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Abstract - The State of Kuwait is located in the north-east corner of the Arabian Peninsula. The Kuwait desert was severely 

damaged by the detonation and destruction of oil wells and associated infrastructure at the hands of Iraqi troops during the 

1990-1991 Gulf War. These activities resulted in the release of large volumes of crude oil into the environment affecting 

approximately 114 square kilometres of the desert terrain. The resultant environmental damage was caused through (i) 

airborne transmission of crude oil, (ii) overland flow of crude oil forming vast oil lakes and (iii) construction of contaminated 

piles of soil utilized in oilfield firefighting activities. The environmental and ecological impact was evidenced in the 

immediate and longer-term deaths of plants and animals and the potential threat of pollution to Kuwait’s precious fresh 

groundwater resources. The United Nations Compensation Commission (UNCC), Kuwait National Focal Point (KNFP) and 

Kuwait Oil Company (KOC) are cooperating in a joint project known as the Kuwait Environmental Remediation Program 

(KERP) to undertake comprehensive and collaborative remediation of the contaminated land that has an estimated volume in 

the region of 26 million m3. The environmental regulator, Kuwait Environmental Public Authority (KEPA) initially set the 

remediation target criteria (RTC) to a precautionary 0.5% total petroleum hydrocarbons (TPH) for the treatment of 

contaminated soil. However, within the context of an industrial environmental setting, KOC realised that the required RTC 

was stringent compared to similar international oil and gas settings and decided to conduct various studies to determine if the 

RTC could be revised to a concentration that would not adversely affect human health or the wider environment, specifically 

within the fenced oilfields. Consequently, KOC conducted a risk based assessment, to international standards, developing an 

initial Conceptual Site Model (CSM) to review contaminant-pathway-receptor pollutant linkages and then modelling risks to 

human health, ecological and groundwater, utilizing available site specific data. The outcome of this study identified human 

health and ecology as the most vulnerable receptors with minimal to no risks to groundwater.   KOC conducted an additional 

study relating to risks to existing ecology (fauna and flora) in the oilfields. This study derived an Alternative Ecotoxicity 

Remediation Standard of 1% TPH to replace the initially approved Primary Ecotoxicity Remediation Standard. Finally, KOC 

was submitted to KEPA all of the risk based studies, the outcomes  and to revise  RTC to  1% TPH. Consequently, KEPA has 

diligently reviewed and agreed on the new remediation standard of 1% TPH (Hexane Extractable Material). The steps taken 

for revising the RTC from 0.5 % (former) to 1% TPH will result in the significant reduction of remediation treatment durations 

and consequential cost savings, thereby providing scope to employ additional technologies to more efficiently achieve the 

global remediation goal. 
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I. INTRODUCTION 

 

The state of Kuwait is situated at the North-western 

corner of the Arabian Gulf. The total area of Kuwait is 

about 17,818 km2. Kuwait contains 10 oil fields in two 

main areas: Northern Kuwait, which comprises the 

Ratqa, Raudatain, Sabriya, and Bahra oil fields, and 

Southern Kuwait, which includes the Greater Burgan, 

Minagish and Umm Qudair, oil fields Greater Burgan 

consists of three distinct oil fields, namely, 

Al-Ahmadi, Burgan, and Maqwa. On 2nd August 

1990, Iraqi troops invaded the State of Kuwait. The 

country was liberated on 26 February 1991. After the 

Gulf War, over 798 oil wells in Kuwait were ignited, 

causing the largest environmental and ecological 

disaster in its history. Approximately 20-25 million 

barrels of ignited crude oil were extinguished using 12 

billion gallons of seawater collected in artificial ponds 

to control the fire. The damaged oil wells spilled crude 

oil across the land surface and created “oil lakes” in 

low-lying land. The oil lakes covered approximately 

114 square kilometres of land in both the northern as 

well the southern oil fields of Kuwait [1]. The crude 

oil released has negative short-term and long-term 

impact on the physical characteristics of the soil, 

vegetation, and wildlife, threatening precious 

groundwater resources. These oil lakes are mostly dry 

in nature. Some features, however, still contain 

semi-liquid, and oil/sludgy material and are referred 

to as wet oil lakes. Today, over 27 years since the oil 

fires, these contaminated features (~26 million cubic 

meters of heavily oil contaminated soils) still exist in 

KOC oil field areas. The United Nations 

Compensation Commission (UNCC) awarded 

monetary funds to the State of Kuwait as per its 

Decision 258 guidelines to establish the follow-up 

program to monitor the technical and financial 

progress of the environmental remediation works of 

contaminated soil resulting from the Iraqi Aggression 

and 1991 Gulf War. In addition, in June 2006 the 

Government of Kuwait formed the Kuwait National 

Focal Point (KNFP) with authority to plan and 
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supervise the implementation of projects and act as a 

liaison between UNCC and affected 

parties/stakeholders (e.g. KOC) for KERP program. 

In order to efficiently remediate the contaminated soil, 

the Total Remediation Strategy (TRS) was developed 

as a more sustainable and environmentally friendly 

approach to replace the initial strategy which required 

construction of a large number of landfills. The 

implementation of the TRS will ensure remediation 

through more sustainable environmental approaches, 

including a variety of treatment options, 

recovery/re-use and use of the Risk Based Approach 

(RBA) on the majority of these materials, thereby 

reducing the number of landfills [2]. The TRS 

comprises alternative remedial solutions and relies on 

treating ranges of Total Petroleum Hydrocarbon (TPH) 

contamination levels with the most appropriate 

remediation techniques. In order to remediate the 

contaminated soil, Kuwait Environmental Public 

Authority (KEPA) initially set the remediation target 

criteria (RTC) to a precautionary 0.5% TPH for the 

treatment of contaminated soil. KOC realised that the 

required RTC was stringent compared to similar 

international oil and gas settings and decided to 

conduct various studies. The literature reviews 

focused on insights of the following soil investigation 

studies. Al-Baroud et al. [3] focused on limited soil 

study conducted by Kuwait Oil company (KOC) in 

2014 to define and refine the Conceptual Site Model 

(CSM), evaluate potential natural degradations over 

the years, update the oil contamination concentrations, 

its distribution and constituents; improve the 

remediation prioritization areas and inform decisions 

on the most appropriate next steps, whether  no action, 

remediation technologies or landfilling; and obtain 

supporting data for the planned strategy.  

Al-Gharabally et al. [4] Risk Based Approach Process, 

which was the objective of addressing the greatest 

volumes of oil contaminated soil when considering 

potential impacts to the local environment and human 

health.  Understanding contamination concentrations, 

site setting, toxicology, potential migration and 

exposure pathways and modelling this for relevant 

receptor groups are the key aspects required to 

prioritise actions required (e.g. no action, low and 

high risk) and to minimise remediation/intervention. 

The Risk Modelling identified acceptable TPH 

concentrations, allow prioritisation of high risk /low 

risks areas and no action areas, provide remediation 

clean-up standards and provide a mechanism for 

management and assessment of treated material 

re-use.  

 

II. SOIL CONTAMINATION 

 

Numerous oil wells and other oilfield infrastructure 

were damaged or destroyed at the end of the Gulf War. 

This resulted in numerous oil well fires and broken oil 

pipelines. Differing types of contamination features 

were derived from either airborne transmission of 

crude oil, overland flow or earth moving activities 

used to mitigate crude oil migration, as described 

below. Characteristics of oil lakes and soil piles vary 

in type, area, volume, and depth of oil penetration. 

The contaminated levels are shown in the pictures for 

Layer-1: Contaminated surface, Layer-2: Subsurface 

contaminated layer and Layer-3 Clean sand.  

 
Fig.1 Typical Oil Lake (Contamination) 

 

A. Wet contamination areas  

Wet oil lakes are areas covered with black liquid 

(highly weathered oil) and semi-solid oil saturated 

material resulting from oil flow damaged oil wells. 

Wet oil Lakes occur in areas where large liquid oil 

accumulated because of local topography and micro 

relief.  Soil investigations revealed that the average 

depth of oil contamination in the wet contaminated 

areas is approximately 0.65 m below surface grades. 

Sludge material has been found to contain mean TPH 

concentrations in excess of 19%. The underlying 

contaminated soil is found to contain a mean TPH 

concentration of 3.4%.  

 

 
Fig. 2 Typical Wet Oil Lake (Contamination) 

 

B. Dry Contamination Areas 

Dry oil lakes are areas covered with thin and 
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moderately hard dry black tar layer. Dry oil lakes are 

generally found in shallow depressions and/or flat 

areas. Dry contamination areas cover more area of the 

desert, with an average mean depth of approximately 

0.27 m below surface grades. The surface tar material 

in areas of dry soil contamination is found to contain 

mean TPH concentrations of about 7.3%. Underlying 

contaminated soil is found to contain a mean TPH 

concentration of 2.5%. 

 
Fig.3 Typical Dry Oil Lake (Contamination) 

 

C. Oil-Contaminated Piles 

Contaminated piles consolidate oil-contaminated soil 

and/or liquid oil into mounds. Oil-contaminated pile 

materials of 1.2 to 1.7 m in thickness are found to 

contain mean TPH concentrations of up to 12.0%. The 

underlying contaminated soil contains a mean TPH 

concentration of up to 4.6%. 

 

 
Fig.4: Typical Oil - Contaminated piles (Contamination) 

 

D. Tarcrete 

Tarcrete is a solidified material, which reassembles to 

asphalt layer. This is a result of air borne pollution 

from the crude oil well fires that settled out and 

accumulated in desert landscape area. The tarcrete 

forms a crust of varying thickness (0.0011±0.0049 m), 

across large areas of the desert.  Tarcrete layer covers 

over 270 km2 of desert areas. Characteristics of oil 

lakes and soil piles vary in type, area, volume, and 

depth of oil penetration. 

 

 
Fig. 5: Typical Oil - Contaminated Tarcrete (Contamination) 

III. DISCUSSION OF KOC’S RISK 

ASSESSMENT STUDIES  

 

A. Risk Based Approach  

Kuwait Oil Company (KOC) conducted a Risk Based 

Assessment (RBA) study [5] for a selected area within 

the Burgan oilfield in April 2017 under the KERP 

projects. The risk-based approach takes in to 

consideration the physical state of the contaminants 

together with contaminant concentration and the 

potential for exposure of harmful substances. It also 

takes in to consideration of the locality with respected 

to identified receptors. The RBA approach adopted is 

in accordance with internationally recognized Risk 

Based Corrective Action (RBCA) methodology. This 

approach had been agreed with Kuwait Environment 

Public Authority (KEPA).The Risk Based Assessment 

study mainly covered wet oil lakes, dry oil lakes, 

contaminated soil piles and tarcrete for contaminated 

features. The main objective of this study was to derive 

risk based remediation target criteria (RTC) for 

historical contaminants resulting from the damaged 

oil wells which can be used to inform clean up criteria. 

Moreover, this study was designed to help minimize 

unnecessary remediation on marginal contamination 

that does not pose an unacceptable risk to receptors. 

 

As part of RBA study, risk assessments were 

undertaken for human health, ecology and ground 

water based on limited site-specific soil study data. 

The RBA assessment was based on a Conceptual Site 

Model (CSM), which includes hazard identification, 

exposure and pathways assessment, toxicity 

assessment, and risk characterization. 

 

For human health risk assessments, soil and dust 

ingestion and dermal contact are considered 

potentially important pathways for exposure to 

historical oil contamination to identified receptors 

(Office based supervisor, labor carrying our 

maintenance work across the oilfield and Off-site 

families of workers). The limited site-specific soil 

study results suggest that the more volatile TPH 

fractions >EC5-10 are not present, at measurable 

concentrations. However, TPH >EC10-16 have been 

recorded, which could potentially present a risk to 

on-site receptors through inhalation of vapors 

outdoors. Further, the concentrations of volatile 
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fractions of TPH are generally low in comparison to 

other pathways (i.e. ingestion and dermal contact), 

and tend to represent less than 1% of the total 

measurable TPH recorded based on the median 

concentrations reported in the limited site-specific soil 

study investigation. The output of human health risk 

assessments provides potential acute risk of dermal 

exposure to sticky free product that would be 

controlled though HSE management procedures 

including peroneal protective equipment.  

An ecological risk assessment (ERA) completed for 

the limited site-specific area to evaluate   the potential 

risk to the health of ecological components based on 

available site characterization data. Exposure to the 

residual petroleum hydrocarbons in the soil can affect 

key ecological receptors such as mammals, bird's 

reptiles, soil invertebrates, and terrestrial plants in the 

limited site-specific area. Uncertainties also existed 

during the selection of ecological receptors, 

appropriate exposure pathways and chemical 

composition assessed. Also because of industrial 

nature of site, the occurrence of some ecological 

receptor to the sites were more infrequent than 

assumed. For a chemical to have deleterious effects on 

ecological receptors, the organism or receptor must 

come into contact with the chemical. The route by 

which this occurs was referred to as an exposure 

pathway and was dependent on the nature of the 

chemical and the nature of the receptor. The outcomes 

ERA, the presence of petroleum hydrocarbons in the 

surface soils may pose a risk to flora and fauna. 

However, the risks were not universally applicable as 

there are areas of the Site where the some of the 

Valued Ecosystem Components (VEC) may not 

experience any adverse effects. Most of the ecological 

receptors were unlikely impacted by their exposures 

from the soil contaminants. For ground water risk 

assessments, the potential receptors were brackish and 

shallow groundwater. Moreover, the pathways for 

contaminant migration to groundwater and 

groundwater depends receptors. Leaching of soluble 

compounds to rainwater, infiltrating rainwater that 

passes over or through oil-contaminated soils to leach 

soluble compounds from the oil for possibility of 

ground water contamination. Due to low rate of 

leachability, infiltration and slow rate of hydrocarbon 

movement, hydrocarbons was not find in 

groundwater. Thus, there is no obvious link between 

the presence of these substances and oil 

contamination.  

 

B. Remediation and rehabilitation of 

decommissioned sites 

Kuwait Oil Company (KOC) undertook another study 

based on the above ecological risk-based study for the 

remediation and rehabilitation of decommissioned 

sites where no longer to use in the South and East 

Kuwait (SEK) Assets in Kuwait under Sustainable 

Environmental Economic Development (SEED) 

program in December 2017 [6]. KOC was set the soil 

remediation specification total petroleum hydrocarbon 

5000 mg/kg as per KEPA regulation. However, KOC 

has taken initiatives to derive alternate Ecotoxic 

remediation specification total petroleum hydrocarbon 

10000 mg/kg in applicable to material within top 1.5m 

below finished grade accordance with Canadian 

Council of Ministers of Environment (2008). To do 

this study KOC opted the remediation and 

rehabilitation study in oil-contaminated fields. The 

general goal of the rehabilitation component of this 

project was to leave areas of the oil fields, such as 

effluent pits, sludge pits and gatch pits that were 

contaminated. These areas would not cause adverse 

impacts elsewhere through drifting sand and 

contaminated aquifers. To this end, the rehabilitation 

component of the project included a native plant 

restoration and monitoring program with the purpose 

to evaluate the effectiveness of restoration methods, 

namely the use of irrigation and soil amendment, in 

facilitating the establishment of a native plant 

community. All of the plant species selected for use in 

rehabilitation are representative of dominant shrub 

communities and plants (below Table: 1) in the 

Kuwaiti desert and would be considered appropriate 

for future restoration activities. The deep pipe 

irrigation system used in this project; it was predicated 

upon some water retention by soils so that plants are 

able to utilize the water. 

 
Table.1 Number plants planted in the various location of SEK oil 

fields 
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Fig. 6 (a) Name Of Species: Astragalus spinosus 

 

 
Fig. 6 (b) Name Of Species: Prosopis farcta 

Further, remediated soil was returned to the said pits 

and native plants were established, it was a good 

indicator of the success of the soil remediation 

process. Many of the rehabilitated pits exhibited 

higher plant survival rates than the reference areas. 

Overall, average plant survival ranged from as low as 

20% to as high as 91%. It was hypothesized that 

high-level irrigation may result in better plant survival 

and growth by providing more available water at the 

root zones of plants. The symbiotic relationships that 

plants form with endophytic bacteria and fungi were 

believed to play a critical role in detoxifying 

contaminated soil around the roots, protecting the 

plants and even promoting their growth. Results of 

this study indicate that plants can survive in soil 

treated to both Primary Remediation Standard (i.e. 

5000 mg/kg) and Alternate Remediation Standard 

(i.e. can tolerate Petroleum Hydrocarbon up to 10,000 

mg/kg as indicated in the Alternate Remediation 

Standard), although there is no significant difference 

between both areas in the remediated soils.  

 

In addition, human health  Risk-based Screening 

Levels (RBSL) also calculated using exposure 

equations that are recognized by the U.S. 

Environmental Protection Agency as providing 

conservative estimates (i.e. lower than necessary for 

the protection of human health) of acceptable 

hydrocarbon concentrations in soil. The results 

confirm that the TPH concentration of 10,000 mg/kg 

in soil that is often proposed as a regulatory criterion 

for Exploration & Production sites is protective of 

human health based on below Table. 2 reference data. 

 

IV. BENEFITS OF REMEDIATION STANDARD 

REVISION  

 

Kuwait Environmental Protection Authority (KEPA) 

set the remediation target criteria (RTC) i.e. 0.5% 

total petroleum hydrocarbons (TPH) for the treatment 

of contaminated soil. Based on the risk-based studies 

outcomes, KOC was proposed to KEPA to revise RTC 

of 1% TPH.  

 

 
Table.3 Beneficial Analysis of new standard revision 

Consequently, KEPA was diligently reviewed and 

agreed on the new remediation standard of 1% TPH 

(HEM). Further, KOC has roughly worked out the 

current volume of KERP contaminated soil i.e 23 

million m3 with transformation of new standard for 

the reduction of treatment volume saving tabulated 

below. From the table, total contaminated soil volume 

saved 1,452,040m3 and appropriate cost. However, 

environmental benefits also calculated tentatively, 

overall reduction air pollution around 4-5%, water 

savings 980,368 m3, fuel savings 37,005 m3. Finally 

duration of time savings around 20 months. 

 

V. CONCLUSION  

 

The revision of new RTC from 0.5 % (former) to 1% 

TPH will result in the significant reduction of 

remediation treatment durations and appropriate cost 

savings, thereby providing scope to employ additional 

technologies to more efficiently achieve the global 

remediation goal on fast tract while realising the 

ecological benefits of the previous standard. The 

revised RTC has been considered as new remediation 

standard which will be implemented for entire 

Remediation Projects in Kuwait.  Moreover, KOC 

undertaken the benefits study for revision of new 

standard in terms of more remediation technologies 

are to be adopted on upcoming KERP remediation 

mega projects in South & North Kuwait oil fields.  
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