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Introduction

The State of Kuwait sustained significant and widespread environmental damage resulting from the Iraqi 

invasion in August 1990 and the 1991 Gulf War. The occupation of Kuwait by the Iraqi army caused 

substantial damage to Kuwait's environment. 
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Case Study

• Gulf War in 1991 • 700 wells destroyed during 
the war

Lakes were formed at more than 500 different
locations, covering a total area initially
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locations, covering a total area initially
estimated at 49 km²

The surrounding environment is 
exposed to the oil lakes with all the 
contaminants left on the surfaces

22.7 million m³ of contaminated
soil remains, 

threatening pollution of
precious groundwater resources if not 

treated



The Situation of the Oil Lake

• The oil lakes containing crude oil and partially combusted oil with soot,

• Most of the oil lakes are now “dry,” i.e., the contamination now comprises a black, moderately hard,
tar-like dry surface layer.

• Even at 70 cm below ground, the contamination can be seen
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Evaluation of oil lakes in Kuwait desert (Al-Awadhi et al., 2000).
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Studies conducted by and Gevao, et al. (2006) & Al-Awadi, et al. (2009) showed that:

If the oil lakes remain untreated, its considered as a PAHs reservoir that will maintain
feeding the atmosphere and groundwater.



Pervious Work

• Japan Petroleum Energy Center (PEC) with the Kuwait Institute for Scientific
Research (KISR) has been researching for the remediation of oil-contaminated soil,
since 1993. Schematic diagram for bioremediation process in Kuwait contaminated
soil (Petroleum Energy Center, 1999).

Excavation and 
removal of mine 

Soil excavation

Screening and mixing with 
supporting materials 
(amendments, fertilizer) Oil lake residue and

surrounding area 

Excavation and 
removal of mine 

Soil excavation

Screening and mixing with 
supporting materials 
(amendments, fertilizer) Oil lake residue and

surrounding area 

Evaluation of a Multi-stage Strategy For Remediation of Kuwaiti Oil Lakes, Bratislava, 12./13. 09. 2016

Due to the different types of contaminants, it is necessary to apply more than one
remediation technique to reduce the concentrations of pollutants to acceptable levels

Windrow composting 
soil pile 

Bio-venting static
soil pile 

Landfarming
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Remediation of hydrocarbon contamination 

• Remediation of hydrocarbon-contaminated land can occur by removing
the source of the pollution or by breaking the pathways to the
receptors.

• Pollution can be removed physically by the removal of contaminated
soils; installation of physical barriers; vapour extraction; soil washing
and thermal treatment.

• Bioremediation involves engineering measures to intensify and
enhance the natural degradation processes in the soil. This can be
achievedby adding microbial seeds,mechanicalaerationpumps to
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achievedby adding microbial seeds,mechanicalaerationpumps to
increase the oxygen levels and by the addition of fertilisers.



Approach for selection among 
several soil remediation methods.
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Soil washing method was 
selected



Technology Development Status

Due to the different types of contaminants, it is necessary to apply more than one 
remediation technique to reduce the concentrations of pollutants to acceptable levels . 
(USEPA, 2002).

•challenge is not only to investigate the most effective method with respect to the 
practical applicability:

•Lab scale started to use bioremediation form Dec 2010 
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•Lab scale started to use bioremediation form Dec 2010 

(During PhD study)

•Lab scale started to use soil washing form August 2011

(During PhD study) 

•Pilot scale started from 2014

(During PhD study-until June 2016)



Filed Pilot Test

Soil washing is a treatment technology that uses
water and a mechanical process to remove hazardous
contaminants from soil.
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Phases

The phase of this project are the following:

A Phase
SA Enhance the efficiency of soil washing 
method to remediate Kuwait Oil Contaminated 
Sand.

B PhaseB Phase
SB Select the suitable method to treat the residue 
“oily wastewater” obtained from soil washing 
method.



· Memorandum of understanding (MOU) is signed with Kuwait National
Petroleum Company (KNPC) for the pilot project for “Remediation of
hydrocarbon contaminated soil”.

Memorandum of Understanding (MOU) with Kuwait National Petroleum Company (KNPC)  

Aim
To evaluate the performance of the system and 
method for oil contaminated sand Technology 
developed by Dr. M. Al-Mutairi
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Scope of the Pilot

� To give general overview of the technology (soil washing) that I have develop
� To share with you the result of the field pilot which was conducted in which

KNPC witness
� Derive the operational indices as an indicative parameter for the design of

commercial plant.
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1. Pre-treatment: Wet screens to remove oversize materials (> 25 mm “mass particles)

2. Soil washing system (SWS):Contaminated soil is washed without chemical agents for 2 h

3. Sand separator:Sand separator is used to separate treated sand from oily wastewater

4. water Treatment: Wastewater is treated using flocculation tank*Treated Water is recycled

5.Oil residue generated: “Zero Waste Discharge” send it to cement factory /road construction.

Procedure of the pilot:
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Procedure of the Pilot:

(1) FS: Feed sieve:*OCS: Oil Contaminated Sand
(2) SP: Solid pump. *CA: Coarse aggregate&MP: Mass particle
(3) SWS: Soil Washing System: *TS: Treated Sand
(4) SSS: Sand Separated System
(5) DS: Dewatering Pump
(6) FT : Flocculation Tank
(7) SH : Sludge Hopper
(8) TWT: Treated Water Tank
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Three different samples of oil contaminated sand had been given by
(KNPC) within three weeks, whereby:

� Light contaminated oily sand has been given in the 1st week

The concentration of light contaminated sample =8,645.0 mg/kg

� Heavy contaminated oily sand has been given in the 2nd week

The concentration of heavy contaminated sample =18,640.0 mg/kg

� Medium contaminated of oily sand has been given in the 3rd week

Theconcentrationof mediumcontaminatedsample= 11,548.7 mg/kg

Pilot Project: Initial Remedial Design
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Theconcentrationof mediumcontaminatedsample= 11,548.7 mg/kg



Pilot Project: 
Soil Remediation

Description Parameters

Capacity of the
system

150 kg of OCS
200 L of water

Time: 2 h

Sand separator Hydrocycloneis not usedin thepilot soweneedto wait for:
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Sand separator
system

Hydrocycloneis not usedin thepilot soweneedto wait for:
*30 min to settle the sand.
*10 min to suck up the wastewater to the the treatment tank using a suction pump
*15 min to separate the sand from SSS

Wastewater
treatment Tank

Around 160 – 170 L of water
*3h to settle the oily sludge

Alum weight:
150 - 300 mg/L
150 - 300 g/ 1000 L

Oily sludge Oily sludge is collected in the separator drums
Light contamination 30 L
Heavy contamination 64 L
Medium contamination 45 L



Result of The Pilot 
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Commercial Consideration

The upscaling of the pilot to achieve similar results
is inevitable for the following reasons:

1) The process is quite simple i.e. no chemical and is thermal –
independent
2) The pilot scale yielded better result than the lab test of the
technology, hence, the upscale test is likely to yield the same or even
better results.

3) The commercial plant, therefore, will simply be add-on units of
25 tonneeach.
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25 tonneeach.

4) Hence, the efficiency level achieved during the pilot will likely
be achieved during the upscale plant.

Needless to say, governmental approval for having commercial plant
will be based on KEPA. In addition, all government licenses
including the environmental Impact study will be obtained



Using treated sand in engineering application:
The result of average waster absorption test performed after curing for 28 days is 
illustrated in Table below:
Specimen No Wet 

Weight 

(g) 

Dry  

Weight 

(g) 

Measured absorption 

(%) by weight (5 % 

of oil) 

Wet 

Weight 

(g) 

Dry  

Weight 

(g) 

Measured absorption (%) 

by clean sands 

1 1448.2 1439.2 0.63 1433.5 1415.7 1,20 

2 1456.6 1447.4 0.64 1447.6 1432.1 1.07 

3 1461.4 1452.2 0.63 1421.4 1405.2 1.13 

Average 1455.4 1446.3 0.63 1434.17 1417.7 1.14 
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• The crude oil that is present in the concrete sand helps to
enhance the water resistant and penetrability to chloride of the
Kuwait oily sand concrete.

• Improve the concrete durability by means of protecting the steel
from corrosion and minimize water passage.

�



Conclusion

� The pilot generates comprehensive information on the remediation efficiency of oil

contaminated soil, as well as relevant data on associated soil properties after and before

the treatment.

� Cost saving for operator unlike other technology

� Process works better with fines soils while the majority of contamination associated with

fine particles

� All sand fractions can be treated

� Contaminantmovedinto wash-waters
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� Contaminantmovedinto wash-waters

� Water treatment possible

� Meeting KEPA standard in the treated soil

� Zero emission of hazard material and the result residue can be utilised for other industries.

� This Pilot is considered as straight process because of non-requirements (chemical or

biological system).

� Commercial plant will yield similar result.



Thanks for your time – Questions are most welcome
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Thanks for your time – Questions are most welcome


