Formation. The higher beds, however, are 
unaffected by slumping and are moderately strong, forming erosion-resistant, well-defined 
steep scarp slopes. Cavities and sinkholes are most commonly formed in the lower beds of 
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this formation at the contact with the Arab Formation rather than the upper beds as they 
made up mainly of compacted limestone.  
The second karst unit belongs to the Jurassic limestone of the Arab Formation. This formation 
is outcropping as NW-SE trend of limestone belt at the West side of the Riyadh. The formation 
is mainly made up of limestone and evaporites. The Arab Formation is the main rock unit 
underlying the city of Riyadh. It is considered the most susceptible to development of solution 
cavities. This could be attributed to either the dissolution of evaporites, or the nature of the 
limestone, which may be found in the form of limestone boulders in an extremely soluble 
matrix of softer dolomitic limestone. The limestone unit is thin bedded and shows high 
deformation (structural slumps) phenomena that resemble brecciated rock.  
 
The limestone units at Riyadh city have many large dissolution sinkholes ; numerous 
subsidence sinkholes ; scattered collapse and buried sinkholes, pinnacled ; relief of 5-20m ; 
loose pillars, extensive large dissolution openings on and away from major fissures, caves are 
many (size greater than 5m across at multiple levels). The average strength parameters of 
Riyadh City foundation bedrock af-ter Alawaji et al. (2006) are as follows :  
 

• Average unconfined compressive strength = 30 Mpa  
 
• Average Young`s modulus = 40 Gpa  

 
The karst limestone encountered at Riyadh city can be classified as Class K IV (Ford and 
Williams, 1989 engineering classification). Different types of sinkholes have been recognized 
in Saudi Arabia. The sinkholes are of various sizes, shapes and occur at different depths. Their 
presence may cause a direct risk to infrastructure such as urban areas, roads, areas being 
developed, and farmland. Some sinkholes have also appeared in barren uninhabited areas. In 
recent years more than eight large sinkholes or ground collapses have occurred to the west of 
Al Khafji and in the An Nu’ayriyah area (northeast Saudi Arabia) due to dissolution of the 
underlying limestone.  
 
 Loess soil  
 
Loess soil is an unconsolidated well-sorted deposit. It is relatively homogeneous, seemingly 
non-stratified, and extremely porous. Loess has different definitions, but is generally 
considered to be wind-blown (aeolian) silt where the sediments were transported by wind . 
Loess soil mainly consists of quartz, feldspar and mica grains that are angular showing little 
polishing or rounding. Because the grains are angular, loess often retains the shape of banks 
for many years without slumping. The soil characteristic called vertical cleavage allows the 
formation of cave dwellings. Loess may be readily eroded by water, wind and seismic activity. 
Loess soil occurs in various areas in the Kingdom. 
 
The caves of Central Saudi Arabia  
 

Geology 
 Caves are airfilled underground voids developed by the former action of water on rock that 
over a long period of time was dissolved, opening up holes and tunnels in the ground. The 
holes and tunnels in cave systems are normally interconnected, depending on how the water 
seeped through the rock along joints and cracks, working its way down to the water table 
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below the surface of the ground.  
The caves illustrated here are in limestone - the most common type of rock to have caves - 
which in this part of Saudi Arabia consists of calcium carbonate and small amounts of 
magnesium carbonate. The rocks found 50 million years ago from the calcareous shells and 
skeletons of countless organisms that flourished in shallow warm seas that covered the 
Arabian Peninsula. Over time, the shelly deposits were cemented by additional calcium 
carbonate, became hard and turned into limestone, forming a geologic unit referred to as the 
Umm er Radhuma and Rus Formations. Starting 25 million years ago, these formations were 
raised above sea level by earth movements affecting the whole of the Middle East, and were 
exposed to wind and rain at the surface. 
 

 
 

 
The action of water percolating down through soluble rock is critical for the formation of most 
caves. Some caves develop because sulphuric acid rises from deep below the surface, but this 
is rare and it is not known if any of the caves in the Ma'aqala area formed in this fashion. Most 
likely they all formed by water action - either by falling rain or by streams that sink into the 
ground through joints and holes.  
The process of forming caves in soluble rock is very slow. As rain falls through the air, it absorbs 
a small amount of carbon dioxide and picks up additional carbon dioxide from the soil. The 
result is a weak solution of carbonic acid that seeps downward, dissolving the limestone 
bedrock and opening up cavities and inter-connected channels. 
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Ain Hit : Diving in the Desert 
 

Cavity risk 
 

Cavities are present in the limestone unit of the Jubaila, Arab and Sulaiy Formations. Based on 
the Geotechnical Report whose references are above, within the Metro project area these 
cavities can be divided into three different types : 
 
  - Type A : these cavities are typically the result of widening or opening of the 
joints and bedding planes of highly permeable rock through which groundwater can easily 
percolate. Groundwater enlarges these fractures by two processes : chemical and/or 
mechanical. 
  - Type B1 : these cavities are formed by the dissolution of anhydrite/gypsum 
beds within the limestone resulting in the formation of relatively larger voids. The ongoing 
formation of these voids may result in the collapse of the overlying rock layers resulting in 
extensive broken, brecciated rock with increased permeability. 
 
  - Type B2 : as for cavities Type B1, these cavities are formed by the dissolution 
of anhydrite/gypsum but with further erosion of the rock layers due to percolating 
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groundwater. 
 
The Arab Formation, which is the main rock unit underlying the City of Riyadh, outcrops at 
NW-SE on the west side of Riyadh City. The Arab Formation is mainly made up of limestone 
and evaporites. It is considered the most susceptible to the development of solution cavities. 
This could be attributed to the dissolution of anhydrite beds and brecciated nature of the 
limestone at the contract between the Arab and Sulaiy Formation. 
 

 
Source : ArRiyadh Development Authority (“ADA”), Riyadh Metro Package 3 (Lines 4, 5 & 6) Viaduct 4.2.18 Geotechnical 
Design Report, ref. M3-DJV-TRP-EBG00-VIA-000008 AC 04 January 2015. 
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Geological Zones across Riyadh 
Figure above shows an extract of the geological map of Riyadh with 4 distinct geological zones. 
· Area 1 – Beyond the extent of the Metro Package 3 (Line 4, Line 5 and Line 6) 
· Area 2 – Arab Formation and Sulaiy Formation 
· Area 3 – Eastern Alluvium over Sulaiy Formation 
· Area 4 – Beyond the extent of the Metro Package 3 (Line 4, Line 5 and Line 6) 
 

 

Sand storms 
 
 Dust Storms  
 
Dust storms are other potential and common natural hazards in Saudi Arabia and affect the 
daily life for short time intervals, (Maghrabi et al, 2009). The most important issue with dust 
storms is the reduction of visibility that increases the incidence of traffic accidents and may 
increase the occurrence of vertigo in aircraft pilots, (Davan et al., 1991; Kutiel and Furman, 
2003). Other environmental impacts may include the adverse impacts on human health 
especially with patients suffering from lung disease, damage to telecommunication and 
mechanical systems, reduction in soil fertility and damage to crops.  
The frequency of sand storms increases during the months of March, April and May. The dust 
originates mainly from the arid areas across the Arabian Peninsula and transported by the 
southwesterly winds towards the east, (Ackerman and Cox, 1989). A dense wall of dust 
barreled across the Arabian Peninsula on March 26-27, 2011. The massive storm stretched for 
more than 500 kilometers across the Arabian Peninsula, (http://earthobservatory.nasa.gov). 
 
Riyadh city is surrounded by desert areas and having an altitude of 600m is exposed to dust 
storms several times in the year. Al-Tayeb and Jarrar, estimated the average quantity of dust 
falling on Riyadh to be around 220 tons/km2/ year. In a previous study, Basahy (1987) 
estimated the dust deposition rate to be 196-220 tons/km2/ year. 
Dust particles play an important role in air quality and environmental health. They affect both 
solar and terrestrial radiation by scattering and absorption and are therefore considered to 
be a significant climate-forcing factor. Dust storms are natural hazards that affect daily life for 
an interval ranging from a few hours to a few days, and they are a very frequent phenomenon 
in Saudi Arabia, especially in the pre-monsoon season.  
 
On 10th March 2009 a widespread and severe dust storm event that lasted several hours 
struck Riyadh (24.9 1° N, 46.41° E, 764 m) and represented one of the most intense dust 
storms experienced in Saudi Arabia in the last two decades. In this study, the effect of this 
dust storm on meteorological parameters was investigated. These parameters are relative 
humidity, air temperature, visibility and atmospheric pressure. Around noon local time on the 
event day, with the arrival of the dust plume, there were dramatic changes in weather 
conditions. Air temperature dropped by about 6 

o
C, relative humidity increased dramatically 

reaching a value of 33 %. The visibility deteriorated dramatically to a value of 1 meter. These 
results also, show that the effect of this storm was associated with an increase in both 
atmospheric pressure and relative humidity as well as a reduction in temperature and visibility 
for the two days following the storm in comparison with conditions before the storm. The 
impact of several other dust storms on meteorological parameters during the year of 2009 
were investigated and compared to the March 10th storm. It was found that this storm had a 
greater effect on the meteorological variables than the other storms. 
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Source :http://www.news.com.au/travel/travel-updates/huge-sandstorm-blows-through-saudi-arabia-and-gulf-
states/story-e6frfq80-1227290048175 
 

Dust and sand storms are among nature's most violent and unpredictable phenomena. High 
winds lift dirt or sand particles into the air, unleashing a turbulent, suffocating cloud that can 
reduce visibility to almost nothing in a matter of seconds and cause property damage, injuries, 
and deaths. No matter where you live, it's a good idea to know what to do if you see a wall of 
sand racing toward you. 
 
 Chemicals Properties 
The results of analysis indicated that all of the dust samples had a high CaCO3 content ranging 
from 16.9 to 48.47%. The high values of CaCO3 are believed to have originated from soils rich 
in calcium carbonates (limestone and dolomite) which are abundant in Saudi Arabia (Arabian 
shelf). Analysis of dust samples revealed that most samples were alkaline in reaction, with pH 
values ranging from 8.33 to more than 12 in Al-azeezya and industrial district sites. These high 
values could be due to the high level of Na and CaCO3 in the dust samples and may be related 
to the industrial activities in those sites. The soluble salts in the dust were high, especially in 
the industrial sites. The presence of high salt level may be attributed to the saline soils from 
which the originated or the industrial activities in places of high salt content samples. 
 
 Technical issues 
There are still regional issues that must be taken into account : 
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"The issues are more related to the high temperatures and the large presence of sand. For a 
hot region the cooling systems must be designed appropriately, typically more powerful, with 
10 to 20 per cent increased cooling capability compared to a typical European train," an 
engineer explained to Gulf News."The large presence of sand implies the use of air filters 
specially designed to protect the train's systems when operating under severe conditions like 
a sandstorm. The sand also requires that maintenance of the railway line should be more 
intensive and well coordinated to avoid damage to trackside equipment such as switches, 
there is a need to pay special attention to sand when designing both infrastructure and rolling 
stock to prevent damage " he said. 

 

Source : Kingdom of Saudia Arabia, Arriyadh development Authority, « Investment Climate in Arriyadh city 2009, annual 
report 2009. 
 
 
 
Among all the described natural risks it seems that temperature, floods, groundwater, karst 
hazard, cavities, and agression of sand are strong risks and have to be taken into account 
seriously for the safety of the transit system.  
The thunderstorms and loess soil are moderate risks and have to be taken into account by 
some protecting equipments. 
 Other risks like wind speed, precipitations and earthquakes are of low risk but will appear less 
frequently and generally at a normal level. 
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 Technological Environment 
 
Installations Classified for Protection of Environment ICPE & Seveso 
 
General Environmental Protection Standards Applicable to Existing Facilities  
 
1. All existing major facilities shall be operated and maintained so as to avoid excess of the 
ambient environmental standards promulgated for the Kingdom. Additional control 
technology shall be installed where necessary so as to avoid excess of the ambient 
environmental standards.  
 
2. All existing facilities shall be operated and maintained so as to avoid the discharge of any 
toxic substance, whether specifically regulated or not, in quantities sufficient to be harmful to 
public health. 
 

 
 
Source : - Khadiga G. Adham Zoology Department, King Saud University, Riyadh 11495, Nadia A. Al-Eisa, Manal H. Farhood, 
« Risk assessment of heavy metal contamination in soi land wild libyan jird, Meriones libycus in Riyadh, Saudi Arabia », in 
Journal of Environmental Biology, November 2011. 

 
A schematic illustration of Riyad hand neighborhood showing the relative position of the reference ® site 

from the polluted (P) site within the eastern section of Riyadh City. 
 

 
The City of Riyadh is extending over 1600 km2 on a relatively flat plateau, at 24° 40’ N, 46° 41’ 
E and an altitude of 600 m. It is situated in an extremely arid area with an average annual rain 
fall of 101,3 mm or 4 inches per year. Riyadh is surrounded by sandy hills, sand dunes, and 
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vast deserts that cause serious dust contamination. Two large industrial complexes were 
established in the vicinity of Riyadh City. The first of them, with a total area of 451 000 m2 and 
59 industrial units, is located in close proximity to city centre. The second, with an 
approximate total area of 12 000 000 m2 and 497 industrial units, is situated 17.5 km southeast 
of the city core. 
The industrial areas are located on the East and the North-East of the city, including some of 
the world's largest factories of oil-related industries. Aramco has large operations in the area 
which includes oil refineries. Electricity and water-treatments plants supply the city with their 
much-needed energy and water, which also reach the nearby towns. 
 
Riyadh 2nd Industrial City was established in 1396H (1976). The industrial city is located on 
Kilo 17, Al-Kharj Road, South-East of Riyadh. In order to satisfy the growing demand for 
industrial lands in Riyadh, the development of the industrial city was carried out on a total 
area of more than 18 million square meters in four stages. Worldwide famous factories 
including ABB for the electrical industry and industry controls automation factory and Henkel 
Detergents Saudi Arabia Limited are located here. 
 
The city has three main gates, the first gate on the old Kharj road leading to warehouses 
facilities and residence area, the second gate on the old Kharj road which designed to be the 
main gate for the city serving all activities and directly connected with the central road, the 
third gate lies at the end of Al Kharj new road serving the traffic going to and coming from the 
ring road. 

The Industrial Gate City is strategically located and situated at the southern part of Riyadh on 
the junctions of old Kharj road with new Kharj road. This strategic location inside the Saudi 
Capital is where most major companies and important financial institutes are focused. In 
additionto that, ease of access to and from city through main traffic axes of Riyadh whether 
through old Kharj road, the new Kharj road or using the circular ring roads. Its proximity to the 
first and second industrial zones adds additional benefit and guarantees success for all its 
users. 

 Future Industrial City (Riyadh) 
The Future Industrial City Project is in close proximity to the second industrial city, on Al Kharj 
road, near the bridge leading to Haith road ; 27 km from Riyadh city center. Fully serviced plots 
for warehousing, commercial and industrial use, within the range of 2000-7000 square meters 
for each plot, including full serviced offices, labour camps, family accommodation, training 
centre, motel and retail. 
 
Regarding the environment of the metro lines we did not find an inventory of risks, 
establishments such as refinery, stocks hydrocarbon, gas pipes or water pipes, which could 
have an impact on a safe operation of trains in the event of an industrial accident or 
breakdown or explosion. If these institutions exist along the railroad, there is a perimeter of 
protection around these institutions, it seems that the cement factories, oil installations, are 
far enough of the tracks if some fire or explosions happen in these factories.  
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General Summary 
 
Natural environment 
 
The weather  

 
Saudi Arabia is one of the world’s hottest and driest places, climate could be characterized as 
a desert’s climate, the coastal regions show a marked change of climate from that found in 
the rest of the country. Nevertheless there is a cool and rainy short period in winter. Winter 
is warm in most of the country, with high temperatures around 20°C, and cool in the 
mountains, where the temperatures may fall below freezing at night. Polar air masses that 
occasionally blow south from Russia can bring some truly cold weather : also between the 
night and the day temperatures, we record wide fluctuations so we can find differences until 
45°C. Temperature can be cooler in some areas like near the sea.  
 
 The wind 
 

In the histograms representing the wind speed as recorded maxima are at nearly 100 km/h. If 
windproof guardrails are fixed along the viaduct and on the ground, this would allow to 
operate the trains in high winds up to a certain speed to be set. Furthermore the railing could 
reduce the amount of sand that is deposited on the tracks of the subway viaduct and ground 
after a sand storm. 
 
 The flood 
 
For the parts on ground and underground of metro lines in the tunnel, the water can be 
swallowed by the various entrances and openings in stations, equipment rooms and 
ventilation, Sewerage pipes in the streets with their manhole can cause flooding inside the 
subway. After the catastrophic flood event that occurred in Jeddah in November 2009, it 
appears a urgent need to involve the environmental security issue in a national program of 
the country. In this study, focus was on basins assessment and its vulnerability to flood peaks 
in WHB3 and the surrounding basins around Riyadh city, which is a highly populated area. Even 
though the three studied basins show a relatively moderate vulnerability for flooding. 
 
 The thunderstorms 
 

 Numerous thunderstorms followed by lightning especially in areas with dark colors (flashes 
per square kilometer per month) appear in Saudi Arabia shown on the map that is West of the 
Saudi along the Red Sea, but also along the Persian Gulf and especially in a line North West - 
South east between Dammam and Riyadh.  

Lightning protection systems to avoid lightning incident of signalling along the line after a 
thunderstorm must protect electronic equipments along the tracks. Lightning arresters should 
be installed in the viaduct and ground areas of the tracks to protect equipment in order to 
maintain the operation of the subway safely. 

                                                
3 WHB : Wadi Hanifa Basin 
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 The groundwater 

 Regarding groundwater in which the tunnel will be built, given the large number of water 
bodies through which the underground structure and possible pollution found in 
groundwater, the quality of water crossing table is checked to specify the composition and 
concrete components for its best performance. More broadly, polluted land on which should 
be built additional works of the underground structure are the subject of quality control of 
water from the groundwater and soil having provisions for future works.  
 
 
 
 The geology 
 
Geology underlying Riyadh is a succession of Mesozoic Late Jurassic to Early Cretaceous strata 
over the Arabian Shield basement complex. Many cavities are expected to underlie Riyadh 
sub-soil which pose the most significant geotechnical challenges for the Metro construction. 
Geotechnical research has to continue survey or geophysical detection to prevent cavities and 
drilling in the area of the future metro must be made to ensure that no vacuum is left in the 
future area of subway construction work. 
 
 The earthquakes 
 
 KSA is a country of low seismic activity and scarce past earthquake data. The seismographic 
installations in the country were commissioned in 1984. Contrary to common belief, there are 
regions in the country where peak ground acceleration reaches 0,2 g and 0,3 g in 50 years for 
10 and 5 percent probabilities of excess respectively.  
 
The city of Riyadh is quite far from the iranian faults and the red sea faults. A seismic zoning 
map of UAE and its vicinity for 475 years return period shows five zones (0,1, 2A, 2B and 3) in 
the figure above: the Saudia Arabia region near east coast (Barhein) and Riyadh are in a zone 
0 to compare with others zone 1,2,2B & 3. 
 
 The karst hazards 
 
 Lessons that can be achieved from the study summarized are as follows :  
 

- Geologic and geomorphologic desk studies should be done prior any site geotechnical 
investigation phase.  

 
- The obtained geologic and geomorphologic maps are used as a guide for geophysical 

survey task to minimize the effort and cost.  
 
- GPR and 2D electrical resistivity imaging give very good detection for the karst features 

(caves, sink-holes and open fractures). Ground penetration radar (GPR) cannot work 
in areas of high water content or shallow groundwater aquifers.  

 
- The geophysically detected anomaly can be easily verified by mechanical probes.  
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- Karst feature treatment can be classified into compacted engineering fill, engineering fill 

with geosynthetic materials as reinforcement, concrete filling and cement grout filling.  
 
- For sites that have shallow groundwater aquifer it is prefered to minimize the use of 

concrete filling and cement grout to avoid affecting the channel way of the ground 
water. In this case we can use coarse ag-gregate as engineering fill materials.  

 
To prevent of sinkholes which are of various sizes, shapes and occur at different depths,  
survey research or geophysical detection are necessary. Their presence may cause a direct risk 
to infrastructure like the poles of viaduct, the tracks on the ground and other civil engineering 
annexes of tunnel and the tunnel itself. 
 
  The sand storm 
 
To characterize the ambient falling dust pollution 15 typical sampling sites were chosen for 
falling dust collection at time interval of one month. Results revealed that Riyadh city receives 
a considerable amount of dust during the studied period. The finding indicated that dust 
deposition rates across the city are high with sites located near construction activities and those 
located in Eastern Riyadh being the worst affected. The average monthly deposition value for 
all sites in the three months ranged from 20.13 to 139.9 Tons km2 with an average monthly 
value of 42.09 Tons km2. The results showed that silt was the dominant fraction in almost all 
of the dust samples. ph, EC and CaCO3 content were rather high. 
Recommendations on maintenance will be provided for the maintenance of equipment during 
the operation of the metro to ensure a normal life span of the equipment. Given the density of 
dust containing silt, calcium and salt, tonnage per square km ,  special protection measures have 
to be studied and applied to protect equipment of the railway system. 
 
Among all the described natural risks it seems that temperature, floods, groundwater, karst 
hazard, cavities, and agression of sand are strong risks and have to be taken into account 
seriously for the safety of the transit system.  
The thunderstorms and loess soil are moderate risks and have to be taken into account by 
some protecting equipments. 
 Other risks like wind speed, precipitations and earthquakes are of low risk but will appear less 
frequently and generally at a normal level. 
 
 
Technological Environment 
 
General Environmental Protection Standards Applicable to Existing Facilities  
 
1. All existing major facilities shall be operated and maintained so as to avoid excess of the 
ambient environmental standards promulgated for the Kingdom. Additional control 
technology shall be installed where necessary so as to avoid excess of the ambient 
environmental standards.  
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2. All existing facilities shall be operated and maintained so as to avoid the discharge of any 
toxic substance, whether specifically regulated or not, in quantities sufficient to be harmful to 
public health. 
 
Two large industrial complexes were established in the vicinity of Riyadh City. The first of 
them, is located in close proximity to city centre. The second, is situated 17.5 km southeast of 
the city core. 
Riyadh 2nd Industrial City was established in 1976 is located on Kilo 17, Al-Kharj Road, South-
East of Riyadh.  
The Future Industrial City Project is in close proximity to the second industrial city, on Al Kharj 
road, near the bridge leading to Haith road ; 27 km from Riyadh city center.  
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