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Abstract 
 
Proper management of different waste streams generated in conjunction with oil 
Exploration and Production (E&P) activities in Sudan is a major challenge for Petrodar 
Operating Company (PDOC) inter alia. PDOC generates a range of waste streams that 
are expected to significantly increase especially during and after the planned 
expansions. Therefore, there is a growing need for establishing an Integrated Waste 
Management System (IWMS) through a systematic approach for enhancing the 
attempts to redirect PDOC’s efforts towards realizing its commitment to best HSE 
standards. 
 
This study introduces the composition of an Integrated Waste Management System 
(IWMS) that incorporates better strategies and practices that particularly suit the case 
of PDOC’s Central Processing Facilities (CPF) (Al-Jabalayn site), Sudan in accordance 
with the Waste Management Hierarchy. In the first part; mainly the qualitative 
characterization of the past, current and the near-future situation at Al-Jabalayn site in 
terms of waste management strategies and practices are all described and analyzed, 
followed by the creation of a “waste inventory”. Accordingly the elements of a 
recommended set of appropriate waste management strategies and practices are 
identified in order to form a framework of an Integrated Waste Management System 
(IWMS) that particularly fits the case of Al-Jabalayn site and its operating 
circumstances. The model framework that has been suggested based on this case study 
can be promoted, replicated and applied to similar Sudanese E&P sites; operating 
under same conditions. The adoption of such an approach shall pave the way to 
diminish the gap between the current situation and the most possible sustainable waste 
management system in the sector. 
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1. Chapter I: INTRODUCTION TO THE STUDY 
 
Energy is the essential commodity that powers the expanding global economy. Starting 
in the 1950s, oil and natural gas became the main sources of primary energy for the 
rapidly increasing world population. In 2003, petroleum was the source for 62.1% of 
global energy. Thought global oil consumption declined in 2008 by 0.6%, or by 
420,000 barrels per day (bbl/d), the first decline since 19931

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

, projections by the 
American Energy Information Administration (EIA) indicate that oil and gas will 
continue their dominance, supplying 59.5% of global energy in 2030. Unfortunately 
petroleum and coal consumption carry major detrimental environmental impacts that 
may be regional or global in scale, including air pollution, global climate change and 
oil spills [20]. 
  
Sudan is not excluded from these facts, indeed the impacts of the Sudanese oil 
Exploration and Production (E&P) industry are expected to increase in general under 
the current production systems and circumstances unless prompt and effective 
correction actions are taken. The country contained proven oil reserves of five billion 
barrels as of January 2007 up from an estimated 563 million barrels of proven oil 
reserves in 2006. Oil exports, which have increased sharply since the completion of a 
major oil-export pipeline in 1999, account for 91% of the total export revenues for the 
first half of 2008 [35, 36].  
 
Sudan now is sub-Saharan Africa's third largest oil producer, and the production is to 
increase by 20% for the year 2009 playing an increasing role in the country’s economy 
[34]. (Figure 1) shows the sharp-rising oil production in Sudan in the recent years. 
 

Thus the position of oil E&P is not expected to change in the short-term from being the 
centre of the country’s economy. However, waste generation and other environmental 
impacts are expected along with the oil production as it has been pointed out in the 
“Sudan Post-Conflict Environmental Assessment” report by the United Nation 
Environment Program (UNEP). Generation of domestic and chemical solid wastes has 
been indicated as one of the major environmental impacts and risks associated with the 
oil industry in Sudan. In developing societies, like Sudan, there is still an obvious 

                                                 
1 BP Statistical Review of World Energy June 2009 available online at: www.bp.com/statisticalreview 

Figure (1): Sudanese Crude Oil Production 1992-2004 
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coupling between waste quantities and economic growth, since economic growth to a 
large extent is a function of the amount of materials passing through the society [30].    
 
One of key players in the oil sector in Sudan is Petrodar Operating Company (PDOC), 
which produces more than 50 % of the total national oil yield. The focus of this study 
has been on Petrodar’s Central Processing Facilities (CPF) at Al-Jabalayn site that has 
been chosen as a case study. 
 
Several projects and observations reflect that PDOC is already in a midst of a several 
environmental improvements for better waste management e.g. construction of the 
Produced Water (PW) bioremediation system, planning for setting up the master Waste 
Management Plan, accomplishing major clean-up operations,..etc. The first part this 
study describes the past, current and the near-future waste management system 
practices at the Al-Jabalayn’s production site. This is followed by the creation of a 
“waste inventory” that aims to provide a base for redirecting PDOC’s efforts towards 
an Integrated Waste Management System (IWMS) through a systematic approach in 
accordance with the Waste Management Hierarchy. 
 

1.1.  Aim and Objectives 
The aim of this study is to identify the components of an improved Integral Waste 
Management System IWMS that incorporates a set of better strategies and practices 
particularly suit the case of Petrodar’s Central Processing Facilities (CPF) (Al-Jabalayn 
site), Sudan. This shall identify the qualitative characterization of a practical prototype 
model capable of being promoted and replicated in similar Sudanese oil Exploration 
and Production (E&P) sites; operating under same conditions. The intention of doing 
so is to diminish the gap between the current situation and the most possible 
sustainable waste management system in the sector. 
 

1.2.  Research Questions 
1. What is the current situation at Al-Jabalayn site (one of PDOC sites) in terms of 

waste management strategies and practices?  
  

2. What is the recommended set of appropriate waste management strategies and 
practices in order to form a framework of an Integrated Waste Management 
System (IWMS) that particularly fits the case of Al-Jabalayn PDOC site and its 
operating circumstances? 

 

1.3.  Scope of the Study 
The Central Processing Facilities (CPF) of PDOC is chosen as a case study. This site 
comprises the last part of the upstream operations where crude oil is heated and 
conditioned to meet export crude oil specifications. Hence it doesn’t contain all forms 
of exploration and production operations and associated waste streams. Therefore just 
waste streams generated at Al-Jabalayn CPF are considered in this study i.e. waste 
types generated from production, maintenance, construction, commissioning and 
abandonment activities within Al-Jabalayn site.  
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Just waste streams of high concentrations are considered in this study. Although 
Produced Water (PW) in particular has gained a special attention in Sudan due to its 
massive amount generated from different fields and its considerable pollution levels 
rose because the past poor treatment, the discussion of PW management is beyond the 
scope of this study. Nevertheless the situation of PW has fundamentally improved in 
the few last years, and considerable work has been accomplished. 
 

1.4.  Methodology 
The study was led in the following steps: 

 
   In the first part waste inventory has been created to identify the types of waste 

streams generated at Al-Jabalayn site. The inventory is based on observations, 
interviews with both personnel in the site and material suppliers. Some parts of the 
study referring to quantities and prices have been based on reasonable estimations. 
The results are shown on a table illustrating quantities, sources and environmentally 
harmful components of each type of waste. 
 
Different aspects of the current waste management techniques and practices at the 
site have also been identified.  

 
 

 In the second part the waste hierarchy is employed as a reference to which several 
possible waste handling strategies and practices are proposed; forming the 
components of an improved Integral Waste Management System (IWMS) for 
handling the previously identified waste streams.  
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2. Chapter II: REVIEW OF THE LITERATURE 

2.1.  Sustainability and Oil Exploration and Production (E & P) industry 
As stated above any country worldwide needs energy as an essential factor for 
achieving its developmental goals. Many efforts have been made to identify the 
balanced approaches in order to secure the required amounts of energy for 
development taken in account social, economic and environmental concerns. 
Sustainable development came into view as a term which declares that equilibrium. 
 
In the past, with the intention of achieving economical growth on different levels 
companies of different types and scales have often introduced processes without 
considering their environmental impact. They have argued that a trade off is required 
between economic growth and the environment, and that some level of pollution must 
be accepted if reasonable rates of economic growth are to be achieved. This argument 
is no longer valid, and the United Nations Conference on Environment and 
Development (UNCED), held in Rio de Janeiro in June 1992, established new goals for 
the world community that advocate environmentally sustainable development.   
   
Broadly speaking then, sustainable development attempts to combine growing 
concerns about environmental issues with socio-economic issues. The idea has since 
been given different treatment by scholars in a wide range of fields, including 
management, political science, sociology, economics, philosophy, business ethics and 
rhetoric [18].  

Sustainable development has been defined in many ways, but the most frequently 
quoted definition according to the International Institute for Sustainable Development 
is the one extracted from the World Commission on Environment and Development 
entitled Our Common Future or the “Brundtland Report” convened by the United 
Nations in 1987: 

 "Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” [37]. 

The New Zealand Business Council for Sustainable Development argued that the later 
definition to be hard to put into practice and communicate to the general public, and it 
has adopted another that appears to have more resonance within the general public and 
which has been also adopted by the United Kingdom government: 
 
 
 "Sustainable development is about ensuring a better quality of life for everyone, now 
and for generations to come"  
 
This focus of sustainable development on improving quality of life is becoming more 
widely accepted by governments, companies, civil society organisations, and others. A 
quality of life focus makes the concept more inspirational, and it changes the tone and 
content of the sustainable development debate so that the emphasis is more on 
solutions than on problems [38]. 
 

http://en.wikipedia.org/wiki/United_Nations�
http://en.wikipedia.org/wiki/United_Nations�
http://en.wikipedia.org/wiki/United_Nations�


6 
 

In that context oil among other fossil fuels types like coal and natural gases are formed, 
as their name suggests, from the decay and alteration of deeply buried organic matter, 
mostly woody plants. These processes occur over millions of years, so earth’s fossil 
fuel resources are, for all practical purposes, non-renewable.[15] Therefore it might 
seem odd to talk about sustainability in context of  E & P industry given that the E & P 
industry depletes a non-renewable resource, and that oil production also contributes to 
climate change.  
 
Nevertheless growing number of oil companies have adopted the concept of 
sustainable development and claimed that their production is “sustainable”. A 
Norwegian study has analysed how the industry attempts to resolve this paradox, using 
the Norwegian oil industry as a case study. It is demonstrated how four rhetorical 
operations are used. By employing the topic of definition, the industry argues that it is 
sustainable because it: 
 

1. Strives to cut its emissions,  
2. Manages oil resources with a long-term perspective until such time as technology 

will provide solutions. The industry then uses the topic of comparison  
3. Discredits other energy sources as ‘unrealistic’ options and  
4. Compare the oil production in Norway with more polluting oil production 

elsewhere [18]. 
 

Moreover the depletion time for oil and natural gas are each near 50 years. Exploration 
for these resources has been intense, and there is now general agreement among 
petroleum geologists that production of conventional oil and gas will reach its all-time 
peak somewhere in the 2010-2020 period, depending on rate of use and speed in 
bringing known deposits into production.   Over the next three decades oil and gas use 
in those societies facing the longest development journey – Asia, Central Europe and 
Africa – will provide a critical bridge to a more sustainable world. Other sources of 
energy excluding nuclear energy – biomass, hydro, geothermal, solar, wind, and 
hydrogen-based energy - appear unlikely to provide as much as 25% of the energy 
needs in the next few decades even under the most optimistic scenarios. Broad 
implementation is limited by supplies (biomass), nature (hydro, geothermal, wind), 
technology and nature (solar), and environmental concerns (hydro). Hence, these are 
largely not-competitive at present even considering the environmental cost of 
hydrocarbon use. In the near term both oil and gas exploration and production will 
continue to be necessary [15, 4].   
 
Ihlen (2006) identified striving to cut industrial emissions as the first base upon which 
the oil industry is building its sustainability profile. Since waste is deemed to be a 
significant portion of these emissions, establishing sustainable waste management 
poses a critical challenge for E & P companies to overcome on the way to realize 
sustainable operations. 
 

2.2.  Overview of the Sudanese Oil E & P Industry Environmental Issues 
There are varieties of potential impacts associated with the oil exploration and 
production industry activities. The possibility for oil E&P operations to cause impacts 
must be assessed on case-by-case basis, since different operations, in different 
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environments, in different circumstances may produce large variations in the 
magnitude of a potential impact [19]. 
 
Odeyemi and Ogunseitan, (1985) have concluded the same based on their study of the 
Nigerian petroleum industry and its pollution potential by indicating that Nigeria, the 
largest oil producer in Africa and the eleventh largest in the world, experiences some 
serious problems of pollution. However, each country, invariably, presents some 
unique conditions under which oil and petrochemical pollution occurs and how such 
pollutions may be prevented, treated, or controlled [24]. 
 
In Sudan; PDOC operates among other key oil companies (see PDOC’s Block 3 & 7 
concession areas on Figure 3). It contributes on one hand in the rapid development of 
the sector, and consequently the country’s economic growth. On the other hand it is 
also contributes to the associated impacts on the provincial and national levels, which 
have been considered by UNEP as one of major sources of industrial environmental 
impacts in Sudan as extendedly illustrated in the following part.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the following part a comprehensive identification for these impacts is excerpted 
from “Sudan Post-Conflict Environmental Assessment” report published recently by 
UNEP. 
The generic environmental impacts and risks associated with the oil industry include: 
  
1. oil spills during any part of the process with a particular risk related to sea transport; 
2. very large-scale intrusion into previously undeveloped or inaccessible areas via 

access roads for exploration, production plants and pipelines; 
3. generation of water pollutants (produced water from well fields is a particular 

problem); 
4. generation of general and chemical solid wastes;  
5. air emissions, particularly from gas flaring; and 
6. secondary development impacts as the oil facilities attract populations seeking   

employment and other benefits. 

Figure (2): Map of Sudan in Africa 

Source: Stratford website  
(geopolitical risk analysis company) 

Figure (3): Pink area shows PDOC blocks among 
other concession areas in Sudan 
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The significance of these impacts can vary dramatically from one oilfield or plant to 
another, depending on the scale of the facility, the sensitivity of the location and the 
standards of operation. 
 
What prevented the situation from gaining sufficient attention and subsequently 
adequate correction in the past was that upstream oil industry in Sudan was essentially 
self-regulated, and has never been subjected to independent technical scrutiny. 
Elsewhere in the world however, the general experience is that the industry’s level of 
environmental performance is closely linked to the level of external scrutiny; secrecy is 
bad for performance. Though some sites have been inspected by external teams, and 
companies had to allocate considerable investments to correct their situations, thanks 
most to the growing public pressure and the ongoing improvements of the respective 
laws and regulations. 
 
From magnitude standpoint, and if not well managed, the exploration process can have 
the greatest impact on the environment of all the phases of oil production, due to the 
large areas affected and the temporary nature of the work. Exploration is unsuccessful 
in over 90 percent of cases, and when the results are negative, oil companies abandon 
the areas surveyed. Unless it is remediated, the environmental legacy of exploration 
can last for generations. 
 
The most significant of these impacts are access roads for very heavy equipment, 
seismic survey lines and drilling sites. The damage is mainly physical, comprising 
deforestation and de-vegetation, erosion and watercourse siltation, and disrupted 
drainage patterns. Extensive damage of this type was observed by the UNEP team 
north of the Heglig facility in Southern Kurdofan. Inspections of seismic lines in 
Jonglei state, however, revealed a much lower level of impact. 
 
The areas targeted for oil exploration in Southern Sudan are particularly vulnerable to 
exploration related damage, as they do not have many existing roads, are relatively 
well forested, have very soft soils, and flood for several months a year. Control of such 
impacts should therefore be a top priority for the industry.  
 
Disposal of produced water comes as the single most significant environmental issue 
for crude oil production facilities in Sudan. Produced water is the water extracted from 
the reservoir along with crude oil, and separated from it before the oil is transported via 
pipeline. The volume of water can be very large, particularly in the later years of 
production, when the wells tend to produce more water and less oil as reservoirs 
become depleted. 
 
The Heglig facility alone currently generates over ten million cubic metres of produced 
water annually. Full production of the central Sudan fields in ten years time may yield 
five to twenty times that amount. 
 
Appropriate treatment and disposal options exist for produced water, but they can be 
costly. In the absence of regulations, it is unfortunately common practice around the 
world to simply discharge it to the nearest watercourse. Legislation and investment in 
treatment facilities are required to protect the environment from this type of pollution. 
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UNEP’s inspection of the Heglig facility in March 2006 noted an operational produced 
water treatment facility based on reed bed technology.  
 
However, the Government of National Unity (GONU) State Minister for Energy and 
Mining, as well as oil industry personnel, reported to UNEP in November 2006 that 
produced water was now being discharged untreated from the complex; volumes were 
not specified. The reasons given for the lack of treatment were a recent major increase 
in produced water flow rates and under-sizing of the treatment plant. 
  
Worldwide oil and gas industry is responsible for 11% of all world industrial 
emissions. Oil and gas E&P was responsible for app. 1 billion tonnes of CO2eq in 
2004. Approximately 85% of these emissions is CO2, and 15% is methane. CO2 is the 
largest greenhouse gases (GHGs) in terms of mass from the upstream industry. 
Emissions occur from flaring, combustion of fuels for energy production and from 
enhancing petroleum recovery or where it is stripped from the natural reservoir gases 
to meet sales specifications. The average of CO2 emissions in Africa was 313 
tCO2/1000t of hydrocarbon production in 2004. High normalized CO2 in Africa results 
from more widespread flaring of associated gas than in other parts of the world.  
 
Methane is the next largest GHG in terms of overall tonnage. CH4 is emitted from 
sources including process vents, gas-driven pneumatic devices and tank vents which is 
the case at PDOC’s Al-Jabalayn site.  Also it escapes from process components (e.g. 
valves, flanges, fugitive emissions) that carry process streams containing significant 
quantities of CH4. Some CH4 emissions results from incomplete combustion of 
hydrocarbons [32]. 
 
Gas produced as a by-product of crude oil in Sudan is presently not all used. Some of it 
is flared at the production site, but irrespective of scale, this practice has three negative 
impacts: 
 

1. needless emission of large volumes of GHGs; 
2. waste of an energy resource that could feasibly replace much of the charcoal that 

is the cause for extensive deforestation in central Sudan; and 
3. local air quality issues. 

 
The petroleum gas that is being flared could potentially be converted to bottled LPG. 
Though there is still ample room for growth, the market for LPG is currently 
developing in Sudan. In 2005, the domestic consumption – mainly in cities in the 
northern states – was 102,000 tonnes, but the potential domestic demand for LPG has 
been estimated by government sources at 554,000 tonnes per year. Sudan also exports 
LPG through a terminal at Port Sudan, and this market could be expanded as well.  
 
The development of the domestic LPG market and other uses for co-produced gas, 
such as electricity generation, would reduce the demand for fuel-wood dramatically. In 
the long term, this could be the single most important factor in reversing the 
deforestation observed in the central and northern states. 
 
Concerning oil spill risks there are two main sources arising from export operations in 
the Red Sea. The first is the process of loading the ships from the shore; the second is 
the navigation of the loaded tankers through the Red Sea. Spills associated with 
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loading have occurred, but have apparently been very minor. One such incident 
reported by the Government in 2004 was a spill of approximately 10 m3 at the loading 
point of the marine oil terminal. Given that the marine oil terminal facilities are very 
modern, the risk of a major spill occurring during the loading process is considered 
moderate to low, provided operations are well managed. 
 
Oil tanker transport presents a larger risk. The Red Sea is a busy shipping corridor 
connecting Europe to the Arab Gulf states and Asia. The traffic at the Port Sudan oil 
terminal is a new and growing load, with over 200 tankers anticipated per year as the 
industry develops.The Red Sea generally has relatively calm weather but it is littered 
with navigational hazards in the form of over 1,000 very small islands, sandbars and 
shallow submerged coral reefs. Much of the coastline is fringed by reefs and there are 
few safe havens able to take large vessels. In addition, the presence of coral reefs and 
sea-grass beds makes the Red Sea highly sensitive to pollution. 
 
Oil-spill response resources in Sudan and elsewhere are structured according to a 
recognized international scale: 
 

1. Tier 1: Small spills that can be managed using the resources available to the 
facility or to a local government unit in the case of small ship or coastal spills; 
 

2. Tier 2: Small- to intermediate-scale spills that require a coordinated response 
using local and national resources; and 

 
3. Tier 3: Large spills requiring both national-level mobilization and the importation 

of international specialized spill response resources. There are many centres 
worldwide capable of providing such equipment, but only three major centres 
(Southampton, Singapore and Dubai) are designed for rapid and large-scale 
international responses. 

 
The marine oil terminal and Port Sudan both have Tier 1 facilities. The oil terminal 
management has conducted several training exercises to build capacity, including spill 
containment boom deployment. However, there is reportedly no oil dispersant capacity 
in country, and UNEP interviews indicated that Tier 2 planning was not well advanced 
due to difficulties in communication between different ministries and government 
bodies. The Ministry of Energy and Mining reported that the marine oil terminal had a 
Tier 3 agreement with Oil Spill Response Limited in Southampton. 
 
Interviews also revealed that small oil slicks (1 - 10 m3) caused by passing ships 
clearing bilges in international shipping lanes were very common in Sudanese 
territorial waters. This is an endemic international problem, and is not linked to 
Sudan’s oil industry. 
 
While it is impossible to eliminate the threat of a major oil spill, the risks observed and 
the safeguards reported to be in place for Sudan’s oil export industry appears to be 
generally in line or only slightly below those for oil export facilities worldwide. The 
most important areas for improvement would be the ability to mobilize surfactant-
based responses, and better coordination at the Tier 2 level. Notwithstanding the 
response capacity, the risk of an oil tanker incident is still considered relatively high 
due to the abundance of navigational hazards. 
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2.3.  PDOC Profile and Historical Background 
Oil exploration in Sudan started in 1959, but the first major find was only made in 
1980 by the US company Chevron (now Chevron-Texaco), north of Bentiu in Western 
Upper Nile state (now renamed and boundaries changed to Unity state). Further finds 
were made in 1982, 70 km north of Bentiu in the Heglig region, in Southern Kordofan. 
Oil production in Heglig and Bentiu was delayed until 1996 by the north-south civil 
war, which was itself partly caused and sustained by the competition for control of the 
oilfields. The conflict and political changes during this period were accompanied by a 
shift in international oil development partners. Most western companies gradually 
withdrew, due in part to pressure in their home countries. They were replaced by 
Chinese, Malaysian and Indian national oil companies, which now manage the oilfields 
in Sudan together with representatives from the Government of National Unity [31]. 
 
According to the official website of the company; PDOC is an international business 
company, incorporated under the laws of the British Virgin Islands on 31st October 
2001, the main objective of Petrodar is to explore, develop and produce oil and gas. 
The areas of concession are situated in the south east of Sudan, between longitude 31 
and 34 and latitude 8 and 10 with a total area of about 72,000 Km2 [39]. 
 
Currently the work is carried out under the name of Melut Basin Oil Development 
Project MBODP (1000 km south of Khartoum and the east of the River Nile) which 
consists of the development of the contract areas Block 3 & 7 located in the south east 
of the Republic of Sudan (see Fig. 4 ). Block 3 & 7 contains three oil fields from which 
all of the oil is produced. The oilfields are: 

 
1. Palouge Oilfield: located in the southeast of Sudan, approximately 580 km from 

Khartoum, 30 km east of Melut city. 
2. Adar-Yele Oilfield: located 75 km southeast of Palouge Oilfield, approximately 

650 km from Khartoum (the capital). 
3. Agordeed Oilfield: located 15 km southeast of Adar-Yale Oilfield. 

 
Crude oil from these three fields is produced via surface production facilities, oil 
gathering flow lines, manifolds and Field Production Facilities (FPFs) The products are 
then routed to the Central Processing Facilities CPF before being exported through an 
export pipeline. The Palouge FPF is located within Palouge Oilfield and handles all 
production fluid from that field. A second one Adar/Agordeed FPF, is located within 
Adar-Yele oilfield and is processing both the Argodeed and Adar-Yele production. 
 
Final crude handling is carried out in Al-Jabalayn area where the Central Processing 
Facilities CPF is installed. This area is located about 250 km North-East of Palouge 
field. CPF at Al-Jabalayn is the focus of this study. In the following parts the processes 
and their associated environmental issues and problems are described. 
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Figure (4): location of PDOC concession blocks 
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2.4. General Environmental and Socio-economic Characteristics of Al-Jabalayn Area 
PDOC’s Al-Jabalayn site is located to the east of Al-Jabalayn town, less than 3 
kilometres far from “Makhalif” village and the White Nile (Figure 5). The area falls in 
a semi-arid tropical climate zone. Rainfall at region is seasonal; extending from May to 
October with peak values in July/August. The mean annual rainfall is about 400mm 
with rainfall variability of 25%. Maximum rainfall could reach in one day the level of 
93 mm.  The period between November and April is essentially dry. The prevailing 
winds at Al-Jabalayn area during the dry season (November –April) is northerly of 9-
12 mph, while during the wet season it blows predominately from the south and the 
southwest with a velocity of 6-8 mph. The maximum temperatures are between 32-42 
ºC, and values reaching 45-48 ºC could occur in some dry years. The minimum 
temperature fall between 16-25 ºC, but minimum temperatures in the range of 7-10 ºC 
may occasionally occur during December/February in some years. The relative 
humidity during the dry season varies from 25- 40%, while during the wet season it 
increases to a range of 50-70%.  The daily evaporation during the dry season is about 
6-8 mm/day but could drop to 3-5 mm/day during the wet season. 
 
The major watercourse along PDOC’s area is the White Nile that converges with the 
Blue Nile at Khartoum, to form the River Nile. The White Nile experiences a slow rise 
in water level from May to October and maintains its maximum level in November for 
about a month. The water level then falls fairly rapidly to its former low level. Heavy 
rain, the lack of slope, heavy impermeable soils and poor drainage causes water 
logging and flooding in many areas during the rainy season. The White Nile in this 
area is not confined to one course. Many parallel channels lie on the both sides of the 
river. During the rainy season, the water flows into the White Nile from seasonal 
streams known as “khors”. The soils at the CPF are quite variable.  There are spots of 
heavy clays while sandy soils cover other locations. 
 
The area is traditionally allocated for grazing and forestry with some areas favourable 
for rain-fed farming and settlement. What is worth mentioning here; that the area has 
suffered a severe overgrazing and woodcutting. 
 
The total population of Al-Jabalayn municipality is about 70800, with an annual 
growth rate of 2.59%. The ethnic groups include over ten tribes and ethnic groups. 
 
This municipality is one the main agricultural areas in the White Nile State.  There are 
two agricultural systems: rain-fed; which mainly depends on seasonal rainfall, and the 
mechanically irrigated sector. 
 
As mentioned grazing is also a key livelihood in the area, sheep and cattle are the main 
livestock.  
 
As for the White Nile State, there are 248 forest reserve areas covering an area of about 
876 850 hectare, constituting 6.1% of the total area of the State.  
 
Fishing is among the sources of revenue in the municipality. The total annual amount 
of fish production in the area is as follows: 435 tons of fresh fish, 359 tons of salted 
fish and 5.9 tons of dried fish.  The total number of fishermen is 295. 
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Figure (5): Land use patterns in Al-Jabalayn area 
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2.5.  Crude Oil Processing System at Al-Jabalayn 
Al-Jabalayn Central Processing Facilities (CPF) is the final upstream facility before 
crude oil enters the first pump station of the pipeline system (i.e. downstream facilities) 
for export to Port Sudan. The processing system at Al-Jabalayn’s CPF is designed for a 
throughput of 210,000 bbl/d (33×109 m3/d) with consideration for future expansion to 
300,000 bbl/d (47 × 109 m3/d). The CPF which receives oil from Palouge FPF removes 
any remaining water content in the oil prior to export. The crude oil is heated and 
conditioned to meet export crude oil specifications, a Basic Sediments and Water 
(BS&W) in product of max. 0.5% by volume and a Reid Vapour Pressure (RVP) of 
75.8 kPa. Al-Jabalayn site comprises of the following process systems (Figure 7): 

1. Crude oil receiving system 
2. Crude oil processing system 
3. Crude oil storage/exporting systems 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (6): Al-Jabalayn site overall layout 
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Al-Jabalayn receives crude from the Palouge FPF via 60 cm diameter pipeline, 250 km 
long. This crude is heated in crude/crude heat exchangers and crude oil heaters and 
then passed through Electrostatic Dehydrators. De-watered crude is routed to the gas 
boot and then to the Sales Oil storage tanks. Crude is then pumped from the storage 
tanks to the export pipeline using Sales Oil booster pumps. The crude is metered in 
using a custody transfer meter and sent to the port via an export pipeline.   
There is a facility to supply electric power for the site with a power of 8 MW (6.6 KV) 
see the following site overall layout (Figure 6). 
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3. Chapter III: WASTE STREAMS: CURRENT MANAGEMENT 
APPLICATIONS & CONSIDERATIONS FOR FUTURE IMPROVEMENTS 

3.1.  Identification of Generated Waste  
The overall visual impacts of the site are relatively less comparing with the 
situations in other PDOC’s upstream sites. This indicates the efforts achieved so 
far to reach best possible environmental performance. However lack of adequate 
management of different waste types generated by the company pose a rising 
concern, driven by environmental pressure from the public opinion and authorities 
and extremely affects the company image. This encourages PDOC toward 
adopting more sustainable waste management system which means: 
 
 “A system that contributes to increasing efficiency in the use of natural resources, 
and to decreasing environmental burdens”.  
 
To be sustainable, the waste management must also be affordable and widely accepted 
by the public [30]. 
 
Since the work has started in Al-Jabalayn site on early stages of construction of 
the site units; different types of waste started to be generated in considerable 
amounts. Afterwards; operations in CPF, Pump Station 2 (PS2) and Power Plant 
(PP) have started gradually adding more streams of wastes in terms of quantity and 
quality in addition to the massive construction waste. Number of personnel of 
PDOC, contractors and subcontractors has increased respectively with site 
development creating new waste sources from their base camps (domestic solid 
waste and sewage sludge).  
  
All generated wastes fall under nine categories classified as follows according to 
their type: 

 
3.1.1. Nonhazardous Oil Spill Cleanup Waste 

Oil spills in an oil processing facility like Al-Jabalayn is a common 
environmental incidents that could take place frequently, particularly during 
basic and extensions construction phases, commissioning and maintenance 
operations. Besides the in-situ treatment approach which has been applied for the 
major oil spill incident occurred in the past, some minor spills used to take place 
from time to time. The way of facing this was basically to remove the 
contaminated soil and pile it up in an open area. There are a number of these 
piles where crude oil traces could be visibly noticed. This practice if controlled 
could be one method for biodegradation of hydrocarbons in the contaminated 
soil. 

 
3.1.2. In-situ Treatment of Oil Spills 

Despite oil spills are common environmental risks that likely take place at 
different temporal and spatial scopes within the E & P industry. There are some 
plans for the future effective oil spill response, but up till now at Al-Jabalayn 
CPF there are no special equipments or procedures for oil spill response even 
though the site has experienced a catastrophic incident that cost a lot, and took 
rather long time for recovery as explained below.     
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Since the early commissioning of Al-Jabalayn CPF the site started to face 
environmental problems that needed to be dealt with. For around two years started 
from July 29, 2006 the contaminated area ±(500 m × 800 m) to the south of the CPF 
has attracted a growing attention as the most pressing environmental issue in Al-
Jabalayn site (Figures 8, 9). The situation resulted originally because of the overflow in 
the produced water tanks as a consequence of the failure of both duty and standby 
pumps (human factors is the main potential cause) followed by discharging flowing 
produced water (in fact it was 60% oil and 40% water) into two quick prepared pits 
located 100 and 300 meters far from the CPF fence, surrounded by a 2 – 3 meters high 
embankment. The dimensions of these pits were roughly 200 m × 4 m. inside the two 
pits there was a ± 5 cm thick film of jellied crude oil. The oil covered the lower density 
layer of water and clearly affected the evaporation of the water from inside the pits. 
Similar situation could be observed all over the rest of the area; where a penetration 
depth of 40 cm inside muddy soil is covered by a ± 3 cm thick film of crude oil. 
Because of the heterogeneous characteristics of the soil in the area, some spots are 
extremely wet where traces of oil could be found down to more than 15 cm, and some 
other places are relatively dry and contain diffused spots of dry crude.  

 
Between May and August 2007 (Autumn in Sudan) the situation got worse as a result 
of a high level of rainfall that forced the oil to float and flow outside the pits spreading 
over a large area. Both the paved roads surrounding the area and the CPF higher level 
ground base impeded the oil to spread further. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to clean-up the area, many efforts have been carried out during two years but 
just a fraction of the floating oil layer has been removed. This has been made manually 
and the recovered oil has been stored in about 180 tote tanks (1 m3 plastic containers) 
(Figure 10). Part of the collected oil has been sent to the Rabak Cement Factory (80 
km) as a substitute fuel. Another part has been used as a rain-resistant coating material 
in the construction of houses in some communities in the vicinity e.g. Makhalif village 
(3 km) (Figure 11). Management complications lead to stop the work. Later it was not 
possible to continue with the same method since the surface water was evaporated, and 
the oil started to stick and mix with the soil. 
 
 

Figure (8): A satellite image of the contaminated area Figure (9): General view of the thick crude layer  
that covers the soil 

Source: http://maps.google.com 
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The contaminated area became a serious dilemma for some time while 
discussions were taking place to identify the best approach for dealing with the 
situation. Removing the contaminated soil to be treated elsewhere was the choice 
at the beginning, but the main obstacle was how to enable heavy trucks to access 
the site to perform excavation, and upload the contaminated soil. For examining 
that a trial was performed with an excavator. Lastly PDOC and its construction 
work contractor agreed to start working in creating about 20 strip roads by which 
trucks can get far enough inside the area and reach most of the contaminated 
areas. 
 
In-situ treatment was raised as a more cost-effective possible solution, and 
eventually the decision has been taken to use a combination of in-situ treatment 
methods and stages as follows: 

 

3.1.2.1. Physical Collection Work Phase 
The operations started in the relatively low affected areas situated between the 
paved roads and the edges to the east, south and west of the highly unite 
contaminated area. These areas have been divided to six blocks. Ten workers 
have collected relatively dry oil spots and pilled them up forming larger bulky 
heaps which could be handled by loaders. These steps were taken to save time 
and reduce areas that need heavy machinery work (Figures 12 & 13).  
 
 
 
 
 
 
 
 
 
 
 
 

Figure (10): Tanks filled by recovered oil from the 
contaminated area 

Figure (11): Clay house wall coated with oil in Makhalif  

Figure (12): Workers manually collect dry oil spots Figure (13): Workers pile up contaminated soil for 
machinery recovery 
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3.1.2.2. In-situ Oil Burning Phase 
As a common practice in similar situations; in-situ oil burning has been used to 
minimize the oil layer thickness and to prepare the affected area for the next land 
turning stage (Figures 14 - 19). Several fires have been set to thick oil layers with 
the aim of minimizing oil quantities needed to be mixed with soil in the coming 
bioremediation stage. Moreover considerable amounts of the water (incorporated 
in mud) released as water vapour during the fire as a result of heating the soil 
providing better moisture content (favourable for bioremediation).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This stage was necessary for drying the soil so as to enable heavy equipment to 
work without facing the risk of getting stuck in the viscous sticky mud during 
work.   
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Fire spreading over the main oil ditch Figure 15: Burning continue during night 

Figure (16): Favourable weather conditions maintain 
upward smoke plume and prevent spreading 

 

Figure (17): The result is a solid fragile 
material (ash) 

Figure (18): Main ditch before Figure (19): Main ditch after  
(Water and ash cover the surface instead of oil) 
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3.1.2.3. Land Spreading (Tilling) Phase 
As the vital phase; land spreading was based upon the fact that bio-degraders 
(microorganisms) naturally exist in the soil. The remaining oil has been well 
mixed with soil (Figure 20), and a special formula (nutrients rich absorbent) is 
added in order to accelerate biodegradation (biological breakdown) process. 
This phase is expected to take longer time to reach final results than the 
previous physical preparatory stages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.2.4. Assessment and Monitoring 
Five sampling points were determined and marked (four directions and centre) 
for monthly soil sampling. These samples are analyzed with the intention of 
assessing the improvement in soil recovery and hydrocarbons decomposition. 
 

 
3.1.3. Domestic solid waste 

3.1.3.1. Open Dump and Burning 
The largest portion of domestic waste is generated by about 250 staff 
members in PDOC’s Operation Base Camp OBC; a range of 2-5 m3/day of 
dry solid waste is generated from the residential camp; this waste does not 
include biodegradable waste since it is prohibited to take any food to the 
residential blocks. The later is collected in the camp restaurant which is 
located about 25 m far from the residential area where all PDOC staff get 
use to have their meals. The estimated volume of this category of waste is 2 -
3 m3/day.  
 
Even though the biodegradable waste is not being separated initially for 
waste management purposes, this practice provides a good base for future 
improvements. More details about the proposed compost scheme that aims 
to transform this type of waste into a soil-enhancing fertilizer are explained 
in the next section.   
 
All domestic waste is collected in 200-litre drums. These containers are not 
originally designed for waste. They don’t have covers or stands which could 

Figure (21): View of the soil structure 
after land turning 

 

Figure (20): A dozer preparing the land for long 
term bioremediation 

 

http://en.wikipedia.org/wiki/Litre�
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give them a clean and neat look, and conserve them from getting damaged 
and corroded by time (Figures 22 & 23). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One collection truck is assigned to collect these wastes every day as well as 
another 2 - 3 m3 of domestic wastes from other operation units offices (CPF, 
Pump Station PS2 and Power Plant PP), and transport them to the “garbage pit” 
located about 7 km far from PDOC site eastern fence. The waste is collected 
together and simply burned in the disposal area (Figures 24 & 25). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Moreover there is almost the same amount of domestic waste (2 - 3 m3) daily 
generated from five contractors’ camps. This amount is not stable due to the 
variation of residents’ number in these camps from time to time. However there 
is no collection system arranged for these camps, and all domestic waste is 
discarded together without sorting. Waste is discarded to the nearby, or 
irregularly transported to distant open areas within the company site to form an 
attractive nest for pest and rodents (Figures 26 & 27), in addition to serious 

Figure (22): Status of some MSW containers 
 

Figure (23): Waste might exceed current MSW container’s 
capacity 

 

Figure (24): Open dumping at the garbage pit 
 

Figure (25): Burning of MSW at the garbage pit 
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environmental problems in the long term e.g. changing soil pH, spreading 
pathogens, releasing heavy metals.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.3.2. Pilot Compost Scheme 
With a ±30º C average temperature, short rainy season and a relatively 
moderate climate; Al-Jabalayn has a favorable conditions to host a 
composting scheme for the biodegradable waste fraction. In view of the 
different types of compostable wastes generated in the site i.e. catering 
waste, vegetative waste, oil spill cleanup waste and sewage sludge. This 
method of waste disposal has few negative impacts on the environment; it is 
placed high on waste hierarchy; this might reduce relying on transporting all 
domestic waste to be landfilled and save landfill area for unavoidable types 
while providing an environmentally sound alternative. 
 
Primary stages have been accomplished on an area of ± 50 m2 in the down 
wind direction to the eastern side of the OBC, close to the inner fence. The 
area has been cleared to host the expected 3 piles of 1.5 – 3 m diameter for 
each. This area was a previous gravel preparation site, luckily equipped with 
a suitable storage area with three sections which are ideal for the composting 
three stages process (Figures 28 & 29). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (27): Improper waste disposal increasingly attracts birds 
 

Figure (26): Accumulated MSW next to a contractor camp 
 

Figure (29): Three rooms ideally fitting the three 
stages composting process 

 
Figure (28): Chosen location for the 

compost scheme 
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3.1.4. Packaging, Construction and Demolition Waste 
Al-Jabalayn site ends phase one and starts phase two by the end of 2008, 
consequently enormous amount of construction and demolition wastes have 
been generated as a result of constructing the site from the very beginning 
stages and start operations activities. This type of waste consists of soil, brick, 
plaster, metalwork, concrete, glass, tiles, wood, plastic, etc [33].  
 
Even though this waste might contain lead, asbestos, or other hazardous 
substances; no proper approaches are followed in handling this type of waste. 
Thus hundreds of heaps covering large areas can be observed within and nearby 
the site. Some indicators show that some contractors have gone beyond that and 
used old borrow pits to dump waste and fill-back them without considering the 
impacts of possible hazardous contents (Figures 30 - 33).  
 
Additionally the packaging materials e.g. wood boxes, plastic and paper wraps, 
pallets, etc. of new equipments and materials increase waste rises particularly 
throughout construction, and expected to continue to be generated in lesser 
quantities later. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (30): Construction waste carelessly thrown to 
open areas 

 

Figure (31): Insulation material inside a 
contractor camp 

 

Figure (33): More construction waste expected from 
projected extensions 

Figure (32): huge amount of waste resulted from CPF 
construction 

 

http://en.wikipedia.org/wiki/Lead�
http://en.wikipedia.org/wiki/Asbestos�
http://en.wikipedia.org/wiki/Hazardous_substance�
http://en.wikipedia.org/wiki/Hazardous_substance�
http://en.wikipedia.org/wiki/Hazardous_substance�


25 
 

3.1.5. Empty Drums and Scrap Metal 
Chemicals like Pour Point Depressant PPD, Therminol (heat transfer fluid), 
wax inhibitors and corrosion inhibitors as well as chemicals for lab analysis 
work are continuously consumed for production purposes. Accordingly metallic 
drums are accumulated in different locations (CPF and chemical yard). Another 
source of metallic waste is scrap metal that could be observed in inappropriate 
five locations e.g. next to the power plant fence, OBC material yard and open 
areas, they have been receiving enormous amounts of metallic parts in 
conjunction with site construction phase. These amounts decreased slightly 
later due to finishing phase one. Afterward maintenance activities become a 
growing source of generating this type waste. Security concerns played a role in 
worsen the situation by putting some restrictions on handling waste by 
contractors (CPECC case) aiming to avoid misusing of remaining valuable 
materials.  
 
A significant step in handling scrap metal is the agreement achieved between 
PDOC, Sahr Co. (material processing company) and the Ministry of Energy 
(authority that controls the national oil industry). Based on this agreement 
PDOC will handle all scrap metal to Sahr Co. for recycling excluding the parts 
considered being usable for maintenance purposes. Sahr Co. has accomplished 
collected considerable fraction of the accumulated materials; substantial 
percentage of the metallic parts and around 3000 empty drums have been sent 
for recycling (Figures 34, 35).  
 
Lack of clear criteria to identify what is scrap and what is not hinders complete 
cleaning of the scarp heaps, since PDOC maintenance engineers think that even 
some small parts could be useful for their work in the future.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A proposal has been prepared for a scrap yard and a lay down area to facilitate 
separating the two types according to the maintenance department 
recommendations. These areas will provide a proper place to store and protract 
the materials while cleaning up the above mentioned messy locations and 
support off-site recycling efforts. 

Figure (35): Almost all empty drums are continuously 
being sent for recycling   

 

Figure (34): Uploading a scrap piece to be transported 
to GIAD recycling facility  
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3.1.6. Sewage Sludge 

OBC sewage is treated by a prefabricated Activated Sludge (AS) waste water 
treatment system. This type of extended aeration activated sludge process is 
widely used in sewage treatment for small communities worldwide [14].  
 
The system consists of a combination of following tanks and mechanical 
equipment; aeration tank, secondary clarifier tank, sludge tank, air blowers for 
aeration and air up lift system and air diffuser. The treatment process is 
developed and designed to treat the waste water to effluent of BOD5 = 20mg/l 
and SS = 50 mg/l. AS process has proven to be economical and highly efficient 
for all sizes of sewage treatment. It has been successfully utilized in Malaysia 
which to great extend resembles Al-Jabalayn’s climatic condition.  
 
A portion of the activated sludge is purposely removed by discarding it from 
the process to the sludge holding tank (Figure 36). The purpose of the sludge 
holding tank is mainly for the sorting the further stabilization of the waste 
sludge [14].    
 
The system needs to be regularly maintained to work efficiently; particularly 
the bar screen where coarse solids are trapped and should be removed on daily 
base which is not followed by the responsible personnel. Sludge produced from 
the aeration tank shall have rather inoffensive odor, but unpleasant odors are 
often noticed nearby the system location indicating lack of adequate 
maintenance.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Portion of the sludge (about 200 kg) is discharged every two weeks, and 
discharged to the common garbage pit.  
 
None of the rest camps in Al-Jabalayn site has similar effective treatment 
system; all other units (CPF, PS2 and PP) and contractors’ quarters directly 
dispose sewage water into stabilization lagoon (Figure 37). Unverified amounts 
of sludge beds are expected to cover the bottoms of each lagoon. There are five 
existing ponds of this type. Some of the contractors used to simply construct 

Figure (36): Sewage sludge sink in the OBC 
 

Figure (37): View of a contractor’s camp sewage 
stabilization pond 
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new stabilization lagoon whenever the in-use pond got full of wastewater. 
Sludge beds can be obviously perceived after all the water has evaporated from 
some of these “old” lagoons see (Figure 38).    
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
3.1.7. Vegetative Waste 

Two separated projects towards improving the internal environment and 
increasing the green areas in the site are in progress. The first one is a 
landscape project in the OBC. Up to now the project has achieved good results 
in terms of considerably improving the camp general image, by covering wide 
areas with green grass and planting roadsides with royal palms.  
 
The other project aims to prevent desertification and land erosion by planting 
green belts all around the internal fences of CPF, OBC and power plant with 
Concarpus Ircutus trees.  
 
No doubt these projects are considered environmentally positive activities, and 
would positively improve the environmental performance of the site, but from 
waste management perspective they are considered to be waste generating 
sources, and they are causing increasingly negative impacts. Enormous 
amounts of tree trimmings and leaf clippings are expecting to be generated 
from the new 2000 trees. Currently the landscaping scheme generates about 
1m3 of grass cuttings every two weeks (Figure 40).   
 
The adopted irrigation (spraying) system is not adjusted properly to meet the 
scheme exact requirements without affecting the surrounding areas. Plentiful 
amount of water are consumed daily to irrigate a high saline soil (Figure 39). 
While creating an ideal environment for frogs and insects reproduction, 
affecting the walk ways and accommodation units base, misusing water 
resources that accumulate in the drain system posing new problems. 
 

 

Figure (38): Sludge and sediments cover the bottom of a dry 
stabilization lagoon 

http://en.wikipedia.org/wiki/Grass�
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3.1.8. Hazardous Waste (HW) 
For new pipeline pre-commissioning a series of tests have been taken i.e. 
hydro-test, flushing, chemical cleaning, etc. these tests comprise harmful 
chemicals. Around 30 to 40 drums of hazardous mixtures are stored in the 
chemical shed, located southeast of the OBC, under improper conditions and 
pose increasing risk. Some of these drums have started to leak on the shed floor 
(Figure 41). Approximately twenty drums stored in the chemical yard exposed 
to the direct sun and different weather conditions, even dents could be observed 
on the top and sides of the drums confirm some sorts of slow chemical 
reactions that change the pressure inside these containers. This is a clear sign 
that these chemicals are not stabilized. 
 
During the uploading of empty drums, as described in the previous “empty 
drums and scrap metal” part, chemical residues have been found in some of the 
drums; the total volume was nearly ten drums. Quantities of 30% of some 
drums were occupied by residues (Figure 42). 
 
Minimizing residues quantities before storing the drums for off-site recycling 
has been discussed and considered by concerned personnel in CPF and site 
laboratory. One of the basic means for achieving this is to modify injection 
techniques in order to decrease chemicals losses. Furthermore a crusher has 
been supplied to the site for crushing the drums before sending them for 
recycling. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (40): The same project generates plentiful 
amounts of vegetative waste  

 

Figure (39): Landscaping scheme consumes plentiful 
amounts of water for irrigation 

 

Figure (42): Chemical residuals collected in 10 drums 
 

Figure (41): Hazardous chemical leak inside the 
chemical shed     
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A recent case of handling Hazardous Waste (HW) was concerning 10 drums of 
concentrated “hydrochloric acid” used for new pipeline flushing in the power 
plant extension. The contractor has been encouraged to set a plan for handling 
this type of materials after finishing the job, since it is classified as “hazardous 
waste” and shall be handled properly till its final disposal. Principally the 
advice was to add “soda ash” to neutralize the solution prior to dispose it. 
Accordingly they have prepared a big amount of high concentrated caustic soda 
“Sodium Hydroxide” flakes which was not a cost effective option but however 
it was acceptable for the neutralization purpose from an environmental point of 
view. pH test strips were utilized to ensure complete neutralization. Eventually 
the neutral solution was disposed to the produced water first containment pond. 
This pond is the first stage of an under construction bioremediation system 
designed to produce a purified water.  
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.9. Medical Waste 
The site has a single clinic that serves mainly PDOC staff and contractors 
personnel. Sometimes this medical unit receives emergency cases from near 
villages and highway passengers. The clinic has a limited number of visitors 
and therefore it generates limited amount of waste.  
 
The clinic generates about 30 kg of waste every month, and infectious waste, 
also known as “biohazardous” waste, is in some instances, considered as 
‘‘nonhazardous’’[22]. Nevertheless this type of waste still needs special 
concern as it comprises of a number of potential hazardous components e.g. 
blood samples, empty containers, consumable and disposable medical and lab 
supplies. Therefore it needs to be treated as hazardous waste. Meanwhile the 
clinical waste is collected in a separated container, and eventually burned in 
open area. Recently PDOC made an order for a medical incinerator designed 
mainly to be used in hospitals to burn post-operation garbage, virulent materials 
and inflammable solid rubbish. This incinerator is used in hospitals for medical 
waste incineration, but with a capacity of 100 kg/h that exceeds to far extend 
the site generated medical waste it could be utilized in the site to incinerate 
other types of solid wastes as a part of the overall Integrated Waste 
Management System (IWMS) demonstrated later.  

Figure (43): Hydrochloric acid drums stored in the 
power plant  

 

Figure (44): Discharging neutralized hydrochloric acid 
(neutral solution) to the PWP  
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3.2. Waste Inventory (Summary Table) 

 
 
 
 

* CPF, PS2 and PP 
** OBC, NAM FATT, CPECC, RPJV, DMECO and HPSIC  

Waste 
stream 

Estimated 
quantities 

Main Source(s) 
Possible 

hazardous 
component(s) 

Oil-
contaminated 
medias (soil, 
absorbents) 

 
Variable 

 

Oil spill cleanup from CPF , 
PS2 and power plant  
Pigging sludge 
Tank & vessel bottom 
sludge 

Hydrocarbons, 
production 
chemicals, inorganic 
salts, heavy metals 

Domestic solid 
waste 

200 m3/month 
(≈50 ton/month) 

OBC and contractor’s 
quarters 
Minor quantities from: 
CPF, PS2 and Power Plant 

Plastics, wrapping 
materials  

Sewage sludge 0.5 ton/month 

Wastewater treatment 
systems of operation 
units* and residential 
camps**  

BOD, solids, 
detergents, coli-
form bacteria 

Biodegradable 
food scraps 75 m3/month 

OBC and contractor’s 
quarters restaurants 

Odours, vermin 
attraction 

Packaging, 
Construction 

and 
Demolition 

Variable 

Constructing of basic 
sections and extensions of 
all operation and 
accommodation units 

Heavy metals, pH, 
salts, solvents, 
paints  

Metallic scrap 
and containers  

Empty drums: 100 /month 
Other forms:    Variable  

Production and 
maintenance activities in 
CPF , PS2 and power plant 
(e.g. drums, used 
pipelines, casing, electrical 
cables) 

Heavy metals, 
hazardous chemical 
residuals 

Landscape 
debris and 
vegetative 

waste 

1 m3/month (minimum) 

OBC landscaping project, 
green belts of OBC, CPF 
and Power Plant 

storm drains 
clogging, odours, 
walkways damage 
and visual impacts 

Hazardous 
chemical 

waste  

Variable 
 

Production injection 
chemicals leakages and 
residuals (Demulsifiers, 
PPD, corrosion inhibitors, 
wax inhibitors, scale 
inhibitors,) 
Maintenance, Repair and 
Overhaul (MRO) residuals 
(e.g. tires, batteries, 
lubricants) 

PCBs, , acids, alkalis, 
heavy metals 

Medical waste 30 kg/month 

Site clinic (inside OBC): 
blood samples, empty 
containers, consumable 
and disposable medical 
and lab supplies 

Pathogenic 
organisms, 
medicines, 
contaminated 
needles, dressings, 
plastic, glass 

Table (1):  Summary of Al-Jabalayn waste streams 



31 
 

3.3. Considerations for Choosing Waste Management Alternatives 
Characterizations of the above described waste streams are the foundation on 
which the elements and components of a more sustainable waste management 
practices at Al-Jabalayn site could be worked out. This might be extended and 
adopted in other PDOC operation sites. This even could be promoted to become 
a standard model for waste management in similar industrial activities so as to 
fulfil legal requirements, and fit environmental, social, cultural and economical 
conditions on the local and national levels. Taking into consideration the fact that 
each country, invariably, presents some unique conditions under which oil 
environmental pollution occurs and how such pollutions may be prevented, 
treated, or controlled [24].  
 
Concerning deciding which option is best to choose and implement; Williams 
(2005) and Staniškis (2005) have concluded that no one option of treatment and 
disposal is better than another and each option has a role to play, but that the 
overall waste management system is the best environmentally and economically 
sustainable one for a particular site. 
 
This guides to the widely accepted and applied concept of the Integrated Waste 
Management (IWM) that tackles the waste management issue by taking an 
overall approach, and involving the use of a range of different treatment options.  
Integrated waste management (IWM) can be defined as: 
 
“The selection and application of suitable techniques, technologies, and 
management programs to achieve specific waste management objectives and 
goals” [27]. 
 
It is essential at the outset to take into account the following factors that 
determine the targeted IWM elements bearing in mind that IWM is normally 
applied at levels broader than a single organization e.g. city, municipal, province 
but still it is applicable on the organizational level. These factors vary from 
regulatory to technical and economical ones.   
 
Deriving different IWM’s components is developed in accordance to the Waste 
Hierarchy. The later was first introduced into European waste policy in the 
European Union’s Waste Framework Directive of 1975. In 1989 it was 
formalised into a hierarchy of management options in the European 
Commission’s Community Strategy for Waste Management, and further 
endorsed in the Commission’s review of this strategy in 1996. Drawing on the 
precautionary principle, the waste hierarchy prioritised the prevention and 
reduction of waste, then its reuse and recycling and lastly the optimisation of its 
final disposal. The concept is described by the “3Rs” – Reduce, Reuse, Recover 
followed by unavoidable disposal [28]. 
 
The core establishments and the rapid substantial developments of the oil 
industry in Sudan have taken place no earlier than the last decade. Consequently 
the experiences in handling E&P waste issues are rather limited on the national 
level. In fact environmental issues in general were not seen as a priority by the 
government and the general public under the past political and economical 
circumstances of the country; achieving peace and attaining economical growth 
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and poverty reduction were the utmost goals of the nation without a real focus on 
the so considered secondary effects like environmental issues.   
 
Going through how state of the art technologies and applications reached its 
current situation worldwide shows the significance of the accumulative 
experiences, and demonstrates how did it play a vital role in forming what is 
considered today as the cutting edge techniques, particularly on national and 
regional levels. One of the key examples is the evolution of the current advanced 
waste management system in the EU. However many opinions see the field in 
general still continuing its improvements toward more sustainable practices and 
technologies [8]. 
 
Waste management in Sudan presents a typical status of a developing country 
where no waste management systems exist, and nearly all waste generated is 
handled improperly; the  waste management system in the country and many 
other developing countries displays an array of problems, including low 
collection coverage and irregular collection services, random open dumping and 
burning without air and water pollution control, the breeding of flies and vermin, 
and the handling and control of informal waste picking or scavenging activities. 
These public health, environmental, and management problems are caused by 
various factors which constrain the development of effective solid waste 
management systems [25]. 
 
In recent years some efforts have been taken in Khartoum, the capital city, and 
few other large cities and towns in Sudan to improve the situation, but at Al-
Jabalayn, where PDOC’s site is located, the situation is rather far from being 
appropriate. This with significantly increase burdens, and diminish the 
possibilities for PDOC to connect its waste management efforts to the municipal 
level i.e. transfer PDOC waste to be partially or totally collected and treated 
within the municipal waste management system. Lack of an adequate waste 
management system in the White Nile state obliges the company to invest in 
designing and implementing a self-sufficient system in an economically, socially 
and environmentally sound way.    
 
Different activities of PDOC, as well as all other industrial institutions in Sudan, 
that have potential impacts on the environment or the public health, are subjected 
to number of national acts and regulations; which have been ineffective in the 
past, basically because of the historically limited industrial sector to utilities and 
small-scale food processing associated with accordingly limited environmental 
impact. But the Sudanese industrial sector is experiencing rapid change and 
expansion. This industrialization era is, as expected, associated with growing 
environmental impacts that encourage different authorities to activating, 
strengthen and make best use of these regulations.  
 
Within the federal system of governance, and in line with the constitution, 
responsibilities for environmental management are divided between the federal 
and state governments.  The federal government has the exclusive jurisdiction 
over matters relating to natural resources, minerals, subterranean wealth and 
transboundary waters. Detailed regulations on lands, state forests, agriculture, 
livestock and wildlife are states’ responsibility but subjected to federal planning 
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and coordination. In the realm of oil, the Oil Wealth Law was promulgated in 
1998, organizing oil wealth extraction and all related operations. Moreover 
different related regulations are undergoing important improvements; a 
considerable milestone in the history of environmental legislation in Sudan is the 
establishment of specific environmental and natural resources law. The 
“Environmental Protection Act -EPA”, signed by the President and passed by the 
National Assembly in June 2001, is a framework law of policies, legislations and 
executive actions of federal state organs.  Statements and articles in Sudan’s 
1988 Constitution support and secure a foundation for the EPA. Article 13, for 
example, refers to the states’ role in environmental conservation and its 
pursuance in terms of sustainable development for the benefit of the future 
generations [1]. the overall development of these regulations are seen to be a key 
motivation to drive the environmental work in the oil industry forwardly and in 
particular waste management, this by providing the required regulatory 
instruments for better management of waste in the sector.  
 
The establishment of the Higher Council of Environment and Natural Resources 
HCENR offered a governmental body to propose regulations, oversee, co-
ordinate and liaise on issues pertaining to, and linked with the environment 
including waste management. Strengthen the current regulatory framework 
underpins appropriate waste management is among hottest issues undertaken by 
HCENR. An impressive project for municipal and hazardous waste management 
has been designed by HCENR in accordance with other parallel projects aim to 
enable the country fulfils its obligations in the national and the global levels. In a 
recent released report on the national implementation plan for the Stockholm 
Convention on Persistent Organic Pollutants (POPs); HCENR has considered 
open burning, the main common waste handling practice, responsible for 
generation of most toxic by-products. Even though launching of such project is a 
positive step, it is expected to take some time to secure necessary funds, followed 
by not less than 24 months after approval for establishment [16]. 
 
Principally and in spite of all mentioned above PDOC is committed, according to 
its policy, to work with a high level of health, safety and environment (HSE) 
standards. The company from business ethical perspective has the responsibility 
of self-regulate if the standards in the Sudan or the White Nile state are not up to 
international standards. Eweje (2006) went further and suggests that oil 
corporations have a moral obligation and responsibility to protect the host 
communities/nations from the environmental impacts of their activities. 
Corporations have also been told to assist host governments in setting up 
regulations that will help protect the physical environment.  
 
The security precautions and restrictions applied on the site concerning the 
prohibition of taking any construction waste out of the site reflects how the 
values of waste are recognized by the site administration. Part of these 
restrictions require having security permit prior to removing construction waste 
out of each expansion projects in the CPF or the power plant and resulted in 
storing waste inside the units in a messy manner (Figures 45, 46). This has 
conflicted environmental staff efforts to enforce waste management procedures. 
But this disagreement on the other hand could be a driver for supporting any 
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future proper waste management system with which the route of each type of 
waste is identified and known; starting from segregation to ultimate disposal.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (45): Construction waste accumulates inside PP Figure (46): More waste left next to the PP fence 
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4. Chapter IV:  DETERMINING & DISCUSSION OF IWMS POSSIBLE ELEMENTS 
  

4.1. Leapfrogging to appropriate waste management: from a challenge to 
an opportunity 

 
Sudan has undergone rapid developmental changes in the past few years, thanks 
to the enormous growing in the oil sector. The current oil based economical 
boom has placed PDOC, amongst other main players in the sector, under focus in 
terms of enabling the country achieving a considerable economical growth, and 
in contrast disturbing the virgin environments of several rural traditional 
communities. This has started to connect even irrelevant negative environmental 
changes to the activities of the oil E & P industry. In this context and during the 
study period PDOC has received considerable criticism from local communities 
at Al-Jabalayn; for instance some farmers ascribe the declining of their lands 
productivity to the pollution caused by the site activities. Despite this is unlikely 
based on the nature of Al-Jabalayn site operations and the long distances between 
the site and these farms, dealing with waste generation is still poses a growing 
challenge seen for PDOC.  
 
In contrast; this problem provides encouraging situation and an opportunity for 
real leapfrogging actions that might enable the company to meet the expectations 
concerning its environmental performance at the local and the national levels and 
radically improve its image in an effective manner by creating a national model 
of a sustainable waste management. This certainly will need overtaking several 
obstructions; since working in improving waste management systems became a 
complicated process even in well developed countries in that field like Sweden; a 
recent launched research programme stated that the path towards the political 
targets in the area of connecting environment to waste management, production 
and consumption is unclear, and much of the knowledge that is required to take 
us there is missing [30].   
 
Innovations and company’s self motivations have a significant importance in 
such conditions for achieving this goal. In the view of: 
 

• Lack of necessary infrastructure for the municipal waste management in 
the White Nile state. Not to mention that the sustainability favourable 
upper ranked practices on the waste management hierarchy do not exist at 
all in the entire state i.e. recycling, controlled incineration, biological 
treatment,..etc.     
 

• Lack of effective implementation of environmental regulations in the oil 
sector due to its significant economical importance that provides some sort 
of governmental protection against independent inspection of the sector to 
a great extend.  

 
• Al-Jabalayn site is established in a rather underdeveloped area, and 

consequently PDOC had to build its own necessary infrastructure to 
operate for more than 25 years i.e. water supply, power generation, sanitary 
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system, paved roads, stormwater drain,..etc. Waste management facilities 
are part of any modern urban community, hence PDOC shall consider 
establishing this part as well as other infrastructure already or being 
established in the site, particularly because this infrastructure, if 
appropriately planned, is operated integrally and each component affects 
the others. This provides a favourable situation for waste control, and 
allows any future waste source reduction, reuse, and recycle plans. 

 
Another opportunity could be increase possibilities of creating the White Nile 
Eco-Industrial Park EIP since White Nile state hosts beside PDOC's site a 
number of large, medium and small industrial plants. Some of them are the 
country’s largest ones, and have strategic importance derived from their sizes, 
capacities and type of products. Under this category fall Kenana Sugar Co., 
Rabak Cement Factory, Kosti Textile Factory, Kenana ethanol plant, the 
projected White Nile Refinery and last but not least Al-Jabalayn PDOC site. 
These industrial plants and organizations along with many other smaller scale 
industries (basically food industries and workshops) generate a wide spectrum 
of wastes and by-products within a circled of 100 km diameter. In the long 
perspective; connecting Al-Jabalayn PDOC site to the nearby industrial plants 
could form a resource-symbiotic network for exchanging energy and materials. 
Striving to cope with the growing public awareness, environmental regulations 
effectiveness and tougher market conditions will form a base for gathering 
different stockholders for seriously discussing this project.  This has a strong 
connection with the above mentioned idea of “leapfrogging” but in a broader 
scale that needs a governmental role for initiating such a project.  
 
However, there are some opposing views about the government’s role in 
promoting EIP projects. The question is whether or not the public sector should 
actively lead the EIP project. Some insist on a government-led approach while 
others advocate a market-led approach. Both approaches have strengths and 
weaknesses. The government-led approach has the advantage of being able to 
easily initiate the project. Sometimes, it has the disadvantage of not being able 
to guarantee the persistence of EIP projects. 
 
The market-driven approach’s strength is in the EIP’s firm persistence once the 
project begins, while its weakness is in the difficulty encountered for the 
project to begin. Therefore, it is hard to assess which approach is superior [21].  
 
 

4.2. Integrated Waste Management IWM system components 

 
4.2.1. Waste prevention 

The most sustainable option that has the most economical advantages, 
environmental benefits and social acceptance and hence ranked first in the 
waste hierarchy is prevention of waste. Applications of this option by 
minimizing waste occurrence at the source have several opportunities at Al-
Jabalayn site by realizing good practice, material substitution, 
improvements in operations and maintenance and modification of 
technologies.  
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4.2.1.1. Oil spill contaminated soil/materials 
Despite the best efforts that might be made by PDOC (or any other 
individual organization), spills will continue to occur and will affect the 
local environment. Spills and leakage might be minimized by improved 
housekeeping, maintenance and transport procedures. The magnitude 
and complexity of the waste usually result from oil spills and leakages 
and their clean-up operations make spill prevention considerably easier 
than any subsequent treatment.  
 
In case of oil spill and in order to reduce waste generated from any 
clean-up operation a specific limited area should be designated for this 
operation. This small as possible site should then be cleared of debris 
and rubbish to reduce the final amount of waste to be treated.  
 
Then comes the segregation at source of the different types of polluted 
wastes (liquid, solid, debris, PPE, etc.) to facilitate recycling as well as 
the environmental and economic efficiency of disposal. Recovery 
equipment should be then cleaned and reused rather than discarded.  In-
situ handling of waste reduces the amount requiring further transport 
and treatment as explained earlier about the CPF spill [11].  
 

4.2.1.2. Domestic waste 
Small aerosol cans e.g. insecticides and air refreshers are regularly 
supplied to each residential room. This practice takes place at the 
beginning of every week which results often in having excess containers 
in every room. Unsurprisingly many of these containers find their way 
to the rubbish bins before they get empty. What is more is during 
observing open burning of OBC’s domestic waste it is normal to hear 
the “small explosions” of these cans in addition to spreading their toxic 
contains which show why this “hazardous” waste should not be mixed 
with the ordinary domestic waste.  
 
From resources savings and waste reduction standpoints it is essential to 
go over the current supply practices to avoid any excess materials which 
could easily be turned to waste. Each one room (or group of rooms) 
could be supplied with additional special containers for collecting empty 
cans. There is already an agreement with another company for recycling 
any metallic waste, and this amount of either aluminium or steel would 
significantly decrease the quantity of domestic waste sent for disposal 
while boosting recycling rate.   
 
Another fraction of domestic waste that has to be taken in consideration 
is the kitchen waste.  A recent kitchen inspection and its consequent 
discussion between different respective departments pointed out the 
issue of the enormous losses in food in terms of remains of staff meals 
as a cause of declining in the company level of services. Zijin’s 
representative, catering services contractor,  argued that bad habits of 
staff in taking much more than their needs from and then leave it on 
their plates resulted in a huge losses in the company’s resources which 
affected its ability to provide good services. Working to change this 
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attitude and habits would cut resources losses and hence decrease the 
quantity of food remains that forms the core of the kitchen waste. 
Designing awareness raising programme may play a vital role in this 
direction since preventing squandering food is deep-rooted in the 
cultural background of the majority of the staff. This programme can 
take the shape of posters or seminars to explain the negative impacts of 
continuing with this behaviour. Even considering changing the meal 
delivery system could also be a choice to control misusing of resources 
and on the other hand increasing the generating of unjustifiable waste.  
 
Besides the biodegradable waste i.e. food remains the kitchen also has 
other types of waste like packaging materials and empty cans that if 
segregated will decrease the amount of waste sent to final disposal while 
enriching similar  streams from different parts of the site to form that 
increase the economical feasibility of each recycling stream. Assigning 
containers with different colours and demonstration signs are proved to 
be very practical in guiding the crew and staff members to segregate the 
waste. Close supervision and enlighten of the purpose behind such 
practice is essential for the success of such practise bearing in mind the 
absence of similar segregation projects in the country, and the structure 
of the crew dominated by unskilled local staff members.    
 
In general packaging wastes such as paper and plastic from OBC, 
contractors’ camps and processing units can be reduced by the use of 
bulk handling systems or ‘big bags’ [26]. Food, detergents, 
accessories,..etc are usually available in bulk packages. This issue points 
up the importance of enclosing and/or considering sustainable waste 
management policy in the procurement procedures.  
 

4.2.1.3. Sewage sludge 
As well as other types of waste generated at Al-Jabalayn site sludge 
production is likely to increase significantly with the construction and 
operation of CPF and PP extensions and their associated manpower 
needs. Combined sewage sludge with biodegradable kitchen waste for 
composting is considered unless future analysis prove that it is not 
possible to safely utilize the produced compost due to levels of 
pathogens, heavy metals and persistent organic pollutants (POPs) which 
very likely to exist in the sewage sludge. This would pose a drawback of 
continuing in this direction and stimulate thinking about sludge 
prevention.  
 
For the meantime the installed Activated Sludge (AS) system is 
designed and proven to work effectively for similar population under 
nearly same conditions. But the site has experienced declining in the 
system performance confirmed by generation of strong odours several 
times. The wastewater treatment unit is directed by the OBC 
administration, and the camp plumber is assigned to operate the system 
without any technical supervision. Operating the unit by qualified staff 
would ensure adequate control and maintenance and influence better 
functioning specially with the expected increase of residents. 
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Nonetheless, it is not the amount produced that makes sewage sludge a 
waste category to prioritise, but its content of nutrients as well as heavy 
metals and other contaminants [30]. 
 
Connecting the effluent of any new wastewater systems to the projected 
bioremediation scheme for the produced water could be one cost 
effective solution for preventing sludge production, but this option 
should be further assessed to decide whether these quantities of 
wastewater are not harmful for the system or should be banned from be 
discharged to the ponds. 
 

4.2.1.4. Hazardous Waste 
Although hazardous waste represents a small portion of the total waste 
generated from the site; it has a great significance because of its 
associated hazards that pose a considerable health and environmental 
risks and requires high handling cost including special transportation, 
storage and treatment.  
 
All types of operation chemicals utilized in the site i.e. Pour Point 
depressant, Therminol (heat transfer fluid), wax inhibitors, corrosion 
inhibitors, descaler, engine oils, lubricants, laboratory work 
chemicals,..etc are classified as hazardous; this is centred on Materials 
Safety Data Sheets MSDS of these chemicals. This makes minimizing 
this type of waste very favourable to avoid the technical and logistic 
difficulties and expensive costs of its treatment.  
 
The amount of chemicals found as residues in empty drums reflects the 
level of inefficiency of the injection system and practices. Technological 
improvements by investing in totally or partially replacing the current 
injection skid with a more efficient system would decrease losses and 
consequently cut generated chemicals residues regarded as hazardous 
waste. PDOC shall also focus more on benefiting from different training 
programmes typically provided by suppliers and vendors of injection 
equipments, this has to improve skills of the responsible operators in 
implementing good practices of preventing spillages and therefore 
minimizing chemicals’ residues left in their containers, besides the 
considerable space in the site’s chemical shed permanently occupied by 
hazardous waste drums.  
 
PDOC shall consider the substitution of hazardous chemicals used 
currently with other less harmful ones that have same level of 
performance or even better in some examples. Browsing offers for eco-
friendly PPD, wax inhibitors and corrosion inhibitors shows how 
options for environmental harmful materials substitution are increasing. 
One key example is the environmentally friendly antiwear additives and 
environmentally friendly lubricants (EFLs) according to the U.S. Army 
Construction Engineering Research Laboratories. Furey et al (2003) 
summarized their research, field tests, and potential applications of the 
concept of tribopolymerization. They have shown that the antiwear 
compounds developed on the basis of their tribopolymerization concept 
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are extremely effective with metals as well as ceramics in both liquid 
and vapour phase applications. Since these compounds are ashless, 
normally containing only carbon, hydrogen, oxygen, and sometimes 
nitrogen also contain no harmful phosphorus, sulphur, or chlorine and 
can be selected or designed to be biodegradable, they are ideally suited 
from an environmental standpoint.   
 
Moving to environmentally friendly chemicals is a necessity for 
eliminating, or minimizing, risks of hazardous chemicals waste, but 
these “green chemicals” must be at least as efficient as the ones they 
replace otherwise the cure may be worse than the disease as concluded 
by the Ninth SPE International Conference on Health, Safety and 
Environment in the O&G industry. 
 

4.2.1.5. Metallic drums and Scrap 
Scrap metal and metal finishing waste can be reduced by ordering 
prefabricated materials, products, and structures. If structures are at least 
partially fabricated in a factory setting, scrap and excess finish materials 
can be more easily recycled into other processes. Fabrication and 
finishing of metal on-site may result in more waste [23]. 
 
Moreover substitute the ordinary 200 litres (55 gallons) drums with ISO 
tanks for supplying different processing chemicals to the site has proved 
to be a positive step from economical point of view. From waste 
management stand of point this substitution has several desired 
achievements as well; the number of empty drums to be dealt with has 
been reduced, an Australian supplier of logistic services2

4.2.2. Reuse 

 has estimated 
that one typical ISO tank has the volume of 80 drums. Moreover these 
tanks are returnable as part of the purchase agreement with the supplier 
which means that PDOC will not be responsible to deal with containers 
while getting part of its processing chemicals. Decreasing residues 
quantities often being lost in drums is an additional advantage in terms 
of resources savings and hazardous waste prevention. 
 
 

 
4.2.2.1. Construction waste 

Every rainy season; the rainwater drainage system receives substantial 
quantity of soil mixed with fine pieces of bricks and concrete and other 
earthen materials carried by storm water runoff. When cleaning the 
drainage system from time to time these materials are removed and 
carried away to be pilled on some open area next to hundreds of similar 
piles that cover wide area of the site. This type of waste may be usable 
for as filling, road surfacing material, or/and levelling. One successful 
example was levelling the ground which surrounds the chemical shed 
(south east of the OBC). This step enabled heavy vehicles to unload 
different types of chemical containers without troubles; these heavy 

                                                 
2 Direct Logistics Pty Ltd. 
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vehicles have faced some difficulties in the past with lifting their loads 
because of the too low ground level. Certainly it is necessary to conduct 
an assessment by the site civil engineers to decide on the suitability of 
these materials for the suggested reuse.  
 
The successful of reuse of construction waste and realizing its 
economical and environmental benefits shall enhance the segregation of 
the inert hard materials (e.g. brick and concrete), plastics, metal, timber, 
paper and cardboard, gypsum, paints and chemicals. 

  
4.2.2.2. Metallic drums 

Storing chemical waste fluids in empty chemical drums is already 
practiced in the site as one way of reusing these containers. But since it 
has been noticed that storage conditions are not favourable in some 
cases like the case of the chemical yard this should be reconsidered. 
Otherwise transferring these materials to appropriate places like the 
chemical shed might provide better conditions for longer storage.  
 
Another possibility is to boost using of empty drums for local 
communities development delivered by PDOC as part of its 
development services programme, in view of the fact that these 
communities usually use very primitive methods for water storage for 
the household use. If needed these containers may pre-cleaned and 
rinsed by the company prior to give them out to the locals. Lubricants 
drums in particular are the most suitable type for this purpose. 
 

4.2.2.3. Hazardous waste 
At early stages of the CPF oil spill clean-up operation some of the 
manually recovered crude has been collected and used to coat traditional 
clay houses in nearby local communities. This “new” wall coating 
material has replaced the used oils that can contain heavy metals such as 
cadmium, chromium and lead, and may also contain arsenic and 
dioxins. As long as inhabitants stay at their homes they are exposed to 
some or all of these chemicals; long-term exposure can cause damage to 
the liver, brain, immune system, reproductive system and can cause 
cancer [3]. 
 
Crude oil are widely considered in the company and the local 
communities as better coating substitution of used engine oil, but still 
more investigation needed to assess to which level this practice is 
acceptable to be considered safe and environmentally friendly.   
 
Used automotive batteries are another HW type that has a potential for 
reuse in the local communities; where many villages in the area do not 
have electricity supplies. Ordinary used 12 volt batteries are commonly 
utilized to run TVs in households. Used batteries can be offered to small 
car service stations in nearby villages like Makhalif.  
 
As a basic procedure in the laboratory staff do not discharge used 
chemicals to the laboratory sink connected to the sewer system, instead 
there is a separated special sink to which all the chemicals are 
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discharged through a pipe-work and exhaust tubing to be collected in a 
1m3 tote tank. This tank is regularly replaced, and the chemical mixture 
is discharged to the CPF closed drain and blended with the crude oil. 
This practice has been adopted based on a recommendation from the lab 
supervisor according to the specifications of the discharged chemicals, 
and shown to be useful in help achieving better water separation and 
final sales oil quality. 

 
     

4.2.3. Recycling 
 
4.2.3.1. Oil contaminated materials  

The above mentioned Rabak Cement Factory (80 km from the site) has 
been proposed as a key constituent of the suggested White Nile Eco-
industrial Park. There are favourable circumstances for creating a long 
term industrial symbiosis between PDOC and that factory based on a 
win-win strategy by which PDOC will get a good route for off-site 
energy recovery from its high calorific value wastes e.g. oil 
contaminated materials while providing an attractive and less expensive 
alternative of secondary fuels otherwise needed to fire the kiln. In 
addition the ash from wastes combusted in the kiln will become 
incorporated into the cement matrix. These ashes may provide a 
desirable source of aluminium, silica, clay and other minerals that are 
typically added in the cement raw material feed stream. 
 
The retention time and temperature (typically 1,400 to 1,500 °C) within 
the cement kiln are adequate to achieve thermal destruction of organics. 
The oil manually recovered from the CPF spill clean-up has been 
rejected as a material that allowed being returned to the process. This 
recovered oil has been sent to Rabak, and successfully incinerated. 
Recently and due to the ever growing environmental regulations and 
public pressure Rabak’s cement kiln has been equipped with pollution 
control devices to control air emissions from the process. This step 
would make this option more attractive since emissions from oily waste 
are controlled [32].   

 
4.2.3.2. Biodegradable wastes 

Food remains, vegetative waste and sewage sludge are all organic 
biodegradable wastes that suit the planned composting scheme where 
the volume of these streams are reduced and stabilized while any 
included pathogenic organisms are eliminated. 
 
As mentioned earlier the developing of the work has reached some 
progress by selecting the suitable site, preparing its three sections for 
receiving the waste where moisture content, temperature, pH and time 
can be controlled besides arranging with the kitchen personnel to 
segregate the biodegradable fraction of the waste to be mixed later with 
yard clippings and sewage sludge to maintain appropriate nutrients 
content while decomposing these wastes into useful end product. 
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The final product can be used as a soil amendment or conditioner on-site 
where landscaping has experienced some serious difficulties because of 
the poor soil, or otherwise local farmers are expected to be eager to 
receive such a free or low price soil enhancer.     

 
As same as other segregated waste streams routed for reusing or 
recycling biodegradable waste requires PDOC to lightly invest on the 
prior stages i.e. separated collection, transportation and storage. These 
stages are secured for the sewage sludge but not yet for the kitchen and 
vegetation wastes.  Another essential missing part is a suitable shredder 
because even small and medium scale composting operations would be 
difficult without the use of shredding machines.  
 
Shredder may be used to thoroughly mix the compost and to break up 
any agglomerates not destroyed in the composting site.  
 
This shredder unit would serve other constituents of the proposed 
IWMS; it is also used in conjunction with sanitary landfilling 
operations. When deposited in a landfill, waste shredded to a maximum 
size of 10 to 25 cm. will not support combustion, will not support 
vermin, will not produce odour, and will not provide a breeding ground 
for insects [29]. Moreover it can effectively reduce the volume of wastes 
planned to be sent for off-site recycling which means transportation cost 
reduction e.g. tyres transported to Rabak cement factory. 
 

4.2.3.3. Construction waste 
Both current open dumping site and the projected landfill area located to 
the east and south-east of the site are difficult to reach because of the 
poor condition of the access road to these locations. This pose a need for 
constructing a new road or at least improving the existing one, this need 
has more importance during rainy seasons. For construction purposes 
Abichou (2004) suggested that replacement of natural soils, aggregates, 
and cements with solid industrial waste is highly desirable. In some 
cases, a by-product is inferior to traditional earthen materials, but its 
lower cost makes it an attractive alternative if adequate performance can 
be obtained. In other cases, waste may have attributes to those of 
traditional earthen materials. Selected materials can also be added to 
industrial waste to generate a material with well-controlled and superior 
properties. 
 
Cho (2004) suggested that it is not practical to use waste aggregates for 
the surface layer of concrete without using additives or special 
treatments. It is possible, however, to apply concrete with waste 
aggregates for lean bases.  
 
Expanding construction work offer chances for reusing and recycling of 
a range of construction waste; for instance substituting recycled 
construction materials for virgin aggregates in concrete can have 
economic, environmental, and even aesthetic advantages. From a life 
cycle perspective it has the dual benefit of reduced resource use and the 
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associated mining impacts, and the diversion of waste materials from 
the landfill. Recycled materials can be less expensive than natural 
aggregates, especially if demolition materials such as concrete or brick 
can be crushed on and reused in new concrete. Concrete is easily 
recycled on-site by bringing in equipment to break, remove, and crush 
the old material. This practice also can save on landfill and 
transportation efforts and cost.  
 
Other recycled products that can be used for coarse or fine aggregates in 
concrete are brick, glass, waste fibreglass, mineralized wood shavings 
and many others. 

 
But mixes may need to be adapted to accommodate variations in 
recycled aggregate properties. With use of any new aggregate, testing is 
necessary to account for variations in the aggregate’s properties. This 
might be a primary limitation of using recycled materials as aggregates 
in concrete is the requirement of predictable and consistent 
performance.  
 

4.2.3.4. Metallic drums and scrap 
Off-site recycling of the empty drums and construction scrap metals is 
already in practice and should be enhanced. In the past a huge work had 
to be done by the recycling company to separate the scrap metal fraction 
from other fractions of construction waste. Reorganizing waste 
management strategies following suggestions of this study shall guide to 
sorting of these fractions. This will enhance effective and efficient 
recycling of the considerable quantities expected to result from the 
projected expansions construction works and from day to day activities. 
One of the key factors to facilitate such smooth management is to 
establish the projected Excess Property Laydown Yard (EPLY)/Scrap 
Metal Laydown Yard (SMLY) where each type of materials and waste 
is collected and placed together in one fenced location under safe, 
secure and appropriate storage conditions to boost up reusing and 
recycling of metallic drums and scrap as well as other types. 
 

 
4.2.4. Treatment 

 
4.2.4.1. Hazardous waste 

Resolving the critical situation of Hazardous Waste (HW) storage at Al-
Jabalayn site should come at the very beginning of discussing HW 
treatment. Most of the early international disasters grew from the 
uncontrolled accumulation of hazardous wastes [5]. There are about 
twenty drums stored in a very bad storage conditions in the chemical 
yard exposed to different weather conditions without any shelter, and 
additional 30 - 40 drums full of hazardous mixtures stored in a poor 
conditions the chemical shed which basically for new chemical supplies. 
Some of these drums started to leak as shown in (Figure 41), and those 
in the chemical yard are in very serious situation unless prompt 
corrective actions are taken regarding HW storage for the long term 
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because this number is expected to increase proportionally  with 
construction of extensions and the resulted growing  production 
capacity. Regardless the following treatment of these HW, they should 
be immediately transferred from the damaged and corroded current 
drums to new ones clearly stamped with information in accordance with 
the specification for the contained hazardous material if known. 
Otherwise a standard general HW labels shall be applied.    
 
Assigning a separated store for HW in the site is required. The 
American Occupational Health and Safety Administration suggests that 
HW storage areas in must be structurally sound, free of cracks or gaps, 
and sufficiently impervious to contain leaks, spills, or accumulated 
precipitation. The base must be sloped or the system must be designed 
to facilitate drainage of spills to a collection point. There must be a 
secondary containment system with capacity to contain at least 10% of 
the volume of the containers, or 100% of the largest container, 
whichever is greater [5]. 
 
There are a wide range of practices and technologies for HW treatment 
including biological methods, physicochemical processes, stabilization 
and solidification and thermal destruction. Most of these methods need 
special equipment unit or even a series of equipments for a complete 
treatment. But the relatively small quantities of HW generated on the 
site, common chemicals which dominate the HW and lack of any 
facilities for HW treatment and disposal at the national level narrow the 
options for PDOC to choose best available options taking into account 
the normally high cost of establishing full treatment lines for just minor 
chemical HW quantities.  
 
Land-spreading has been successfully applied to the CPF oil spill clean-
up to facilitate biodegradation of hydrocarbons pollutants in the 
contaminated soil. There are many example applications for the practice 
in the treatment and disposal of hydrocarbon wastes from the E&P 
industry. But chlorinated and other persistent compounds and wastes 
bearing heavy metals like injection chemicals and MRO residues are not 
suitable for land applications for treatment or disposal [5]. 
 
Nowadays there is a growing discussion and pressure toward developing 
proper waste management infrastructure in different states. This likely 
will result in creating some facilities for handling the growing rates of 
industrial HW. Therefore long or medium term storage could come as 
another possibility for this type of waste with the aim of future 
transferring of this waste to be treated and disposed in a specialized 
facility. In this case stabilization and solidification of liquid chemicals 
shall be applied to eliminate hazards and enable easier future 
transportation.      

 
4.2.4.2. Combustible Medical & Domestic wastes 

The recent acquisition of a medium size medical incinerator supports the 
development of the waste management work in terms of on-site 
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incineration. Although this incinerator is mainly designated for medical 
waste it can technically and economically be utilized extendedly to 
incinerate a portion of the domestic waste especially after sorting it and 
removing the contained metals, glass and biodegradable food remains. 
This stream shall include packaging materials and empty plastic bottles 
(from residential camps) as well as paper and used tea bags (from 
offices and administration building).This is derived from its capacity of 
100 kg/h, and the design for post-operation garbage and virulent 
materials. An essential unit for preparing this type of waste for 
incineration is a suitable shredder for forming homogenous volume 
reduced waste.  
 
The shredder is also necessary for the composting scheme since the raw 
materials (e.g. food remains from the kitchen) needs to be shredded to 
small chips to accelerate the decomposition process. It could be usefully 
employed also for a range of other construction, industrial and domestic 
wastes (e.g. chip boards, gypsum plaster boards, insulating material, 
wood waste, PET bottles, polyurethane waste, vegetative waste, paper 
and cardboards).      

    
 

4.2.5. Ultimate Disposal (Sanitary Landfill) 
Despite the fact that landfill is seen as the least desirable option under the 
Waste Hierarchy there always remains a need for disposing waste, even 
after reuse and recycling [22]. Sudan with its area of 2.5 millions square 
kilometres that ranks the country as the largest country by area in Africa, 
and Arab region, and consists mostly of flat plains with a very few 
mountain areas. With such features the country in general doesn’t suffer 
any lack of areas, which makes landfilling an attractive option comparing 
with other options in terms of economical factors, unlike the situation in 
some other parts in the world particularly Europe where the major driving 
force for recycling or re-using the generated waste is the ever-increasing 
cost of landfills.    

   
Landfill sites are often former mineral workings, which are required to be 
infilled after use and consequently the disposal of certain types of waste 
into landfill such as the mostly inert construction waste and the mixed 
domestic waste after separating the biodegradable fraction, can be 
beneficial and eventually result in recovered land [33]. This makes the two 
soil material borrow bits located on the far southeast corner of the site and 
the one between the main gate and the small air port to the west of the site 
both are potential appropriate waste landfill areas (Figure 45). These sites 
have been used as materials borrow bits to particularly supply the 
construction of the huge dikes surrounding the Produced Water 
evaporation ponds. The bigger one (southeast corner of the site) is better 
because of the following reasons: 
 

 Site location and characteristics:  
It is located in the downwind direction that meets the health and 
safety considerations to protect the site personnel from the potential 
hazards, because the same location is supposed to host other basic 
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and complementary waste management units specifically the earlier 
mentioned incinerator, and the waste shredder. Having these units in 
one location is more practical to avoid unnecessary cost or technical 
burdens. The shredder is essential for preparing waste for both 
incineration and landfill, accordingly it practical to have them all in 
the same location even if the shredder is assigned as well for 
preparing kitchen waste for composting. The later smaller volume 
waste type (1.5 m3\day) could be transported to this location for 
preparation and then transferred to the composting site. Also the 
resulted ash from the incinerator could easily be discharged to the 
landfill.  
 
The edges of the proposed landfill are with higher level than the 
surrounding areas, and located about 200 m from the nearest 
residential camp “OBC”. A seasonal waterway runs about 20 m far 
from the southern edge of the proposed landfill but still this does not 
make the site pose any serious environmental risk because of the 
level of the site and the time limitation of this seasonal small 
watercourse which carries rain runoff to a seasonal lake.   
 
Clay is the visually dominating soil types in the proposed site. This 
provides a favourable condition because of clay’s low permeability 
that acts as an additional liner material and hinders possible future 
leachate from reaching surface or ground waters especially when 
levelled and well compacted.  
 
The excess amounts of soil pilled inside the borrow pit could be 
removed and nearly stored for more beneficial use.  Afterwards this 
soil can be used as daily cover material of compacted waste to 
prevent windblown litter and odours, to prevent fires, deter birds and 
vermin and to improve the visual impact. Also to be deposited as 
intermediate cover material for every group of cells.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig (47): Location of the suggested landfill  
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 Capacity:  
It has a volume of roughly (200×150×3) m3 that allows partitioning 
the total volume to smaller cells and two or more access roads with 
all engineering requirements. Most of the wastes deposited in the 
landfill are expected to be inert ones not having significant health or 
environmental impacts. However since it is not fully restricted for 
inert waste having further lining, leachate and gas collection systems 
are required to control potential leachate and gas emissions.   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

As far as the company succeeds in sorting different waste streams in the 
direction of applying the higher options; less waste will be left for landfill. 
This will increase the operation lifetime of the proposed site while 
reducing any possible human health and/or environmental risks from the 
proposed site.  
 
All remaining waste types are supposed to be landfilled. A special attention 
shall be paid to keep any hazardous waste out of the landfill. Moreover and 
despite the fact hazardous waste landfill has the same least favourableness 
as per the waste hierarchy it is also far from being considered due to 
several other reasons: 
 

 If considered, the landfill for hazardous waste should be separated from the 
inert waste landfill since it needs to have a high engineered containment 
design with sophisticate liner and collection systems. 

   
 Nevertheless landfilling is not appropriate for most of the hazardous waste 

generated on the site due to their nature i.e. liquids, flammable, explosive 
and/or infectious types of waste. 

 
Preparing the waste by shredding is essential because reduced volume of 
the shredded waste leads to prolonged life of the landfill site. Materials 
such as rubber tires and demolition lumber which could not previously be 

Fig (48): A view from the edge of the proposed landfill site 
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effectively compacted into a landfill present no problem after shredding. 
The effective life of the landfill site is prolonged from two to three times 
that normally expected, and the expense for covering the site daily with 
topsoil is eliminated [27]. 
 
 

3.1.1. Unconventional methods 
Achieving minimal environmental impacts, with a view to recycling or 
energy recovery with low pollution have been factors behind developing 
other alternative waste treatment and disposal options. This was led by the 
waste hierarchy and the concept of sustainable waste management. 
Amongst such technologies are pyrolysis, gasification, combined pyrolysis-
gasification, composting and anaerobic digestion [33].  
 
In the case of Al-Jabalayn site most of these options are not likely to be 
considered mainly because of the doubtable economical feasibility. This is 
because these “sophisticated” technologies need significant investment in 
equipments as well as sufficient and stable supply of waste.  
 
Normally pyrolysis, gasification and anaerobic digestion of waste are 
utilized to process waste for direct energy recovery or producing gas or oil 
products. Sufficient gas/oil could not be extracted to make the project 
economically viable under shortage of suitable waste materials or with 
inappropriate design e.g. anaerobic digester (biocell) is too small [17].   
 

 
Composting is sometimes classified under this category (alternative waste 
management options) but could be an exception here since it can be applied 
in a rather low-cost simple ways as described earlier. 

 
It might be possible to consider investing in similar energy recovery 
technologies or even more if PDOC succeeded to get involved in large scale 
waste management projects on regional or national levels with other 
stakeholders. This could be also part of the above suggested White Nile EIP 
to attempt creating a closed-loop system that maximize the re-input of 
wastes and byproducts into the production system [21]. Any of these options 
would enhance the company’s social responsibility position while realizing 
more cost efficient and environmentally friendly practices. The overall result 
will be that more sustainable waste management is achieved.        
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4. Chapter V: CONCLUSIONS & RECOMMENDATIONS  
 
1.    PDOC’s Al-Jabalayn site is generating a range of waste streams that are 

expected to significantly increase especially during and after the planned 
expansions. The analysis of the current strategies and practises of waste 
management of these streams shows several areas which can be improved if 
addressed from a comprehensive standpoint. The Waste Hierarchy offers a base 
to build an IWMS on the way to realize the most possible sustainable waste 
management as described in the study.   
 

2.   The commitment from PDOC top management to the best HSE standards needs 
to be translated through effective mechanisms on every management level. That 
includes ensuring proper waste management as a top priority in this area 
because of the magnitude and the complexity of this subject that attract 
growing criticism to the E&P industry from the public as well as different 
governmental authorities.  

 
The company already has a written “Solid Waste Management Procedures” that 
address the area of Solid Waste Management, but many examples show how 
these procedures have been passed over especially by PDOC’s contractors. 
However these procedures are limited to external “end-of-pipe” solutions and 
do not consider prior actions that follow the waste hierarchy. It is recommended 
to revise these procedures to, firstly, ensure that they are effectively 
incorporated in the policy cover other types of waste, and address the problem 
from IWMS perspective jointly with all different activities especially 
emergency plans. This shall result in a complete package of procedures and 
guidelines for effective and efficient IWMS. 
 

3. The relatively less environmentally impacted and socially accepted Al-Jabalayn 
site is an ideal host for the IWMS that can be considered as a pilot project to be 
replicated in other PDOC and/or different Sudanese E&P sites. This basically 
because it has smaller waste streams to be controlled and managed and scaled 
up later in other bigger sites. 
 

4. Utilization of awareness raising instruments is needed. Current and future good 
environmental practices particularly in waste management shall be pointed up 
and highlighted within different relevant communication means e.g. annual 
reports and environmental monthly bulletin. This is expected to provide 
demonstration examples to encourage adopting and spreading same positive 
applications in wider scales as well as sharing information and engaging more 
employees and stakeholders. Also conducting campaigns and long term 
programmes by HSE department including seminars, posters, brochures,..etc. 
shall pave the way for better participating of all staff which is essential for a 
successful establishment of the IWMS.  
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5. It is necessary to acquire appropriate infrastructure for waste management; for 

instance specified waste containers with different colours and labels should be 
acquired and distributed carefully to facilitate and boost successful waste 
recycling.  
 

6. It is recommended for PDOC based on its position in terms of resources 
availability and established networks with local government, business and 
communities to take the initiative for proposing the White Nile Eco Industrial 
Park (WNEIP). If established this would enable the company to manage its 
waste streams in  much better manner by linking its IWMS to companies and 
communities in the state as consumers of some waste streams via resource 
exchanges and recycling networks. Simpler forms of industrial symbiosis could 
be an encouraging start for catalyse the establishment of the said WNEIP.  
 

7. Better coordination and understanding are needed concerning planning or 
implementation of any current or future programmes for waste management. 
Particularly in the area of waste minimization that takes place in earlier stages 
of waste materials life cycles. Among areas that lack coordination are the 
selection of chemical additives types for CPF processes, imposing security 
cautions regarding waste materials transportation and the maintenance 
department’s adopted criteria for classifying scrap metal.   
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