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Outline

ÅKSA water consumption; aquifers vs. desalination

ÅCost of desalination and tradeoffs compared to 

conservation, transportation, recycling, etc.

ÅRationale for using sustainable aquifer recharge

ÅRAK aquifers and estimated recharge

ÅDeep geophysical survey (MT) to map RAK 

aquifers and recharge transport routes (best 

locations for recharge capture)

ÅBenefits
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Water Requirements and 

Sources
ÅTotal water consumption now 

~22 x 109 m3/yr

ïAquifers: ~20  x 109 m3/yr

ïDesalination: ~2 x 109 m3/yr

ÅRapidly growing population and 
demand

ÅCost of multi-stage flash (MSF) 
desalination: ~US$1/m3

ïSimilar cost as lifting 2000m or 
pipelining  horizontally 1600km

ÅPresently, desalinated water from 
Jubail is piped 320 km to Riyadh
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Saline Water Conversion Corporation

Location of Main Generation and Transmission Assets
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KSA Deep Aquifers

ÅLarge fossil water resources exist in deep 
subsurface aquifers in desert areas including 
RAK

ÅSustainable exploitation: capturing portion 
of recharge waters without drawdown of 
fossil waters

ÅRecharge waters may be fresh (<~1000 ppm 
TDS) or brackish (~1000ï10,000 ppm TDS)
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Rubô al Khali Aquifer System 

(RAKAS)

ÅRecharge in Red Sea Hills

ïestimated at
Ó 4 x 109 m3/yr

ÅPaleozoic, Jurassic, Cretaceous, Eocene ages

ÅTotal thickness of aquifers > 1500 m

ÅDepth as great as 2000 m

ÅGeneral west to east flow

ÅIncreasing salinity, shallow to deep, west to 
east
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Traverse ïSample Locations

ϤϝжтЛЮϜ ЙЦϜмвм ϼтЂЮϜ А϶
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(1) Water Collection System 

ÅA major E-W watershed 

channels precipitation 

from Red Sea hills 

towards the RAK

 а϶Ў РтϼЊϦ Ќмϲ ϸмϮм)ФϼІ-ϞϼО  (

Ϝ ϼϲϠЮϜ ЬϝϠϮ пЯК ϣАЦϝЂϦвЮϜ иϝтвЮϜ РϼЊт ϼвϲц

сЮϝ϶ЮϜ ЙϠϼЮϜ иϝϮϦϜ сТ.
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(2) Precipitation relatively high

27% of the average annual 
precipitation (150 x 109m3) 
over the Arabian Peninsula 
is channeled toward the 
recharge areas in the RAK  

27%ТϼϝАвцϜ иϝтв АЦϝЂϦЮ рмжЂЮϜ ЬϸЛвЮϜ дв с

϶ЮϜ ЙϠϼЮϜ мϲж йϮϦϦ  ϣтϠϼЛЮϜ ϢϼтϾϮЮϜ ϣϠІ сЮϝ

An estimated 4 x 109 m3 a-1 to 10 x 

109 m3 a-1 of this water is 

partitioned as recharge to the RAK 

aquifer system.

ϼтϸЧϦ аϦ4 x 109 m3 a-1 to 10 x 109 m3 a-1 дв

ЮϜ ЙϠϼЮϝϠ ϣтТмϮЮϜ иϝϠвЮϜ ϤϝжϜϾ϶ рϺПϦ иϝтвЮϜ иϺк сЮϝ϶
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(3) Recharge areas at foothills of 

the Red Sea Hills
цϜ ϼϲϠЮϜ ЬϝϠϮ ϰмУЂ сТ ϣтϺПϦЮϜ ХАϝжв ϼвϲ
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(4) Groundwater 

flow from W to E

ÅGroundwater flow 

from W (Red Sea 

Hills) to E (Gulf) 

Groundwater flow

Ground Water Levels 

(Aramco data set)

ІЮϜ пЮϖ ϞϼПЮϜ дв ϣтТмϮЮϜ иϝтвЮϜ дϝтϼЂФϼ

 ϞϼПЮϜ дв ϣтТмϮЮϜ иϝтвЮϜ дϝтϼЂ)ϼϲϠЮϜ ЬϝϠϮ

ϼвϲцϜ ( ФϼІЮϜ пЮϖ)сϠϼЛЮϜ ϭтЯ϶ЮϜ(

 ϣтТмϮЮϜ иϝтвЮϜ ϤϝтмϦЂв)вϜϼϒ ϤϝжϝтϠ мЪ

ϣтϸмЛЂЮϜ  (
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Hydrogen & Oxygen Isotope Data

Hydrogen and oxygen isotope ratios are expressed 

in the conventional d(delta) notation, where

d= [(Rsample/Rstandard) - 1] x 1000 

R: Ratio of D/H or 18O/16O

S: Standard Mean Ocean Water

дтϮмϼϸтлЮϜм дтϮЂЪцϜ ϼϚϝДж ϤϝжϝтϠ
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O & H Isotopic Compositions
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Group I

ÅMostly from flowing 

artesian wells & springs & 

pumped wells

ÅIsotopically depleted

ŭ2H:  ï60ă to -35ă

TDS 1300 up to 76,000 mg/L

ÅHot waters

At Matty Hot spring

ϠϝжтЮϜм ϣтϾϜмϦϼшϜ ϼϝϠфϜ дв дв ϝлвДЛв ХТϸϦт м Йт

ϵЎЮϜ ϼϝϠϐ.
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Continue Group I Al Mohawaleh

Al Heesh
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From where did Group 1 acquire 

salinity?

Hormuz Series

ÅUpper Proterozoic 

sedimentary sequence (2 

km thick) underlies all 

major oil fields in the 

Persian Gulf area: Bedded 

salt, gypsum, anhydrite, 

with thick interbeds of 

dolomite, shale, and 

sandstone 

Edgel, H.S, 1991, Precambrian Research, 54, pp 1-14

 ̬ϣϲмЯвЮϜ пЮмцϜ ϣКмвϮвЮϜ ϤϠЂϦЪϒ дтϒ дв
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Origin ïGroup I
ÅUnlikely to have originated as modern precipitation 

 ϣϪтϸϲ ϼϝАвϜ иϝтв дв  ϝлжмЪϦЮ РтЛЎ ЬϝвϦϲϜ

ÅMore likely, represents paleowater precipitated during moist 

intervals in Pleistocene

 ϣвтϸЦ ϼϝАвϒ иϝтв АЦϝЂϦ ЬЛУϠ  ϣтТмϮЮϜ иϝтвЮϜ ϢϓІж дмЪϦ дϒ ϼтϠЪ ЬϝвϦϲϒ

)дтЂмϦЂтЯϠЮϜ.(

ÅOr High elevation recharge from mountainous areas (Red Sea 

Hills)

ϼвϲцϜ ϼϲϠЮϜ ЬϝϠϮ ϤϝЛУϦϼв пЯК ϼϝАвцϜ АЦϝЂϦ дв мϒ.

ÅSalinity acquired from subsurface dissolution of  Hormuz 

series

ϣтϲАЂ ϤϲϦЮϜ Ͼвϼк ϣКмвϮв дϝϠмϺ дв ϣϲмЯвЮϜ.
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Group II

ÅMostly from shallow 

hand dug wells 

Sheba water point

ЎЮϜ ϣтмϸтЮϜ ϼϝϠфϜ дв ϝлвДЛв ϣтжϝϪЮϜ ϣКмвϮвЮϜϣЯϲ
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Group II
ÅPlots along an 

evaporation line that 
extends upward from 
Group I samples

ÅSignificant 
evaporation & 
salinization

ŭ2H:  ï43ă to +19ă 

TDS >  92,000 mg/L
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Distribution of Group II wells correlates with that of 
sabkha and shallow groundwater 

ϣЯϲЎЮϜ ϣтТмϮЮϜ иϝтвЮϜм Ϥϝ϶ϠЂЮϜ ϤϝЛтϾмϦϠ АϠϦϼв ϣтжϝϪЮϜ ϣКмвϮвЮϜ ϼϝϠϐ ЙтϾмϦ


