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1.0 Introduction 
 
The USAID Water Reuse and Environmental Conservation Project works throughout Jordan 
in institutional capacity building, pollution prevention for industries, solid waste and 
wastewater management, and water reuse. The project is implemented by AECOM and a 
team of international and Jordanian partner firms. This 5-year project has four primary tasks: 
 

 Task 1 – Institutional and Regulatory Strengthening 
 Task 2 – Pollution Prevention and Industrial Water Management  
 Task 3 – Disposal Site Rehabilitation and Feasibility Studies 
 Task 4 – Water Reuse for Community Livelihood Enhancement , including biosolids 

 
As part of Task 4 the project is to prepare a biosolids monofill design at the As Samra Waste 
Water Treatment Plant. This report presents the results of the feasibility assessment (FA) to 
support the design. 
 
This feasibility report presents background information about the As Samra Wastewater 
Treatment Facility (WWTP), describes current biosolids management operations in the 
Kingdom of Jordan, and provides other relevant background information. It also summarizes 
the conceptual design and costs for the biosolids monofill at As Samra.  It is based upon the 
conceptual design report prepared in July 2014 (and all references included therein) and is 
in general conformance with part 4.2.1.2 of the “Terms of Reference (TOR) – As Samra 
Sludge Management (treatment, reuse and disposal) Feasibility Study” (AECOM, November 
2012). 
 
The FA is based on review of available reports and documents; data collection through site 
topographic mapping; a biosolids production rate as identified in the 2012/2013 Sludge 
Management Plan; an on-site geotechnical investigation; field visits; meetings with relevant 
authorities; and discussions with stakeholders. The purpose is to make informed decisions 
for developing the site. Upon approval of this FA, the project team will prepare detailed 
design drawings and cost estimates for development of the As Samra biosolids monofill.  
 
This report is divided into sections as follows, with appendices providing supplementary 
information and data: 
 

 Section 1.0 - Introduction 
 Section 2.0 - Problem Statement 
 Section 3.0 - Authorization  
 Section 4.0 - Background 
 Section 5.0 - Site Investigations 
 Section 6.0 - Preferred Alternative: Monofill 
 Section 7.0 - Basis of Design of Monofill 
 Section 8.0 - Environmental and Social Considerations 
 Section 9.0 - Operations and Maintenance 
 Section 10.0 - Risk Analysis 
 Section 11.0 - Cost Estimate for As Samra Landfill 
 Section 12.0 - Feasibility Analysis of PPP Options 
 Section 13.0 - Financial Risk Management 
 Section 14.0 - Implementation of Plan 
 Section 15.0 - Summary 
 Section 16.0 - References 
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2.0 Problem Statement 
 
The goal of this feasibility assessment is to describe the current and projected sludge 
(biosolids) production and storage requirements, and develop the “preferred option” for 
disposal over the project period in ways that meet the government requirements per the 
Restated Project Agreement (RPA) and its annexes, comply with the applicable laws in 
Jordan, and conform with international best practices, settling short, medium, and long-term 
commitments. This assessment does not analyze or discuss other potential disposal 
methods (e.g. incineration) or potential re-use of biosolids such as restricted agricultural 
application and use in cement kilns.  
 
This assessment is based on the analysis of existing information (such as existing studies) 
and discussions with experts, and/or representatives of relevant institutions. Analyses of the 
As Samra WWTP municipal sludge (biosolids) are available from previous studies. Relevant 
information is summarized within this report with some of the results included as 
supplemental data in Appendix C and Appendix E. 
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3.0 Authorization 
 
This FA has been prepared as a sub-task of the USAID Jordan Water Reuse and 
Environmental Conservation Project (Project) to provide consulting engineering services to 
the Government of Jordan (GoJ) at specific targets consistent with USAID’s Strategic 
Objective to achieve “Enhanced Integrated Water Resources Management.”  
 
Work on the project is authorized under Order Number 4 in accordance with USAID Contract 
Number EDH-I-00-08-00024-00 for Global Architect-Engineering Infrastructure Services, as 
issued to AECOM Technology Corporation (AECOM). The period of performance for this 
task order is five years, commencing 1 August 2010 with the estimated completion date of 
30 July 2015.  
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4.0 Background 
 
4.1 As Samra Waste Water Treatment Plant   

 
The following description and rationale for the As-Samra waste water treatment plant 
(WWTP) is taken from the Final ESIA Report (Consolidated Consultants, January 2012). 
The fourth water poorest country in the world, Jordan is nevertheless fully using all of its 
limited water resources. Per the “Water for Life Strategy,” Jordan’s water strategy for 2008-
2022, about 4 million Jordanians (63% of the population) are served by sewerage systems 
producing about 100 MCM of effluent per year that is being reused primarily in agriculture. In 
fact, in 2011, more than 60% of crops in the Jordan Valley were irrigated using treated 
wastewater. A growing population, which is expected to exceed 7.8 million by 2022, implies 
increasing water use and hence wastewater quantities. When treated properly, this water 
can be used for non-drinking purposes and thus represents an important alternative water 
resource. 
 
For Amman, which is the Capital of Jordan and its most populated city, the first wastewater 
treatment plant was constructed in 1968 in the Ain Ghazal area. By 1985 this facility was 
becoming overloaded due to the growth of population. As a temporary relief measure, the 
As-Samra wastewater stabilization ponds were constructed in 1986, with a capacity of 
7,000m3/day. Further growth of the population in the Amman/Zarqa basin made it 
increasingly difficult for the As-Samra wastewater stabilization ponds to perform their 
intended function. The original Master Plan for the collection, conveyance, treatment and 
reuse of wastewater from the Amman-Zarqa area through the year 2026 was developed in 
1997. One of the recommendations of the Master Plan was the construction of As-Samra 
waste water treatment plant (WWTP) during phase I (through the year 2015) and its 
expansion during phase II (through the year 2025). This Master Plan was accompanied by 
an initial Environmental Impact Statement (EIA). 
 
The development of this project was launched in the year 2000. In 2003 and after the 
signature of a Project Agreement between the MWI and SPC, for the construction of As-
Samra WWTP phase I, the existing EIA was updated and some modifications concerning the 
Ain Ghazal pump station and Value Engineering adjustments were proposed and 
implemented during As-Samra WWTP phase I design. In 2006 a revision/technical updating 
of the initial 1997 Master plan was carried out. 
 
The construction of the plant was completed in 2008. A schematic of the plant is provided in 
Figure 4-1. As-Samra WWTP is a Public Private Partnership (PPP) for financing the 
construction and operation of a public infrastructure based on a Build Operate Transfer 
approach (BOT). Being the first BOT project in Jordan, it is considered a crucial element in 
its social, environmental and economic development. As-Samra WWTP is one of the biggest 
plants in the region using the latest available technology in order to ensure the highest 
purifications rates.  
 
This plant has been in operation for more than 5 years and it provides high quality treated 
water allowing complete reuse in agriculture. The existing wastewater stabilization ponds 
have been decommissioned and partially converted for sludge drying and temporary storage 
purposes. The Project Company is also responsible for the operation and maintenance of: 
 
1. The West Zarqa and Hashimiyya pumping stations; 
2. The Ain Ghazal pre-treatment plant, which has been upgraded; and  
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3. The conveyor lines to the Plant from the Ain Ghazal pre-treatment plant and from the 
West Zarqa and Hashimiyya pumping stations. 

 
 

 
 
Figure 4-1: Lagoon Use and Expansion Site 
 
In 2010, according to the updated Master Plan and in order to cope with increasing 
wastewater volumes expected in the Amman and Zarqa areas by 2025, the Government has 
decided to increase the capacity of As-Samra plant by about 40% (from 267,000 m3 per day 
to 367,000 m3 per day) under the same BOT scheme. The project concerns the expansion of 
the existing WWTP and includes the construction, the operation and the maintenance of the 
expanded facility for a total period of 25 years (starting from 2012). This expansion, based 
on the same treatment process, will consist of adding facilities and equipment already 
operated today by the plant. The total project costs for the expansion are estimated to be 
around JD 200 million, of which about JD 105 million would be financed by a Jordanian 
Syndicated Loan, including the refinancing of the existing borrowing. The rest will be 
financed by Millennium Challenge Corporation (MCC). 
 
The expansion is being constructed under a turnkey EPC contract between the Project 
Company and an EPC Contractor that is an unincorporated joint venture composed of 
affiliates of the project sponsors. Construction is scheduled to take 36 months from the 
effective date of the Expansion Project Agreement.  
 
The operation and maintenance of the expanded plant will be carried out by the existing 
O&M Contractor, the Samra Plant Operation and Maintenance Company Ltd. (a company 
registered in Jordan, owned by affiliates of the Project Sponsors and appointed by the 
Project Company). 
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The operational period for the expanded plant will be 22 years from the end of construction. 
Thus the Project Company will be responsible for the operation and maintenance of the 
existing assets for eight years more than was anticipated in the 2003 Project Agreement. 
The operation of the Ain Ghazal pre-treatment plant, the conveyor lines and the pumping 
stations at Zarqa and Hashimiyya will also be extended accordingly. The O&M Contractor 
will manage the disposal of screenings and grit. These will be disposed of at the Amman 
municipality landfill, as is currently the case. 
 
4.2 Site Location 

The WWTP services a population of approximately 2.265 million people mainly in Amman 
and Zarqa, and is located on land owned by the Ministry of Water and Irrigation (MWI) in the 
Al Khirbeh As-Samra area within Al Hashimiyya in Zarqa Governorate, 13 km north of Zarqa 
and 36 km to downtown Amman (32°9’15.28”N/36°9’50.38”E), as shown in Figure 4-2. 
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Figure 4-2: Site Location 
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4.3 Biosolids Production 

The existing WWTP produces biosolids with a solids concentration on the order of 2%. After 
application of mechanical pressure within a belt filter press to achieve a solids content of 
approximately 18%, “solar drying” of the caked solids can be implemented to increase the 
solids content to approximately 30% using evaporation lagoons. Solar drying can be 
continued for longer periods of time in the evaporation lagoons to increase the solids content 
to upwards of 50%. Drying from 18% to 50% solids takes approximately 2 to 3 months at the 
As Samra facility. It is assumed that solar drying to a solids content of no less than 50% will 
occur at the treatment plant. 
 
The assumed daily solids production, as provided in the 2012/2013 Sludge Management 
Plan, is reproduced below in Table 4-1. Assuming the compacted dry density of the biosolids 
material (for a solids concentration of 50%) is 0.56 tonne/m3 per O’Kelly (2005b), the 
required monofill capacity is approximately 2.4 million m3. If an additional volume of 15% is 
added to account for cover soil placement, a design volume of approximately 2.7 million m3 
would be required. 
 
Table 4-1: Assumed Dry Solids Production and Equivalent Compacted Biosolids Volume if 
Dried to 50% Solids, Assuming 0.56 dry tonne/m3. 
 

Year Dry solids 
production 

(tonnes/day) 

Required Volume
(m3/day) 

Required
Volume 
(m3/yr) 

Target Volume
5yr Increments 

(m3) 

1 146.6 262 95,617  

2 152.5 272 99,465  

3 156.4 279 102,009  

4 160.2 286 104,488  

5 164.1 293 107,031 508,610 

6 168.0 300 109,575  

7 171.9 307 112,119  

8 176.3 315 114,989  

9 180.7 323 117,858  

10 185.1 331 120,728 575,269 

11 189.5 338 123,598  

12 193.9 346 126,468  

13 193.9 346 126,468  

14 193.9 346 126,468  

15 193.9 346 126,468 629,470 

16 193.9 346 126,468  

17 193.9 346 126,468  

18 193.9 346 126,468  

19 193.9 346 126,468  

20 193.9 346 126,468 632,340 

Total 2,345,689 
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4.4 Climate 

The climate of As Samra is that of a dry desert, characterized by very hot summers and mild 
winters.  Data from the Al Zarqa Al Jadeida weather station (2004-2010, as compiled 
elsewhere) indicate an average maximum temperature of 25.7°C, average minimum 
temperature of 13.5°C, and an average mean temperature of 19.5°C. Average monthly 
rainfall for 2004-2010 was 9.3 mm, with an average annual rainfall of 111.1 mm. 
 
4.5 Regulatory and Institutional Framework 

This legal framework addresses the relevant laws and legislations applicable to the project. 
Jordanian legislation will be discussed in particular; however, due to the lack of 
comprehensive regulations specifically relevant to biosolids monofills, United States 
regulations will primarily be used as a basis for design on this project 
 
4.5.1 Relevant Jordanian Laws and Regulations 

Biosolids and sludge production falls under the Water Authority of Jordan’s (WAJ) umbrella. 
Even though the operation of a number of WWTPs has been delegated to private water 
companies through Public Private Partnerships (PPPs), the ultimate decision maker with 
regards to management of biosolids and sludge produced by WWTPs remains the mandate 
of WAJ. WAJ is responsible for the operating WWTPs in Jordan and thus controls the quality 
of biosolids and sludge produced, which subsequently influences the appropriate final 
disposal method. 
 
The technical regulations for biosolids and sludge disposal are stated within the JS 
1145/2006 which defines three categories of biosolids and sludge. It specifies allowable 
reuse options for Class 1 and Class 2 biosolids and permits the landfilling of all three 
categories (Class 3 sludge cannot be reused for any purposes and should be only landfilled). 
According to the Technical Regulation, Class 3 sludge should only be thickened to a 
minimum of 3% DS prior to its landfilling, (relevant EPA standards recommend the 
stabilization of all biosolids/sludge prior to landfill disposal). JS 1145/2006 also stipulates 
that piling up of biosolids/sludge prior to reuse should be done in enclosed and lined areas 
away from locations prone to flooding or near water bodies. The period for biosolids/sludge 
piling should not exceed three years. 
 
Biosolids and sludge producers should prepare and present their sludge management plan 
to the regulatory and monitoring bodies. Additionally, Article 5-16 prohibits the disposal of 
any category of biosolids/sludge in water bodies, wadis, groundwater recharge locations and 
sewer networks. The Article excludes municipal WWTPs that receive municipal septic tanks. 
However, regulatory and monitoring bodies are authorized to enforce more stringent 
restrictions in addition to what is mentioned in the Technical Regulation JS 1145/2006 as 
deemed necessary. 
 
With reference to the legal review, no explicit legal reference other than JS 1145/2006 for 
governing the disposal of biosolids and sludge per se was identified. Nonetheless, JS 
1145/2006 does not detail the method of biosolids and sludge disposal.  
 
The Ministry of Environment (MoEnv) is responsible for ensuring environmental compliance. 
The Ministry of Water and Irrigation (MWI), the Water Authority of Jordan (WAJ) and the 
Jordan Valley Authority (JVA) (within the Jordan Valley) are responsible for the protection of 
water resources. The Ministry of Health (MoH) is responsible for the protection of public 
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health whereas, the Ministry of Labor (MoL) is responsible for the protection of occupational 
health and safety. It is noteworthy that the Ministry of Municipal Affairs (MoMA) through its 
respective municipalities and the Greater Amman Municipality (GAM) is also responsible for 
the prevention of health nuisances and can hence also play a monitoring role for public 
health and safety. 
 
Compliance with environmental and public health requirements is an important component 
for biosolids and sludge disposal. 
 
The Environmental Protection Law No. 52 for 2006 is the main legal foundation and 
states that the MoEnv is accountable for protecting various environmental components 
across the Kingdom and ensuring environmental compliance. To ensure that MoEnv is able 
to do that, a set of complementary regulations and instructions were issued pursuant to the 
Law.  
 
As a means to ensure environmental compliance, MoEnv issued the Environmental Impact 
Regulation No. 37 for 2005 which requires a preliminary impact assessment to be 
conducted for MSW landfills. However, the Regulation does not specify any requirements for 
landfills designated for the sole disposal of sludge and/or biosolids. 
  
Furthermore, compliance with environmental quality standards and specifications falls mainly 
under the MoEnv mandate. The Environmental Monitoring and Inspection Regulation 
No. 65 for 2009 issued pursuant to the Environmental Protection Law No. 52 for 2006 
categorizes three levels of operational facilities based on their risk to cause environmental 
pollution. This categorization is further reflected in the needed frequency of environmental 
inspections. In the case where environmental inspections carried out by the MoEnv reveal 
violation(s) of stated environmental quality requirements, the MoEnv is authorized to request 
an environmental audit from the facility which becomes obliged to submit its original audit 
reports to MoEnv (Article 9). (This is also stated within the Instructions for the 
Categorization of Various Facilities with Reference to their Environmental Risks for 
2010.) 
 
Air emissions also need to be maintained within the permissible levels. The Air Protection 
Regulation No. 28 for 2005 states that each establishment shall commit to meet relevant 
Technical Regulations issued in this regard (JS 1189/2006 for Air Emissions from 
Stationary Sources). Furthermore, MoEnv has the legal mandate to oblige entities with an 
expected risk of exceeding permissible air emission levels to install the required equipment 
to maintain air emissions within standards. The JS 1189/2006 lists the maximum permissible 
limits for various air pollutants from stack emissions. Furthermore, JS 1140/2006 for 
Ambient Air Quality lists the maximum permissible limits for ambient air pollutants and the 
allowable frequency of recorded violations per each pollutant.  
 
Other relevant environmental regulations include the regulation for the Protection of the 
Environment from Pollution in Emergency Situations No. 26 for 2005 which requires 
existing facilities to provide all safety and protection tools and equipment when needed and 
to designate an officer responsible for implementing the contingency plan. Additionally, the 
Soil Protection Regulation No. 25 for 2005 states the responsibility of MoEnv in 
cooperation with the Ministry of Agriculture (MoA) for studying the sites of development 
projects and their impact on land and natural resources. 
 
MWI and its respective authorities, however, are responsible for the protection of water 
resources specifically (Organizational Structure of the Ministry of Water and Irrigation 
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Regulation No. 54 for 1992, Water Authority Law No. 18 for 1988, and Jordan Valley 
Development Law No. 19 for 1988).  
 
The MoH is primarily responsible for the protection of public health by virtue of the Public 
Health Law No. 47 for 2008. Furthermore, municipalities and GAM, within their own area of 
jurisdiction, are authorized to undertake needed measures to prevent the occurrence of 
health nuisances defined in Article 4 of Regulation No. 1 for 1978 and its amendments for 
2009 and the Regulation No. 83 for 2009. The MoL is the entity responsible for regulating 
occupational health and safety. The Labour Law No. 8 for 1996 and its amendments 
thereof as well as the legislations issued by its virtue ensure occupational health and safety. 
MoL states requirements for the Regulation for the Protection and Safety of Workers 
from Machineries and Workplaces (No. 43 for 1998). It also issued Instructions for the 
Protection of Workers and Institutions from Workplace Risks and Hazards for 1996, 
the Instructions for Preliminary Medical Testing of Workers for 1998, and the 
Instructions for Regular Medical Testing of Workers for 1998. MoL legislations also 
provide indoor air quality requirements that need to be complied with. Close coordination 
between MoH and MoL is needed to ensure that both public and occupational health and 
safety considerations are fully met.  
 
As explained within this report, another option following the incineration of biosolids and 
sludge involves electrical energy generation. The Ministry of Energy and Mineral Resources 
(MEMR) is the responsible and governing entity for electrical energy generation, and as such 
its approval needs to be obtained. MEMR’s mandate with regards to electricity generation is 
outlined in the General Electricity Law No. 64 for the year 2003.  
 
A biosolids and sludge facility for electrical energy generation shall take into consideration 
the provisions of the Law where Article 2 defines a power station as “any station comprising 
of one or more units for generation of electric power including lands, buildings and 
installations used for such purpose”. 
 
Furthermore, Article 7 of the Law, gives the Energy and Mineral Resources Regulatory 
Commission (previously known as the Electricity Regulatory Commission-ERC; changed by 
virtue of the Law for Restructuring of Governmental Organizations and Directorates 
No. 17 for 2014) the mandate to license persons engaged in electricity generation, 
transmission, supply, distribution and system operation. It also gives the Commission the 
power to determine the electric tariff, subscription fees, service fees, disbursements, and the 
connection charges to the transmission and distributions systems. Additionally, the 
Commission has the mandate to participate in determining the necessary requirements for 
the implementation of the environmental standards to which electrical installations ought to 
conform in coordination with other concerned parties. 
 
The production of energy from biosolids and sludge is considered bio-energy, which in turn 
is classified as renewable energy. Article 4F of Law No. 64 for 2003 gives MEMR the 
mandate to promote the use of renewable energy for generation. Moreover, the Renewable 
Energy and Energy Efficiency Law No. 13 for the year 2012 defines renewable energy as 
“energy produced from inexhaustible natural resources”, and defines renewable energy 
sources as “natural resources of energy including solar energy, wind energy, bio-energy, 
geothermal energy and hydropower”. Furthermore, as per Annex 1 in the Regulation for the 
Exemption of Renewable Energy Systems, Devices, Equipment and Energy 
Conservation No. 10 for the year 2013, bio-energy systems are considered to be exempt 
from customs duties and sales tax, specifically “the biogas system for electric power 
generation and the system for direct waste incineration for electric power generation.”  
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As per the Reference Pricelist for the Calculation of Prices for the Purchase of Electrical 
Power from Renewable Energy Sources issued by the board of commissioners of the 
Electricity Regulatory Commission by virtue of Article 2 of the Renewable Energy and 
Energy Efficiency Law No. 13 for the year 2012, the reference price for projects that 
produce electrical power from biogas is 60 fils per kilowatt hour, effective 1 January 2014, 
subject to change.  
 
Further relevant legislations concerning the investment in either electricity or gas generation 
facilities include the Investment Law No. 30 for the year 2014 which outlines the incentives 
and privileges for investments outside development and free zone areas under Chapter 1 
and the investment window and licensing under Chapter 3.  The Public Private Partnership 
Law 31 for the year 2014 seeks to encourage and increase the private sector involvement 
in economic development in the Kingdom, provide a legal framework to develop active 
participation in risk-bearing for any of the joint projects and outline the governmental support 
for these projects alongside others. Under this law, a PPP unit is established within the ranks 
of MoF. This unit will be charged with the following tasks, among others: 
 

1. Review PPP proposals submitted by contracting authorities 
2. Review the feasibility studies of PPP proposals 
3. Approve terms of reference of consultants to be appointed by contracting authorities 
4. Provide technical assistance to contracting authorities throughout the project duration 
5. Assist the contracting authorities in licensing the PPP project in cooperation with 

other government agencies 
 

Furthermore a PPP Council (its composition is detailed in the law) is empowered to approve 
or recommend for approval by the Cabinet of Ministers PPP proposals.  Requests for 
government support are further reviewed by a technical committee composed from 
representatives from MOF Public Debt, General Budget Directorates and PPP unit. 
 
Other relevant instructions and standards that could be referred to include: Ambient Air 
Quality Standards (JS 1140/2006), Instructions for Noise Prevention 2003, Jordanian 
Building Codes, Antiquities Law No. 55 of 2008, Law for Protection of Cultural Heritage and 
Sites No. 5 of 2005, Agricultural Law No. 44 of 2002, Waste Prevention and Waste 
Collection Fees Regulation No. 1 of 1978, Joint Services Council Regulation No. 75 of 2009, 
The Management, Transportation and Handling of Harmful and Hazardous Waste 
Regulation No. 24 of 2005, and the Regulation of Hazardous Waste Management and 
Handling No. 43 of 1999.  
 
4.5.2 Relevant United States Regulations 

In the United States, Subpart C of 40 CFR, Part 503 provides relevant regulations developed 
by the Environmental Protection Agency (USEPA) for lining biosolids monofills. Should the 
biosolids produce leachate with unacceptable levels of contaminants (arsenic, chromium and 
nickel), then a base liner containment system with leachate collection and treatment is 
required per Part 503. For unlined facilities, the owner/operator must either assure that 
pollutant concentrations of these contaminants do not exceed Part 503 pollutant limits at 
specific distance intervals from the boundary of the disposal unit to the site property line (see 
below) or the owner/operator must meet “site specific” limits set by the relevant permitting 
authority. 
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Test results for sludge quality relative to arsenic, chromium and nickel at As Samra are 
presented in the Terms of Reference – As Samra Sludge Management (Treatment Re-use 
and Disposal) Feasibility Study (AECOM, November 2012) and are summarized as: 
 

 Arsenic < 7.5 mg/kg of dry weight 
 Chromium 67 (37-176) mg/kg of dry weight 
 Nickel  37 (24-60) mg/kg of dry weight 

 
These reported values are all currently less than the maximum allowed pollutant 
concentration limits for all distances per Table 1 and Table 2 of Section 503.23. Part 503 
also allows for construction of a single liner system in-lieu of further substantiating if there 
are unacceptable levels of arsenic, chromium and nickel at the boundary of the facility. 
Therefore it is recommended that a single geomembrane liner with a leachate collection 
system be installed at the biosolids facility to ensure into the future that potential 
unacceptable levels of contaminants from biosolids disposal are not encountered at the 
facility boundary. 
 
If the client intended to use the facility for disposal of not only biosolids, but of other wastes 
such as municipal waste, we would recommend upgrading the liner system to conform to 
USEPA Subtitle D requirements that would include a composite geomembrane 
liner/geocomposite clay liner and a leachate collection system. However, it is currently 
understood that there is no intent by MWI to utilize this facility for disposal of wastes other 
than biosolids.  
 
Part 503 also necessitates that measures be taken for closure and post-closure care, 
leachate collection (if the unit is lined), methane monitoring, and public access restrictions. In 
addition to these measures, managerial requirements similar to those for municipal solid 
waste (MSW) monofills must also be met. These include requirements for runoff collection, 
leachate collection and disposal (if the unit is lined), vector control, methane monitoring, 
groundwater monitoring or certification, public access restrictions, and restrictions for the 
growing of crops and grazing of animals.  
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5.0 Site Investigations 
 
5.1 Site Selection Summary 

The project team evaluated two alternative locations for the proposed biosolids monofill 
within the As Samra property boundary (Location A and Location B as presented in Figure 5-
1). Further land procurement is not required. 

Figure 5-1: Potential Monofill Areas 
 
Initially, Area A was identified within the approximate 380-hectare investigation area at the 
head of a wadi northeast of the existing As Samra WWTP near the existing sludge disposal 
area. Area B was later identified as a second potential site to the northwest of the WWTP 
and the existing lined drying lagoons in an area occupied by a wadi and an abandoned 
chlorine facility. 
 
A detailed site selection memorandum was submitted in April 2014. Based upon the 
recommendations within the memorandum, Area B was selected as the preferred monofill 
location and is the subject of this feasibility assessment. 
 
5.2 Biosolids Characteristics 

The As Samra WWTP deals with non-hazardous sludge. Industrial waste contributions are 
insignificant relative to the quantity of domestic waste water, and consequently pollutant 
levels fall well below threshold limits. Sludge quality parameters are shown in Table 5-1 
below and compare with threshold limits according to JS 1145/2006:  
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Table 5-1: As Samra WWTP Sludge Quality versus 1st, 2nd and 3rd Category Regulatory 
Requirements 
Parameter Unit First 

category 
limit 

Second 
category 

limit 

Third 
category 

limit 

As Samra 
Sludge 

As mg/kg of dry weight 41 75 75 <7,5 
Cd mg/kg of dry weight 40 40 85 3 (1,4 – 3,8) 
Cr mg/kg of dry weight 900 900 3000 67 (37 – 176) 
Cu mg/kg of dry weight 1500 3000 4300 123(100-165) 

Hg mg/kg of dry weight 17 57 57 
NA, only domestic 
wastewater treated 

Mo mg/kg of dry weight 75 75 75 18 (7-74) 
Ni mg/kg of dry weight 300 400 420 37 (24-60) 
Se mg/kg of dry weight 100 100 100 6 
Pb mg/kg of dry weight 300 840 840 55 (28-111) 
Zn mg/kg of dry weight 2800 4000 7500 1168 (87-2626) 
Total Fecal 
Coliform count 

Number/mg 1000 2,000,000 ____ 
200,000 (540- 

1,900,000) 
Salmonella Number/4mg dry 3 ____ ____  
Living eggs of 
intestinal worms 

Unit/4mg dry 1 ____ ____  

Intestinal 
viruses 

Unit/4mg dry 1 ____ ____  

Humidity Level percentage 10 50 ____ 
Now: 70% 

 
 
5.3 Biosolids Management – Treatment, Dewatering, and Solar Drying 

The biosolids management practices differ according to the timeframe of implementing the 
Sludge Management Plan (SMP) agreed upon in the Restated Project Agreement (RPA) 
between SPC and MWI. The SMP is divided into three terms: short, medium and long as 
shown in Figure 5-2. The short-term period is scheduled for completion in November 2014 
with the installation and commissioning of the new Belt Filter Press (BFP) dewatering facility. 
The medium-term period ends with MWI identification of one or more final disposal or reuse 
site or sites.  
 

 
 
Figure 5-2: Sludge Management Time Frame per the RPA 
 
Once the BFP facility is in place, 14 machines will dewater the digested sludge (~3% TS) 
continuously, 24 hours per day, 7 days a week. Two machines will be on standby as 
redundant. The BFP facility is required to produce a minimum of 18% DS cake. The 
following procedures describe the future practice as it relates to biosolids disposal in the 
monofill. 
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 Dewatered 18% cake solids will be transported to drying beds by trucks. Continuous 
operation of drying will be practiced year-round with no winter or summer cycles.  
 

 The dewatered biosolids will be placed in the drying bed area, called the temporary 
storage area. Dewatered biosolids will not be mixed with old biosolids in the drying 
beds. It is expected that the old biosolids will be stored at the biosolids storage area. 
 

 The size and location of the temporary storage area within the drying beds, which 
should be free of old biosolids prior to dewatering, is to be determined by MWI.  
 

 Detailed procedures and calculations for space allocation should be finalized and 
included in the SMP 2013/2014 report.  

 
Note that it is anticipated that only newly dewatered and dried biosolids will be placed in the 
monofill. Old stored biosolids do not contain sufficient calorific value for energy generation. 
 
Figure 5-3, adapted from the 2012/2013 SMP report, shows the medium- and long-term 
biosolids management scheme taking into consideration disposal of dewatered biosolids into 
the new monofill.  
 

 
Digested 
Biosolids 
≈3% DS 

  
Belt Filter 

Press 
Dewatering 

 

 

 
Solar Drying 

(part of the drying 
beds with lining) 

 

 

 
Monofill Disposal / 

Beneficial Use 
 

   Dryness 
18% DS 

 Dryness to be a 
 Minimum of 50% 
for the Purposes 

of Disposal 
in the Monofill 

 

Figure 5-3: Medium- and Long-term Sludge Management Scheme at As-Samra WWTP 
 
5.4 Geotechnical Investigation 

The project team performed a geotechnical investigation through Triple Corporation, a 
specialized geotechnical firm in Jordan. The purpose of this investigation was to determine 
subsurface conditions and the physical and mechanical properties of the ground materials, 
to assist in the planning, detailed design and construction of the proposed monofill.  Boring 
logs from the geotechnical investigation are attached in Appendix B. 
 
A total of 24 boreholes were drilled to approximate depths ranging from 10.0 to 30.0 meters 
below the ground surface at the site in June 2014. These can be seen in Figure No.1 
“General Site Plan” in Appendix B (included below as Figure 5-4) and are also presented in 
Table 5-5 below. 
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Figure 5-4: General Site Plan (Figure 1 of the Geotechnical Report) 
 
Table 5-5: Boreholes and Corresponding Information 

Borehole 
Number 

Elevation (m) Coordinates Depth (m) 
Northing Easting 

BM1 563.00 558447.781 420456.934 10 
BM2 562.35 558521.156 420550.900 10 
BM3 562.78 558483.917 420343.906 10 
BM4 562.30 558561.815 420440.263 10 
BM5 559.80 558637.308 420537.945 10 
BM6 559.90 558715.403 420635.454 10 
BM7 558.10 558806.068 420758.046 10 
BM8 560.30 558527.365 420235.402 10 
BM9 559.80 558604.143 420333.453 30 

BM10 556.70 558757.150 420531.851 10 
BM11 551.30 558832.212 420627.045 30 
BM12 557.18 558930.919 420752.976 10 
BM13 544.00 558720.309 420317.000 10 
BM14 547.50 558795.222 420418.451 10 
BM15 549.50 558872.706 420514.553 10 
BM16 554.00 558948.983 420612.425 10 
BM17 541.75 558755.591 402202.537 10 
BM18 557.25 558835.499 420304.121 10 
BM19 555.75 558918.779 420410.594 10 
BM20 557.40 558990.980 420505.150 10 
BM21 556.80 558798.635 420095.046 10 
BM22 559.00 558877.721 420194.763 10 
BM23 561.10 558953.222 420290.620 10 
BM24 559.30 559029.396 420391.386 10 

 
 



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

18 
 

Geotechnical Testing 
Both In-Situ (field) Testing and Laboratory Testing were conducted. These tests were 
conducted in accordance to the relevant American Society for Testing and Materials (ASTM) 
and American Association of State Highway and Transportation Officials (AASHTO) 
standards. Table 5-6 outlines the tests and relevant standards.  
 
Table 5-6: Laboratory Tests Conducted and Corresponding Standards 
Test Standard No. Tests Performed
Particle Size by Sieve and Hydrometer ASTM D422 24 
Atterberg Limits ASTM D4318 24 
Moisture Content ASTM D2216 72 
Unconsolidated Undrained Compressive Strength ASTM D2850 3 
Unconfined Rock Compressive Strength ASTM D2938 20 
Flexible Wall Permeability ASTM D5084 3 
pH AASHTO T289 7 
Sulfates AASHTO T290 7 
Chlorides AASHTO T291 7 
Resistivity AASHTO T288 7 

 
Groundwater was not encountered nor were any caves or cavities encountered in any of the 
boreholes. The general stratigraphy at the proposed biosolids disposal site consists of the 
following layers in descending order from the ground surface downwards: 
 
 Light brown, moist silty clay with gravel, cobbles of limestone and basalt 

  
 Alluvial materials composed of light brown silty clay and dark gray basalt 

 
 Dark gray moderately strong basalt with air voids and vugs (unconfined rock 

compressive strength results ranged from qu = 670 kg/cm2 to qu = 1302 kg/cm2, average 
qu = 1007 kg/cm2) 
 

 Wadi deposit composed of light brown silty clay with gravel, cobbles of limestone 
 
A light brown, fractured, moist, very weak chalky marl (unconfined rock compressive 
strength result qu = 122 kg/cm2) was identified only in boring BH-24 at depths from 2 to 6 
meters below ground surface.  
 
Corrected blow counts indicated a minimum corrected Standard Penetration Test (SPT) 
value of 37.5, with corrected SPT values ranging from 37.5 to 69 to depths up to 18.5 meters 
below ground surface. Results of the rippability study using seismic methods as an 
assessment of potential presented within the Geotechnical Report indicate that the rippable 
zones near the ground surface vary from 3 meters to 14 meters thick across the site, 
followed by an approximate 3 meter-thick marginally rippable zone, underlain by non-
rippable material. 
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6.0 Preferred Alternative Monofill 
 
The recommended biosolids monofill alternative consists of the following steps: 
 
 Develop Area B at the existing wastewater treatment plant to include better fencing, an 

administration building, and surface water management system 
 

 Construct a monofill in Area B for final disposal of the biosolids 
 

 Landfill gas collected from the monofill starting in Year 5 for potential commercial use 
 

Potential landfill gas (LFG) recovery and utilization is discussed within this section 6 while 
monofill design is discussed within Section 7. 
 
6.1 Site Conceptual Design  

This final feasibility report has been prepared using the conceptual design report (see 
Section 1) as the basis for the preferred alternative-biosolids monofill. This final feasibility 
report supplements the conceptual design by exploring the alternatives for the utilization of 
the landfill gas (LFG). The information included herein has also been used to carry out the 
financial and economic analysis of the biosolids facility and LFG utilization facilities as well. 
 
6.2 Monofill Gas Recovery 

Monofills are a major source of methane emissions; methane is a very potent heat-trapping 
gas (more than 20 times stronger than carbon dioxide) and is thus a key contributor to global 
climate change (EPA, 2010). The gas also include low concentrations (less than 1%) of Non-
Methane organic compounds (NMOC) that have strong pungent odors such as hydrogen 
sulfide and other hazardous gases such as volatile organic compounds (VOCs). An effective 
gas collection system and thermal treatment through flaring or combustion in an electric 
engine (or other device) can significantly reduce all of these compounds and environmental 
risks.  
 
In addition to the environmental benefits, economic benefits can also be achieved by LFG 
energy recovery. These can benefit the owner, the end user, and the community. The owner 
benefits by receiving revenue from the sale of the LFG to a direct end user or pipeline, from 
the sale of the generated electricity to the local power grid, and/or from reducing the amount 
of purchased natural gas or electric power. These revenues may potentially offset the costs 
associated with the LFG collection system and energy production. End users such as 
businesses and academic or governmental organizations can benefit by saving on energy 
costs when using LFG as a direct fuel source instead of potentially more expensive fossil 
fuels; they can also benefit from the improved public image from the use of renewable 
energy (EPA, 2010). Finally, the community benefits by the creation of jobs throughout the 
design, construction and operation phases of the energy recovery project. Purchase of local 
materials further boosts the local economy and might also lead to the creation of related 
businesses in the vicinity of the monofill.  

 
6.3 Utilization of Landfill Gas 

Gas can be used in electricity generation or direct use as further defined below in subsection 
6.3.2. Direct use is typically feasible when the conveyance distance does not exceed 5 miles 
(8 km) from the landfill/monofill project area. 
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6.3.1 Electricity Generation 

The production of electricity from gas is the most common beneficial use application (EPA, 
2010). Electricity can be produced by the burning of LFG in an internal combustion engine, a 
gas turbine or a micro turbine. 
 
Internal Combustion Engine 
Internal combustion engines are generally used where gas can generate 800 kilowatt (kW) 
to 3 megawatt (MW) or where sustainable gas flow rates to the engines are approximately 
0.4-1.6 million cfd at 50% methane (EPA, 2010). This technology has the advantages of 
being relatively low cost while still maintaining a high efficiency, and is a good size match 
with the gas output of many sites. Internal combustion engines generally have efficiency in 
the range of 25 to 40%. Typical capital associated with internal combustion engines are 
$1,700/kW, while typical annual O&M costs are $180/kW/yr (EPA, 2010). This is currently 
the most commonly used technology and accounts for more than 70% of the existing gas 
recovery projects in the USA (EPA, 2010). 
 
For smaller scale projects with capacities of less than 1 MW, small internal combustion 
engines can be used. These are analogous to micro turbines (discussed below), but are 
cheaper to acquire and maintain. Typical capital costs are $2,300/kW and typical O&M costs 
are $210/kW/yr (EPA, 2010). 
 
Micro Turbines 
Micro turbines are typically sized as 30, 70, and 250 kW and are used for projects smaller 
than 1 MW (EPA, 2010). The advantages of this technology are the availability of gas at less 
than 300 cfm, the capacity to operate with as little as 35% methane, and the low nitrogen 
oxides emissions. In addition, micro turbines can be added or removed as desired and can 
be easily interconnected due to the lower generation capacity (EPA, 2010). Typical capital 
costs associated with micro turbines are $5,500/kW, while typical O&M costs are $380/kW/yr 
(EPA, 2010). Disadvantages involve high expenses and occasional problems with gas 
treatment (EPA, 2010). 
 
Gas Turbines 
Gas turbine are typically used in larger gas to energy projects where electricity generated is 
in the range of 3-5 MW or more and where gas flows exceed 2 million cfd (EPA, 2010). Gas 
turbines have efficiencies in the range of 20 to 38% at full load. They are known to be more 
resistant to corrosion damage and to reduce nitrogen oxides emissions more than internal 
combustion engines. A further advantage is that they are relatively compact and have low 
O&M costs (EPA, 2010). On the negative side, they require high gas compression and may 
require LFG treatment for the removal of siloxanes. Typical capital costs associated with gas 
turbines are $1,400/kW and typical O&M costs are $130/kW/yr (EPA, 2010). It is worth 
noting that gas turbines have significant economies of scale for large electric generation 
projects; the cost per kW drops as the size increases and the generation efficiency generally 
increases (EPA, 2010). 
 
LFG Treatment 
In addition to methane and carbon dioxide (CO2), LFG contains hydrogen sulfide (H2S) 
generated from the reduction of the sludge. A concentration of over 2% in the gas may 
potentially compromise gas utilities: the corrosive nature of condensates can affect burners 
or result in excessive SOx content in flue gases, etc. 
 
When LFG is used as the sole or partial source of energy, this gas may need to be first dried 
and its sulphur content removed, to prevent any acid corrosion and abrasion problems. This 
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depends on the proposed generation system. For example, drying is not typically required 
prior to a Caterpillar internal combustion engine. If LFG total sulfur content exceeds certain 
limits, LFG desulphurization may be accomplished by one of the following methods: 
 

 Fixing the S2- onto Iron Oxides (most common and cost-effective method) 
 Using pressurized water 
 Inducing controlled biological oxidation to produce elemental sulphur that can be 

settled 
 
A general problem associated with electricity generation from LFG is the accumulation of 
Siloxanes. Siloxane molecules enter the gas stream as vapor but undergo a change in 
phase during combustion to become solid silicon dioxide powder. This combines with other 
elements in the gas and can cause serious damage to turbines and engines, reducing 
efficiency. This is an issue that requires siloxane levels in the gas to be determined and 
monitored, and treatment measures to be implemented if found necessary. 
 
 
6.3.2 Direct Use 

This option is cost-effective when a facility that could use the gas as a fuel is located within 
approximately 5 miles (or 8 kilometers) from a monofill. Distances of twice that or more can 
sometimes be feasible as well. Direct uses that employ medium-Btu gas such as LFG are as 
follows (EPA, 2010): 
 

 Boilers 
 Direct thermal applications such as kilns, process heaters, sludge dryers, infrared 

heaters among others 
 Leachate evaporation. (This is a means of reducing treatment and disposal costs of 

leachate and involves a combustion device that burns the gas to evaporate the 
leachate. Heat recovered from internal combustion engine(s) and/or gas turbine 
exhaust may also be used to evaporate leachate.) 
 

Gas may be treated and purified so as to produce high-Btu gas which is the equivalent of 
natural gas and can be directly used in pipelines (EPA, 2010). It can be piped into homes or 
to larger consumers and industries for heating, manufacturing and cooking purposes, as well 
as for evaporative cooling. 
 
Methane is used in industrial chemical processes and may be transported as a refrigerated 
liquid (liquefied natural gas, or LNG).  
 
The LFG-methane is used in the chemical industry as a feedstock of choice for the 
production of hydrogen, methanol, acetic acid, and acetic anhydride. Methane-derived 
chemicals include acetylene (prepared by passing methane through an electric arc) and the 
chloromethanes (chloromethane, dichloromethane, chloroform and carbon tetrachloride), 
which are produced by reacting methane with chlorine gas. However, the use of these 
chemicals is declining. 
 
6.3.3 Alternatives for LFG Utilization 

In light of the narrative provided under 6.3.1 and 6.3.2 of this Feasibility Assessment and 
after conducting a desk-top study of the market potentials, a group of alternatives to utilize 
the LFG is provided below.  
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Option One - Use all the produced LFG in electrical power generation and negotiate a 
power purchase agreement with the National Electric Power Company (NEPCO) to 
buy all the produced energy. 
 
NEPCO is a state-owned company which produces most of Jordan’s electricity. Below is a 
list of NEPCO’s responsibilities as extracted from the company’s home web page. This list 
indicates that NEPCO is the single buyer/purchaser of the electric power generated by 
different sources.  
 
NEPCO Responsibilities: 
1. Power System safe and economic operation (System Operator). 
2. Transmission system construction, ownership and maintenance (Transmission 

Network Owner). 
3. Planning and developing the power system, purchasing electricity from different 

sources and selling it to distribution companies (Single Buyer). 
4. Procuring the required fuel for power plant operation. 
5. Importing and exporting electricity with neighboring countries. 
6. Contracting new generation capacity to meet the future demand. 
 
The below schematic (Figure 6-1) shows the major components of the power generation, 
distribution, consuming and regulatory sectors in Jordan: 
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Figure 6-1: Components of Jordan’s Energy Sector 
 
The below narrative is extracted from the official webpage of the “Amman Chamber of 
Industry” and provides a comprehensive overview about the characteristics of the energy 
sector in Jordan. It greatly facilitates understanding of the issues that need to be dealt with 
while reaching into a power purchase agreement with NEPCO or any potential buyer such 
as the SWWTP Company. 
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In accordance with the Jordan economy reform program, which included encouraging the 
participation of the private sector to invest in principal infrastructure projects, the 
Government of Jordan has decided, through the issuance of the new General Electricity law, 
to take the first practical main step towards privatization by transferring Jordan Electricity 
Authority (JEA) into a public share holding company named National Electric Power 
Company (NEPCO) owned totally by the Government. In 1999, NEPCO was divided into 
three companies as a main step towards privatization in the future. The General Electricity 
Law was issued in 2002 in line with international development and planned privatization 
process of the electricity sector. This new electricity law provides for the Ministry of Energy 
and Mineral Resources (MEMR) to establish the policies and the general rules related to the 
power sector. In accordance with this new law, an independent regulatory commission will 
be established to control the electricity pricing policy, to set up the electricity tariff, and to 
grant the license for generation and distribution of electrical power. Also, the new electricity 
law allows for the private sector independent power producers (IPPs) to construct power 
stations. 
 
The responsibilities for electricity generation, transmission and distribution in Jordan were 
covered by the following entities: 

 
 The Central Electric Generation Company (CEGC), which was established in 1998, is 

responsible for electricity generation and selling the generated electricity to electricity 
distribution companies through (NEPCO). 

 NEPCO is a governmental company responsible for electricity dispatch and 
transmission through the high voltage network from generation stations to distribution 
networks. 

 There are three electricity distribution companies in the country: the Jordan Electric 
Power Company (JEPCO) responsible for electricity distribution in Amman and 
Central Jordan; the Irbid District Electricity Company (IDECO) and Electric 
Distribution Company (EDC). 
 

During 2003, the use of imported natural gas for electricity production commenced through 
the Jordanian-Egyptian project. 
   
NEPCO’s transmission network operates in the 66 KV to 400 KV range. It has 4,768 km of 
distribution line while JEPCO and IDECO have a total of 20,485 km. Distribution voltages are 
in the 0.4 KV to 33 KV range. Linking national transmission grids into a regional network is 
one of the most important projects in the Middle East. A regional network can take 
advantage of national differences in peak demand periods and thus lead to significant 
savings to all countries. Jordan estimates that its savings will be around $250 million. In 
1995, Jordan, Turkey, Egypt, Syria, and Iraq agreed to a $590 million investment to link their 
electric power grids. A Bilateral Agreement was signed between Jordan and Egypt in 2002 
for importing electricity through electrical interconnection between the two countries with 
maximum capacity of 700 MW per year during 2003-2005. 
 
The interconnection of the Jordanian and Egyptian networks has already been completed 
and put into commercial operation in March 1999. The interconnection between Jordan and 
Syria has been also completed. 
 
 
 
 



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

24 
 

Option Two - Use all the produced LFG in electrical power generation to supply the 
Samra Plant Company (SPC). 
 
The As Samra WWTP, operated by SPC, is equipped with power recovery installations 
which allow the plant to produce significant portion of the power needed to operate the plant. 
The initial target was to have something close to 100% of power recovery but the average 
power recovery for the first few years of operation is fluctuating around 90%. However, once 
the expansion of the Samra WWTP is completed and put into operation, the power recovery 
will drop to around 80% due to the additional loads represented by the sludge de-watering 
facilities which did not exist in the original plant. This means that the company will be obliged 
to compensate for the power shortage by buying/importing additional electricity power from 
the grid through the already existing connection to the plant and in accordance with the 
power purchase agreement signed between SPC and NEPCO. 
 
Option Three – Sell the produced LFG to Samra Electric Power Company (SEPCO) for 
use in electricity generation. 
 
The Samra Electric Power Company (SEPCO) is a state owned company and is currently 
operating a power generating plant using the natural gas conveyed through the transmission 
gas pipeline operated by Fajr. This company is the second biggest power generation 
company in Jordan and is a potential partner for investment in the monofill plant and could 
contribute to the design, construction and operation of gas collection, treatment and 
conveyance to their plant which is reasonably close to the proposed location of the monofill 
plant. A visit to the company and a meeting with the top management is a way of exploring 
the partnership possibilities. 
 
Option Four – Sell all produced LFG to the Samra Plant Company for use in electricity 
generation. 
 
As explained in Option 2 above, the As Samra WWTP has power recovery facilities including 
electricity generation via gas engines which consume the biogas generated from the sludge 
digestion process. The power generation from the biogas constitutes a significant part of the 
plant’s power recovery. The plant is already equipped with gas treatment, storage and flaring 
facilities. Furthermore, we understand from SPC staff that they may require additional power 
for the newly expanded facility and may be interested in buying the untreated LFG from the 
monofill. The SPC is therefore a potential partner who might be interested in investing in the 
Monofill plant and contributing in the design, construction and operation of the gas treatment 
and utilization. The company’s accumulated experience in gas treatment and power 
generation should allow it to be competitive in coming up with reasonable and practical 
proposals. 
 
The following options were considered and found to be prohibitively expensive and thus not 
pursued: 
 

 Jordanian Egyptian Fajr for Natural Gas Transmission & Supply 
This company is the operator of the Natural Gas pipeline that conveys the Egyptian 
Natural Gas through Jordan towards the north. The pipeline passes along the 
highway to Syria which is at a distance of approximately 5 kilometers from the 
proposed location of the monofill and WWTP. While this company was initially 
reviewed as a potential partner/investor/customer for the generated LFG, it was not 
pursued as costs for this option were determined to be prohibitively expensive. 
 



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

25 
 

 Jordan Petroleum Refinery Co., LTD 
This state-owned company is operating Jordan’s only petroleum refinery, which is 
located a few kilometers from the proposed location of the Monofill plant. In addition 
to the refining/production of several petroleum products, the Jordanian Refinery is the 
main supplier/ distributor of LPG. This company was initially considered as a 
potential partner for investment in the Monofill plant and as a contributor to the 
design, construction and operation of the gas collection, treatment and distribution 
system. This was because the company’s vast experience in the gas industry would 
allow it to come up with reasonable and practical proposals. However, JPRC was not 
pursued as costs for this option were determined to be prohibitively expensive. 
 
 
 

 Private Gas Industries in Jordan 
Visiting the home page of the Jordanian “Amman Chamber of Industry” reveals a 
number of gas manufacturing, processing importing and distributing companies. 
Some of these companies are mainly involved in the production of some industrial 
and medical gases.  It is considered that these companies or some of them should 
be interested in utilizing the produced LFG by incorporating this gas in their industrial 
gas manufacturing. In order to attract these manufactures and convert them into 
potential partners or investors in the monofill project, MWI/PMU might send a request 
for expression of interest (EOI) and invite them to a presentation about the LFG 
production project in order to explore the scope and extent of the potential 
partnership. 
 
Examples of the registered manufacturers of Industrial and medical gases include: 

 
 Jordanian Gas Company 
 Middle East Gases Company 
 International Industrial Medical Liquid Gas Co. Ltd. 
 Advanced Technical Gases – Technological Company 
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7.0 Basis of Design for Monofill 
 
This monofill design addresses the following components: 
 

 Access control for site 
 Design of individual monofill cells with the bottom of each cell sloping towards 

leachate collection system 
 Design of a base geosynthetic liner to prevent collected liquids from entering 

subsurface soils and regional groundwater 
 Design of leachate collection, conveyance and storage/treatment system 
 Design of final grading plan to allow surface water drainage 
 Design of final cap and storm water management system 
 Design of landfill gas management system 

 
The design strategy is based on achieving the following objectives: 
  

 Control the amount of infiltration of storm water through the monofill waste by 
 
a) Developing the monofill into distinct/separate cells with base slopes and sumps to 

capture leachate and pump it to a leachate storage/evaporation lagoon 
 
b) Capping the landfill surface with an evapotranspiration (ET) cover 
 
c) Installing a surface water management system consisting primarily of open 

channels, culverts, and a storage/evaporation basin or basins 
 
d) Minimizing potential landfill fires and controlling landfill gas migration by installing 

landfill gas wells, collection/transmission pipe, and gas mover equipment (blower, 
flare, utilization facility) 

 
7.1 Infrastructure 

Construction of monofill infrastructure and other facilities will be required in support of 
security, access, operations, management, and monitoring functions. It is anticipated that 
these features would generally be constructed in advance of or in conjunction with the first 
disposal cell. 
 

 Security - A 2-meter-high (minimum) perimeter security fencing with barbed top 
extension section and with a lockable access gate(s) is recommended to restrict 
unauthorized access/entry to selected facilities. Exterior lighting will be installed 
where required to illuminate operational and/or infrastructure areas. 
 

 Access – The monofill will be accessed via the existing roadway and an access 
ramp adjacent to the former chlorine handling building. This arrangement will utilize 
the existing roadway and allow immediate visibility of incoming/egressing monofill 
traffic to operations personnel stationed at the operations building at the facility 
entrance. Crushed stone or gravel surfaced (typically 150 mm to 230 mm thick, 
depending on anticipated loads) roads of sufficient width for two-way vehicle traffic 
are required around the monofill perimeter and as access roads on the monofill 
development surface. Parking Areas may also be required. 
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 Existing Utilities – An existing 6 m x 11 m pad and 500 KVA transformer served by 
overhead lines along the existing roadway is located to the southwest of the chlorine 
operations building, providing power to the chlorine operations building via a 380V 
buried cable. Convenience (sanitary) facilities within the building are routed to a 
septic tank approximately 12 meters away from the southwest building corner that 
discharges to drain field trenches at some distance behind the building. The design 
of the building (based on review of available plans and site visit) indicates a small 
restroom with sink and toilet, and a larger locker room with a water heater and 3 
showers and 3 toilets. We assume that water supply is available at the former 
chlorine building. 
 

 Operations Building – The existing chlorine handling building will be upgraded and 
retrofitted. Chlorination equipment had previously been removed. Offices for site 
management and security will be refurbished and additional offices will be added. 
Locker/restroom/shower facility fixtures will be replaced/upgraded and two of the 
existing storerooms will be converted into a laboratory for use in testing 
soils/geosynthetics. The previous control room will be refurbished and made into a 
meeting room and a first aid room will be added. Further upgrades will include 
installation of filing/storage and service rooms as well as a mess area and a kitchen. 
The existing workshop and storage area will continue to be used as such but will be 
upgraded. 
 

 Fuel Dispensary – An above-ground equipment fuel dispensary (storage tank, 
manual or electrically operated fuel transfer pump, filling hoses) will be installed 
within the securely fenced area for monofill operations equipment and on-site 
vehicles.  
 

 Leachate Management – A lined leachate evaporation lagoon (liner system at least 
equivalent to monofill disposal cell base liner system) of sufficient capacity to store 
the design leachate production volume with sufficient freeboard to contain 
precipitation will be constructed. The minimum size will be evaluated during the 
detailed design phase. The lagoon will receive pumped leachate from each disposal 
cell and will be located along the northern edge of the monofill to minimize 
pumping/piping requirements. 
 

 Gas Management – A small monofill gas generation power facility will be 
constructed with a backup utility flare station in the monofill infrastructure area 
adjacent to the operations building. Based on the conceptual monofill gas generation 
model described in Appendix D, the maximum annual gas collection rate based on 
50% collection efficiency was estimated as 1,382 cfm. The maximum annual 
generating capacity during the active life of the monofill was estimated as 4,350 kW 
(38,103,379 kW hr). Individual 2,000 KVA generators will be acquired in increments 3 
or 4 years apart and phase in and out of operation to meet the variable capacity 
required over the project life. Engines would be located on a reinforced concrete 
foundation pad or pads within the fenced infrastructure area approximately adjacent 
to the existing transformer. If sale and conveyance of treated or untreated gas to off-
site end users is pursued, gas compressors would also be acquired and phased into 
and out of the gas management infrastructure to meet the variable capacity required 
over the project life. 
 

 Stormwater Management – A stormwater management basin will be constructed 
with sufficient capacity to contain the maximum anticipated runon/runoff from the 
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monofill development area and to contain/evaporate the volume, or to discharge at a 
controlled rate and volume less than or equal to the rate and volume of the pre-
development condition. The minimum size for the basin will be evaluated during the 
detailed design phase. The basin will be located along the northern edge of the 
monofill.  
 

 Groundwater Monitoring – A minimum of one upgradient and two downgradient 
groundwater monitoring wells will be drilled and monitored quarterly throughout the 
disposal and post-closure period to assess potential impacts (i.e. leakage) from the 
proposed monofill on existing groundwater quality. 
 

 Perimeter Utilities - A common HDPE leachate forcemain will be constructed within 
a perimeter utility trench along the north side of the monofill during the construction of 
each monofill cell to connect each cell to the leachate lagoon. An HDPE gas header 
will be constructed within the perimeter utility trench around the entire monofill in 
phases to connect the gas collection system piping to the gas generation/fare facility 
in the fenced infrastructure area adjacent to the operations building. Electrical 
conduit/cables will also be located within the utility trench to power the submersible 
pumps within each cell sump.  
 

 Power – Use of the existing transformer will be evaluated during the detailed design 
phase. Connection of the biosolids monofill electrical system to the WWTP and/or the 
power plant to draw power for use at the monofill and/or to provide supplemental 
power to the WWTP or power grid from the future monofill gas plant will be 
investigated further during the detailed design stage. 

 
7.2 Monofill Capacity 

The targeted airspace of the monofill is to provide for a minimum 20 years of disposal 
(approximately 2,345,689 m3 as shown in Table 4-1) with the potential for expansion of 
additional years as the geometry and engineering parameters allow. The geometry and 
operational space requirements in Area B will have a direct influence on the total life 
expectancy for the facility. Based on the geometric limitations for the selected monofill 
footprint, the anticipated maximum excavation depth without blasting, the proposed base 
liner and closure cap components, and the preliminary monofill stability calculations that limit 
the maximum monofill development slopes to no steeper than 6H:1V due to the shear 
strength of the biosolids, the phased conceptual capacity of the monofill as detailed within 
the Preliminary Design is summarized in Table 7-1 below: 
 
Table 7-1: Monofill Design Capacity 

Cell 
Designation 

Lined 
Area 

 
(m2) 

Gross 
Cell 

Capacity 
(m3) 

Final Cover
(Assumed 
1.5m thick) 

(m3) 

Net
Capacity 

 
(m3) 

Life
Expectancy 

 
(years) 

Cumulative
Life 

Expectancy 
(years) 

Cell 1 59,606 575,832 14,556 561,276 5.5 5.5 
Cell 2 31,324 655,845 39,880 615,965 6.3 11.8
Cell 3 46,481 726,731 18,934 707,797 5.6 17.4 
Cell 4 27,916 698,340 52,844 645,496 5.1 22.5 
Cell 5 36,081 917,408 175,746 741,662 5.9 28.4
Totals 201,408 3,574,156 301,960 3,272,196 28.4  
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Actual life will vary (i.e. will be lower) depending on the amount of daily cover installed. We 
note that the first 3 cells will provide approximately 17.4 years of life expectancy and the 20-
year target life expectancy is achieved during the filling of Cell 4.  
 
 
7.3 Subgrade Construction and Excavation  

Each phase (or cell) of monofill development will require excavation and/or fill from the 
design top of subgrade elevations (cell floor and perimeter berm) to the existing topographic 
elevations. Cut and fill slopes will generally be no greater than 3H:1V, except in limited areas 
where steeper slopes may be required for clearance issues or to minimize disturbance of 
adjacent features while maximizing available space for monofill disposal. Surplus excavated 
soils will be loaded and hauled to stockpile area(s) north of the proposed monofill area for 
potential future use as structural fill, daily cover, intermediate cover, and ET cap soil. A 
summary of the site soil balance based on the Preliminary Design is summarized in Table 7-
2 below. 
 
Table 7-2: Monofill Subgrade Excavation/Fill Quantities 

Cell 
Designation 

Gross Excavation
(m3) 

Gross Fill
(m3) 

Surplus (Deficit)
(m3) 

Cell 1 365,991 27,716 338,275 
Cell 2 131,336 2,716 128,620 
Cell 3 268,952 11,811 257,141 
Cell 4 168,905 14,925 153,980 
Cell 5 127,905 25,541 103,364 
Totals 1,063,089 81,709 981,380 

 

It is noted that cell design and subgrade cut/fill may be revised to optimize site resources, to 
ensure global bearing and slope stability, and to minimize construction effort (ripping, 
blasting, etc.) during the detailed design phase based on review of the boring logs and test 
results from ongoing geotechnical field investigation. 

 

7.4 Base Liner System 

To prevent leachate from the biosolids facility from impacting the groundwater, a single 
flexible membrane liner (minimum of 1.52 mm thick if HDPE is installed) is proposed. A 
geocomposite drainage layer is also proposed (if required to maintain leachate head at <= 
300mm), and a protective cover leachate collection system (see below). Should calculations 
within the detailed design stage of this project indicate that the geocomposite drainage layer 
is not required, a nonwoven geotextile cushion layer will be installed in-lieu of the 
geocomposite drainage layer. 
 
HDPE is a chemically inert polymer used to manufacture geomembranes for waste 
containment applications. The inertness of HDPE is attributable to its molecular structure 
and morphology. HDPE has a simple molecular structure containing a six-member repeating 
unit consisting of two carbon and four hydrogen atoms. The hydrogen atoms are covalently 
bonded to the carbon atoms. Each carbon-hydrogen bond is equivalent and has the same 
bond energy. Most degenerative reactions in hydrocarbons occur through displacement of a 
hydrogen atom. However, due to covalent bonding, hydrogen atoms on the HDPE repeating 
unit are stable, and HDPE is not reactive under normal conditions. 



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

30 
 

Typical manufacturer’s product compatibility testing shows that HDPE is unaffected by 
typical municipal solid waste leachate and is resistant to most compounds including 
inorganic acids, organic acids, volatile organics, petroleum-based products, and poly-
chlorinated biphenyls. HDPE geomembranes are widely used throughout the United States 
in the solid waste industry because they not only have acceptable physical properties, such 
as tensile strength, strain characteristics, and chemical compatibility, but also are relatively 
easy to deploy, seam, and test for defects. For these reasons, HDPE geomembranes are 
considered the industry standard for the geomembrane component in a landfill/monofill base 
liner system. 

Manufacturers' data also show little variation in HDPE physical properties over a range of 
temperatures from -40°F (-40°C) to 180°F (82.2 °C). Therefore, HDPE should not be 
affected by temperature variations. During construction, any loose ends or edges of the 
HDPE geomembrane will be secured in backfilled anchor trenches, tack welded, or weighted 
with sand bags to prevent wind-induced movement. 

HDPE is resistant to ultraviolet degradation by the addition of carbon black and anti-oxidants 
during the manufacturing process. Long-term durability tests conducted by geomembrane 
manufacturers indicate that no surface cracks were observed even under significantly 
harsher conditions than those which occur in a landfill/monofill. In addition to its inherent 
resistance to ultraviolet degradation, the HDPE geomembrane will be protected by the 
geocomposite or geotextile cushion placed directly above it. 
 
As indicated above, if the client intends to use the facility for disposal of not only biosolids 
but of other wastes such as municipal waste, we would recommend that the textured 
geomembrane liner system be upgraded to conform to USEPA Subtitle D requirements. This 
would include a composite liner system over the subgrade consisting of a geomembrane 
liner underlain by a geosynthetic clay liner (GCL). However, as previously mentioned, we 
currently understand that from MWI that there is no intention to utilize the facility for disposal 
of wastes other than sludge/biosolids. 
 
The monofill base liner system will be anchored within a trench at the monofill perimeter and 
backfilled with compacted soil. To minimize potential damage to the liner during installation, 
a carefully prepared sub base (300-mm-thick liner sub cushion layer) with a designated 
maximum particle size will be specified. Also during the detailed design phase, settlement of 
the monofill base liner system due to the maximum anticipated monofill loading will be 
assessed to ensure that positive slopes with minimal stress on the geosynthetic components 
are provided after the base liner and subsurface settles. 
 
7.5 Global Slope Stability 

Within the Preliminary Design, unit weight and short term shear strength parameters were 
assigned to the biosolids waste based on the results of unconsolidated-undrained (UU) 
triaxial shear testing on actual dried sludge from the existing As Samra WWTP.  Short-term 
shear strength will likely govern the actual achievable fill slopes as any consolidation and 
improvements in (drained) shear strength will occur over a very long time period. As such, 
the undrained shear strengths corresponding to a Φ = 0° analysis were used in the stability 
analysis. Table 7-3 summarizes the UU test results. 
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Table 7-3: As Samra WWTP Biosolids UU Test Results 
UU 

Test 
Identification 

Test 
Date 

Solids
Content 

(%) 

Water
Content 

(%) 

Unit
Weight 
 (kN/m3) 

Confining 
Stress 

 
(kPa) 

Shear
Strength, 
Cohesion

(kPa) 
UU-1 
UU-3 
UU-4 
UU-5 
UU-6 

UU-7A 

4/10/14 
4/10/14 
5/6/14 

5/22/14 
5/22/14 
5/22/14 

50 
50 
50 
55 
60 

62.5 

100.1 
101.3 
99.5 
80.1 
64.1 
57.2 

5.61  
5.58 
5.61 
6.12 
6.28 
6.36 

75 
300 
150 
150 
150 
150 

42.3 
46.4 
40.7 
45.1 
66.2 
85.9 

 
For undrained slope stability analysis, the Preliminary Design assumed that biosolids will be 
installed at approximately 50% solids content, with internal shear strength of biosolids 
represented by Φ = 0° and c=43 kPa. For the drained (i.e. long-term condition after 
consolidation) slope stability analysis, the internal shear strength of the biosolids is 
represented by literature values of Φ = 30° and c=0 kPa. 
 
Global long-term stability of monofill was evaluated through the most critical monofill cross-
section at final build out (the longest/highest 6H:1V final development slope, steepest 
monofill base grades, lowest perimeter berm). Circular failure surfaces were projected 
through the monofill waste, base liner system, perimeter berm and foundation (in-situ soil) to 
determine the static factor of safety versus global circular failure.  
 
The results of the stability analysis indicated a static factor of safety versus global circular 
failure through the waste and/or the waste and monofill foundation of 1.5 for the undrained 
condition and 3.5 for the drained condition.  
 
During detailed design and prior to construction, the following potential soil-to-geosynthetic 
and geosynthetic-to-geosynthetic interfaces should be tested within a qualified testing 
laboratory to confirm that all interfaces are equal to or exceed the minimum design interface 
shear strength. The interfaces that should be evaluated in the laboratory include: 
   

 Subgrade to Textured Geomembrane Liner 
 Textured Geomembrane Liner to Geocomposite Drainage Layer 
 Geocomposite Drainage Layer to Protective Cover 
 Textured Geomembrane Liner to Nonwoven Geotextile 
 Nonwoven Geotextile to Protective Cover 

 
Geosynthetics selected for the testing should be representative of the actual manufacturer(s) 
and materials that are likely to be selected for the As Samra installation. 
 
7.6 Leachate Collection System 

The proposed design for the leachate collection system will consist of perforated polyvinyl 
chloride (PVC) pipes at regular intervals and connected to a common solid central trunk line 
draining to a sump near the perimeter of the cell. Leachate collected within each sump will 
be pumped up to the crest of the perimeter of the cell to a leachate valve box (sump house) 
from which it will be directed to a subsurface HDPE forcemain to the leachate evaporation 
lagoon. The piping within the cells will be incised into a maximum 600-mm-thick granular 
leachate collection/liner protection layer over a cushion non-woven geotextile to maintain 
leachate head on the liner system of no more than 300 mm. The 600-mm protective cover 
layer will consist of 300-mm protective cover aggregate overlain by 300 mm of sand. The 
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sand layer will serve as a separation and filter layer between the biosolids material and the 
porous protective cover aggregate. The function of the 300-mm sand layer will be further 
evaluated during detailed design. We do not recommend a geotextile separator above the 
protective cover aggregate due to the impact of clogging the geotextile with the biosolids. 
The monofill base grade slopes will be no less than 1% along the leachate collection pipes 
and 2% (minimum) perpendicular to the pipes. Solid cleanout risers connected to the 
perforated piping may be incorporated into the final design, allowing for a maximum length of 
365 meters (1,200 feet) for cleaning out leachate pipes. (This length corresponds to the limit 
of most modern jetting equipment.) 
 
During detailed design, evacuation of leachate from the monofill cells using electrical 
submersible pumps within each sump will be evaluated. Calculations will determine 
appropriate pump type, size and power requirements based on maximum anticipated 
leachate flows and an evaluation of the system head curve(s) for the pumping system. 
Electrical cabling within PVC conduits and HDPE forcemain piping will be extended around 
the monofill perimeter for power connections and discharge to the leachate evaporation 
lagoon, respectively. 
 
During detailed design, the Hydrologic Evaluation of Landfill Performance (HELP) Model will 
be utilized to predict leachate production during the active and post-closure period of the 
monofill. The maximum leachate production, in conjunction with precipitation data, will be 
used to calculate the required dimensions and capacity of a leachate storage/evaporation 
lagoon.  
 
7.7 Closure Cap 

Based on laboratory testing, the permeability of biosolids is anticipated to be very low (on the 
order of k = 1x10-10 cm/sec). While this could conceptually “negate” the need for a closure 
cap as a cap system is in itself designed primarily as “impermeable” to encapsulate waste 
and limit infiltration, a closure cap has several other beneficial functions. (These include 
nuisance control, gas control, stormwater management, and aesthetics.). Additionally, 
biosolids exposed in arid conditions will desiccate and crack. A final cover system (closure 
cap) is proposed that will minimize infiltration of precipitation, prevent erosion, minimize 
odors from potential fugitive monofill gas emissions, aid in the collection of monofill gas, and 
improve the visual appearance of the closed facility. 
 
Closure caps typically consist of either a geosynthetic system similar to the base liner 
system, or of an evapotranspiration (ET) layer of soil. ET covers have been recently used as 
MSW monofill covers successfully (EPA, 2011). They rely on storing moisture within the 
cover system itself until the water either transpires or evaporates. Typical ET cover designs 
are either monolithic (single fine-grained soil layer) or include a capillary break. The capillary 
break allows the ET cover to retain more moisture especially under unsaturated conditions. 
The design of such covers depends on climate conditions of the monofill area, ET soil 
properties, and type of vegetation (if applicable) to be used in the cover.  
 
Due to the arid conditions (average mean temperature of 19.5°C and average annual rainfall 
of 111.1 mm/yr), an ET cover is appropriate for the As Samra biosolids monofill. This option 
will also prove to be a more economical alternative to a geosynthetic cap and will help utilize 
the soils excavated during cell construction. In the detailed design phase of this project, the 
ET cap components will be incorporated into the HELP Model used to evaluate/predict 
leachate production at the facility. 
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The proposed ET cover will consist of two elements: 
 

 Soil cover of maximum 1.35 m thickness (from on-site excavated soils); and, 
 Imported gravel layer of minimum 0.15 m thickness for erosion control. 

 
7.8 Stormwater Control 

Surface water run-off from the active portion of the monofill will be collected and controlled 
for up to the rate and volume resulting from the appropriate maximum design storm. For the 
As Samra monofill, a rock-lined or grouted riprap surface water runoff channel is proposed 
around the perimeter of the monofill adjacent to the perimeter access road and draining to 
surface water lagoon(s). A separate run-on diversion channel will be constructed outside the 
monofill footprint to drain topographic low areas and to direct runon around the monofill, or 
into the surface water lagoons. Each channel segment will be designed to convey up to the 
design storm flow at non-erosive velocities and with at least 300 mm of freeboard. The 
surface water lagoons will be constructed with sufficient capacity to contain the maximum 
anticipated runon/runoff from the design storm. If discharge of stormwater is proposed, it will 
discharge to the wadi system at a controlled rate and volume less than or equal to the rate 
and volume of the pre-development condition. 

 

7.9 Gas Management 

A gas collection system will be designed and constructed to collect the maximum gas flow 
rate and to contain the monofill gas within the monofill itself. For the As Samra facility, 
vertical gas extraction wells (perforated PVC piping connected to surface accessible well-
heads) are proposed with connections to a flare station or monofill gas electric generator via 
a network of HDPE collection laterals and header piping. Perforated collection pipe within 
sloped horizontal trenches may also be installed at lower elevations in the waste mass in 
order to collect produced gas before final waste heights are reached and vertical wells are 
installed. As the gas cools in the collection system, moisture in the gas condenses. Gas 
collection piping will be sloped towards condensate traps (as applicable) to prevent pipes 
from becoming obstructed by accumulated condensate water. The system must also be 
designed to accommodate differential settlement by using flexible connections and pipe 
joints.  
 
The annual LFG generation rate can be calculated using the EPA landfill gas modeling 
equation presented in the USEPA Landfill Gas Emissions Model (LandGEM). This equation 
is as follows (LandGEM Guide, EPA, 2005):  
 

Q 	 kL
.

M
10

e  

Where: 
 

QCH4= Annual methane generation in the year of calculation (m3/year) 
i= 1 year time increment 
n= (year of the calculation) - (initial year of waste acceptance) 
j= 0.1 year time increment 
k= methane generation rate (year-1) 
L0= potential methane generation capacity (m3/Mg) 
Mi= mass of waste accepted in the ith year (Mg) 
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tij= age of the jth section of waste mass M accepted in the ith year (decimal years, ex. 
3.2 years) 

 
The LandGEM model assumes a six-month time delay between the placement of waste and 
the generation of LFG (EPA Central America LFG Model User’s Manual, 2007). After six 
months, the model assumes that the LFG generation per unit of waste will decrease 
exponentially as the organic fraction is consumed. It also uses a first-order exponential 
decay function that assumes that the LFG generation is at its peak following a time lag 
representing the period prior to methane generation (EPA Central America LFG Model 
User’s Manual, 2007). It is worth noting that maximum LFG generation usually occurs in the 
first and second years after closure. 
 
Of the above equation components, all require site-specific data to produce generation 
estimates except for k and L0 which are given constants.  
 
 Methane Generation Rate Constant (k): a model constant that determines the 

estimated rate of monofill gas generation. The first-order decomposition model assumes 
that k values before and after peak monofill gas generation are the same. k is a function 
of moisture content in the monofill waste, availability of nutrients for methanogens, pH 
and temperature. The unit used for k is 1/year. The k value is expected to be lower in dry 
climate conditions but is expected to be higher if the waste has high moisture contents 
and nutrients (i.e. greater water and organic content). Essentially, a higher k value 
means that the methane would be produced faster and could be utilized faster. The k 
value for the conceptual As Samra model was set as 0.065 yr -1.  

 
 Potential Methane Generation Capacity (L0): L0 is a model constant that represents the 

potential capacity of a monofill to generate methane and is measured in m3/Mg. The 
L0value for the conceptual As Samra model was set to 120.08 m3/Mg. 

 
Data on the amount of volatile solids remaining in the WWTP biosolids after extended 
periods of solar drying are generally not widely available in the literature. However, the 
calorific value degradation report included in Appendix E indicates only a very small 
degradation in total volatile solids and calorific value over the 189-day period of the study. 
Reference values of k and Lo for gas production by “sludge” were used in the initial 
conceptual model. 
 
Results of the LandGEM run for As Samra are presented in Appendix D.  The gas collection 
efficiency was assumed to be 50% and was converted to potential electric power generation 
as also presented in Appendix D. If the monofill gas system is constructed as designed and 
operated as intended, the LFG collection efficiency should be more than 70%. However, a 
conservative 50% collection efficiency was assumed.  It should be noted that further 
evaluation of gas generation (based on final site capacity and revisions to coefficients) will 
be performed as part of detailed design. 
 
Based on the conceptual monofill gas generation model in Appendix D, the maximum annual 
gas collection rate based on 50% collection efficiency was estimated as 1,382 cfm. The 
maximum annual generating capacity during the active life of the monofill was estimated as 
4,350 kW (38,103,379 kW hr). Individual 2,000 KVA generators will be acquired in 
increments 3 or 4 years apart and phase in and out of operation to meet the variable 
capacity required over the project life. Engines would be located on a reinforced concrete 
foundation pad or pads within the fenced infrastructure area approximately adjacent to the 
existing transformer. If sale and conveyance of treated or untreated gas to off-site end users 
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is pursued, gas compressors would also be acquired and phased into and out of the gas 
management infrastructure to meet the variable capacity required over the project life. 
 
At a minimum, the proposed LFG collection and conveyance system will consist of: 
 
 Vertical extraction wells drilled into the monofill with sufficient well-to-well spacing to 

provide coverage/extraction over the entire monofill surface 
 Well heads that include valves, metering and sample ports that connect vertical wells 

to transmission piping 
 Sloped SDR 17 HDPE  transmission piping along the final development surface of 

the monofill 
 LFG condensate collection and handling facilities at low points along the pipe 

alignment and immediately prior to gas mover/utilization equipment 
 A blower or blowers to provide a vacuum to draw the LFG from the well field 
 A flare to reduce atmospheric emissions or gas utilization equipment 
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8.0 Environmental and Social Considerations 
 
This section provides a general overview of the environmental and social impacts that may 
potentially occur as a result of implementation of the project and proposes mitigation 
measures and environmental monitoring. 
 
A Preliminary Environmental and Social Impact Assessment (PESIA) has been prepared as 
a separate document to identify issues of environmental and social concern that need to be 
considered during the detailed design, construction, and operation of the site. The PESIA 
may be referred to for a comprehensive description of the baseline conditions related to the 
project so as to provide a reference point for the environmental and social impacts caused 
by the project. It further aims to identify and assess the project’s potential environmental and 
social impacts and recommends the relevant mitigation measures as well as an 
Environmental Management Plan (EMP). 
 
The relevant impacts and mitigation measures were identified as per project phase. It is 
worth noting that the project is in itself a solution to the existing problem of accumulated 
biosolids at As Samra WWTP until better beneficial reuse options can be developed.  
 
8.1 Environmental Impacts of the Project 

Construction Phase 
Major potential impacts during the construction phase of the project pertain to occupational 
health and safety, and may consist of on-site accidents as well as potential health problems 
due to exposure/inhalation of gaseous and dust emissions. As a mitigation measure, all 
minimum-required personal protective equipment (PPE such as hearing protection and other 
safety gear) as well as noise, dust and traffic controlling measures should be outlined and 
detailed by the Contractor within the Tender Documents, the Health and Safety Plan 
(HASP), and the Hazardous Materials Management Plan (HMMP). It is anticipated that traffic 
will increase during site construction and a traffic management plan will need to be 
developed.  
 
Effects on flora and fauna are expected to be minimal given that there is no significant 
vegetation in the vicinity of the project area and that no fauna species are likely to be 
affected with the exception of a herd of grazing sheep and some stray dogs. However, As 
Samra as part of the bigger Zarqa River Basin is recognized as a wetland of international 
importance since it is an important staging and wintering area for a wide assortment of 
migratory water birds. Therefore, these water birds might be at risk of disturbance due to 
construction noise, traffic, and presence of people. As a mitigation measure, it is 
recommended that construction activities be limited to one area at a time and that any 
removed trees be relocated or replaced. Additionally, hunting should be prohibited. 
 
It is expected that the water demand will increase during the construction phase. This will be 
mediated by requiring the Contractor to provide an adequate source of water (such as 
trucking, portable tanks, or water bottles) that does not depend upon nor result in further 
drawdown of local community water resources. No potential impacts are expected on 
groundwater as the groundwater table was found to be at about 80 m below the surface 
during the geotechnical study, indicating that contamination is unlikely. Additionally, fueling 
and maintenance areas should be located upon a sealed floor with containment/collection 
provisions to prevent potential spills and contamination of local soil and water resources. 
Any leakage incidents should be cleaned up immediately by using appropriate spill kits and 
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reported. Furthermore, the contractor will be required to submit a water management plan 
for review and approval.  
 
Soil instability may be an issue during excavation and construction of embankments. 
Excavation/equipment operators must be properly trained and familiar with the design 
minimum and maximum excavation and fill slopes. Displaced soils will be stockpiled to be 
used later on as daily cover and for the ET cover. A Soil Erosion and Sediment Pollution 
Control Plan should be developed to outline the proper sequence of installation and removal 
of water conveyance and sediment trapping facilities. A Spill Management Plan should be 
developed outlining mitigative measures required in the event fuel spills or other vehicle 
leaks contaminate local soil resources. Leakage incidents should be dealt with immediately 
and reported.  
 
The primary sources of waste during the construction phase will be domestic solid waste 
generated by construction workers. The generated waste would need to be collected on a 
regular basis, and a Waste Management Plan should be developed.  
 
Potential impacts to air quality during construction are temporary and may be caused by dust 
generated from excavation, vehicle movement, and uncovered construction materials as well 
as the emissions from heavy construction machinery. Mitigation measures include the 
development of a Dust Management Plan, applying dust suppression agents, and requiring 
that dust-generating activities be minimized during dry and dusty weather conditions. 
Regular maintenance of the machinery in accordance with the minimum required service 
intervals can help reduce vehicle emissions.  
 
Construction activities are expected to increase the ambient noise levels. The Contractor 
should therefore abide by the Jordanian Instructions for Controlling and Preventing Noise 
and workers should be provided with noise protection equipment.  
 
No major changes to the general visual character of the project area are anticipated during 
construction. The project will have a typical construction site appearance. Optional 
vegetative cover or perimeter plantings may be implemented to improve aesthetics. No 
visible archaeological findings have been encountered or located at the project site. 
However, in the case of any findings during site work, construction should stop and the 
Department of Antiquities (DoA) should be contacted. Additionally, the project is expected to 
improve the livelihood of neighbouring communities during the construction phase by 
creating new job opportunities.  
 
Operation Phase 
Occupational health and safety issues during the operation phase consist of potential on-site 
accidents and the potential instability of the biosolids material if it contains less than 20% dry 
solids (DS) and cannot support machinery. This could lead to uneven settlement of the 
monofill, potentially causing accidents for vehicles traversing/operating upon its surface. The 
design requirements for this facility is 50% (minimum) DS. Mitigation measures consist of the 
development of a comprehensive HASP and the appointment of a Health and Safety Officer 
to support its implementation. Additionally, a doctor should be assigned for onsite visits and 
workers should be provided with health insurance and regular checkups.  
 
With regards to air quality, the phased installation of a gas collection system, the 
development of alternatives for the utilization of gas, and provision of a backup flaring 
system all help to mitigate the negative impacts associated with the gas emissions 
(methane, hydrogen sulfide and ammonia) produced from biosolids decomposition. 
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Additionally, the application of a daily soil cover and a final cap will mitigate the potential 
odors during disposal operations.  
 
Anticipated impacts to soil and water resources are minimal. The monofill is designed to 
include a single flexible membrane liner with an overlying drainage layer; in addition there 
will be application of daily soil covers and a final capping system. A leachate collection 
system will be installed to ensure that there are no unacceptable levels of contaminants from 
biosolids disposal at the facility boundary and to prevent the seepage of leachate into the 
subsurface. Moreover, groundwater monitoring wells will be drilled and monitored to detect 
potential leaks. For the mitigation of runoff and run-on, a surface water runoff channel 
surrounding the monofill will drain the water to a stormwater management lagoon. 
 
The proper operation of the monofill by controlled burial of the biosolids, diligent application 
of daily cover, and phased installation of the gas management system will decrease the fly 
and vermin nuisances, odour emissions, and other air quality impacts associated with 
current practices, which will help improve the living conditions of the surrounding 
communities. In addition, the monofill will create new job opportunities and a new source of 
revenues for SPC, either via energy generated from the gas emissions or via commercial 
sale of the generated gas. 
 
Closure Phase 
Improper implementation of the phased closure of the monofill (including but not limited to 
non-adherence to the closure schedule and improper or incomplete installation of the ET 
cover) could lead to fugitive gas emissions, odor issues, leachate generation in excess of the 
maximum anticipated quantities, potential surface water and groundwater pollution of 
biosolids, incorrect sloping and covering of the monofill, and potential uneven settlement 
after the closure.  Proper operation of the monofill, adherence to the assigned design criteria 
and construction plans, and incorporation of Construction Quality Assurance (CQA) 
procedures are the best steps toward ensuring proper and trouble-free monofill closure.  
 
Furthermore, the procedures and activities pertaining to monofill closure must be planned 
prior to the commencement of the project. They include but are not limited to final monofill 
cover (ET cap), regular monitoring of settlement, regular monitoring and reporting of air and 
water quality after closure, public access restrictions, and inspection and maintenance of all 
engineered systems that will remain active during the closure and the post-closure periods. 
 
 
8.2 Social and Gender Considerations 

As per SPC records in 2014, As Samra employs 186 people. The vast majority of the 
employees are males and of Jordanian nationality with most (73%) being local residents of 
Sukhnha, Hashimyyah and Zarqa.  
 
Although SPC consistently keeps track of its employees and pursues a policy of hiring 
qualified persons regardless of gender, the percentage of women constituting the workforce 
at As Samra currently stands at 3% -- which is minimal. 
 
Anticipated Impacts 
During the construction phase, new job opportunities will be generated for the local 
community of Zarqa Governorate. This will help increase generated income and ultimately 
will enhance the living conditions of the nearby communities. Available employment 
opportunities may include equipment operators, construction workers (laborers), drivers or 
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even service providers to the workers onsite. These positions will contribute to the livelihood 
of the neighbouring communities and offer a source of income. 
 
Development of this facility may also encourage and provide opportunities for women in the 
surrounding areas to make and sell homemade or home grown goods to construction and 
operations personnel, including crops/produce, food and  items for use within on-site 
dwelling places.  
 
The biosolids monofill will serve to resolve the ongoing sludge storage and disposal issues 
at the As Samra WWTP. This project helps in assisting the MWI in developing sustainable 
and economically feasible biosolids management options that are environmentally friendly. 
The project will reduce known and potential sludge management impacts on water resources 
and air quality. This will eventually improve the quality of living for the surrounding 
communities as well as facilitate sustainable growth. It will also improve public safety by 
reducing disease vectors, flies nuisance, odor and emissions associated with current 
management practices. 
 
It is anticipated that the project will create a number of job opportunities during its various 
implementation stages, including ones for laborers, technicians and operators. Furthermore, 
the project will create a new source of revenue through the generation of energy from 
collected biosolids gas emissions while reducing local fossil fuel consumption. 
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9.0 Operations and Maintenance 
 
Operations and Maintenance (O&M) of the monofill will require multiple elements, including 
site management and compliance (labor); construction and operations equipment operators 
(labor); environmental systems technicians (labor); mechanics and laborers (labor); security 
(labor); and infrastructure, electric and physical plant (equipment purchase and 
maintenance). 
 
9.1 Personnel Training 

Upon their hiring, employees will undergo initial training, which shall be the management 
team’s responsibility. Employees will be briefed on the monofill history and operations 
procedures and will attend (at a minimum) a safety orientation meeting with site 
management. Equipment operators and laborers will be instructed on the importance of the 
liners as related to environmental protection and educated in operational procedures that will 
prevent liner system failures. Additionally, operations personnel selected for potential 
employment will be required to take a comprehensive physical examination and drug-
screening test prior to employment. 
 
Depending on a person’s actual job functions, additional job-specific training may also be 
warranted. This additional training may involve familiarization with the facility design and 
operational plans to ensure proper procedures are followed. Similarly, training may be 
provided regarding applicable local regulations pertaining to the facility as well as associated 
environmental protection features used at the site.  Records that document the personnel 
training will be maintained at the facility throughout each individual’s employment. The 
records will indicate the content of the program and dates on which training was received.  
 
Furthermore, the management team will be responsible for the implementation of a 
comprehensive safety program. Safety rules and procedures will be prepared in written form, 
posted on the site and distributed to each employee. Employees will be trained in proper 
work procedures and safety and emergency response procedures. Emphasis will be placed 
on prevention of potential emergency situations, and emergency response practices will also 
be covered. Periodic mandatory safety meetings will also be held. 
 
9.2 General Disposal Procedures 

The individual monofill cells will generally be filled according to their numeric sequential 
order.  Incoming biosolids will typically be spread and compacted with a bulldozer in 
approximate 500-mm-thick layers up to the 2.5-m lift height. A “spotter” or the lead operator 
will direct vehicles to the appropriate disposal location. Deposited biosolids will be sloped 
inwards and away from developing exterior finished slopes. At the end of each work day, a 
layer of daily cover (typically 150-mm-thick) will be installed over exposed biosolids. 
Alternative daily cover materials such as re-usable tarps may also be utilized based on 
availability to conserve airspace. Typically, a 5-day (minimum) supply of daily cover soil (if 
used) will be staged adjacent to the active working area. 
 
9.3 Nuisance Management 

Potential nuisance sources consist of dust, odors, vectors and adverse weather conditions. 
These are typically controlled through the normal disposal procedures, which are 
summarized as follows: 
 
 Minimization of the size of the daily working face 
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 Application of daily cover soil or an approved alternative daily cover material such as 

re-usable tarps at the end of each work day 
 

 Installation of the proposed final cover system and monofill gas components in phases 
as maximum biosolids elevations area achieved 

 
Further measures may include application of commercial odor masking/neutralizing 
chemicals from misting stations as an alternative solution to odor problems. 
 
Adverse weather (i.e. precipitation) is mitigated through the installation of the runon/runoff 
stormwater management systems. 
 
9.4 Inspection and Maintenance 

During detailed design of the facility, an O&M Manual should be developed and referenced 
within an operations contract to help ensure the facility is properly and safely operated. This 
manual will describe the day-to-day operations, inspections, and maintenance procedures 
necessary to ensure proper, efficient, safe, and environmentally conscious operation of the 
facility during its construction, active life, and post-closure period after waste deposition has 
ceased. Inspections and maintenance/repairs will be recorded on standardized forms and 
will be maintained on-site by site management personnel. All facility inspection documents in 
addition to the daily logs which include data on the quantity of deposited biosolids will be 
maintained on site. 
 
9.5 Consumables 

Supply, storage, and disposal (if required) of consumable materials associated with landfill 
construction and operation will be detailed within the design report and/or O&M Manual. 
These materials will generally consist of (but are not limited to) vehicle fuels, lubricants and 
spare parts; personal protective equipment (PPE); conveniences items; and office supplies. 
 
9.6 Minimum Staffing 

Staffing levels will vary depending on the construction, operations, closure and post-closure 
monitoring stage of the facility. Suggested minimum staffing requirements with general 
responsibilities for each stage of the monofill development are indicated below in Table 9-1. 
These staffing levels may increase or decrease depending on anticipated construction 
schedules, available skilled/unskilled labor pool, wage rates, disposal rate capacities, etc. 
Qualifications, skills, competencies and training requirements for each staff type should be 
clearly defined. The actual required staff will also depend on the number of working shifts 
and working hours. The staff proposed within the table below is only for one working shift per 
day (8 hours), with the exception of security. Security will be required 24-hours per day.    
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Table 9-1: Minimum Staffing Requirements 
Development 

Stage 
Position Number

of Staff 
Responsibilities 

Construction Management 
Clerk 

1 full time 
1 full time 

  Personnel oversight 
  Construction implementation 
  Contractor/engineer 

interface 
  Records management 

 Safety & Compliance 1 full time   Safety training/compliance 
  Reporting 

 Equipment Operator 6 full time   Landfill construction 
 Mechanic 1 full time   Vehicle maintenance 
 Laborer 2 full time   Manual laborer  
 Security 3 part time 

(for day and night shifts) 
  Fence/gate/facility patrol 

Operations 
(1 working 
shift only) 

Management 
(Plant/O&M Manager) 
Supervisor 
Administrator 

1 full time 
 

1 full time 
1 full time 

  Personnel oversight 
  Disposal/Closure/Gas 

implementation 
  Contractor/engineer 

interface 
  Records management 

 Safety & Compliance 1 full time   Safety training/compliance 
  Reporting 

 Equipment Operator 3 full time   Biosolids disposal 
 Electrician/ 

Instrumentation 
1 full time   Biogas/leachate technician 

 Mechanic 1 full time   Disposal vehicle 
maintenance 

 Laborer 2 full time   Manual laborer landfill O&M 
 Security 3 part time 

(for day and night shifts) 
  Fence/gate/facility patrol 

Post-Closure Management 
Administrator 

1 part time 
1 part time 

  Personnel oversight 
  Post closure O&M 

implementation 
  Records management 

 Safety & Compliance 1 part time   Safety compliance 
  Reporting 

 Technicians 2 part time   Biogas/leachate technician 
 Security 3 part time 

(for day and night shifts) 
  Fence/gate/facility patrol 

 
Other specialized staffing for non-routine construction/maintenance and operational 
procedures (gas flare/turbine/blower monitoring and repair, nuisance management, 
exterminator, etc.) may be required on a part time or per contract basis. 
 
9.7 Environmental Monitoring 

The O&M Manual will include specifications and the exact environmental parameters that 
require monitoring. These consist of groundwater monitoring, surface water monitoring, daily 
leachate flow monitoring, leachate head levels monitoring, landfill gas surface monitoring, 
landfill gas collection system monitoring and landfill gas emissions monitoring. 
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9.8 Fire Protection and Fire Control 

Open burning will be prohibited on areas where sludge/biosolids have been previously 
disposed, on areas of active biosolids disposal, or any other areas of the site. Additionally, 
all major mobile equipment and transportation vehicles must contain a fire extinguisher 
capable of fighting small fires. Furthermore, the detailed O&M Manual will cover emergency 
preparedness, emergency response, minimum fire-fighting equipment requirements, as well 
as the typical extinguishment methods. 



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

44 
 

10.0 Risk Analysis 
This section provides a general overview of known and/or potential risks and impacts that 
may potentially occur as a result of implementing the As Samra Biosolids Monofill during the 
detailed design, construction, and operation of the site. It also proposes mitigation measures 
and recommends environmental monitoring. In order to reduce / eliminate the problems 
associated with operating the existing sludge storage area, the design team proposes the 
construction of a new biosolids monofill landfill composed of five lined cells with leachate 
collection system. Generally, providing a new biosolids monofill landfill with appropriate 
lining, leachate collecting system, gas control system, and environmental monitoring 
provisions will improve the environmental and health conditions at the area.  
 
10.1 Identified Risks and Mitigation Efforts during Implementation Phase 

Table 10-1 lists the risks associated with and the mitigation efforts for the implementation of 
the design, and tendering of construction contract for the geomembrane-lined As Samra 
Biosolids Monofill. 
 
Table 10-1: Risk Impacts to Design Plans, and Tender Document Preparation and Execution 

Component Project Risk Risk Mitigation 

Detailed 
Design 

Design-based construction 
costs too high, impact to 
project financing. 

Provide base design that uses best available 
technology typical of current waste water / solid 
waste management industry standards. 

 Change in biosolids material 
properties impacts landfill 
constructability. 

Provide adequate factors of safety to 
accommodate an anticipated range of material 
properties. (See operation phase for Monofill 
O&M Plan regarding material properties.) 

Tender 
Documents 

Insufficient response to 
Tender Request – (Scope of 
Tender Request to include 
construction and operations 
separately, or together as one 
contract?) 

Requires understanding of capabilities and 
financial stability of bidders. Bidders may 
specialize in one or the other, so contacts for 
initial cell and associated operation will likely be 
separate. For subsequent cell construction and 
operations, alternate delivery methods based on 
the results of the feasibility study and associated 
financial analysis. 

 Poor geosynthetic liner 
quality leading to leachate 
leakage into environment. 

Structure the tender documents to provide quality 
control of raw materials, geosynthetic material 
manufacturing, shipping and storage, and 
material placement; and establish material 
review / approval protocol. 

 Design ambiguities leading to 
changes and delays 

Provide concise project drawings and technical 
specifications to allow for construction within 
delineated schedule. 

 

 

Poor construction 
workmanship 

Structure tender documents to clearly draw out 
evidence of Contractor’s experience with landfill 
construction practices; require minimum 
previously installed hectares. 

Incorporate construction quality assurance 
(CQA) procedures, including a printed CQA Plan 
that outlines such, to ensure landfill is 
constructed to minimum acceptable level of 
workmanship and material qualities. 

 Geosynthetic liner failure due Ensure tender documents identify risks of 
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to prolonged exposure geosynthetic exposure, and outline proper 
procedures for deployment and prompt covering 
with soil construction materials. Requires 
understanding capabilities of bidders to complete 
project. 

Project 
Funding 

Construction budget 
limitations 

Provide “Phased Design” for construction in five-
year increments to minimize cash outlays 
required for construction of discreet disposal 
units.  

 Lack of LFG beneficial use 
agreement by year 5 of 
monofill implementation 

Alternate LFG processing should be clearly 
identified in O&M and any 3rd party contracts to 
prevent LFG buildup or releases on-site. LFG 
generation will “lag” biosolids placement that 
would allow additional timeframe to develop 
beneficial use of LFG generated. Potential P3 
arrangements associated with operation of the 
monofill after year 5 should be revisited during 
year 3 to allow time for expressions of interest 
and procurement. 

Beneficial Use 
of Gas  
Generated 
from Monofill 
(LFG) 

High capital costs Compare beneficial use methodologies to 
ascertain typical capital costs for each recovery 
option vs. available end markets nearby facility. 
During year 3 of implementation, seek third party 
turnkey design/build operate contracts with 
known waste gas beneficial use contracting 
entities, who have technology, personnel,  and 
funding resources to complete the project 
objectives. Refer to implementation plan later in 
this report.

 Variable quantity/quality of 
LFG production 

Ensure end use contracts stipulate possible 
variability in quantity/quality of LFG production 
due to changes in placement rates, changes in 
WWTP through-put rate, unusual weather 
conditions, soil cover conditions, etc.; WWTP 
process variations, and verify end users have 
alternate fuel sources to supplement LFG supply. 

 Structural failures within LFG 
collection system (e.g. failing 
collection due to settlement 
damage, landfill construction, 
or cover maintenance) 

Landfill O&M and 3rd party Contractors shall be 
made aware of the location of LFG equipment, 
and shall be required to follow  a  protection plan 
to ensure equipment is adequately protected; 
provide contract clauses regarding prompt repair 
of all damaged LFG wells, pipelines and 
associated equipment. 

Environmental 
Justice 

 

Local community opposition 
to facility expansion 

Engage community to provide knowledge of the 
environmental and socio-economic benefits of 
proposed facility. Use landscape design to allow 
for visually appealing facility frontage, especially 
portions of the facility facing neighboring 
residential communities. 

Provide annual community forum to keep 
community abreast of facility operations; allow for 
presentation of documents stating benefits to 
community as a whole, and notification of any 
anticipated facility modifications. 
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New Landfill 
Technologies 
as Available in 
Marketplace 

Unexpected financial risks 
with implementation of new 
technologies (e.g. “Green 
Technologies” such as solar 
electric generation) on landfill 
facility 

 Use only third-party turnkey design-build-
operate contracts with known technologies, 
operating experience, personnel, and funding 
resources to complete project objectives. 
Contract should include provisions for site design 
modifications, technology operation, 
maintenance, and equipment removal (and any 
monofill surface or equipment repairs if 
necessary). 

 
 
10.2 Environmental Impacts during the Implementation Phase 

The section below describes environmental impacts associated with the No Action 
Alternative (in which the situation remains the same and the biosolids continue to be 
dumped openly in unlined lagoons for the coming 20 years) and the Action Alternative 
(which involves provision of a lined monofill with a 20-year capacity). Table 10-2 summarizes 
the anticipated impacts. 
 
Table 10-2: Environmental Impacts Associated with No Action and Action Alternative for 
Implementation of As Samra Biosolids Monofill 
 

Component No Action Alternative 
(Base Line) 

Action Alternative 
(Project Alternative) 

Traffic Traffic generated is a result of 
vehicle activity within the As 
Samra site boundary. 
However, as the site storage 
is exceeded, transportation 
for alternate storage locations 
or reuse activity would be 
required.  

Traffic will be composed of trucks hauling 
biosolids within the facility. Traffic to haul the 
biosolids from the drying area to the storage 
area, or to the monofill also located within the As 
Samra Site area would be similar. Some 
additional traffic due to construction vehicles 
transporting material from and to the site is 
anticipated. Traffic increase might be associated 
with increased number of accidents and 
increased levels of dust and noise.  

Water 
Contamination  

 

 

 

 

 

 

 

 

 

Biosolids are being disposed 
of in sludge drying beds. 
Therefore, the possibility of 
water contamination exists. 
However, subsurface waters 
have been shown to be at 
increased depths and rainfall 
in As Samara is low. Although 
the hydraulic conductivity of 
the soil under the sludge 
drying beds is relatively high, 
this is considered a medium 
risk item. 

Remedial efforts if necessary 
to remediate ground water 
contamination and/or to 
construct a lined facility later 
would be anticipated to be 
higher than constructing a 
lined biosolids monofill 
initially. 

The possibility of water contamination is still valid 
since the sludge drying beds will remain 
operational. Additional potential sources of 
contamination are the wastewater generated 
from temporary workers’ residence on site and oil 
leakage from construction vehicles. 

To contain the future biosolids, a biosolids 
monofill with geomembrane liner and leachate 
collection is proposed.  
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Noise  Noise is generated as a result 
of vehicle movement within 
the overall As Samra site. No 
change in noise levels to off-
site receptors is anticipated. 

Noise levels will increase due to the increased 
traffic and the operation of heavy machinery 
onsite. The increased noise levels may cause 
hearing impairment for workers operating the 
machinery especially if hearing protection is not 
provided.  

Dust  Dust is generated as a result 
of vehicle movement from 
within the As Samra site. In 
addition, dust is generated 
during the covering process 
of the biosolids (minimal 
since the biosolids are 
currently not covered 
regularly).  

Dust levels will increase due to movement of 
construction vehicles in addition to excavation / 
drilling activities associated with the construction 
of the new cells. Dust can cause nuisance to 
workers on site and surrounding areas.  

To mitigate generation of dust, construction will 
be staged to include only those portions of the 
facility necessary for development on the 
individual disposal cells.  

Establish regular wetting of roads used for 
movement of trucks and equipment; we 
anticipate this cost would be on top of the costs 
to conduct basic O&M of monofill. Water could 
be obtained from the stormwater retention 
structure or clean effluent discharge from the 
WWTP.  

Odor  Odors are generated due to 
breakdown of primary                
wastewater residuals that 
produce hydrogen sulphide, 
ammonia, and other sulphur-
containing gases from the 
accumulated uncovered 
biosolids. 

During construction, the existing odours 
associated with WWTP will remain. Tender 
Documents should address provisions for waste 
management of biosolids facility construction 
including provisions for boarding construction 
workers. Impact costs associated with odour 
control would be incidental to the other 
construction cost items as defined in Tender 
Documents. 

Once constructed and operations activities begin, 
the project, which is a mitigation activity, will help 
reduce odours through elimination of extensive 
storage of exposed biosolids, and through use of 
daily cover in the monofilling process. 

Soil  Soil contamination can take 
place due to the accumulation 
of biosolids on unlined sludge 
drying beds. 

A Soil Erosion and Sediment Control plan should 
be developed to minimize movement of sediment 
off-site especially for construction during the wet 
season. 

Grading plans shall indicate that biosolids are to 
be placed and graded to prevent stormwater run-
off from the biosolids into adjacent areas (soil 
and water courses) until a minimum of 150 mm 
of daily or periodic cover soils are placed to 
encapsulate the biosolids mass. 
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Occupational 
Health and 
Safety  

 

Increased health hazards to 
workers onsite with the 
accumulation of uncovered 
biosolids and vector breeding. 

 

Health hazards for construction workers, 
operating heavy machinery can pose health risks 
along with elevated noise and dust levels. 

Workers placing and working with black 
geosynthetic materials may be subject to heat 
stress especially during warmer month due to 
elevated working condition temperatures. 

Tender Documents should address provisions for 
Occupational Health and Safety for construction 
workers. Impact costs associated with 
Occupational Health and Safety would be 
incidental to the other construction cost items as 
defined in Tender Documents. Contractor should 
provide and implement a site-specific Health and 
Safety Plan to As Samra Construction Manager 
for review prior to allowing their access to site.  

 

Nuisance and 
Vector 
Breeding 

Biosolids are dumped openly 
and not regularly covered, 
attracting insects and rodents 
and thus causing nuisance to 
workers onsite.  

Daily (or periodic) cover of biosolids monofill with 
150 mm of soil should reduce nuisance and 
vector breeding when compared to current 
indefinite storage of biosolids. 

Grading shall address the problem of pooled 
water so as to prevent breeding ground for 
nuisance flies, etc. 

 
Based on Table 10-2, the Action/Project Alternative will have several temporary impacts 
during the construction phase(s), but will present overall long-term improvements to site 
operational efficiency, human health and safety, and environmental protection. The following 
concerns associated with the project may/will require mitigative measures to prevent 
potential short and/or long-term negative impacts: 
 
 Regular construction dust, noise and other potential pollution can be expected in 

addition to potential contamination (i.e. leakage) from earth moving equipment 
 
 Insufficient engineering supervision and site quality assurance during landfill liner and 

leachate collection/transmission installation may cause critical deviations from the 
design and faults in implementation that could lead to inadequately functioning, 
damaged, or leaking components 

 
 Lack of awareness of the health and safety needs of workers engaged in the 

implementation of the monofill 
 
The following mitigative measures should be implemented: 

 Soil Erosion and Sediment Control Plan 
 
 Task specific training to ensure environmental and occupational health and safety 

measures are adhered to during construction activities 
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 Strict Quality Assurance (QA) procedures during construction of the liner and 
leachate collection/transmission systems to minimize and/or eliminate the potential 
for future leachate leakage 
 
 

10.3 Identified Risks and Mitigation Efforts during Operations Phase 

Table 10-3 lists the risks associated with and the mitigation efforts for the Operation of the 
As Samra Biosolids Monofill for a minimum 20-year period. 
 
Table 10-3: Risk Impacts to Facility during Monofill Operations 

Component Operational Risk Operational Mitigation 

Loss of Design 
Capacity 

Facility downtime, damage 
to capital equipment due to 
operator inexperience. 

A Site Specific “Operations and Maintenance 
(O&M) Manual” should be prepared that indicates 
minimum standard requirements for efficient and 
environmentally protective operation. Requires 
understanding the capabilities of bidders to 
properly operate facility. 

 

 

 

 

 

Loss of design capacity, 
excessive leachate 
generation from excessive 
“wet” disposal wastes. 

The O&M Manual should direct the Monofill 
Operator on the required length of sludge drying 
and aging to desired solids content to allow for 
disposal per design criteria. The O&M Manual 
should define biosolids sampling and testing 
procedures to ensure material is within acceptable 
property windows (most notably percent moisture) 
to allow for disposal into monofill without causing 
structural instability or generating excessive 
liquids. 

 Facility interruptions due to 
poor coordination of facility 
construction. 

The O&M Manual should address Operator’s duty 
to report volumes disposed, available capacity 
utilized, and remaining disposal capacity 
available. Based on disposal metrics, the 
Operator should provide periodic reports on 
anticipated life of “Constructed Capacity” and 
“Total Facility Capacity” to allow for allocation of 
resources necessary to develop subsequent 
phases of facility. 

Structural 
Integrity 

Slope failures of 
containment berm or 
geosynthetic liner system. 

O&M Manual should outline the acceptable 
monofill development procedures. A Quality 
Assurance Plan (QAP) will establish material 
acceptance procedures to ensure an 
environmentally protective biosolids containment 
system. 

 Slope failures due to 
inadequate drying of 
biosolids materials 

The O&M Manual should direct the Monofill 
Operator on the required length of sludge drying 
and aging to desired solids content to allow for 
disposal per design criteria. Outline criteria for 
acceptance for disposal. 

 Excessive buildup of 
leachate on the base liner 

The O&M Manual should stipulate requirements 
for sufficient technical personnel to operate, 
monitor, and maintain the leachate collection and 
conveyance system to limit buildup of leachate 
below the design criteria of 300 mm. 
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Ancillary 
Facilities 

Inefficient  leachate 
collection; 300 mm 
maximum leachate depth 
not maintained 

The O&M Manual or 3rd party LFG contract 
should stipulate requirements for sufficient 
technical personnel to operate leachate pumping 
and control equipment, as well as provide 
minimum schedule of anticipated equipment 
maintenance and maintenance procedures. 

 

 Health and Safety issues 
with leachate collection 
equipment. 

Assure leachate system technicians are properly 
trained to operate and maintain collection system. 
O&M Manual shall outline proper maintenance, 
especially necessary “Lock-out/Tag-out” 
procedures to prevent injuries to personnel and 
potential explosions.  

 Poor LFG collection O&M Manual should outline anticipated timeline of 
phased construction of LFG collection and 
processing equipment to minimize release of 
methane gas, as well as to allow for beneficial use 
of methane for cost recovery. 

 Poor operation of LFG 
wellfield 

The O&M Manual or 3rd party LFG contract 
should stipulate requirements for sufficient 
technical personnel to operate LFG wellfield to 
assure anticipated LFG units are delivered to 
marketplace (and required reporting is in-
compliance with all applicable regulations and 
best management practices). 

 LFG explosions The O&M Manual or 3rd party LFG contract 
should stipulate requirements for sufficient 
technical personnel to monitor wellfield and 
operate the collection/process equipment to 
prevent buildup of explosive gases to protect 
facility personnel and property. 

 Cancellation of LFG 
beneficial use agreements 

Would typically be concern of 3rd party operator; 
however, provision for alternate LFG processing 
should be clearly identified in O&M Manual and 
any 3rd party contracts to prevent LFG buildup or 
releases on-site. 

 
 
10.4 Environmental Impacts during Biosolids Monofill Operation Phase 

The section below describes environmental impacts associated with the No Action 
alternative and the Action alternative during the operations phase. Table 10-4 summarizes 
the anticipated impacts. 
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Table 10-4: Environmental Impacts Associated with No Action and Action Alternative for 
Operation of the As Samra Biosolids Monofill 

Component No Action Alternative 
(Base Line) 

Action Alternative 
(Project Alternative) 

Traffic Traffic is a result of trucks 
unloading biosolids. No 
decrease or increase is 
anticipated.  

Traffic will be due to movement of trucks 
transporting biosolids to the new site. This is 
anticipated to be the same as the existing 
conditions with minor increase based on projected 
wastewater flow increases. 

Water 
Contamination 

 

 

 

 

Biosolids are being 
disposed of in sludge drying 
beds. Therefore, the 
possibility of water 
contamination exists. 
However, subsurface 
waters have been shown to 
be at increased depths and 
rainfall in As Samara is low. 
Although the hydraulic 
conductivity of the soil 
under the sludge drying 
beds is relatively high, this 
is considered a medium risk 
item. 

Constructing a lined monofill as proposed is 
anticipated to significantly minimize the potential 
for water contamination.  

Noise  Noise is generated as a 
result of vehicle movement 
within the overall As Samra 
site. No change in noise 
levels to off-site receptors is 
anticipated. 

Noise will be generated as a result of vehicle 
movement within the As Samra site. Additionally, 
a minor increase in noise levels can occur due to 
the periodic new cell or closure construction at 
monofill. Monofill’s daily operation equipment 
should be similar to that currently used to manage 
biosolids. 

Dust  Dust is generated as a 
result of vehicle movement 
from within the As Samra 
site. In addition, dust is 
generated during the 
covering process of the 
biosolids (minimal since the 
biosolids are currently not 
covered regularly). 

Dust is generated mainly as a result of vehicle 
movement within the As Samra site along with 
periodic soil covering process.  

Odors  Odours are generated due 
to breakdown of primary         
wastewater residuals that 
produce hydrogen sulphide, 
ammonia, and other 
sulphur-containing gases 
from the accumulated 
uncovered biosolids. 

Odour will be minimized since biosolids will be 
covered daily, and further reduced as landfill gas 
management features are phased in. Some odour 
might be detected close to the leachate collection 
/ impoundment area. 

Due to anticipated impermeability of the placed 
biosolids, landfill gas odours may escape along 
preferential pathways within the biosolids waste 
mass and not be captured by the landfill gas 
collection system. 
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Soil  Soil contamination can take 
place due to the 
accumulation of biosolids 
on an unlined sludge drying 
beds. 

No soil contamination will occur since the monofill 
will be lined and leachate will be efficiently 
collected. 

A Soil Erosion and Sediment Control plan should 
be in-force to minimize movement of sediment off-
site especially during the wet season. 

Occupational 
Health and 
Safety  

Increased health hazards to 
workers onsite with the 
accumulation of uncovered 
biosolids and vector 
breeding.  

Health hazards will be minimal since all biosolids 
will be covered daily.  

Occupational Health and Safety training for 
operations personnel should include the 
recognition of hazardous working conditions or 
materials. Material safety data sheets should be 
developed and maintained to address response to 
exposure to hazardous materials. 

Nuisance and 
Vector 
Breeding 

Biosolids are dumped 
openly and not regularly 
covered, attracting insects 
and rodents and thus 
causing nuisance to 
workers onsite.  

The new monofill will be lined, and biosolids will 
be covered regularly. The presence of insects and 
rodents will therefore be reduced.  

 
Based on Table 10-4, the Project Alternative will have several temporary impacts during the 
landfill operations, but will present overall long-term improvements to site operational 
efficiency, human health and safety, and environmental protection. The following concerns 
associated with the monofill operation may/will require mitigative measures to prevent 
potential short and/or long-term negative impacts: 
 
 Soil and subsurface contamination from biosolids disposal as equipment may 

damage liner if not operated by trained professionals 
 
 Odor issues  resulting from LFG emissions and inadequate implementation  of the 

LFG collection system as well as from waste that has not been covered 
 

 Lack of awareness of the health and safety needs of workers engaged in the 
implementation of the monofill 

 
 Nuisance and vector breeding during monofill operation 
 
The following mitigation measures are proposed to address the above-mentioned impacts 
during monofill operation: 

 
 In order to avoid soil and subsurface contamination, the monofill will be designed and 

constructed with a base liner system in accordance with EPA regulations and a 
leachate collection and transmission system designed to maintain leachate head at 
no greater than 300 mm. 

 
 The O&M Manual shall outline the minimum employee training necessary for proper 

facility operation. Training will include, but is not limited to, site development, disposal 
of biosolids, operation of leachate and gas collection equipment, and regulatory 
reporting requirements. All third party operators shall provide site with proposed 
operating plan for their portion of project development/operation in sufficient time 
frame to allow for review for compatibility and adequacy. 
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 In order to mitigate the effects of air pollution and nuisance and potential vector 

breeding, daily cover will be applied over exposed waste. 
 
 An effective landfill gas collection system connected to a flare and/or electric 

generator shall be designed and constructed in phases as filling advances. 
 
 A final cover will be installed after final monofill elevations have been reached to 

minimize and/or prevent infiltration of storm water through the monofill mass as 
leachate. 

 

 A health and safety operating procedure and manual shall be developed and 
implemented during the construction and operation of the project to protect workers. 
The perimeter of all materials-handling areas is to have chain link fencing to capture 
wind-blown debris and plastic bags and to prevent them from entering the site. 
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11.0 Cost Estimate for As Samra Monofill 
 
This subsection includes the cost estimate of the additional infrastructure needed at the 
monofill in addition to the cost of cell construction and closure. An annual inflation rate of 
1.85%, which represents the local construction material cost increase over years 2008 - 
20141, was factored into cost estimation for works conducted after year 1. For imported 
equipment (such as earthworks equipment, generators and compression units), an annual 
inflation rate of 2.6% was factored in. 
 
11.1 Monofill Infrastructure 

The infrastructure required for the monofill is necessary to support disposal operations. 
Additional support facilities proposed as part of this project consist of: 
 

 Perimeter security fencing with a lockable access gate(s) 
 Crushed stone surfaced access roads 
 Refurbished chlorine handling building to serve as site office/maintenance building 
 Fuel dispensary 
 Lined leachate evaporation lagoon 
 Monofill gas generation facility with a backup utility/enclosed flare station 
 Stormwater management basin 
 Runon/Runoff Drainage Channels 
 Three groundwater monitoring wells 
 Utility extensions/improvements 

 
The costs for the construction of the infrastructure/support areas were estimated within 
Appendix F Table 1 to total: 
 

 Infrastructure and Support = JD 970,231 equivalent to USD 1,368,450 in 2014 JD 
purchasing power. 

 
11.2 Monofill Cell Construction with a 5-year Capacity  

The airspace of the monofill as included in the conceptual design report will provide for 28 
years of disposal of biosolids for the As Samra WWTP with the potential for an additional 5 
years of beneficial LFG recovery. Due to the low shear strength of the biosolids, the 
containment berms and final cover slopes will be limited to 6:1 slopes. The landfill will be 
designed with 5 individual cells, each with an approximate 5-year life expectancy. Each cell 
will drain to its own sump from which collected leachate may be pumped to the leachate 
evaporation lagoon. Each cell will be segregated from the adjacent cell(s) with a lined 
interim/intercell berm that is at minimum 1.5 meters high. 
 
Quantity/cost elements included in the construction of the initial disposal areal (Cell 1) 
consist of: 
  

 Subgrade excavation 
 Subgrade fill 
 Subgrade cushion/surface preparation 
 Perimeter access road and concrete or stone lined stormwater channel 

                                                 
1 Central Bank of Jordan, Intermediate Goods, Construction Materials price index 
http://www.cbj.gov.jo/pages.php 
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 60-mil HDPE liner layer 
 Geocomposite drainage layer or nonwoven geotextile cushion layer 
 PVC leachate collection piping system 
 Protective cover/leachate collection layer (550mm protective cover aggregate 

overlain by 150mm sand filter layer) 
 Leachate sump/risers/pumping system 
 Perimeter utilities (leachate forcemain, gas header and electrical) 
 Quality assurance during construction 

 
The costs for the construction of the Cell 1 were estimated within Appendix F Table 2 to 
total: 
 

 Cell 1 Construction = JD 3,206,236 equivalent to USD 4,522,195 in 2014 JD 
purchasing power. 

 
The monofill will be closed in phases with an ET cover to minimize potential infiltration of 
stormwater into the waste mass, to control odors and limit other nuisances (mosquitos, 
vermin, etc.), and to allow for earlier and more efficient gas collection/utilization. Closure will 
generally occur near the end of the phase life of the cell. However, closure may be initiated 
earlier to more effectively control odors and landfill gas generation or later to match project 
financial requirements. 
 
Quantity/cost elements included in closure and gas management system estimates include: 
 

 1.35 m (maximum) thick ET soil cover 
 0.15 m (minimum) gravel layer for erosion control 
 Monofill gas extraction wells 
 Monofill gas piping 

 
The costs for the above were estimated within Appendix F Table 3 to total: 
 
 Cost per Hectare = JD100,504 equivalent to USD141,754 

  in 2014 JD purchasing power 
 Phase 1 Closure Area = 0.9704 Hectares 
 Year of Cap Construction = Year 5 
 Phase 1 Closure (2014 purchasing power)  = JD 97,571 equivalent to USD137,618 
 Phase 1 Closure (adjusted for inflation) = JD106,936 equivalent to USD150,827 
 
 
11.3 Monofill Fill Sequencing and Capital Costs for 28-year Biosolids Disposal 

Quantity/cost elements included in the construction of the additional disposal areas (Cells 2 
through 5) will be identical to the Cell 1 items. 
 
The costs for the construction of the additional four cells were estimated within Appendix F, 
Tables 3 through 6. Table 11-1 below summarizes the estimated construction costs for Cells 
1 to 5 in today’s purchasing power as well as at time of deployment: 
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Table 11-1: Construction Costs of Cells 1 to 5 

Construction Year 0 
Cost 

(USD) 

Adjusted
for 

Escalation 

Year 0
Cost 
(JD) 

Adjusted 
for 

Escalation 

Construction
Year 

Cell 1 4,522,195 4,522,195 3,206,236 3,206,236 1 
Cell 2 1,908,291 2,053,472 1,352,978 1,455,911 4 
Cell 3 3,188,011 3,829,394 2,260,300 2,715,041 10 
Cell 4 2,044,815 2,741,767 1,449,774 1,943,913 16 
Cell 5 2,373,314 3,487,682 1,682,680 2,472,767 21 
Totals 14,036,626 16,634,510 9,951,968 11,793,868  

 
The costs for the phased closure of the additional four cells were estimated within Appendix 
F, Tables 7 through 11. Table 11-2 summarizes the estimated construction costs for Phases 
1 to 5 in today’s purchasing power as well as at time of deployment: 
 
Table 11-2: Estimated Construction Costs for Phases 1 to 5 

Construction Area 
Capped 

(ha) 

Year 0
Cost 
(USD) 

Adjusted
for 

Escalation 

Year 0
Cost 
(JD) 

Adjusted 
for 

Escalation 

Construction
Year 

Phase 1 0.9704 137,618 150,827 97,571 106,936 5 
Phase 2 2.6587 373,565 465,477 264,858 330,024 12 
Phase 3 1.2623 178,412 248,155 126,494 175,942 18 
Phase 4 3.5229 494,341 753,582 350,488 534,289 23 
Phase 5 11.7164 1,639,419 2,739,043 1,162,348 1,941,981 28 
Totals  2,823,354 4,357,083 2,001,758 3,089,172  

 
11.4 LFG Collection Unit Cost 

Gas collection system components included as part of this project, in addition to components 
included under capping phases, encompass the following: 
 

 Temporary gas wells, up to 50 wells 
 Temporary header piping 
 Temporary control system 
  

Associated costs are expected to be incurred over the course of years 5 to 28. The costs for 
the above were estimated within Appendix F - Table 12 to total JD 1,134,000, equivalent to 
USD 1,600,000 in 2014 prices. 
 
11.5 LFG Treatment Unit Cost 

Under options 1, 2 and 3, namely selling electricity to NEPCO, selling electricity to SPC and 
selling gas to SEPCO respectively, Gas treatment system components included as part of 
this project, encompass the following:  
 

 Auxiliary fuel system 
 Condensate collection system 
 Biological gas treatment 
 Electrical components 
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These costs are expected to be incurred on year 5 at the time of gas production. The costs 
for the above were estimated within Appendix F - Table 13 to total JD 638,100, equivalent to 
USD 900,000 in 2014 prices. 
 
Under Option 4 (selling untreated gas to SPC), the biological gas treatment unit is removed 
from system components. The costs for remaining components are detailed in Appendix F - 
Table 14 to total JD 141,800, equivalent to USD 200,000 in 2014 prices. 
 
11.6 Electrical Power Generation Unit Cost 

This unit is applicable for the electricity generation options: Option 1, the sale of electrical 
power to NEPCO; and Option 2, the sale of electrical power to SPC. System components 
included as part of this project, encompass the following: 
 

 Generator units 2,000 KVA 
 Transformers, switch gear and accessories 
 Cabling & connection 

 
Generators have a useful life time of 20 years and are added throughout the project period 
to increase generation capacity, in alignment with expected increase of generated gas 
volumes, or to replace aging units. By year 18 of the project lifetime, 12 generators (of 2,000 
KVA each) are needed to provide the maximum generation capacity of 4,800 kw. Generators 
will be acquired in increments of 3, 4 years apart. In total 21 generators will be acquired, 9 of 
which will replace aging equipment and 12 of which will provide the required generation 
capacity. 
 
Other system costs (cabling, transformers, etc.) are expected to be incurred during year 5 at 
the time of gas production. The costs for the above were estimated within Appendix F - 
Table 15 to total JD 3,169,230, equivalent to USD 4,770,000 in 2014 prices. 
 
11.7 Gas Connection Cost 

For gas conveyance options, namely Option 3 (the sale of treated gas to SEPCO) and 
Option 4 (the sale of untreated gas to SPC), the following system components are required 
to establish the connection between the facilities of the Project Company and those of the 
customer: 
 
For Option 3, sale of treated gas to SEPCO: 
 

 Compressor units to 250 bar 
 S.S. pipe small diameter 
 Pressure tanks and other accessories 

 
The compressor units have a useful life time of 20 years and are added throughout the 
project period in line with expected increase of generated gas volumes, or to replace aging 
units. By year 18 of the project lifetime, 4 compressors are needed to accommodate the 
treated gas volumes. Compressors will be acquired over intervals of 4 years. A total of 7 
compressors will be acquired: 3 will replace aging equipment, and 4 will provide the required 
compression. 
 
Other system costs (piping, pressure tanks, etc.) are expected to be incurred on year 5 at 
the time of gas production. The costs for the above were estimated within Appendix F- Table 
16 to total JD 942,970, equivalent of USD 1,330,000 in 2014 prices. 
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The system components required to establish gas connection with SPC (Option 4) include 
pipe works for 2,000 meters. Compression is not required for SPC connection. The costs for 
SPC gas connection were estimated within Appendix F - Table 17 to total JD 429,400, 
equivalent to USD 607,052 in 2014 prices. 

11.8 Other Machinery 

The following earthwork construction equipment is required to operate the landfill site: 
 

 Cat D7R Dozer 
 Cat 6 m3 Dump Truck 
 Cat 724F Wheeled Loader 

 
The operating specs related to these pieces of equipment can be found in the Conceptual 
Design report dated 3 July 2014, Appendix G. This machinery will be acquired in year 1 and 
replaced at end of its useful life, estimated at 6 years. The costs were estimated within 
Appendix F - Table 18 to total JD 2,162,521, equivalent to USD 3,050,100 in 2014 prices. 
 
11.9 Summary of Capital Costs 

Table 11-3 summarizes the capital costs required for project under all gas reuse options. 
 
Table 11-3: Capital Cost Summary of all Options 
Cost Item  Option (1) 

Electricity 
 to NEPCO  

Option (2) 
Electricity 
 to SPC 

Option (3) 
 Treated Gas 
to SEPCO 

Option (4) 
Untreated Gas 

to SPC 

  Amount 
(JD) 

Ref. 
Table 

Amount 
(JD) 

Ref. 
Table 

Amount 
(JD) 

Ref. 
Table 

Amount 
(JD) 

Ref. 
Table

Monofill cells ‐ 
infrastructure 

970,231  1  970,231  1  970,231  1  970,231  1 

Monofill cells ‐ 
cell construction 

11,793,868  2‐6  11,793,868  2‐6  11,793,868  2‐6  11,793,868  2‐6 

Monofill cells ‐ 
closure 

3,089,172  7‐11  3,089,172  7‐11  3,089,172  7‐11  3,089,172  7‐11 

Temporary LFG 
collection 
facilities 

1,614,721  12  1,614,721  12  1,614,721  12  1,614,721  12 

LFG Treatment, 
processing & 
control facilities 

699,349  13 699,349 13 699,349 13  155,411 14

Electrical power 
generation 
facilities 

5,194,516  15  5,194,516  15  N/A  N/A  N/A  N/A 

Gas conveyance 
facilities 

N/A  N/A  N/A  N/A  1,291,645  16  471,713  17 

Earthworks 
equipment 

3,012,845  18  3,012,845  18  3,012,845  18  3,012,845  18 

Total  26,374,701    26,374,701    22,471,830    21,107,960   
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11.10 Operations and Maintenance Costs 

Operations and Maintenance (O&M) cost have been developed considering the vehicle 
operations and maintenance, fuel and electricity costs needed to operate the monofill over a 
33-year period. O&M cost estimates are included in Appendix F Table 19 (including a 15% 
contingency factor) to total:   
 

 Annual O&M Cost in 2014 prices= JD 257,951, equivalent to USD 363,824. 
 
Appendix F - Table 20 calculates the one-time closure/post-closure cost associated with 
decontamination and removal of equipment and support facilities after waste disposal has 
ceased. 
 

 One-Time Closure/Post-Closure Cost in 2014 prices = JD 202,065, equivalent to 
USD 285,000. 

 
Appendix F - Table 21 calculates the annual post-closure monitoring and maintenance cost 
for the facility (inspections, cap maintenance, groundwater monitoring/analysis/reporting/, 
gas well field balancing, stack maintenance, leachate monitoring, pumping, Quality 
Assurance and reporting, etc.). Annual post closure costs are projected to be incurred over 
the years 28 (following phase 5 of capping) to 33. 
 
Annual Post-Closure Cost in 2014 prices = JD 156,689, equivalent to USD 221,000. 

 

11.11 Human Resources 

Appendix F - Table 22 details the staffing requirements that the project company is expected 
to employ on a full-time basis throughout the project duration. Annual salaries and benefits in 
2014 prices total JD 175,707, equivalent to USD 247,824. To perform long-term forecasts, 
salaries and benefits are assumed to be contractually fixed for three years and adjusted at 
time of renewal according to general inflation rate as measured by CPI. 
 
11.12 Overheads 

Overheads to cover day to day office expenses, utilities, government fees among others are 
estimated at JD 10,000 p.a., equivalent to USD 14,800 p.a. 
 
In the long run, operating expenses are adjusted for inflation at the rates shown in Table 11-
4 below. 
 
Appendix F Table 23 shows a long-term projection of operating expenses throughout the 
project duration. No allowance was made for costs related to sludge drying to 50% or sludge 
transportation and storage. 
 
Table 11-4: Inflation Adjustments for Operating Expenses 

OPEX category Escalation factor 

Landfill recurring non-fuel O&M 
Construction material price index 
increase over years 2008 - 2014 of 1.85% p.a. 

Fuel Forecasted Brent oil price movement  

One-off closure costs 
Construction material price index 
increase over years 2008 - 2014 of 1.85% 
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Annual post-closure O&M costs 
Construction material price index 
increase over years 2008 - 2014 of 1.85% 

Salaries & benefits 
Consumer price index 
increase over years 2008 - 2014 of 4.61% p.a. 

Overheads 
Consumer price index 
increase over years 2008 - 2014 of 4.61% p.a. 

 
 
11.13 Funding 

Financing is reasonably expected to be available from different sources (debt and equity) in 
various currencies, subject to: 
 

 Government undertakings on funding, foreign currency exchange and transferability 
of currency, 

 Moderate level of leverage, not exceeding 70% to 80% of funding requirements. 
 Fixed interest rates throughout the loan duration. Project company is expected to 

hedge the risk of interest rate fluctuations. 
 Fixed currency exchange rate between the JD and other currencies as USD and 

EUR. Given the fact the Project company receipts are expected to be denominated in 
JD while loan repayments are likely to be in foreign currencies, the Project Company 
is expected to hedge the risk of currency fluctuation. 
 

11.13.1 Debt 

Table 11-5 summarizes the types of debt facilities available to fund the project and 
respective terms and conditions:  
 
Table 11-5: Debt Facilities to Fund the Project and their Terms and Conditions 
Type of facility Concessional 

Loan 
Commercial 

Loan 
Commercial 

Loan 
Purpose CAPEX 

year 1-3 
CAPEX 

years 4-24 
Bridge loans, 

working capital 
and CAPEX 
years 25-31 

Currency EUR USD JD 

Amount (million JD) 3.7 8.6-10.3 4.9-7.2 

Interest rate 2.00 - 3.00% 5.00 - 6.00% 8.00 - 10.00% 

Currency hedging 0.75% 0.75% 0.00% 

Interest rate hedging 0.00% 0.75% 0.75% 

Upfront fees 0.00% 0.50% 0.50% 

Commitment Fees 0.25% 0.25% 0.25% 

Legal Fees (JD) 10,000 10,000 10,000 

Grace period (Yrs) 5 2 1 

Loan repayment period (Yrs) 10 12 3 
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11.13.2 Equity 

Funding required from private sector investors up to 30% of project cost amounting to JD 9.8 
million. Internationally reputable operators are preferred option for funding, while financial 
investors (like infrastructure private equity funds as InfraMed, Masdar) coupled with 
reputable EPC contractors and O&M operators and can be a good source of capital subject 
to availability of government guarantees. 
 
11.14 Taxes 

The Project Company qualifies for exemption from customs. It also qualifies for the zero 
sales tax rate on its imported or locally procured material under the Investment Law 30 of 
2014, Article 4, sub-article 9 under extraction, distribution of water, gas, and fuel derivatives 
using pipes. 
 
Furthermore, the project qualifies for customs exemption and the zero sales tax rate under 
the provisions of Regulation 10 of 2013 Schedule 1, which explicitly exempts from customs 
or sales tax all components of biogas systems deployed for electrical power generation. 
 
We therefore conclude that the project qualifies for customs exemption and the zero sales 
tax rate under gas reuse Options 1 and 2 (electricity generation) by virtue of Reg. 10 of 2013 
as well as Options 3 and 4 (gas conveyance) by virtue of Law 30 of 2014, although enforcing 
the law requires the passage of detailed regulations and instructions. These are reasonably 
expected to be in place by the project start date. 
 
With respect to income tax and unless the Project Company applies for waiver to Cabinet of 
Ministers under Article 8 of Investment law 30 of 2014, the project's results of operations will 
be subjected to income tax at statutory rates prevailing at that time.  
 
At the date of this report the statutory tax rate as stipulated by Income Tax law 28 of 2009 is 
14% but is expected to increase to 20% with the passage of the new tax law later in 2014. 
The rate of 20% was used to calculate the tax burden throughout the project duration, taking 
into consideration the amortization of all loss carry forwards. 
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12.0 Feasibility Analysis of PPP Options 
 
In Section 1.01, the capital and operating cost elements of the project were addressed. In 
order to complete the assessment of the project viability, the other business aspects 
required for sustainable implementation of project are addressed below. This section 
outlines our views on revenue estimation and transaction structuring alternatives available 
for each of the gas reuse options. 
 
12.1 Transaction Structuring Scenarios 

To implement this option with participation from the private sector, the Consultant team 
identified the following structuring scenarios: 
 

 Scenario 1: No government subsidy 
All capital and operating costs are borne by the private sector operator. Under this 
scenario the private sector bears all commercial and non-commercial risks. 
 

 Scenario 2: Limited government subsidy 
The government bears all capital and operating costs incurred between years 1 and 
3, i.e. cost of infrastructure, cell 1 construction and O&M for the first 3 years. 
Following year 3, the government continues to service project debts (interest and 
principal repayment) during first three years. The private sector operator bears all 
expenses and risks starting year 4 onwards. 
 

 Scenario 3: BOT arrangement starting year 4 
The government bears all capital and operating costs between years 1 and 3 (same 
as Scenario 2) and furthermore guarantees the private sector operator a minimum 
guaranteed rate of return on his investment throughout the period years 4 to 33. 
 

 Scenario 4:BOT arrangement starting year 1 
The private sector operator bears all capital and operating costs starting year 1 but 
with a minimum guaranteed rate of return on its investment throughout the period 
years 1 to 33. 

 
Scenarios 2 and 3 (when private sector operator entry is closer to production of gas) entail a 
lower risk profile than Scenarios 1 and 4. 
 
12.2 Weighted Average Cost of Capital (WACC) 

In order to evaluate the feasibility of various PPP options and structuring alternatives, a 
proper discount rate that captures all risks inherent in project is required. The Weighted 
Average Cost of Capital (WACC) is the most widely accepted and used discount factor. 
WACC is a measurement of risks and the reward needed to compensate an investor for 
taking these risks. 
 
The main components of WACC for this project under structuring Scenarios 1 and 4 are: 
 

 After tax cost of debt, estimated at 4.6% and carrying a weight of 70% in overall 
financing mix 
 

 Cost of equity, estimated at 19.9% and carrying a weight of 30% in overall financing 
mix 
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 Weighted average cost of capital comes to 9.21% 

 
With respect to structuring Scenarios 2 and 3 and given the lower risk profile related to the 
sufficiency of gas quantities, the cost of equity is lower and subsequently the WACC is also 
lower.  
 
The main components of WACC for this project under structuring Scenarios 2 and 3 are: 
 

 After tax cost of debt, estimated at 4.6% and  carrying a weight of 70% in overall 
financing mix 
 

 Cost of equity, estimated at 16.9% and carrying a weight of 30% in overall financing 
mix 
 

 Weighted average cost of capital comes to 8.31% 
 
Detailed calculation of WACC can be found in Appendix G - Table 1 for Scenarios 1 and 4 
and Table 2 for Scenarios 2 and 3. 
 
12.3 Calculation of Availability Payment 

Availability payment is the minimum guaranteed revenue to be earned by the private sector 
operator under Scenarios 3 and 4, with the BOT starting in year 4 and year 1 respectively. 
The components of the availability payment are: 
 

 Depreciation 
 

 Debt service (interest) 
 

 Operating expenses 
 

 Return on equity 
 

The resultant cash outlays are discounted using the applicable discount rate to reach the 
availability payment required. 
 
12.4 Public Sector Discount Rate 

To evaluate the cost of various options and structuring scenarios from the point of view of 
the public sector, a rate of 5.533% (the coupon on GoJ treasury 5-year bond issued 16 Oct 
20142) is used to discount all cash flows attributable to the government. This rate closely 
approximates the long-term borrowing cost of government of Jordan. 
 
12.5 Public Sector Free Cash Flow 

In calculating the public sector free cash flow, cash from all sources accruing to government 
is included including income tax levied on the project company. It should be noted that the 
project may qualify for carbon reduction units as a certified Clean Development Mechanism 
(CDM) facility. For the sake of this feasibility study, we have not factored any revenue 
derived from this mechanism due to the uncertainty of estimating the proceeds from sale of 

                                                 
2 http://www.cbj.gov.jo/pages.php 
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certificates. However we strongly suggest the government should take all steps necessary to 
have the project certified under this mechanism. 
 
12.6 PPP Option 1 – Electricity to NEPCO 

Under this option, the Project Company collects, treats, and uses the landfill gases 
generated to produce electricity to sell to NEPCO. This option is premised on the Renewable 
Energy Law 13 of 2012. Articles 6, 7, 8, 9, 10 and 11 of this law collectively stipulate that any 
party may submit a direct proposal to MEMR to develop a renewable energy source subject 
to: 
 

 Submission of preliminary studies, funding plans including expected local 
participation 
 

 Demonstrable expertise in deploying projects of similar scale and nature by applicant 
consortium 
 

 Price offered not to exceed the ceiling stipulated by EMRC 
 

 Power Purchase Agreement (PPA to be entered into between the off-taker (the bulk 
supply licensee (NEPCO) or any of the retail supply licensees (distribution operators) 
 

Following the submission of an application, MEMR will review the request and reply in six 
months. The renewable energy service provider should adhere to the interconnection 
requirements of NEPCO (or the distribution operator as the case might be). On the other 
hand, NEPCO (or the distribution operator) will agree to buy all electricity produced by the 
renewable energy facility. 
 
12.6.1 Underlying Assumptions 

In preparing the long-term forecasts for this option, the following assumptions were made:  
 
 The off-taker (NEPCO or the distribution operator as the case might be) will have 

sufficient capacity to acquire all electricity generated by the project for the entire 
duration of the PPA to be signed 
 

 Price of electricity generated to be fixed at time of PPA signature, which is expected 
around year 5 of the project lifetime in parallel with gas generation and closure of Cell 
1. This forecast is prepared using the biogas electricity rate prevailing at the time of 
this report of 60 fils/kwh 
 

 The amount of electricity generated is capped by volume of gas extracted and the 
generator capacity 
 

Appendix G - Table 3 illustrates the amount of electricity expected to be generated 
throughout the project lifetime. 
 
12.6.2 Analysis of Structuring Scenarios 

Table 12-1 below highlights the main metrics of Option 1 under the 4 structuring scenarios. 
These metrics are free cash flow to equity (FCF), net present value (NPV), internal rate of 
return (IRR). 
  



USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
 
 

65 
 

Table12-1: Option 1 Metrics  

Option 1 (Electricity to NEPCO) Financial Evaluation Criteria 

  Private Sector Public Sector 

  
 

Undis- 
counted 

FCF 
(JDm) 

NPV 
(JDm) 

IRR 

Undis-
counted 

FCF 
(JDm) 

NPV 
(JDm) 

IRR 

S
tr

u
ct

u
ri

n
g

 
S

ce
n

ar
io

s 

No Public Sector 
Support 

(5.2) (4.0) N/A - - - 

Public Sector 
Support Year 1-3 

1.0 (1.6) N/A (6.2) (5.2) N/A 

BOT start 
Year 4 

24.2 0.5 22.6% (29.4) (11.6) N/A 

BOT start 
Year 1 

80.0 0.2 20.8% (85.2) (26.9) N/A 

 
From Table 12-1, the following may be concluded: 
 

 Implementing Option 1 (selling electricity to NEPCO) without government subsidy 
(Scenario 1) is not feasible from the point of view of the private sector and thus 
certain level of government support is needed to attract private investors. 
 

 Scenario 3 (BOT starting year 4) offers the best structuring scenario as it meets the 
required rate of return requirement of the private sector while delivering electricity to 
NEPCO at reasonable price of 94 fils/kwh. 
 
Scenario 4 (BOT starting year 1) is the most expensive from the point of view of 
government. This is due to the fact of the high uncertainty that accompanies this 
project resulting in high discount rate (from 8.31% to 9.2%) and high cost of equity  
(from16.9% to 19.9%), resulting in higher cost of electricity. 
 

Tables 4 - 6 in Appendix G depict the forecasted income statement, cash flow and balance 
sheet of Option 1 under the preferred structuring Scenario number 3. 
 
12.7 PPP Option 2 – Electricity to SPC 

Under this option, the Project Company collects, treats, and uses the landfill gases 
generated to produce electricity to sell to Samra Project Company (SPC). This option is 
premised on Net Metering Instructions published in the Official Gazette on 16 Sept 2012, 
which allows electrical power consumers to generate up to 100% of their historical 
consumption from a renewable resource. SPC will apply and seek all regulatory permits from 
MEMR, EMRC and the distribution company in its capacity as the recipient of electricity 
generated by the monofill. The Project Company will act as an operator of the monofill, 
performing the duties of design, construction, finance, operation and maintenance and in 
exchange of its services collect a fee from the off-taker (SPC). 
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12.7.1 Underlying Assumptions 

In preparing the long-term forecasts for this option, the following assumptions were made:  
 

 The off-taker (SPC) will have sufficient capacity to receive all electricity generated by 
the monofill. Currently, SPC is close to achieving self-sufficiency in terms of 
electricity generation. However, the plant is expected to undergo major expansion 
that will greatly increase its electricity consumption requirements and hence by the 
time the monofill reaches the operational stage, SPC is reasonably expected to be 
able to receive the electricity generated by the Project Company. 
 

 In the case that power generated by the monofill exceeds power consumed by SPC, 
any excess power can be sold to the grid, although at a much lower rate than SPC 
commercial electricity rates. 
 

 The price per kwh that SPC is willing to pay for monofill electricity should not be any 
higher than the price of commercial power available from the distribution company. 
Thus, for the sake of this feasibility study, the electricity generated by the monofill is 
priced at 20% discount to commercial electricity rates. 
 

 In this study, the price of electricity generated by the Project Company was set at 106 
fils/kwh, which is 20% below the commercial electricity rates for water pumping uses 
effective 1 Jan 2017. While the future price trend is uncertain from 2018 onwards, the 
assumption was made that commercial electricity prices are not going to decline and 
may move upwards. Hence, the 106 fils/kwh is considered a conservative estimate of 
monofill electricity price.  
 

 The amount of electricity generated is capped by volume of gas extracted and the 
generator capacity. 

 
Appendix G - Table 3 illustrates the amount of electricity expected to be generated 
throughout the project lifetime. 
 
12.7.2 Analysis of Structuring Scenarios 

Table 12-2 below highlights the main metrics of Option 2 under the 4 structuring Scenarios. 
These metrics are free cash flow to equity (FCF), net present value (NPV), and internal rate 
of return (IRR). 
 
From Table 12-2, the following may be concluded: 
 

 Option 2 (selling electricity to SPC) is financially feasible irrespective of its structuring 
scenario. This option is expected to net JD 32.4 m in free cash flow over its lifetime. 
 

 From the public sector perspective, Scenario 1 is most cost effective as it does not 
require cash infusion and results in income tax receipts of JD 7.1m. However at IRR 
of 11.2%, this option falls short in achieving the private sector required return on 
investment. 
 

 Scenario 2 is the most feasible as it delivers an acceptable rate of return for both the 
public and private sectors. 
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Table 12-2: Option 2 Metrics 

Option 2 (Electricity to SPC) Financial Evaluation Criteria 

Private Sector Public Sector 

  
Undiscounted 

FCF (JDm) 
NPV 

(JDm) 
IRR 

Undiscounted 
FCF (JDm) 

NPV 
(JDm) 

IRR 

S
tr

u
ct

u
ri

n
g

 S
ce

n
ar

io
s 

No Public 
Sector 

Support 
28.1 (2.1) 11.3% 7.6 2.2 N/A 

Public 
Sector 

Support 
Year 1-3 

34.0 1.4 33.8% 1.8 (2.5) 1.4% 

BOT start 
Year 4 

43.7 2.4 34.3% (8.0) (4.3) N/A 

BOT start 
Year 1 

70.4 0.6 22.6% (34.7) (11.6) N/A 

 

 
The comparison between options 1 and 2, selling electricity to NEPCO and SPC 
respectively, reveals that option 2 has a clear advantage over option 1. This is due to the 60 
fils/kwh cap instated by EMRC on electricity generated from biogas projects as opposed to 
the higher ceiling of 106 fils/kwh made available under SPC deal. Both options have identical 
capital and operating cost structure. The only factor that can make NEPCO a better 
alternative to the SPC deal is the availability of spare capacity by year 5. It is understood 
through discussions with SPC that SPC will have spare capacity or electrical demand to 
utilize the electricity produced by the Project Company. 
 
Appendix G, Tables 7 - 9 depicts the forecasted income statement, cash flow and balance 
sheet of Option 2 under the preferred structuring Scenario number 2. 
 
12.8 PPP Option 3 – Treated Gas to SEPCO 

Under this option the Project Company collects and treats the landfill gas generated and 
conveys it to SEPCO for use in electricity generation. Under current circumstances SEPCO 
is supplied by fuel (gas, diesel) from NEPCO under a pass-through arrangement. If Option 3 
is implemented, SEPCO, NEPCO and the Project Company will enter into an agreement 
whereby the Project Company supplies SEPCO with gas in lieu of quantities supplied by 
NEPCO with payment advanced by NEPCO to the Project Company. 
 
12.8.1 Underlying Assumptions 

In preparing the long term forecasts for this option, the following assumptions were made:  
 

 No major costs to be incurred on SEPCO facilities in order to be able to receive 
landfill gases from the Project Company. 
 

 The price that SEPCO (and NEPCO) are willing to pay for the Project Company gas 
should not be higher than otherwise available from other sources. 
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 As of the date of this report, the only sources of natural gas supplies to Jordan are 
limited to the following: 
 
o The Arab Gas Pipeline from Egypt, which is currently inoperable. Indeed both 

Jordan and Egypt agreed to withdraw the exclusivity of Al-Fajr Company to allow 
Jordan to import gas from alternative sources. 
 

o Iraq gas wells in western provinces. Given the recent turmoil in western Iraq, any 
progress on this front is unlikely for many years to come. 
 

o LNG through Aqaba. MEMR has indeed signed a supply deal with Royal Dutch to 
supply 590 million cubic feet per day of LNG. No prices were disclosed.3 
 

o The Mediterranean gas wells under concession to Noble Energy. Recently 
NEPCO signed an LOI with Noble Energy to supply on average 150-180 million 
cubic feet per day.4 

 
 As a surrogate to price of gas, we used the price of gas supply agreement entered 

into between Arab Potash Company and Noble Energy in Feb 2014 to supply 66 
billion cubic feet over 15 years for an estimated cost of USD 500m (average USD 7.6 
per thousand cubic feet). 
 

 Under the Arab Potash Company and NEPCO agreement and LOI respectively, the 
gas price is referenced to Brent oil. 
 

 We have further reduced our estimate of landfill gas selling price by 20% due to the 
uncertainty of gas prices over such long periods of time. 
 

 Expected gas collection quantities are estimated at 50% of gas generated. 
Furthermore, gas treated is estimated at 90% of gas collected. 
 

Appendix G - Table 10 illustrates the amount of gas expected to be generated and collected 
throughout the project lifetime. Furthermore, Appendix G - Table 11 depicts the Brent oil 
price movement over the next 26 years and derived gas price under assumptions mentioned 
above. 
 
12.8.2 Analysis of Structuring Scenarios 

Table 12-3 below highlights the main metrics of Option 3 under the 4 structuring scenarios. 
These metrics are free cash flow to equity (FCF), net present value (NPV), and internal rate 
of return (IRR). 
 
From Table 12-3, we conclude the following: 
 

 Option 2 and 3 offer a good opportunity to implement this project at rates of return 
acceptable to the public and private sectors, with a marginal advantage going to 
Option 3 over 2. 
 

 Both options 1 and 4 are less feasible than Options 2 and 3. 

                                                 
3 http://jordantimes.com/lng-supply-agreement-with-shell-to-be-finalised-soon 
4 http://jordantimes.com/electricity-company-to-buy-gas-from-israel 
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Table 12-3: Option 3 Metrics 

Option 3 (Treated Gas to SEPCO) Financial Evaluation Criteria 

Private Sector Public Sector 

  
Undiscounted 

FCF (JDm) 
NPV 

(JDm) 
IRR 

Undiscounted 
FCF (JDm) 

NPV 
(JDm) 

IRR 

S
tr

u
ct

u
ri

n
g

 S
ce

n
ar

io
s 

No Public 
Sector 

Support 
38.1 (2.2) 11.8% 9.6 2.6 N/A 

Public 
Sector 

Support 
Year 1-3 

44.0 1.3 30.1% 3.8 (2.1) 2.5% 

BOT start 
Year 4 

48.2 2.3 31.8% (0.5) (3.0) N/A 

BOT start 
Year 1 

70.1 0.5 22.1% (22.3) (8.9) N/A 

 
 

Tables 13 - 15 in Appendix G present the forecasted income statement, cash flow and 
balance sheet of option 3 under the preferred structuring scenario number 2. 
 
12.9 PPP Option 4 – Untreated Gas to SPC 

 
Under this option, the Project Company only collects the landfill gas and conveys it to SPC 
for use in electricity generation to cover part of the unmet demand for electricity. As with 
Option 2 (selling of electricity to SPC), the value of the gas is a function of the electricity 
value that will be generated using this gas. 
 
12.9.1 Underlying Assumptions 

In preparing the long term forecasts for this option, the following assumptions were made:  
 

 SPC is expected, given the projected expansions over the next years, to demand all 
the potential electricity that will be generated from the Project Company gas. 
 

 A discount factor of 30% was applied to the gas selling price to account for additional 
generation capacity required at SPC and to bring cost of electricity generated lower 
than the price of commercial electricity. This discount closely approximates the value 
of generators that would have otherwise been acquired under Options 1 or 2. 
 

 Gas selling price is linked to an SPC commercial electricity rate projected at 106 
fils/kwh, resulting in a gas price of 7.09 USD/thousand cubic feet.  
 

12.9.2 Analysis of Structuring Scenarios 

Table 12-4 below highlights the main metrics of option 4 under the 4 structuring scenarios. 
These metrics are free cash flow to equity (FCF), net present value (NPV), and internal rate 
of return (IRR). 
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Table 12-4: Option 4 Metrics 

Option 4 (Untreated Gas to SPC) Financial Evaluation Criteria 

Private Sector Public Sector 

  
Undiscounted 

FCF (JDm) 
NPV 

(JDm) 
IRR 

Undiscounted 
FCF (JDm) 

NPV 
(JDm) 

IRR 

S
tr

u
ct

u
ri

n
g

 S
ce

n
ar

io
s 

No Public 
Sector 

Support 
31.4 (1.8) 12.3% 7.9 2.2 N/A 

Public 
Sector 

Support 
Year 1-3 

37.3 1.7 41.2% 2.0 (2.5) 1.5% 

BOT start 
Year 4 

42.9 2.7 41.2% (3.6) (3.5) N/A 

BOT start 
Year 1 

68.1 0.6 22.2% (28.8) (9.8) N/A 

 
From the table above, we conclude the following: 

 
 Structuring Scenario 2 offers an acceptable rate of return for the private sector at a 

reasonable cost to the public. 
 

Tables 16 – 18 in Appendix G present the forecasted income statement, cash flow and 
balance sheet for option 4 under the preferred Structuring Scenario number 2. 
 
12.10 Best Financial Option and PSP Scenario 

Based on the analysis presented above, the best option financially and associated Private 
Sector Participation (PSP) scenario is Option 4: Sale of untreated gas to SPC with a PPP in 
the form of a BOT beginning in year 4. Primary justification is summarized as follows: 

 
 Commercializing of the monofill gas (through collection, treatment, conveyance or 

power generation) is a better alternative to simply flaring off the gas generated. This 
is because the commercialization costs constitute a fraction of the overall cost, 
between 8% and 27%. The balance of the cost represents civil works and machinery 
required for monofill construction and capping that cannot be avoided. 

 
 There is potential to attract private sector investors to develop the monofill site with 

government support. After analyzing the options, we recommend direct government 
support of an estimated JD 7.5m to cover all capital and operating expenses during 
the initial construction phase and first three years of operation..  
 

 Other funding structures that do not involve direct government support in the initial 
three years are also possible. However, the overall project lifetime cost (in the form of 
availability payment to the private sector developer) is more expensive as opposed to 
funding the initial three years. In part this is due to the high upfront capital cost of 
constructing cell 1 and infrastructure, but is also attributable to the high discount rate 
required to compensate the investor for the risks related to the uncertainty of 
commercially available gas volumes and future biosolids use. 
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 The options related to conveyance of gas (Options 3 and 4) were found more 
feasible than electricity generation options (Options 1 and 2). Commercial electricity 
prices for water pumping uses (majority of SPC electrical costs) are set too low (well 
under cost of generation) to compete with. Based on our revenue and cost forecasts, 
the renewable energy indicative rates set by EMRC are also too low to reach cost 
recovery stage. On the other hand, the ceiling on gas options is relatively higher, 
resulting in better commercialization option. Table 12-5 shows how the top options 
are ranked in order of NPV.   
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Table 12-5: Ranking of the Four Options in Order of NPV 

Rank Option Description Private Sector Public Sector 

   NPV (JDm) IRR NPV (JDm) IRR 

1 Option 4 Untreated gas to SPC - Public sector grant in years 1-3 1.7 41.2% (2.5) 1.5% 

2 Option 2 Electricity to SPC - Public sector grant in years 1-3 1.4 33.8% (2.5) 1.4% 

3 Option 3 Treated gas to SEPCO - Public sector grant in years 1-3 1.3 31.8% (2.1) N/A 

 

 
Description 

Monofill 
Cells 

Temporary 
LFG 

Collection 

LFG 
Treatment 

Electrical 
Power 

Generation 

Gas 
Conveyance

Earthworks 
Equipment 

Total 
Cost 

Option 4 Untreated gas to SPC 15.85 1.61 0.16 0 0.47 3.01 21.11 

Option 2 Electricity to SPC 15.85 1.61 0.70 5.19 0 3.01 26.37 

Option 3 Treated gas to SEPCO 15.85 1.61 0.70 0 1.29 3.01 22.47 

 

 
Description 

Public Sector 
Grant 

Private Sector 
Equity 

Debt Total  Funding

Option 4 Untreated gas to SPC 4.6 4.9 11.5 21.11 

Option 2 Electricity to SPC 4.6 6.5 15.2 26.37 

Option 3 Treated gas to SEPCO 4.6 5.4 12.5 22.47 

 
Funding of Options is presented in million JD. 
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13.0 Financial Risk Management 

Risk management refers initially to the process of identifying risks pertinent to a project in 
question. Next, these risks are assessed for the likelihood of occurrence and the associated 
cost or loss incurred should the threatened risk occur. Following the assessment phase, 
risks are allocated to the party most capable of managing them. The final step in risk 
management is risk mitigation, whereby risks are averted, capped or transferred to another 
party. 
 
For the remainder of this section a number of non-technical risks are discussed along with 
recommended mitigation strategies. 
 
13.1 Commercial Risks 

These risks relate to the possibility that actual revenues may materially differ from planned 
revenues. Material deviations may be caused by lower than expected demand for service or 
lower than expected price of service. Commercial risk is viewed to be minimal due to the 
following: 
 

 Sale and purchase agreements will be entered into at fixed prices and for the long 
run. 
 

 Off-takers are reasonably expected to have sufficient demand for the final product 
(electricity or gas). 
 

 If concessions are entered into at year 4 (closer to gas production) the gas quantities 
expected to be generated can be reasonably verified and thus the commercial risks 
related to gas volumes will be reduced. 
 

 The likelihood that GoJ will remove the cross subsidy of electricity tariffs is very slim; 
hence electricity prices for water pumping uses are unlikely to witness a drop in the 
long run. If monofill electricity is priced sufficiently lower than prevailing commercial 
rates at the time of contracting, off-takers will be willing to enter into long-term 
agreement(s) with fixed-price and minimum gas/electricity volumes. 
 

13.1.1 Commercial Risk Mitigation 

 If commercial risk is perceived to be high, government can guarantee a minimum 
revenue for the developer. However, this is not expected to add value from the point 
of view of the private sector due to the reasons mentioned above. 
 

 Long term take-or-pay agreement at prices fixed at time of contracting.  
 

13.2 Legal and Regulatory Risks 

Unstable legal and regulatory regime contributes to this type of risk. The following may give 
rise to these risks: 
 

 Passage of new laws and regulations that either impose additional financial burdens 
or repeal previously granted incentives 
 

 Overlapping regulatory regime 
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13.2.1 Legal and Regulatory Risk Mitigation 

Undertakings by central government on behalf of all other government agencies should be 
sought against any adverse change in laws and regulations, for a stated period of time. In 
addition and to some extent, government consent to an alternative dispute resolution 
mechanism as international arbitration will address some of the legal risks. 
 
13.3 Financial Risks 

This category refers to risks related to such things as currency convertibility, currency 
transferability, interest rates fluctuations, and inflation. These risks are relevant due to the 
use of loans and potentially due to capital funding in foreign currencies. In the short to 
medium term, the probability of occurrence of these risks is low due to the following: 
 

 Prudent monetary policy enforced by Central Bank, which holds ample foreign 
currency reserves 
 

 Strong international and regional backing to GoJ 
 

The local currency has long been fixed against the USD. Furthermore, the monetary 
authorities do not impose any restrictions on foreign currency transfers. However, in the long 
run, the GoJ needs to address a multitude of issues including budget deficit, sluggish 
economic growth, and high energy bills. From the point of view of the private sector, it is 
prudent to hold a number of mitigation strategies against these risks. 
 
13.3.1 Financial Risk Mitigation 

 Commitments of the off-takers and/or the contracting authority (in case of availability 
payment structure) to the Project Company can be contractually entered in foreign 
currency, at least partially, thus eliminating some of the foreign exchange risk. 
 

 If currency convertibility and transferability risks are perceived to be high, local 
financing should be sought by the Project Company as a priority over foreign-
currency funding. 
 

 Government undertakings guaranteeing the Jordanian dinar convertibility and 
transferability of foreign exchange outside the country. 
 

 Treasury management functions as hedging can be explored by the Project 
Company. 

 
13.4 Political Risks 

Political risks refer to actions taken by central governments that adversely affect the viability 
of a project. Such actions include expropriation, breach of contract by the government and 
material change to regulatory regimes.  
 
13.4.1 Political Risk Mitigation 

 Undertakings by contracting authority on behalf of government against political risks. 
 

 Third party political risk insurance from international agencies as MIGA and IBRD.
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14.0 Implementation Plan 
 
In this section we provide an approximate schedule for project implementation based on the 
anticipated life of the monofill as calculated within the Conceptual Design Report and as 
summarized in Table 7-1 “Monofill Design Capacity”. As the target operational life of the 
monofill is 28 years, all implementation items required prior to acceptance of biosolids in Cell 
1 have been assigned as “initial work” in year zero (0). 
 
It is recognized that construction of the ET cover system and permanent gas wells/headers 
may occur over several years within a particular cell/phase of development. However, it has 
been assumed that installation of the ET cover and gas system will occur at the end of the 
cell/phase development as biosolids deposition into the next sequential cell has been 
initiated.  
 
Consistent with the best private sector participation scenario discussed in subsection 12.10, 
the following implementation plan assumes that the GOJ will procure services of PPP entity 
to undertake a BOT contract beginning in year 4 and for the remainder of the program.  
Associated BOT tender activities would need to begin no later than year 3. It is understood 
that for a PPP scenario, such as a BOT, subsequent tendering and implementation of 
infrastructure and operations activities would be the responsibility of the PPP entity. 
 
Initial Work 
 Define the monofill site location      (completed) 
 Site selection memorandum and agreement     (completed) 
 Prepare topographical and geotechnical tender documents   (completed) 
 Tender the topographical and geotechnical work    (completed) 
 Perform/supervise topographical and geotechnical work   (completed) 
 Provide results of topographic and geotechnical work   (completed) 
 Conceptual/Preliminary Design Report     (completed) 
 Feasibility Assessment       (year 0) 
 Environmental Impact Statement      (year 0)  
 
Medium Term (years 1 through 5) Work 
 Final Design Report        (year 0) 
 Final Design Report Approval      (year 0) 
 Prepare Tender for Infrastructure, Equipment and Cell 1 Construction (year 0) 
 Tender the Infrastructure, Equipment and Cell 1 Construction  (year 0) 
 Perform/Supervise Infrastructure, Equipment and Cell 1 Construction  (year 0) 
 Management Staff Recruitment      (year 0) 
 Prepare Tender Document for Operation of Cell 1    (year 0) 
 Tender the Cell 1 Operations      (year 0) 

 
 Cell 1 Monofill Operations       (year 1-6) 
 Negotiation with SPC, SPCO, NEPCO and selection of off-taker  (year 3) 
 Tendering and selection of PPP partner     (year 3)  
 Approvals of PPP unit at MoF      (year 3) 
 Formation of a Project Company      (year 3) 
 Apply for licenses, regulatory permits     (year 3) 
 Sign PPA between Project Company and off-taker    (year 3 
 Prepare Tender Document for Cell 2 Construction    (year 4) 
 Tender Cell 2 Construction       (year 4) 
 Perform/Supervise Cell 2 Construction     (year 4) 
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Long Term (years 6 through final closure) Work 
 Cell 2 Monofill Operations       (year 6-12) 
 Prepare Cell 1 Partial Closure, Gas Management/Gas Utilization Tender (year 6) 
 Tender Cell 1 Partial Closure, Gas Management/Gas Utilization  (year 6) 
 Perform/Supervise Cell 1 Partial Closure, Gas Management/Gas Utilization (year 7) 
 Prepare Tender Document for Cell 3 Construction    (year 11) 
 Tender Cell 3 Construction       (year 11) 
 Perform/Supervise Cell 3 Construction     (year 11) 

 
 Cell 3 Monofill Operations       (year 12-18) 
 Prepare Cell 2 Partial Closure and Gas Management Tender   (year 12) 
 Tender Cell 2 Partial Closure and Gas Management     (year 12) 
 Perform/Supervise Cell 2 Partial Closure and Gas Management  (year 13) 
 Prepare Tender Document for Cell 4 Construction    (year 17) 
 Tender Cell 4 Construction       (year 17) 
 Perform/Supervise Cell 4 Construction     (year 17) 

 
 Cell 4 Monofill Operations       (year 18-23) 
 Prepare Cell 3 Partial Closure and Gas Management Tender   (year 18) 
 Tender Cell 3 Partial Closure and Gas Management    (year 18) 
 Perform/Supervise Cell 3 Partial Closure and Gas Management  (year 19) 
 Prepare Tender Document for Cell 5 Construction    (year 22) 
 Tender Cell 5 Construction       (year 22) 
 Perform/Supervise Cell 5 Construction work     (year 22) 

 
 Cell 5 Monofill Operations       (year 23-29) 
 Prepare Cell 4 Partial Closure and Gas Management Tender   (year 23) 
 Tender the Cell 4 Partial Closure and Gas Management   (year 23) 
 Perform/Supervise Cell 4 Partial Closure and Gas Management  (year 24) 
 Prepare Cell 5 and Final Closure and Gas Management Tender  (year 28) 
 Tender the Cell 5 and Final Closure and Gas Management   (year 28) 
 Perform/Supervise Cell 5 and Final Closure and Gas Management  (year 28) 
 Prepare Tender Document for Facility Decontamination and Removal (year 28) 
 Tender Facility Decontamination and Removal    (year 28) 
 Perform/Supervise Facility Decontamination and Removal   (year 28) 
 Post Closure Operations       (year 28-33)
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15.0 Summary 
 
15.1 Monofill Capacity 

The proposed As Samra monofill has disposal capacity in excess of the target minimum 2.4 
million cubic meters of dried biosolids (assumed 50% dry solids content) over a 20 year 
period from the expanded As Samra WWTP. As shown in the attached conceptual drawings 
(Appendix H), the proposed monofill has been conceptually designed as five separate 
geosynthetics-lined disposal cells totaling approximately 20 hectares and will be constructed 
in an area immediately adjacent to the existing WWTP drying beds and former chlorination 
facility, eliminating the requirement for over-the-road disposition of dried biosolids. Based on 
the conceptual design, the facility has a net capacity of approximately 3.3 million cubic 
meters and a cumulative life expectancy of 28.4 years. 
 
15.2 Recommended Major Monofill Design Elements 

Based on test results for sludge quality relative to the concentrations of arsenic, chromium 
and nickel, the monofill has been designed with a single liner system with an overlying 
leachate collection system, closure and post-closure care, and environmental management 
requirements per USEPA Subpart C of 40 CFR Part 503. These additional requirements 
consist of runoff collection, leachate collection and disposal, vector control, methane 
monitoring, groundwater monitoring or certification, public access restrictions, and 
restrictions for the growing of crops and grazing of animals. 
 
A 60-mil thick high density polyethylene (HDPE) geomembrane will be the primary 
engineered component of the monofill base liner system. Leachate will be collected within 
engineered low points (sumps) in each disposal cell and pumped to a lined on-site leachate 
evaporation lagoon. Stormwater runoff from the minimum 1500-millimeter-thick soil 
evapotranspiration (ET) cover will be collected and conveyed to a lined on-site stormwater 
storage/evaporation basin. Landfill gas will be collected and transferred to an on-site LFG 
management area from a network of vertical gas collection wells through HDPE header 
piping. Landfill gas may be flared at the gas management area, or it may be recovered for 
re-use or sale as discussed below. 
 
15.3 Potential Sale of Gas or Generated Electricity and Implementation 

Strategy 

The consultant team has identified a number of commercialization options of gas generated 
by the monofill. Introductory meetings were held with potential customers to further explore 
the specific requirements of these entities and avenues of mutual cooperation with the 
Project Company. The following options were reviewed in greater detail: 
 

 Sale of electricity to NEPCO 
 Sale of electricity to SPC 
 Sale of treated gas to SEPCO 
 Sale of untreated gas to SPC 

 
The following alternatives were considered but found to be prohibitively expensive due to the 
stringent requirements of potential customers and hence were not pursued any further: 
 

 Sale of gas to Al-Fajr 
 Sale of gas to JPRC 
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As concluded in Subsection 12.10, sale of untreated gas to the Samra Plant Company is the 
best financial option. Further, government funding is recommended for initial capital 
investment and for the first three years of operation for the following reasons:  
 

 Some uncertainties exist in with the first three years of facility operation  
 Gas quality will better defined during the initial years of facility operation 
 Significant upfront capital costs with delayed return on investment would make a PPP 

opportunity less attractive for potential investors 
 Potential further pursuit of alternative uses for biosolids would impact operation cost 

and investment return 
 
With further definition of landfill gas, better understanding of operating conditions, upfront 
capital costs covered by the GoJ, and commitment to long term landfilling, a PPP opportunity 
in the form of a BOT contract should be viable beginning in year 4 and through the 
remainder of the program as outlined in the implementation plan. The Net Present Value 
(NPV) of this option is estimated at 1.7 million JD with a potential Internal Rate of Return 
(IRR) for the PPP investor of 41.2%. 
 
Table 15-1 provides a comparison of NPV and IRR for the top ranked options. 
 
Table 15-1: Ranking of Options in Order of NPV 

Rank Description 

Private Sector Public Sector 

NPV 
(JDm) 

IRR 
NPV 

(JDm) 
IRR 

1 
Untreated gas to SPC - Public 

sector grant in years 1-3 
1.7 41.2% (2.5) 1.5% 

2 
Electricity to SPC - Public sector 

grant in years 1-3 
1.4 33.8% (2.5) 1.4% 

3 
Treated gas to SEPCO - Public 

sector grant in years 1-3 
1.3 31.8% (2.1) N/A 

 
Based on this, we recommend that the GoJ proceed with design and tendering of the first 
landfill cell and associated infrastructure, and an operations contract for the first three years 
of operations. The GoJ should then, in years 2 and 3, reassess the situation regarding 
potential alternative biosolids use, hold negotiations with the potential users of the generated 
gas or electricity, and develop tender documents for a PPP-type contract as appropriate. 
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SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM4

05,07,14

+562.30

10.0mN 558561.81, E 420440.26
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65
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80
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19, 27
35

23, 35
44

50/3cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM5

15,07,14

+559.80

10.0mN 558637.30, E 420537.94

95

90

95

90

90

85

90

85

15, 24
36

26, 35
46

39
50/12cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM6

09,07,14

+559.90

10.0mN 558715.40, E 420635.45

90

85
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75

75

60

60

17, 23
34

25, 33
44

50/5cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING

Sheet 1 of 1
Rep. No. :

TRIPLE CORPORATION-CONSULTANTS & ENGINEERS

PressureRock Mass Rating

LL            PL
 l-------O-------l

D
ep

th
  (

m
)

1

2

3

4

5

6

7

8

9

10

S
am

pl
in

g

T
C

R
 (

%
)

R
Q

D
 (

%
)

S
C

R
 (

%
)

IF
(m

m
)

F
ra

ct
ur

es

S
.P

.T
 N

 B
lo

w
s

DESCRIPTION

S
ym

bo
l

D
ry

 D
en

si
ty

g\
cm

 3

P
oi

nt
 L

oa
d

I5
0

U
nc

on
fin

ed
  q

u



USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM7

12,07,14

+558.10

10.0mN 558806.06, E 420758.04

95

90

85

75

80

60

70

45

17, 26
31

26, 37
48

50/7cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM8

08,07,14

+560.30

10.0mN 558527.36, E 420235.40

75

85

70

70

75

65

21, 32
39

31, 39
46

30, 37
49

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM9

05-08,07,14

+559.80

30.0mN 558604.14, E 420333.45

85

95

75

15, 25
36

29, 37
46

25, 36
44

27, 39
48

50/12cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BAZALT

Dark gray, moderately strong
basalt with air voids and vugs
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM9

05-08,07,14

30.0mN 558604.14, E 420333.45
---

95 75

25, 34,
41

27, 35
43

30, 37,
45

26,33
43

31, 39
48

50/7cm

SILTY CLAY MATERIALS

Composed of  light brown,
moist silty clay with gravel,
cobbles of limestone and

bazalt
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Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING

Sheet 2 of 3
Rep. No. :

TRIPLE CORPORATION-CONSULTANTS & ENGINEERS

PressureRock Mass Rating

LL            PL
 l-------O-------l

D
ep

th
  (

m
)

11

12

13

14

15

16

17

18

19

20

S
am

pl
in

g

T
C

R
 (

%
)

R
Q

D
 (

%
)

S
C

R
 (

%
)

IF
(m

m
)

F
ra

ct
ur

es

S
.P

.T
 N

 B
lo

w
s

DESCRIPTION

S
ym

bo
l

D
ry

 D
en

si
ty

g\
cm

 3

P
oi

nt
 L

oa
d

I5
0

U
nc

on
fin

ed
  q

u



USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM9

05-08,07,14

30.0mN 558604.14, E 420333.45
---
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BAZALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BH10

15,07,14

+565.70

10.0mN 558757.15 E 420531.85

95

95

145

140

90

85

130

130

18, 25
32

19,28
33

50/5cm

SILTY SANDY CLAY

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM11

09-14,07,14

+551.30

30.0mN 558832.21, E 420627.04

18,27
39

36,45
50/9cm

33,41
48

38,43
49

50/10cm

29, 39
47

SILTY SANDY CLAY

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM11

09-14,07,14

30.0mN 558832.21, E 420627.04
---

95

98

100

98

98

98

95

85

95

85

85

85

90

85

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM11

09-14,07,14

30.0mN 558832.21, E 420627.04
---
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80

BAZALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

23-24m    Increase of silty clay
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM12

13,07,14

+557.18

10.0mN 558930.91, E 420752.97

19, 26
35

29, 39
45

33,42
48

25, 34
43

33, 39
45

50/7cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM13

20,07,14

+540.00

10.0mN 558720.30, E 420317.00

29, 37
45

27,38
47

42,
50/11cm

50/13cm

33,44
50/8cm

43
50/14cm

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM14

17,07,14

+547.50

10.0mN 558795.22 E 420418.45

25,34
44

33, 41
49

39
50/12cm

50/6cm

33, 41
49

50/13cm

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :
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Date              :
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Total Depth   :Coordinates :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM15

17,07,14

+549.50

10.0mN 558872.70 E 420514.55

19, 28
33

22, 30
39

31, 37
43

42,
50/10cm

31, 40
47

50/3cm

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING

Sheet 1 of 1
Rep. No. :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM16

14,07,14

+539.50

10.0mN 558948.98, E 420612.42

19, 26
33

27, 35
45

26, 32
41

30, 38
46

31, 39
48

35, 42
50/7cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM17

18,07,14

+541.75

10.0mN 558755.59 E 420202.53

95

80

65

90

80

70

80

65

60

65

70

30

50/10cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING

Sheet 1 of 1
Rep. No. :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM18

20,07,14

+557.25

10.0mN 558835.49 E 420304.12

95

95

90

95

60

40

20

40

16, 24
32

19, 27
36

41
50/3cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM19

17,07,14

+555.75

10.0mN 558918.77 E 420410.59

80

85

0

0

19, 29
39

27, 35
42

33, 39
47

33, 39,
48

40
50/11cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

CHALKY MARL

Composed of light brown,
fracture, moist, very weak

chalky marl

End of Borehole
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM20

16,07,14

+557.40

10.0mN 558990.98 E 420505.15

90

90

90

100

85

85

85

90

17, 25
34

21, 30
40

50/12cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING

Sheet 1 of 1
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM21

19,07,14

+556.80

10.0mN 558798.63 E 420095.04

85

90

90

95

65

60

60

60

20, 32
40

24, 32
41

32, 44
50/13cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING
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Rep. No. :
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM22

21,07,14

+559.00

10.0mN 558877.72 E 420194.76

95

95

90

95

80

60

70

80

15, 24,
33

22, 34
45

42
50/9cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055

Project          :

Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :
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Sheet 1 of 1
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USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM23

21,07,14

+561.10

10.0mN 558953.22 E 420290.62

95

95

95

95

85

85

65

75

22, 36
47

24, 35
43

50/6cm

SILTY SANDY CLAY MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

Gravelly Sand

Brown, moist, very dense sand
with gravel of basalt and

patches of clay.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole

SI14055
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Location       :

Drilling          :

Water Level :

Borehole NO. :

Date              :

Elevation       :

Total Depth   :Coordinates :
Casing Depth :

LOG OF BORING
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TRIPLE CORPORATION-CONSULTANTS & ENGINEERS

PressureRock Mass Rating

LL            PL
 l-------O-------l

D
ep

th
  (

m
)

1

2

3

4

5

6

7

8

9

10

S
am

pl
in

g

T
C

R
 (

%
)

R
Q

D
 (

%
)

S
C

R
 (

%
)

IF
(m

m
)

F
ra

ct
ur

es

S
.P

.T
 N

 B
lo

w
s

DESCRIPTION

S
ym

bo
l

D
ry

 D
en

si
ty

g\
cm

 3

P
oi

nt
 L

oa
d

I5
0

U
nc

on
fin

ed
  q

u



USAID Jordan Water Reuse and Enviroment

Kherbeh Assamra -Al Zarka

Rotary - Air flush

Not Encountered

BM24

18,07,14

+559.30

10.0mN 559029.39 E 420391.38

90

75

80

85

85

90

30

15

10

25

75

55

33, 42
50/5cm

SILTY SANDY CLAY  MATERIALS

Light brown, moist stiff to very
stiff silty sandy clay with gravel
and cobbles of limestone and

basalt.

CHALKY LIMESTONE

Light brown, moist, fractured,
very weak chalky limestone.

BASALT

Dark gray, moderately strong
basalt with air voids and vugs

End of Borehole
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Project :- الزرقاء/ الخربة السمرةمشروع
Report No.:- SI14055
Borehole No.: BH1
Coordinates: (E: 420456.934 , N: 558447.781)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH2
Coordinates: (E: 420343.906 , N: 558521.156)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH3
Coordinates: (E: 420343.906 , N: 558483.917 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH4
Coordinates: (E: 420440.263 , N: 558561.815 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH5
Coordinates: (E:420537.945 , N: 558637.308)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH6
Coordinates: (E:2635.454 , N:558715.403 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH7
Coordinates: (E: 420758.046, N:558806.068 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH8
Coordinates: (E: 420235.402 , N: 558527.365 )
Depth:-from 6. .0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ لخربة السمرةمشروع ا
Report No.:- SI14055
Borehole No.: BH9
Coordinates: (E:420333.453, N: 558604.143)
Depth:-from 8 to 11m and from 20 to 25m Total depth (m): 30m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH9
Coordinates: (E:420333.453, N: 558604.143)
Depth:-from 25.0 to 30.0m Total depth (m): 30m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH10
Coordinates: (E: 420531.851, N: 558757.150)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH1140
Coordinates: (E: 420627.045 , N:558832.212)
Depth:-from 10 to 20m Total depth (m): 30m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ الخربة السمرةمشروع 
Report No.:- SI14055
Borehole No.: BH11
Coordinates: (E: 420627.045 , N:558832.212)
Depth:-from 20 to 30m Total depth (m): 30m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH 17
Coordinates: (E: 420202.537, N: 558755.591 )
Depth:-from 2. .0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH18
Coordinates: (E:420304.121 , N:558835.499)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH19
Coordinates: (E: 420410.594 , N: 558918.779 )
Depth:-from 8. .0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH20
Coordinates: (E: 420505.150 , N:558990.980 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH21
Coordinates: (E:420095.045 , N:558798.635 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH22
Coordinates: (E: 420194.763, N:558877.721 )
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ مشروع الخربة السمرة
Report No.:- SI14055
Borehole No.: BH23
Coordinates: (E:420290.620, N: 558953.222)
Depth:-from 5.0 to 10m Total depth (m): 10m
Borehole  Location : الزرقاء

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing



Project :- الزرقاء/ لخربة السمرةمشروع ا
Report No.:- SI14055
Borehole No.: BH24
Coordinates: (E:420391.386, N:559029.396)
Depth:-from 2.0 to 10m Total depth (m): 10m
Borehole  Location : رقاءالز

Triple Corporation – Consultants and Engineering
Site Investigation, Geotechnical Studies and Materials Testing
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1.0 OBJECTIVES 
 

1.1 Scope 
 
The scope of this memorandum is to provide laboratory testing results for biosolids from the As Samra 
Waste Water Treatment Plant. This laboratory testing program focuses on properties relevant to the slope 
stability and performance of dried and compacted biosolids for deposition in a biosolids monofill disposal 
facility. The results presented herein are preliminary. Final testing is being conducted at the time of this 
report writing. 

1.2 Report Limitations 
 
This memo discusses geotechnical design properties of compacted and dried biosolids for the As Samra 
monofill project. All conclusions and recommendations contained in this memo are subject to revision 
following performance of additional laboratory testing. The analyses conducted in this memo were 
performed in a manner consistent with typical geotechnical engineering practice in the United States.  

 
2.0 TESTING PROGRAM 
 
Bulk samples of biosolids material from the As Samra Waste Water Treatment Plant were delivered to our 
geotechnical testing laboratory in the United States. These biosolids had been processed and dried at the 
As Samra facility but not dried in outdoor drying beds. The samples as received had a moisture content of 
approximately 350%. At the geotechnical laboratory, the biosolids were air dried to approximately 100% 
water content prior to testing.  
 
Note: water content (also referred to as moisture content) is defined as the mass of the water divided by 
the mass of the solids. Solids content is defined as the mass of the solids divided by the total mass. A 
water content to solids content equivalency table is provided in Table 1 for reference. 
 

Table 1.  Water content to solids content reference table 

Water Content % Solids Content % 

100% 50% 
80% 56% 
67% 60% 
60% 63% 

 
The first round of geotechnical testing of the biosolids consisted of index testing to evaluate the general 
properties of the biosolids for comparison against index properties of biosolids reported in the literature. 
This comparison was conducted to determine if the As Samra biosolids were similar to the biosolids 
tested in the literature and therefore evaluate the compatibility of expected geotechnical performance. 
The index testing included Atterberg limits, shrinkage limit, organic content, sieve, hydrometer, pH, 
specific gravity, and standard and modified Proctor compaction tests. 
 
After completion of index testing, shear strength and consolidation tests were conducted. These tests 
were conducted on compacted samples at a specific moisture content. A moisture content of 
approximately 100% was selected for the majority of the testing conducted herein based on feasible 
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drying times and anticipated geotechnical properties based on literature results. Drier conditions were 
also subsequently tested to evaluate more stable biosolids conditions.  
 
The target compactive effort was assumed to be 95% of modified Proctor based on an anticipated field 
compactive effort in the monofill using large landfill compactors. However, at water contents significantly 
higher than optimum, standard and modified Proctor compaction curves are typically similar (i.e., both 
curves converge). Therefore, at 100% water content, the compactive effort was assumed to be between 
standard and modified Proctor compactive efforts. For the remainder of the testing, which was conducted 
closer to optimum moisture content, the target dry unit weight was 95% of the value of the modified 
Proctor dry unit weight at that moisture content. 
 
Unconsolidated undrained triaxial compression tests were conducted to evaluate the undrained shear 
strength of the compacted material. Lab vane shear strength tests were conducted to check the 
unconsolidated undrained triaxial compression test results. The ranges of stresses tested typically 
included isotropic confinement of 75, 150, and 300 kPa to simulate the range of stresses expected in an 
approximately 30 m high monofill. These specimens were not saturated or inundated with water prior to 
testing to simulate short-term conditions (i.e., during placement and immediately after completion of the 
landfill). 
 
Consolidation, wetting, long-term drained strength, and stress path effects are being evaluated currently 
and will be included in the final design stages.  
 
Incremental consolidation tests were conducted to evaluate the general compressibility of the material 
over time. These tests help evaluate the time required for consolidation and the magnitude of associated 
settlement expected. The tests can also be useful for estimating the magnitude of short-term settlement 
that might be associated with adding load to the biosolids after placement in the monofill. Incremental 
consolidation tests performed at 100% water content were conducted separately for inundated and non-
inundated water conditions to represent a range of potential field behavior. A permeability test is currently 
being conducted to evaluate the hydraulic conductivity of the material directly, which should help 
corroborate permeability estimates from the consolidation tests. The results of the permeability testing will 
be included in the final design stage. 
 
 
3.0 RESULTS 
 
Results of the laboratory program are summarized below. Raw results of all laboratory tests are 
presented in Appendix A.  
 
Index testing results indicated that the As Samra biosolids have an organic content of approximately 63%. 
The pH of the tested biosolids was 7.8 to 7.9. Particle size tests indicated that approximately 84% of the 
biosolids material, by weight, passed the #200 US sieve. Atterberg limits tests indicated a liquid limit of 
458 and a plastic limit of 68. This equates to a plasticity index of approximately 390. The shrinkage limit 
tested as 5. Specific gravity of the material tested as 1.68.  
 
Standard and modified Proctor compaction tests indicated an optimum moisture content of approximately 
83% and 59% for standard and modified Proctor, respectively. The recorded maximum dry unit weights 
for standard and modified Proctor were 5.8 and 6.7 kN/m3, respectively. At 60% moisture content, the 
compacted dry unit weight was approximately 5.6 and 6.7 kN/m3, respectively. At 100% moisture content, 
the compacted dry unit weight was approximately 5.5 and 5.7 kN/m3, respectively. As is typically 
observed in soils, the standard and modified Proctor curves were similar at high of optimum water 
contents and diverged to a greater extent at lower moisture contents. The results from the modified 
Proctor compaction test are presented in Figure 1. 
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Figure 1. Standard and modified Proctor compaction test results and target compactive effort 

 
Three unconsolidated undrained triaxial compression tests were conducted at an approximate moisture 
content of 100% and compacted to a dry unit weight that averaged 5.6 kN/m3 between the three tests. 
This unit weight is roughly between the standard and modified Proctor dry unit weights, as shown on 
Figure 1. Specimen compaction was performed using equal lift heights and tamping tools. The three 
undrained shear strength compression tests were confined to 75, 150, and 300 kPa. The resulting 
undrained shear strengths were approximately 42, 41, and 46 kPa, respectively. These results have an 
average undrained shear strength of approximately 43 kPa. Stress–strain results of the three tests 
indicated that the biosolids material was ductile, with no strain softening observed. Shear stress during 
specimen shearing appeared to still be increasing at the terminable vertical strain of 15% for each of the 
three tests. These results are presented in Figure 2. Lab vane shear strength tests on similarly prepared 
specimens generally confirmed the unconsolidated undrained triaxial compression tests with measured 
shear strength values of 35, 37, and 42 kPa. 
 
Three unconsolidated undrained triaxial compression tests were conducted at lower moisture contents of 
approximately 80%, 64%, and 57% to evaluate strength gained by greater levels of drying. A target dry 
unit weight of 95% of the value of the modified Proctor dry unit weight at that moisture content was used, 
as shown on Figure 1. A representative confining stress of 150 kPa was selected. Undrained shear 
strengths measured for these conditions were approximately 45, 66, and 86 kPa, respectively. Stress–
strain results of the three tests indicated that the biosolids material was ductile, with no strain softening 
observed. 
 
Consolidated shear strength test results are presently being conducted and will be assessed in a detailed 
design stage. 
 
Incremental consolidation tests were performed at 100% water content for both inundated and non-
inundated conditions. The non-inundated test was also conducted for biosolids compacted at 
approximately 60% water content. The test results indicate that the material is fairly compressible even 
after drying and compaction. Distinct primary and secondary consolidation phases were not readily 
perceived on time–deformation curves, making determination of a coefficient of consolidation difficult. 
However, based on the recorded behavior, the coefficient of consolidation appeared to be low as 
significant compression typically occurred throughout the 24 hour load increments. Based on the 
unloading and reloading curves, significant secondary compression appears to have occurred in the 
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samples, given that the material initially rebounded during unloading but subsequently recompressed 
during a single load increment, for the two non-inundated tests. Example results are presented in Figure 
3. 
 

 
 

Figure 2. Unconsolidated undrained triaxial shear strength test results for 100% water content at 
three confining stresses—75, 150, and 300 kPa 

 
 

 
Figure 3. Incremental consolidation test results for 100% water content without inundating the 

sample 
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4.0 DISCUSSION 
 
The index testing results seem to indicate that the As Samra biosolids are generally similar to biosolids 
tested in the literature (e.g., O’Reilly 2005a). The specific gravity of the biosolids reported in the literature 
is typically between 1.4 and 2.1 (O’Kelly, 2005a) with 1.55 measured by O’Kelly (2005a), whereas 1.68 
was measured herein. O’Kelly (2005a) measured an organic content of 70%, whereas 63% was 
measured herein. The Atterberg limits reported in O’Kelly (2005a) are a liquid limit of 315, plastic limit of 
55, and a plasticity index of 260 with a shrinkage limit of 10. Herein, similar values of 458, 68, 390, and 5, 
respectively, were recorded. Standard Proctor compaction tests in the literature indicated an optimum 
moisture content of 90% in O’Kelly (2005b), 50 to 55% in Arulrajah et al. (2013), and 40% in Lo et al. 
(2002). Herein approximately 83% was recorded for standard Proctor and 59% for modified Proctor.  
 
Overall, these index tests generally indicate that the As Samra biosolids are similar to those reported for 
other waste water treatment plants in the literature. This indicates that (1) the test results reported here 
appear to be reasonable; (2) literature values for other geotechnical parameters like shear strength will 
likely be similar to the values for the As Samra biosolids; and (3) existing experience for constructing 
monofills at other sites likely has high cross applicability for this site. 
 
O’Kelly (2006) reported undrained shear strength for biosolids for a range of water contents, which is 
reproduced in Figure 4. Shear strength was approximately 50 kPa at a water content of 100%, compared 
to an average of 43 kPa recorded herein. Field vane shear strength tests reported in Swinburne 
University of Technology (2009) in the top 1 to 4 m of placed biosolids had shear strengths of 100 to 200 
kPa with water content at approximately 50%. The lowest water content tested herein, 57%, recorded an 
undrained shear strength of 86 kPa. Overall, these literature results for undrained shear strength seem to 
be fairly consistent with the undrained shear strength values reported herein. Furthermore, a ductile 
biosolids response to shearing was reported in O’Kelly (2006), matching the results for the As Samra 
biosolids. 
 
 

 
Figure 4. Undrained shear strength values for a range of water contents (O’Kelly, 2006) 

 
Drained effective stress friction angles were determined to be between 32 and 37 degrees, with higher 
shear strength for more degraded biosolids, based on results found in the literature. Since site specific 
friction angles have not yet been measured for the As Samra site, and because index testing and 
undrained shear strength testing have been fairly similar between the As Samra site and literature values, 
we suggest using 30 degrees for an effective stress friction angle for the As Samra biosolids. This value 
is on the low end of the effective stress friction angles reported in the literature for other biosolids  
 
The literature does not indicate a strong effect from stress path on shear strength. Preliminary results 
from consolidated shear strength testing, not included herein, do not seem to indicate a significant stress 
path effect on shear strength. Therefore, values from unconsolidated undrained shear strength testing 
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reported herein are likely representative of the undrained shear strength expected for undrained slope 
stability applications of the monofill.  
 
Since the expected permeability of the As Samra biosolids material appears to be extremely low, and the 
literature suggests biosolids are nearly impermeable when dried, it is likely that the monofill will remain 
essentially undrained for hundreds of years or longer. Low permeability of the biosolids will also limit the 
ability of the biosolids to quickly expel water from the biosolids pores. Therefore, consolidation settlement 
of the biosolids monofill could take hundreds of years or longer to occur. Some immediate compression of 
the biosolids mass may take place during construction due to compression of air voids and individual 
solid particles. However, the level of compression expected within the biosolids is likely to be limited 
compared to the potential for consolidation indicated by incremental consolidation tests which were thin 
enough to quickly expel excess pore water.  
 
At 100% water content, modified Proctor compaction test results indicated an air voids content of 
approximately 8%. For the center of a 30 m high monofill, the increased stress due to the self-weight of 
the biosolids could cause approximately 5% volumetric compression due to compression of the entrained 
air. This is based on assuming air roughly decreases in volume by the amount of pressure increase. For 
example, 8% air content x (1 - 100 kPa / 265 kPa) = 5% where 100 kPa is the initial air pressure and 265 
kPa is the estimated final air pressure in the center of the landfill based on 100 kPa + 11 kN/m3 x 15 m.  
 
In comparison, the volumetric strain of the un-inundated biosolids after a 24 hour incremental 
consolidation load of about 5 kPa was around 3.5%, at 10 kPa it was 5%, at 75 kPa it was about 9%, at 
150 kPa it was 12%, and at 300 kPa it was approximately 21%. The incremental consolidation test results 
also indicate significant secondary compression potential, which is corroborated by the literature. The 
coefficient of consolidation was reported as 0.003 to 0.35 m2/yr in O’Reilly (2008), where the lower values 
were more representative of denser biosolids conditions. If the coefficient of consolidation is assumed to 
be 0.01 m2/yr, 10% consolidation would take several hundred years assuming the monofill is made 
entirely of biosolids. If permeable daily cover were placed contiguously throughout the monofill or a dense 
array of gas extraction wells are installed, and the drainage length were reduced to 3 m, approximately 
20% consolidation would take place in approximately 40 years. This might cause a couple of percent 
volumetric strain in the monofill, in addition to compression of the entrained air and biosolids material.  
 
Based on the above calculations and the observations from the incremental consolidation tests, it may be 
reasonable to conclude that immediate settlement of the biosolids will probably be 5 to 10% for a 30 m 
high monofills over a 40 year period. Closer to 5% might be expected without internal drains, and closer 
to 10% might be expected with good internal drainage. Since there is limited literature data on settlement 
of monofills, and the mechanics involved in predicting the settlement are complex, there is likely a high 
degree of uncertainty in this estimate. 
 
 
5.0 RECOMMENDATIONS 
 
We recommend that an undrained shear strength of 43 kPa be used for undrained slope stability 
analyses of the biosolids monofill for biosolids that are well compacted at a water content equal to or less 
than 100%. Further, we recommend that a drained friction angle of 30 degrees be used preliminarily 
based on literature values for drained slope stability analyses. We recommend the total unit weight for the 
compacted biosolids at 100% water content be 11 kN/m3.  
 
For settlement estimates of a monofill, we estimate that the likely settlement over a 40 year period for 
approximately 30 m of biosolids would be on the order of 5 to 10% of the fill height. 
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Geotechnical Laboratory Testing Results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/14/14
Test Id: 290330

Tested By: jw
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Moisture Content of Soil and Rock - ASTM D2216

printed 3/14/2014 2:32:53 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

--- Sludge --- Moist, black sludge 356.9

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/14/14
Test Id: 290334

Tested By: jbr
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Moisture, Ash, and Organic Matter - ASTM D2974

printed 3/14/2014 2:34:21 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

 Ash
Content,% 

 Organic
Matter,% 

--- Sludge --- Moist, black sludge 357 37.4 62.6

Notes: Moisture content determined by Method A and reported as a percentage of oven-dried mass;
dried to a constant mass at temperature of 105º C
Ash content and organic matter determined by Method C; dried to constant mass at temperature 440º C



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/14/14
Test Id: 290333

Tested By: jbr
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

pH of Soil by ASTM D4972

printed 3/14/2014 2:35:01 PM

 Boring ID  Sample ID  Depth  Visual Description  pH of Soil
in Distilled

Water

 pH of Soil
in Calcium
Chloride

--- Sludge --- Moist, black sludge 7.8 7.9

Notes: Sample Preparation: screened through #10 sieve

Method A, pH meter used



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/14/14
Test Id: 290331

Tested By: jbr
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/14/2014 2:35:54 PM
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 
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#200 

---

---

---

---

---

---
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---

4.75

2.00

0.85
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0.075

Particle Size (mm)

0.0360
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0.0131

0.0092
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0.0047

0.0033

0.0015

100

100
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Percent Finer

65

46

36

27

20

18

15

12

Spec. Percent Complies

 Coefficients
D   =0.1073 mm85

D   =0.0315 mm60

D   =0.0245 mm50

D   =0.0104 mm30

D   =0.0031 mm15

D   =0.0009 mm10

C   =35.000u C   =3.815c

 Classification
 ASTM fat clay with sand (CH)

 AASHTO Clayey Soils (A-7-5 (375))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/14/14
Test Id: 290332

Tested By: bfs
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/14/2014 2:37:14 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

Sludge --- --- 357 458 68 390 1 fat clay with sand (CH)

Sample Prepared using the WET method

11% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: MEDIUM



Client: AECOM

Project: Samra Sludge

Location: Jordan

GTX#: 301466

Test Date: 03/18/14

Tested By: jm

Checked By: mcm

Boring ID Depth, ft. Shrinkage Limit

--- --- 5Sludge

Laboratory Measurement of Shrinkage Factors of Soil by the Wax 
Method ASTM D4943

Sample Description

Moist, black sludge

Sample ID



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/17/14
Test Id: 290335

Tested By: jbr
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Specific Gravity of Soils by ASTM D 854-10

printed 3/17/2014 2:58:26 PM

 Boring ID  Sample ID  Depth  Visual Description Specific
Gravity

--- Sludge --- Moist, black sludge 1.68

Notes: Specific Gravity performed by using method A (oven dried specimens) of ASTM D 854

Moisture Content determined by ASTM D 2216.



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge (Initial Testing)
Depth : ---

Sample Type: ---
Test Date: 06/03/14
Test Id: 297127

Tested By: jw
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Compaction Report - ASTM D698

printed 6/3/2014 2:09:07 PM
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Method : A

Preparation : WET

As received Moisture :357 %

Rammer : Manual
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Optimum Moisture= 83.0 %



Client: AECOM
Project: Samra Sludge
Location: Jordan Project No: GTX-301466
Boring ID: ---
Sample ID: Sludge
Depth : ---

Sample Type: tube
Test Date: 03/28/14
Test Id: 290708

Tested By: cwd
Checked By: emm

Test Comment: ---
Sample Description: Moist, black sludge
Sample Comment: ---

Compaction Report - ASTM D1557

printed 3/28/2014 1:58:50 PM
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Client: AECOM
Project Name: Samra Sludge
Project Location: Jordan
GTX #: 301466
Date: 05/19/14
Tested by: md
Checked by: jdt

Boring ID Sample ID Depth, ft
Vane Shear 
Strength,

kN/m2

Vane Shear 
Strength,

tsf

--- Sludge --- 35.0 0.37

37.5 0.39

42.5 0.44

38.3 0.40

Comments: Test specimen compacted to a target density of 5.6 kN/m3 at 100% moisture content.

Average

Laboratory Vane Shear by ASTM D 4648

Visual Description

Moist, black sludge
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USAID Water Reuse and Environmental Conservation Project 
As Samra Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
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MONOFILL GAS GENERATION MODEL
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Client: USAID - Jordan by: pjw

Project: Bio-Solids Landfill date: 25 Oct 2013
Location: Samra, Jordan check:

Fugitive Fugitive
annual annual Annual Annual Annual Annual Cumulative methane CO2

total total Potential In-Place Available Electric Electric Debt Annual Earnings Earnings Emissions Emissions
year LFG LFG Generating Generating Generating Power Power Retirement O&M before before from from

generated collected Capacity Capacity Capacity Generated Income Cost Cost Tax Tax Landfill Landfill
(ft3/yr) (ft3/min) (kW) (kW) (kW) (kWH) (JD) (JD) (JD) (JD) (JD) (cu.m) (cu.m)

1 0.000E+00 0 0 0 0 0 $0 $0 $0 $0 $0 0.000E+00 0.000E+00
2 9.180E+07 87 275 0 0 0 $0 $0 $0 $0 $0 4.590E+07 4.590E+07
3 1.833E+08 174 549 0 0 0 $0 $0 $0 $0 $0 9.167E+07 9.167E+07
4 2.734E+08 260 819 0 0 0 $0 $2,196,058 $0 -$2,196,058 -$2,196,058 1.367E+08 1.367E+08
5 3.619E+08 344 1,084 1,200 1,084 9,494,390 $1,234,271 $2,196,058 $301,210 -$1,262,997 -$3,459,056 1.810E+08 1.810E+08
6 4.491E+08 427 1,345 1,200 1,200 10,512,000 $1,366,560 $2,196,058 $333,493 -$1,162,992 -$4,622,047 2.246E+08 2.246E+08
7 5.350E+08 509 1,602 1,200 1,200 10,512,000 $1,366,560 $2,196,058 $333,493 -$1,162,992 -$5,785,039 2.675E+08 2.675E+08
8 6.196E+08 589 1,855 1,200 1,200 10,512,000 $1,366,560 $2,196,058 $333,493 -$1,162,992 -$6,948,030 3.098E+08 3.098E+08
9 7.033E+08 669 2,106 2,400 2,106 18,449,772 $2,398,470 $2,196,058 $585,319 -$382,907 -$7,330,938 3.517E+08 3.517E+08

10 7.862E+08 748 2,354 2,400 2,354 20,623,842 $2,681,099 $2,196,058 $654,291 -$169,250 -$7,500,188 3.931E+08 3.931E+08
11 8.683E+08 826 2,600 2,400 2,400 21,024,000 $2,733,120 $0 $666,986 $2,066,134 -$5,434,054 4.342E+08 4.342E+08
12 9.496E+08 903 2,844 2,400 2,400 21,024,000 $2,733,120 $0 $666,986 $2,066,134 -$3,367,921 4.748E+08 4.748E+08
13 1.030E+09 980 3,085 3,600 3,085 27,023,102 $3,513,003 $0 $857,308 $2,655,695 -$712,225 5.151E+08 5.151E+08
14 1.107E+09 1,053 3,316 3,600 3,316 29,044,967 $3,775,846 $0 $921,452 $2,854,394 $2,142,169 5.536E+08 5.536E+08
15 1.181E+09 1,123 3,537 3,600 3,537 30,979,799 $4,027,374 $0 $982,834 $3,044,540 $5,186,708 5.905E+08 5.905E+08
16 1.252E+09 1,191 3,748 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $8,285,909 6.258E+08 6.258E+08
17 1.319E+09 1,255 3,950 4,800 3,950 34,603,187 $4,498,414 $0 $1,097,786 $3,400,628 $11,686,537 6.595E+08 6.595E+08
18 1.384E+09 1,316 4,144 4,800 4,144 36,298,760 $4,718,839 $0 $1,151,578 $3,567,261 $15,253,798 6.919E+08 6.919E+08
19 1.446E+09 1,375 4,329 4,800 4,329 37,921,345 $4,929,775 $0 $1,203,055 $3,726,720 $18,980,518 7.228E+08 7.228E+08
20 1.505E+09 1,431 4,506 4,800 4,506 39,474,084 $5,131,631 $0 $1,252,315 $3,879,316 $22,859,833 7.524E+08 7.524E+08
21 1.56E+09 1,485 4,676 4,800 4,676 40,959,984 $5,324,798 $0 $1,299,455 $4,025,342 $26,885,176 7.807E+08 7.807E+08
22 1.62E+09 1,537 4,838 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $31,017,443 8.078E+08 8.078E+08
23 1.67E+09 1,586 4,993 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $35,149,710 8.337E+08 8.337E+08
24 1.72E+09 1,634 5,142 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $39,281,977 8.586E+08 8.586E+08
25 1.76E+09 1,679 5,284 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $43,414,245 8.823E+08 8.823E+08
26 1.81E+09 1,722 5,420 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $47,546,512 9.050E+08 9.050E+08
27 1.73E+09 1,648 5,187 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $51,678,779 8.661E+08 8.661E+08
28 1.66E+09 1,577 4,964 4,800 4,800 42,048,000 $5,466,240 $0 $1,333,973 $4,132,267 $55,811,046 8.288E+08 8.288E+08
29 1.59E+09 1,509 4,750 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $58,910,247 7.931E+08 7.931E+08
30 1.52E+09 1,444 4,546 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $62,009,447 7.590E+08 7.590E+08
31 1.45E+09 1,382 4,350 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $65,108,647 7.263E+08 7.263E+08
32 1.39E+09 1,322 4,163 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $68,207,848 6.951E+08 6.951E+08
33 1.33E+09 1,265 3,984 3,600 3,600 31,536,000 $4,099,680 $0 $1,000,480 $3,099,200 $71,307,048 6.651E+08 6.651E+08

4,800 $114,661,200 $15,372,409 $27,981,743 $71,307,048
Assumptions:

1) Engine/Generator Set is CES gmbh  TCG 2020 V12, 50 Hz, 1,200 kW, Thermal efficiency = 43.8%
2) Finance period 7 yrs
3) Interest Rate 13.80% Source: World Bank web site, 24 Oct 2013 at 5:27 PM CDT.  Data for Jordan, 2012.  Plus "typical" risk premium for bio-gas to energy projects.
4) Engine/Generators are not "placed" until LFG collection rate is greater than approximately 80% of specified engine fuel requirement.
5) Replace engine/generators after 20-years, and that replacements are financed for 4-years (each).
6) Currency conversion rate: $1 US = 0.70845 Jordanian Dinar.  Source: Bloomberg web site, 25 Oct 2013 at 9:00 AM CDT.

Jordanian retail electric power rate 0.13 JD
collection efficiency 0.5
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Summary Report

Landfill Name or Identifier: Proposed As Samra Biosoilds Monofill

Date: 

First-Order Decomposition Rate Equation:

Where,
QCH4 = annual methane generation in the year of the calculation (m 3 /year )
i = 1-year time increment Mi = mass of waste accepted in the ith year (Mg ) 
n = (year of the calculation) - (initial year of waste acceptance)
j = 0.1-year time increment
k = methane generation rate (year -1 )
Lo = potential methane generation capacity (m 3 /Mg )

Wednesday, November 05, 2014

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the decomposition of landfilled waste in 
municipal solid waste (MSW) landfills. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaults 
are based on empirical data from U.S. landfills. Field test data can also be used in place of model defaults when available. Further guidance on 
EPA test methods, Clean Air Act (CAA) regulations, and other guidance regarding landfill gas emissions and control technology requirements 
can be found at http://www.epa.gov/ttnatw01/landfill/landflpg.html.

Description/Comments:
k from Table 2.1 of Greenhouse Gas Emissions Estimation Methodologies for Biogenic Emissions from Selected Source 
Categories: Solid Waste Disposal, WWTP Treatment, Ethanol Fermentation.  RTI International for USEPA 14 December 
2010.  Lo calculated as 493DOC, where DOC = 0.05 from Table 2.1.

tij = age of the jth section of waste mass Mi accepted in the ith year 
(decimal years , e.g., 3.2 years)

LandGEM is considered a screening tool — the better the input data, the better the estimates. Often, there are limitations with the available data 
regarding waste quantity and composition, variation in design and operating practices over time, and changes occurring over time that impact 
the emissions potential. Changes to landfill operation, such as operating under wet conditions through leachate recirculation or other liquid 
additions, will result in generating more gas at a faster rate. Defaults for estimating emissions for this type of operation are being developed to 
include in LandGEM along with defaults for convential landfills (no leachate or liquid additions) for developing emission inventories and 
determining CAA applicability. Refer to the Web site identified above for future updates.  

About LandGEM:

REPORT - 1
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Input Review

LANDFILL CHARACTERISTICS
Landfill Open Year
Landfill Closure Year (with 80-year limit) 29
Actual Closure Year (without limit) 29
Have Model Calculate Closure Year? No
Waste Design Capacity 3,906,536 megagrams

MODEL PARAMETERS
Methane Generation Rate, k 0.044 year -1

Potential Methane Generation Capacity, Lo 281 m 3 /Mg
NMOC Concentration 4,000 ppmv as hexane
Methane Content 50 % by volume

GASES / POLLUTANTS SELECTED
Gas / Pollutant #1: Total landfill gas
Gas / Pollutant #2: Methane
Gas / Pollutant #3: Carbon dioxide
Gas / Pollutant #4: NMOC

WASTE ACCEPTANCE RATES

(Mg/year) (short tons/year) (Mg) (short tons)
0 107,215 117,936 0 0
1 111,529 122,682 107,215 117,936
2 114,382 125,820 218,744 240,618
3 117,162 128,878 333,126 366,438
4 120,013 132,014 450,287 495,316
5 122,866 135,152 570,301 627,331
6 125,718 138,290 693,166 762,483
7 128,936 141,830 818,884 900,773
8 132,153 145,369 947,821 1,042,603
9 135,432 148,975 1,079,974 1,187,971
10 138,589 152,448 1,215,406 1,336,946
11 141,808 155,988 1,353,995 1,489,395
12 141,808 155,988 1,495,803 1,645,383
13 141,808 155,988 1,637,611 1,801,372
14 141,808 155,988 1,779,418 1,957,360
15 141,808 155,988 1,921,226 2,113,348
16 141,808 155,988 2,063,033 2,269,337
17 141,808 155,988 2,204,841 2,425,325
18 141,808 155,988 2,346,649 2,581,313
19 141,808 155,988 2,488,456 2,737,302
20 141,808 155,988 2,630,264 2,893,290
21 141,808 155,988 2,772,071 3,049,279
22 141,808 155,988 2,913,879 3,205,267
23 141,808 155,988 3,055,687 3,361,255
24 141,808 155,988 3,197,494 3,517,244
25 141,808 155,989 3,339,302 3,673,232
26 141,808 155,989 3,481,110 3,829,221
27 141,808 155,989 3,622,918 3,985,210
28 141,808 155,989 3,764,726 4,141,198
29 0 0 3,906,534 4,297,187
30 0 0 3,906,534 4,297,187
31 0 0 3,906,534 4,297,187
32 0 0 3,906,534 4,297,187
33 0 0 3,906,534 4,297,187
34 0 0 3,906,534 4,297,187
35 0 0 3,906,534 4,297,187
36 0 0 3,906,534 4,297,187
37 0 0 3,906,534 4,297,187
38 0 0 3,906,534 4,297,187
39 0 0 3,906,534 4,297,187

Year
Waste Accepted Waste-In-Place
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WASTE ACCEPTANCE RATES (Continued)

(Mg/year) (short tons/year) (Mg) (short tons)
40 0 0 3,906,534 4,297,187
41 0 0 3,906,534 4,297,187
42 0 0 3,906,534 4,297,187
43 0 0 3,906,534 4,297,187
44 0 0 3,906,534 4,297,187
45 0 0 3,906,534 4,297,187
46 0 0 3,906,534 4,297,187
47 0 0 3,906,534 4,297,187
48 0 0 3,906,534 4,297,187
49 0 0 3,906,534 4,297,187
50 0 0 3,906,534 4,297,187
51 0 0 3,906,534 4,297,187
52 0 0 3,906,534 4,297,187
53 0 0 3,906,534 4,297,187
54 0 0 3,906,534 4,297,187
55 0 0 3,906,534 4,297,187
56 0 0 3,906,534 4,297,187
57 0 0 3,906,534 4,297,187
58 0 0 3,906,534 4,297,187
59 0 0 3,906,534 4,297,187
60 0 0 3,906,534 4,297,187
61 0 0 3,906,534 4,297,187
62 0 0 3,906,534 4,297,187
63 0 0 3,906,534 4,297,187
64 0 0 3,906,534 4,297,187
65 0 0 3,906,534 4,297,187
66 0 0 3,906,534 4,297,187
67 0 0 3,906,534 4,297,187
68 0 0 3,906,534 4,297,187
69 0 0 3,906,534 4,297,187
70 0 0 3,906,534 4,297,187
71 0 0 3,906,534 4,297,187
72 0 0 3,906,534 4,297,187
73 0 0 3,906,534 4,297,187
74 0 0 3,906,534 4,297,187
75 0 0 3,906,534 4,297,187
76 0 0 3,906,534 4,297,187
77 0 0 3,906,534 4,297,187
78 0 0 3,906,534 4,297,187
79 0 0 3,906,534 4,297,187

Waste-In-Place
Year

Waste Accepted

REPORT - 3
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Pollutant Parameters

Concentration Concentration
Compound (ppmv ) Molecular Weight (ppmv ) Molecular Weight

Total landfill gas 0.00
Methane 16.04
Carbon dioxide 44.01
NMOC 4,000 86.18
1,1,1-Trichloroethane 
(methyl chloroform) - 
HAP 0.48 133.41
1,1,2,2-
Tetrachloroethane - 
HAP/VOC 1.1 167.85
1,1-Dichloroethane 
(ethylidene dichloride) - 
HAP/VOC 2.4 98.97
1,1-Dichloroethene 
(vinylidene chloride) - 
HAP/VOC 0.20 96.94
1,2-Dichloroethane 
(ethylene dichloride) - 
HAP/VOC 0.41 98.96
1,2-Dichloropropane 
(propylene dichloride) - 
HAP/VOC 0.18 112.99
2-Propanol (isopropyl 
alcohol) - VOC 50 60.11
Acetone 7.0 58.08

Acrylonitrile - HAP/VOC 6.3 53.06
Benzene - No or 
Unknown Co-disposal - 
HAP/VOC 1.9 78.11
Benzene - Co-disposal - 
HAP/VOC 11 78.11
Bromodichloromethane - 
VOC 3.1 163.83
Butane - VOC 5.0 58.12
Carbon disulfide - 
HAP/VOC 0.58 76.13
Carbon monoxide 140 28.01
Carbon tetrachloride - 
HAP/VOC 4.0E-03 153.84
Carbonyl sulfide - 
HAP/VOC 0.49 60.07
Chlorobenzene - 
HAP/VOC 0.25 112.56
Chlorodifluoromethane 1.3 86.47
Chloroethane (ethyl 
chloride) - HAP/VOC 1.3 64.52
Chloroform - HAP/VOC 0.03 119.39
Chloromethane - VOC 1.2 50.49

Dichlorobenzene - (HAP 
for para isomer/VOC) 0.21 147

Dichlorodifluoromethane 16 120.91
Dichlorofluoromethane - 
VOC 2.6 102.92
Dichloromethane 
(methylene chloride) - 
HAP 14 84.94
Dimethyl sulfide (methyl 
sulfide) - VOC 7.8 62.13
Ethane 890 30.07
Ethanol - VOC 27 46.08

P
o

ll
u

ta
n

ts

User-specified Pollutant Parameters:Gas / Pollutant Default Parameters:

G
as

es
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Pollutant Parameters (Continued)

Concentration Concentration
Compound (ppmv ) Molecular Weight (ppmv ) Molecular Weight

Ethyl mercaptan 
(ethanethiol) - VOC 2.3 62.13
Ethylbenzene - 
HAP/VOC 4.6 106.16
Ethylene dibromide - 
HAP/VOC 1.0E-03 187.88
Fluorotrichloromethane - 
VOC 0.76 137.38
Hexane - HAP/VOC 6.6 86.18
Hydrogen sulfide 36 34.08
Mercury (total) - HAP 2.9E-04 200.61
Methyl ethyl ketone - 
HAP/VOC 7.1 72.11
Methyl isobutyl ketone - 
HAP/VOC 1.9 100.16

Methyl mercaptan - VOC 2.5 48.11
Pentane - VOC 3.3 72.15
Perchloroethylene 
(tetrachloroethylene) - 
HAP 3.7 165.83
Propane - VOC 11 44.09
t-1,2-Dichloroethene - 
VOC 2.8 96.94
Toluene - No or 
Unknown Co-disposal - 
HAP/VOC 39 92.13
Toluene - Co-disposal - 
HAP/VOC 170 92.13
Trichloroethylene 
(trichloroethene) - 
HAP/VOC 2.8 131.40
Vinyl chloride - 
HAP/VOC 7.3 62.50
Xylenes - HAP/VOC 12 106.16P

o
ll

u
ta

n
ts

User-specified Pollutant Parameters:Gas / Pollutant Default Parameters:
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Graphs
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Results

(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)
0 0 0 0 0 0 0
1 3.246E+03 2.599E+06 9.180E+07 8.671E+02 1.300E+06 4.590E+07
2 6.483E+03 5.192E+06 1.833E+08 1.732E+03 2.596E+06 9.167E+07
3 9.668E+03 7.741E+06 2.734E+08 2.582E+03 3.871E+06 1.367E+08
4 1.280E+04 1.025E+07 3.619E+08 3.419E+03 5.124E+06 1.810E+08
5 1.588E+04 1.272E+07 4.491E+08 4.242E+03 6.359E+06 2.246E+08
6 1.892E+04 1.515E+07 5.350E+08 5.053E+03 7.574E+06 2.675E+08
7 2.191E+04 1.754E+07 6.196E+08 5.852E+03 8.772E+06 3.098E+08
8 2.487E+04 1.992E+07 7.033E+08 6.643E+03 9.958E+06 3.517E+08
9 2.780E+04 2.226E+07 7.862E+08 7.426E+03 1.113E+07 3.931E+08
10 3.071E+04 2.459E+07 8.683E+08 8.202E+03 1.229E+07 4.342E+08
11 3.358E+04 2.689E+07 9.496E+08 8.970E+03 1.344E+07 4.748E+08
12 3.643E+04 2.917E+07 1.030E+09 9.730E+03 1.458E+07 5.151E+08
13 3.915E+04 3.135E+07 1.107E+09 1.046E+04 1.568E+07 5.536E+08
14 4.176E+04 3.344E+07 1.181E+09 1.116E+04 1.672E+07 5.905E+08
15 4.426E+04 3.544E+07 1.252E+09 1.182E+04 1.772E+07 6.258E+08
16 4.665E+04 3.735E+07 1.319E+09 1.246E+04 1.868E+07 6.595E+08
17 4.893E+04 3.918E+07 1.384E+09 1.307E+04 1.959E+07 6.919E+08
18 5.112E+04 4.093E+07 1.446E+09 1.365E+04 2.047E+07 7.228E+08
19 5.321E+04 4.261E+07 1.505E+09 1.421E+04 2.131E+07 7.524E+08
20 5.522E+04 4.421E+07 1.561E+09 1.475E+04 2.211E+07 7.807E+08
21 5.713E+04 4.575E+07 1.616E+09 1.526E+04 2.287E+07 8.078E+08
22 5.897E+04 4.722E+07 1.667E+09 1.575E+04 2.361E+07 8.337E+08
23 6.072E+04 4.862E+07 1.717E+09 1.622E+04 2.431E+07 8.586E+08
24 6.240E+04 4.997E+07 1.765E+09 1.667E+04 2.498E+07 8.823E+08
25 6.401E+04 5.126E+07 1.810E+09 1.710E+04 2.563E+07 9.050E+08
26 6.555E+04 5.249E+07 1.854E+09 1.751E+04 2.624E+07 9.268E+08
27 6.702E+04 5.367E+07 1.895E+09 1.790E+04 2.683E+07 9.476E+08
28 6.843E+04 5.479E+07 1.935E+09 1.828E+04 2.740E+07 9.675E+08
29 6.978E+04 5.587E+07 1.973E+09 1.864E+04 2.794E+07 9.866E+08
30 6.677E+04 5.347E+07 1.888E+09 1.784E+04 2.673E+07 9.441E+08
31 6.390E+04 5.117E+07 1.807E+09 1.707E+04 2.558E+07 9.035E+08
32 6.115E+04 4.896E+07 1.729E+09 1.633E+04 2.448E+07 8.646E+08
33 5.852E+04 4.686E+07 1.655E+09 1.563E+04 2.343E+07 8.274E+08
34 5.600E+04 4.484E+07 1.584E+09 1.496E+04 2.242E+07 7.918E+08
35 5.359E+04 4.291E+07 1.515E+09 1.431E+04 2.145E+07 7.577E+08
36 5.128E+04 4.106E+07 1.450E+09 1.370E+04 2.053E+07 7.251E+08
37 4.907E+04 3.929E+07 1.388E+09 1.311E+04 1.965E+07 6.939E+08
38 4.696E+04 3.760E+07 1.328E+09 1.254E+04 1.880E+07 6.640E+08
39 4.494E+04 3.598E+07 1.271E+09 1.200E+04 1.799E+07 6.354E+08
40 4.300E+04 3.444E+07 1.216E+09 1.149E+04 1.722E+07 6.080E+08
41 4.115E+04 3.295E+07 1.164E+09 1.099E+04 1.648E+07 5.819E+08
42 3.938E+04 3.153E+07 1.114E+09 1.052E+04 1.577E+07 5.568E+08
43 3.769E+04 3.018E+07 1.066E+09 1.007E+04 1.509E+07 5.329E+08
44 3.606E+04 2.888E+07 1.020E+09 9.633E+03 1.444E+07 5.099E+08
45 3.451E+04 2.764E+07 9.759E+08 9.218E+03 1.382E+07 4.880E+08
46 3.303E+04 2.645E+07 9.339E+08 8.822E+03 1.322E+07 4.670E+08
47 3.160E+04 2.531E+07 8.937E+08 8.442E+03 1.265E+07 4.469E+08
48 3.024E+04 2.422E+07 8.553E+08 8.078E+03 1.211E+07 4.276E+08
49 2.894E+04 2.318E+07 8.184E+08 7.731E+03 1.159E+07 4.092E+08

MethaneTotal landfill gas
Year

REPORT - 8



Samra Land GEM bps mod R3 23Oct2014.xlsm 11/5/2014

Results (Continued)

(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)
50 2.770E+04 2.218E+07 7.832E+08 7.398E+03 1.109E+07 3.916E+08
51 2.650E+04 2.122E+07 7.495E+08 7.080E+03 1.061E+07 3.747E+08
52 2.536E+04 2.031E+07 7.172E+08 6.775E+03 1.015E+07 3.586E+08
53 2.427E+04 1.944E+07 6.864E+08 6.483E+03 9.718E+06 3.432E+08
54 2.323E+04 1.860E+07 6.568E+08 6.204E+03 9.299E+06 3.284E+08
55 2.223E+04 1.780E+07 6.285E+08 5.937E+03 8.899E+06 3.143E+08
56 2.127E+04 1.703E+07 6.015E+08 5.681E+03 8.516E+06 3.007E+08
57 2.035E+04 1.630E+07 5.756E+08 5.437E+03 8.149E+06 2.878E+08
58 1.948E+04 1.560E+07 5.508E+08 5.203E+03 7.799E+06 2.754E+08
59 1.864E+04 1.493E+07 5.271E+08 4.979E+03 7.463E+06 2.636E+08
60 1.784E+04 1.428E+07 5.044E+08 4.765E+03 7.142E+06 2.522E+08
61 1.707E+04 1.367E+07 4.827E+08 4.559E+03 6.834E+06 2.414E+08
62 1.633E+04 1.308E+07 4.619E+08 4.363E+03 6.540E+06 2.310E+08
63 1.563E+04 1.252E+07 4.420E+08 4.175E+03 6.259E+06 2.210E+08
64 1.496E+04 1.198E+07 4.230E+08 3.996E+03 5.989E+06 2.115E+08
65 1.431E+04 1.146E+07 4.048E+08 3.824E+03 5.731E+06 2.024E+08
66 1.370E+04 1.097E+07 3.874E+08 3.659E+03 5.485E+06 1.937E+08
67 1.311E+04 1.050E+07 3.707E+08 3.502E+03 5.249E+06 1.854E+08
68 1.254E+04 1.005E+07 3.547E+08 3.351E+03 5.023E+06 1.774E+08
69 1.200E+04 9.613E+06 3.395E+08 3.207E+03 4.806E+06 1.697E+08
70 1.149E+04 9.199E+06 3.249E+08 3.069E+03 4.600E+06 1.624E+08
71 1.099E+04 8.803E+06 3.109E+08 2.936E+03 4.402E+06 1.554E+08
72 1.052E+04 8.424E+06 2.975E+08 2.810E+03 4.212E+06 1.487E+08
73 1.007E+04 8.061E+06 2.847E+08 2.689E+03 4.031E+06 1.423E+08
74 9.634E+03 7.714E+06 2.724E+08 2.573E+03 3.857E+06 1.362E+08
75 9.219E+03 7.382E+06 2.607E+08 2.463E+03 3.691E+06 1.304E+08
76 8.822E+03 7.065E+06 2.495E+08 2.357E+03 3.532E+06 1.247E+08
77 8.443E+03 6.760E+06 2.387E+08 2.255E+03 3.380E+06 1.194E+08
78 8.079E+03 6.469E+06 2.285E+08 2.158E+03 3.235E+06 1.142E+08
79 7.731E+03 6.191E+06 2.186E+08 2.065E+03 3.095E+06 1.093E+08
80 7.399E+03 5.924E+06 2.092E+08 1.976E+03 2.962E+06 1.046E+08
81 7.080E+03 5.669E+06 2.002E+08 1.891E+03 2.835E+06 1.001E+08
82 6.775E+03 5.425E+06 1.916E+08 1.810E+03 2.713E+06 9.580E+07
83 6.484E+03 5.192E+06 1.834E+08 1.732E+03 2.596E+06 9.168E+07
84 6.205E+03 4.968E+06 1.755E+08 1.657E+03 2.484E+06 8.773E+07
85 5.938E+03 4.755E+06 1.679E+08 1.586E+03 2.377E+06 8.395E+07
86 5.682E+03 4.550E+06 1.607E+08 1.518E+03 2.275E+06 8.034E+07
87 5.437E+03 4.354E+06 1.538E+08 1.452E+03 2.177E+06 7.688E+07
88 5.203E+03 4.167E+06 1.471E+08 1.390E+03 2.083E+06 7.357E+07
89 4.979E+03 3.987E+06 1.408E+08 1.330E+03 1.994E+06 7.040E+07
90 4.765E+03 3.816E+06 1.347E+08 1.273E+03 1.908E+06 6.737E+07
91 4.560E+03 3.651E+06 1.289E+08 1.218E+03 1.826E+06 6.447E+07
92 4.364E+03 3.494E+06 1.234E+08 1.166E+03 1.747E+06 6.170E+07
93 4.176E+03 3.344E+06 1.181E+08 1.115E+03 1.672E+06 5.904E+07
94 3.996E+03 3.200E+06 1.130E+08 1.067E+03 1.600E+06 5.650E+07
95 3.824E+03 3.062E+06 1.081E+08 1.021E+03 1.531E+06 5.407E+07
96 3.659E+03 2.930E+06 1.035E+08 9.775E+02 1.465E+06 5.174E+07
97 3.502E+03 2.804E+06 9.903E+07 9.354E+02 1.402E+06 4.951E+07
98 3.351E+03 2.683E+06 9.477E+07 8.951E+02 1.342E+06 4.738E+07
99 3.207E+03 2.568E+06 9.069E+07 8.566E+02 1.284E+06 4.534E+07

100 3.069E+03 2.457E+06 8.678E+07 8.197E+02 1.229E+06 4.339E+07

Year
MethaneTotal landfill gas
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Results (Continued)

(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)
101 2.937E+03 2.352E+06 8.305E+07 7.844E+02 1.176E+06 4.152E+07
102 2.810E+03 2.250E+06 7.947E+07 7.507E+02 1.125E+06 3.974E+07
103 2.689E+03 2.154E+06 7.605E+07 7.184E+02 1.077E+06 3.803E+07
104 2.574E+03 2.061E+06 7.278E+07 6.874E+02 1.030E+06 3.639E+07
105 2.463E+03 1.972E+06 6.964E+07 6.578E+02 9.860E+05 3.482E+07
106 2.357E+03 1.887E+06 6.665E+07 6.295E+02 9.436E+05 3.332E+07
107 2.255E+03 1.806E+06 6.378E+07 6.024E+02 9.030E+05 3.189E+07
108 2.158E+03 1.728E+06 6.103E+07 5.765E+02 8.641E+05 3.052E+07
109 2.065E+03 1.654E+06 5.841E+07 5.517E+02 8.269E+05 2.920E+07
110 1.976E+03 1.583E+06 5.589E+07 5.279E+02 7.913E+05 2.795E+07
111 1.891E+03 1.515E+06 5.349E+07 5.052E+02 7.573E+05 2.674E+07
112 1.810E+03 1.449E+06 5.118E+07 4.835E+02 7.247E+05 2.559E+07
113 1.732E+03 1.387E+06 4.898E+07 4.626E+02 6.935E+05 2.449E+07
114 1.657E+03 1.327E+06 4.687E+07 4.427E+02 6.636E+05 2.344E+07
115 1.586E+03 1.270E+06 4.485E+07 4.237E+02 6.350E+05 2.243E+07
116 1.518E+03 1.215E+06 4.292E+07 4.054E+02 6.077E+05 2.146E+07
117 1.453E+03 1.163E+06 4.108E+07 3.880E+02 5.816E+05 2.054E+07
118 1.390E+03 1.113E+06 3.931E+07 3.713E+02 5.565E+05 1.965E+07
119 1.330E+03 1.065E+06 3.762E+07 3.553E+02 5.326E+05 1.881E+07
120 1.273E+03 1.019E+06 3.600E+07 3.400E+02 5.096E+05 1.800E+07
121 1.218E+03 9.754E+05 3.445E+07 3.254E+02 4.877E+05 1.722E+07
122 1.166E+03 9.334E+05 3.296E+07 3.114E+02 4.667E+05 1.648E+07
123 1.115E+03 8.932E+05 3.154E+07 2.980E+02 4.466E+05 1.577E+07
124 1.067E+03 8.548E+05 3.019E+07 2.851E+02 4.274E+05 1.509E+07
125 1.022E+03 8.180E+05 2.889E+07 2.729E+02 4.090E+05 1.444E+07
126 9.776E+02 7.828E+05 2.764E+07 2.611E+02 3.914E+05 1.382E+07
127 9.355E+02 7.491E+05 2.645E+07 2.499E+02 3.745E+05 1.323E+07
128 8.952E+02 7.168E+05 2.532E+07 2.391E+02 3.584E+05 1.266E+07
129 8.567E+02 6.860E+05 2.423E+07 2.288E+02 3.430E+05 1.211E+07
130 8.198E+02 6.565E+05 2.318E+07 2.190E+02 3.282E+05 1.159E+07
131 7.845E+02 6.282E+05 2.218E+07 2.095E+02 3.141E+05 1.109E+07
132 7.507E+02 6.012E+05 2.123E+07 2.005E+02 3.006E+05 1.061E+07
133 7.184E+02 5.753E+05 2.032E+07 1.919E+02 2.876E+05 1.016E+07
134 6.875E+02 5.505E+05 1.944E+07 1.836E+02 2.753E+05 9.721E+06
135 6.579E+02 5.268E+05 1.860E+07 1.757E+02 2.634E+05 9.302E+06
136 6.296E+02 5.041E+05 1.780E+07 1.682E+02 2.521E+05 8.902E+06
137 6.025E+02 4.824E+05 1.704E+07 1.609E+02 2.412E+05 8.519E+06
138 5.765E+02 4.617E+05 1.630E+07 1.540E+02 2.308E+05 8.152E+06
139 5.517E+02 4.418E+05 1.560E+07 1.474E+02 2.209E+05 7.801E+06
140 5.280E+02 4.228E+05 1.493E+07 1.410E+02 2.114E+05 7.465E+06

Methane
Year

Total landfill gas
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Results (Continued)

Year
(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)

0 0 0 0 0 0 0
1 2.379E+03 1.300E+06 4.590E+07 3.727E+01 1.040E+04 3.672E+05
2 4.752E+03 2.596E+06 9.167E+07 7.444E+01 2.077E+04 7.334E+05
3 7.085E+03 3.871E+06 1.367E+08 1.110E+02 3.097E+04 1.094E+06
4 9.380E+03 5.124E+06 1.810E+08 1.469E+02 4.099E+04 1.448E+06
5 1.164E+04 6.359E+06 2.246E+08 1.823E+02 5.087E+04 1.796E+06
6 1.386E+04 7.574E+06 2.675E+08 2.172E+02 6.059E+04 2.140E+06
7 1.606E+04 8.772E+06 3.098E+08 2.516E+02 7.018E+04 2.478E+06
8 1.823E+04 9.958E+06 3.517E+08 2.855E+02 7.966E+04 2.813E+06
9 2.038E+04 1.113E+07 3.931E+08 3.192E+02 8.905E+04 3.145E+06
10 2.250E+04 1.229E+07 4.342E+08 3.525E+02 9.835E+04 3.473E+06
11 2.461E+04 1.344E+07 4.748E+08 3.855E+02 1.076E+05 3.798E+06
12 2.670E+04 1.458E+07 5.151E+08 4.182E+02 1.167E+05 4.121E+06
13 2.870E+04 1.568E+07 5.536E+08 4.495E+02 1.254E+05 4.429E+06
14 3.061E+04 1.672E+07 5.905E+08 4.795E+02 1.338E+05 4.724E+06
15 3.244E+04 1.772E+07 6.258E+08 5.081E+02 1.418E+05 5.006E+06
16 3.419E+04 1.868E+07 6.595E+08 5.356E+02 1.494E+05 5.276E+06
17 3.586E+04 1.959E+07 6.919E+08 5.618E+02 1.567E+05 5.535E+06
18 3.746E+04 2.047E+07 7.228E+08 5.869E+02 1.637E+05 5.782E+06
19 3.900E+04 2.131E+07 7.524E+08 6.109E+02 1.704E+05 6.019E+06
20 4.047E+04 2.211E+07 7.807E+08 6.339E+02 1.769E+05 6.246E+06
21 4.187E+04 2.287E+07 8.078E+08 6.559E+02 1.830E+05 6.462E+06
22 4.322E+04 2.361E+07 8.337E+08 6.770E+02 1.889E+05 6.670E+06
23 4.450E+04 2.431E+07 8.586E+08 6.972E+02 1.945E+05 6.869E+06
24 4.573E+04 2.498E+07 8.823E+08 7.164E+02 1.999E+05 7.059E+06
25 4.691E+04 2.563E+07 9.050E+08 7.349E+02 2.050E+05 7.240E+06
26 4.804E+04 2.624E+07 9.268E+08 7.526E+02 2.100E+05 7.414E+06
27 4.912E+04 2.683E+07 9.476E+08 7.695E+02 2.147E+05 7.581E+06
28 5.015E+04 2.740E+07 9.675E+08 7.856E+02 2.192E+05 7.740E+06
29 5.114E+04 2.794E+07 9.866E+08 8.011E+02 2.235E+05 7.893E+06
30 4.894E+04 2.673E+07 9.441E+08 7.666E+02 2.139E+05 7.553E+06
31 4.683E+04 2.558E+07 9.035E+08 7.336E+02 2.047E+05 7.228E+06
32 4.481E+04 2.448E+07 8.646E+08 7.020E+02 1.959E+05 6.917E+06
33 4.289E+04 2.343E+07 8.274E+08 6.718E+02 1.874E+05 6.619E+06
34 4.104E+04 2.242E+07 7.918E+08 6.429E+02 1.794E+05 6.334E+06
35 3.927E+04 2.145E+07 7.577E+08 6.152E+02 1.716E+05 6.061E+06
36 3.758E+04 2.053E+07 7.251E+08 5.887E+02 1.643E+05 5.800E+06
37 3.596E+04 1.965E+07 6.939E+08 5.634E+02 1.572E+05 5.551E+06
38 3.442E+04 1.880E+07 6.640E+08 5.392E+02 1.504E+05 5.312E+06
39 3.294E+04 1.799E+07 6.354E+08 5.159E+02 1.439E+05 5.083E+06
40 3.152E+04 1.722E+07 6.080E+08 4.937E+02 1.377E+05 4.864E+06
41 3.016E+04 1.648E+07 5.819E+08 4.725E+02 1.318E+05 4.655E+06
42 2.886E+04 1.577E+07 5.568E+08 4.521E+02 1.261E+05 4.455E+06
43 2.762E+04 1.509E+07 5.329E+08 4.327E+02 1.207E+05 4.263E+06
44 2.643E+04 1.444E+07 5.099E+08 4.141E+02 1.155E+05 4.079E+06
45 2.529E+04 1.382E+07 4.880E+08 3.962E+02 1.105E+05 3.904E+06
46 2.420E+04 1.322E+07 4.670E+08 3.792E+02 1.058E+05 3.736E+06
47 2.316E+04 1.265E+07 4.469E+08 3.629E+02 1.012E+05 3.575E+06
48 2.217E+04 1.211E+07 4.276E+08 3.472E+02 9.687E+04 3.421E+06
49 2.121E+04 1.159E+07 4.092E+08 3.323E+02 9.270E+04 3.274E+06

Carbon dioxide NMOC
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Results (Continued)

(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)
50 2.030E+04 1.109E+07 3.916E+08 3.180E+02 8.871E+04 3.133E+06
51 1.942E+04 1.061E+07 3.747E+08 3.043E+02 8.489E+04 2.998E+06
52 1.859E+04 1.015E+07 3.586E+08 2.912E+02 8.124E+04 2.869E+06
53 1.779E+04 9.718E+06 3.432E+08 2.787E+02 7.774E+04 2.745E+06
54 1.702E+04 9.299E+06 3.284E+08 2.667E+02 7.440E+04 2.627E+06
55 1.629E+04 8.899E+06 3.143E+08 2.552E+02 7.119E+04 2.514E+06
56 1.559E+04 8.516E+06 3.007E+08 2.442E+02 6.813E+04 2.406E+06
57 1.492E+04 8.149E+06 2.878E+08 2.337E+02 6.520E+04 2.302E+06
58 1.428E+04 7.799E+06 2.754E+08 2.236E+02 6.239E+04 2.203E+06
59 1.366E+04 7.463E+06 2.636E+08 2.140E+02 5.970E+04 2.108E+06
60 1.307E+04 7.142E+06 2.522E+08 2.048E+02 5.713E+04 2.018E+06
61 1.251E+04 6.834E+06 2.414E+08 1.960E+02 5.467E+04 1.931E+06
62 1.197E+04 6.540E+06 2.310E+08 1.875E+02 5.232E+04 1.848E+06
63 1.146E+04 6.259E+06 2.210E+08 1.795E+02 5.007E+04 1.768E+06
64 1.096E+04 5.989E+06 2.115E+08 1.717E+02 4.791E+04 1.692E+06
65 1.049E+04 5.731E+06 2.024E+08 1.644E+02 4.585E+04 1.619E+06
66 1.004E+04 5.485E+06 1.937E+08 1.573E+02 4.388E+04 1.550E+06
67 9.607E+03 5.249E+06 1.854E+08 1.505E+02 4.199E+04 1.483E+06
68 9.194E+03 5.023E+06 1.774E+08 1.440E+02 4.018E+04 1.419E+06
69 8.798E+03 4.806E+06 1.697E+08 1.378E+02 3.845E+04 1.358E+06
70 8.419E+03 4.600E+06 1.624E+08 1.319E+02 3.680E+04 1.299E+06
71 8.057E+03 4.402E+06 1.554E+08 1.262E+02 3.521E+04 1.244E+06
72 7.710E+03 4.212E+06 1.487E+08 1.208E+02 3.370E+04 1.190E+06
73 7.378E+03 4.031E+06 1.423E+08 1.156E+02 3.225E+04 1.139E+06
74 7.061E+03 3.857E+06 1.362E+08 1.106E+02 3.086E+04 1.090E+06
75 6.757E+03 3.691E+06 1.304E+08 1.058E+02 2.953E+04 1.043E+06
76 6.466E+03 3.532E+06 1.247E+08 1.013E+02 2.826E+04 9.979E+05
77 6.188E+03 3.380E+06 1.194E+08 9.693E+01 2.704E+04 9.550E+05
78 5.921E+03 3.235E+06 1.142E+08 9.276E+01 2.588E+04 9.139E+05
79 5.666E+03 3.095E+06 1.093E+08 8.877E+01 2.476E+04 8.745E+05
80 5.422E+03 2.962E+06 1.046E+08 8.494E+01 2.370E+04 8.369E+05
81 5.189E+03 2.835E+06 1.001E+08 8.129E+01 2.268E+04 8.009E+05
82 4.966E+03 2.713E+06 9.580E+07 7.779E+01 2.170E+04 7.664E+05
83 4.752E+03 2.596E+06 9.168E+07 7.444E+01 2.077E+04 7.334E+05
84 4.547E+03 2.484E+06 8.773E+07 7.124E+01 1.987E+04 7.018E+05
85 4.352E+03 2.377E+06 8.395E+07 6.817E+01 1.902E+04 6.716E+05
86 4.164E+03 2.275E+06 8.034E+07 6.524E+01 1.820E+04 6.427E+05
87 3.985E+03 2.177E+06 7.688E+07 6.243E+01 1.742E+04 6.150E+05
88 3.813E+03 2.083E+06 7.357E+07 5.974E+01 1.667E+04 5.886E+05
89 3.649E+03 1.994E+06 7.040E+07 5.717E+01 1.595E+04 5.632E+05
90 3.492E+03 1.908E+06 6.737E+07 5.471E+01 1.526E+04 5.390E+05
91 3.342E+03 1.826E+06 6.447E+07 5.235E+01 1.461E+04 5.158E+05
92 3.198E+03 1.747E+06 6.170E+07 5.010E+01 1.398E+04 4.936E+05
93 3.060E+03 1.672E+06 5.904E+07 4.794E+01 1.338E+04 4.723E+05
94 2.929E+03 1.600E+06 5.650E+07 4.588E+01 1.280E+04 4.520E+05
95 2.803E+03 1.531E+06 5.407E+07 4.390E+01 1.225E+04 4.325E+05
96 2.682E+03 1.465E+06 5.174E+07 4.201E+01 1.172E+04 4.139E+05
97 2.566E+03 1.402E+06 4.951E+07 4.021E+01 1.122E+04 3.961E+05
98 2.456E+03 1.342E+06 4.738E+07 3.847E+01 1.073E+04 3.791E+05
99 2.350E+03 1.284E+06 4.534E+07 3.682E+01 1.027E+04 3.627E+05

100 2.249E+03 1.229E+06 4.339E+07 3.523E+01 9.830E+03 3.471E+05

NMOCCarbon dioxide
Year
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Results (Continued)

(Mg/year) (m 3 /year) (ft^3/year) (Mg/year) (m 3 /year) (ft^3/year)
101 2.152E+03 1.176E+06 4.152E+07 3.372E+01 9.406E+03 3.322E+05
102 2.060E+03 1.125E+06 3.974E+07 3.227E+01 9.001E+03 3.179E+05
103 1.971E+03 1.077E+06 3.803E+07 3.088E+01 8.614E+03 3.042E+05
104 1.886E+03 1.030E+06 3.639E+07 2.955E+01 8.243E+03 2.911E+05
105 1.805E+03 9.860E+05 3.482E+07 2.828E+01 7.888E+03 2.786E+05
106 1.727E+03 9.436E+05 3.332E+07 2.706E+01 7.549E+03 2.666E+05
107 1.653E+03 9.030E+05 3.189E+07 2.589E+01 7.224E+03 2.551E+05
108 1.582E+03 8.641E+05 3.052E+07 2.478E+01 6.913E+03 2.441E+05
109 1.514E+03 8.269E+05 2.920E+07 2.371E+01 6.615E+03 2.336E+05
110 1.449E+03 7.913E+05 2.795E+07 2.269E+01 6.331E+03 2.236E+05
111 1.386E+03 7.573E+05 2.674E+07 2.171E+01 6.058E+03 2.139E+05
112 1.326E+03 7.247E+05 2.559E+07 2.078E+01 5.797E+03 2.047E+05
113 1.269E+03 6.935E+05 2.449E+07 1.989E+01 5.548E+03 1.959E+05
114 1.215E+03 6.636E+05 2.344E+07 1.903E+01 5.309E+03 1.875E+05
115 1.162E+03 6.350E+05 2.243E+07 1.821E+01 5.080E+03 1.794E+05
116 1.112E+03 6.077E+05 2.146E+07 1.743E+01 4.862E+03 1.717E+05
117 1.065E+03 5.816E+05 2.054E+07 1.668E+01 4.652E+03 1.643E+05
118 1.019E+03 5.565E+05 1.965E+07 1.596E+01 4.452E+03 1.572E+05
119 9.749E+02 5.326E+05 1.881E+07 1.527E+01 4.261E+03 1.505E+05
120 9.329E+02 5.096E+05 1.800E+07 1.461E+01 4.077E+03 1.440E+05
121 8.927E+02 4.877E+05 1.722E+07 1.399E+01 3.902E+03 1.378E+05
122 8.543E+02 4.667E+05 1.648E+07 1.338E+01 3.734E+03 1.319E+05
123 8.175E+02 4.466E+05 1.577E+07 1.281E+01 3.573E+03 1.262E+05
124 7.823E+02 4.274E+05 1.509E+07 1.226E+01 3.419E+03 1.207E+05
125 7.487E+02 4.090E+05 1.444E+07 1.173E+01 3.272E+03 1.155E+05
126 7.164E+02 3.914E+05 1.382E+07 1.122E+01 3.131E+03 1.106E+05
127 6.856E+02 3.745E+05 1.323E+07 1.074E+01 2.996E+03 1.058E+05
128 6.561E+02 3.584E+05 1.266E+07 1.028E+01 2.867E+03 1.013E+05
129 6.278E+02 3.430E+05 1.211E+07 9.836E+00 2.744E+03 9.690E+04
130 6.008E+02 3.282E+05 1.159E+07 9.412E+00 2.626E+03 9.273E+04
131 5.750E+02 3.141E+05 1.109E+07 9.007E+00 2.513E+03 8.874E+04
132 5.502E+02 3.006E+05 1.061E+07 8.619E+00 2.405E+03 8.492E+04
133 5.265E+02 2.876E+05 1.016E+07 8.248E+00 2.301E+03 8.126E+04
134 5.039E+02 2.753E+05 9.721E+06 7.893E+00 2.202E+03 7.777E+04
135 4.822E+02 2.634E+05 9.302E+06 7.553E+00 2.107E+03 7.442E+04
136 4.614E+02 2.521E+05 8.902E+06 7.228E+00 2.017E+03 7.121E+04
137 4.416E+02 2.412E+05 8.519E+06 6.917E+00 1.930E+03 6.815E+04
138 4.225E+02 2.308E+05 8.152E+06 6.619E+00 1.847E+03 6.522E+04
139 4.044E+02 2.209E+05 7.801E+06 6.334E+00 1.767E+03 6.241E+04
140 3.869E+02 2.114E+05 7.465E+06 6.062E+00 1.691E+03 5.972E+04

NMOC
Year

Carbon dioxide
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PILOT STUDY 
BIOSOLIDS CALORIFIC VALUE DEGRADATION
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1 

As Samra Biosolids Management Feasibility Study 
Biosolids Calorific Value Degradation Pilot 

 
In October 2013, AECOM initiated a pilot study onsite at the 
As Samra Wastewater Treatment Plant in order to better 
understand and confirm assumptions on calorific values of 
biosolids and calorific degradation during the sludge drying 
process.  As is evident from the pilot data below, the study 
confirmed that significant calorific value exists in the 
biosolids for use as an alternate energy source.  The study 
also confirmed that minimal degradation of calorific value 
occurs during the sludge drying process.  
 
 

Time 
(days) 

Unit, % by weight  
CAL. Value, 

(Cal/g) TS TVS, 550 TVS, 950 TFS, 550 TFS, 950 MC 
0 18 66.6 71.3 33.4 28.7 82 3865 

28 23.7 65.1 69.4 34.9 30.6 76.3 4041 

60 26.7 64.8 69.5 35.2 30.5 73.3 3684 

89 31.4 63 68 37 37 68.6 3680 

132 52.08 60.94 68.89 39.06 31.11 47.92 3616 

160 90.26 62.6 67.9 37.4 32.1 9.74 3353 

189 90.6 63.2 68.6 36.8 31.4 9.6 3355 
TS = Total Solids, TVS = Total Volatile Solids (temp 0C), TFS = Total Fixed Solids,  
MC = Moisture Content 
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Appendix F - Table 1 - Monofill Infrastructure Cost Estimate 
 

Description Quantity 
  

Unit 
  

Price Unit Extension Price Unit Extension 
Infrastructure  USD JD 
Mobilization/Demobilization 1 LS 30,000.00 $/Unit 30,000 21,270 JD/Unit 21,270 
Access roads and parking 11,840 SQ.M 50.00 $/SQ.M 592,000 35.45 JD/SQ.M 419,728 
Infrastructure lighting 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Site security fencing 670 M 10.00 $/M 6,700 7.09 JD/M 4,750 
Utilities extension 1 LS 75,000.00 $/Unit 75,000 53,175.00 JD/Unit 53,175 
Refurbish site office 1 LS 100,000.00 $/Unit 100,000 70,900.00 JD/Unit 70,900 
Above-Ground fuel dispensary 1 LS 20,000.00 $/Unit 20,000 14,180.00 JD/Unit 14,180 
Leachate evaporation pond 1 LS 80,000.00 $/Unit 80,000 56,720.00 JD/Unit 56,720 
Stormwater management pond 1 LS 75,000.00 $/Unit 75,000 53,175.00 JD/Unit 53,175 
Gas blower / flare / turbine / etc. 1 LS 100,000.00 $/Unit 100,000 70,900.00 JD/Unit 70,900 
Runon diversion channel excavation 3,000 CU.M 5.00 $/SQ.M 15,000 3.55 JD/SQ.M 10,635 
Runon channel lining 885 M 150.00 $/M 132,750 106.35 JD/M 94,120 
Groundwater monitoring wells 3 EA 9,000.00 $/Unit 27,000 6,381.00 JD/Unit 19,143 
Quality assurance 1 LS 100,000.00 $/Unit 100,000 70,900.00 JD/Unit 70,900 
Infrastructure - Subtotal 1,368,450 970,231 
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Appendix F - Table 2 - Cell 1 Construction Estimate 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Cell 1 - Construction 59,606 SQ.M USD JD 
Excavation 356,991 CU.M 5.00 $/CU.M 1,784,955 3.55 JD/CU.M 1,265,533 
Import structural fill - CU.M 6.00 $/CU.M - 4.25 JD/CU.M - 
Install structural fill & rock screening 27,716 CU.M 5.64 $/CU.M 156,367 4.00 JD/CU.M 110,864 
Perimeter anchor trench 715 M 150.00 $/M 107,250 106.35 JD/M 76,040 
300mm thick controller subgrade 17,882 CU.M 5.00 $/CU.M 89,410 3.55 JD/CU.M 63,392 

Liner installer mobilization/demobilization 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Install 60mil HDPE Textured Liner 59,606 SQ.M 2.00 $/SQ.M 119,212 1.42 JD/SQ.M 84,521 
Supply 60mil HDPE Textured Liner 
(install quantity + 12% waste) 66,759 SQ.M 8.00 $/SQ.M 534,072 5.67 JD/SQ.M 378,657 
Install geocomposite drainage layer 59,606 SQ.M 5.00 $/SQ.M 298,030 3.55 JD/SQ.M 211,303 
Supply geocomposite drainage layer 
(install quantity + 4%) 61,990 SQ.M 2.00 $/SQ.M 123,980 1.42 JD/SQ.M 87,902 
Import 700mm thick protective cover 41,724 CU.M 8.00 $/CU.M 333,792 5.67 JD/CU.M 236,659 
Install 700mm thick protective cover 41,724 CU.M 3.00 $/CU.M 125,172 2.13 JD/CU.M 88,747 
Supply and install PVC leachate collection pipes 730 M 50.00 $/M 36,500 35.45 JD/M 25,879 

Supply and install leachate collection sump 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Supply and install leachate riser house 1 LS 50,000.00 $/Unit 50,000 35,450.00 JD/Unit 35,450 
Supply and install 300mm dia. HDPE perimeter 
gas header 850 M 115.00 $/M 97,750 81.54 JD/M 69,305 
Supply and install 150mm Dia. HDPE perimeter 
forcemain 165 M 65.00 $/M 10,725 46.09 JD/M 7,604 
Supply and install perimeter electric 850 M 65.00 $/M 55,250 46.09 JD/M 39,172 

Supply and install perimeter access road 6,435 SQ.M 20.00 $/SQ.M 128,700 14.18 JD/SQ.M 91,248 

Supply and install perimeter channel liner 715 M 200.00 $/M 143,000 141.80 JD/M 101,387 
Quality assurance survey 5.96 HA 50,000.00 $/HA 298,030 35,450.00 JD/HA 211,303 
Cell Construction - Subtotal 4,522,195 3,206,236 
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Appendix F - Table 3 - Cell 2 Construction Estimate 

Description Quantity Unit Price Unit Extension Price Unit Extension 
Cell 2 - Construction 31,324 SQ.M USD JD 
Excavation 131,336 CU.M 5.00 $/CU.M 656,680 3.55 JD/CU.M 465,586 
Import structural fill - CU.M 6.00 $/CU.M - 4.25 JD/CU.M - 
Install structural fill & rock screening 2,716 CU.M 5.64 $/CU.M 15,323 4.00 JD/CU.M 10,864 
Perimeter anchor trench 180 M 150.00 $/M 27,000 106.35 JD/M 19,143 
300mm thick controller subgrade 9,397 CU.M 5.00 $/CU.M 46,985 3.55 JD/CU.M 33,312 

Liner installer mobilization/demobilization 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Install 60mil HDPE Textured Liner 31,324 SQ.M 2.00 $/SQ.M 62,648 1.42 JD/SQ.M 44,417 
Supply 60mil HDPE Textured Liner 
(install quantity + 12% waste) 35,083 SQ.M 8.00 $/SQ.M 280,664 5.67 JD/SQ.M 198,991 
Install geocomposite drainage layer 31,324 SQ.M 5.00 $/SQ.M 156,620 3.55 JD/SQ.M 111,044 
Supply geocomposite drainage layer 
(install quantity + 4%) 32,577 SQ.M 2.00 $/SQ.M 65,154 1.42 JD/SQ.M 46,194 
Import 700mm thick protective cover 21,927 CU.M 8.00 $/CU.M 175,416 5.67 JD/CU.M 124,370 
Install 700mm thick protective cover 21,927 CU.M 3.00 $/CU.M 65,781 2.13 JD/CU.M 46,639 

Supply and install PVC leachate collection pipes 530 M 50.00 $/M 26,500 35.45 JD/M 18,789 
Supply and install leachate collection sump 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Supply and install leachate riser house 1 LS 50,000.00 $/Unit 50,000 35,450.00 JD/Unit 35,450 
Supply and install 300mm dia. HDPE perimeter 
gas header 100 M 115.00 $/M 11,500 81.54 JD/M 8,154 
Supply and install 150mm Dia. HDPE perimeter 
forcemain 100 M 65.00 $/M 6,500 46.09 JD/M 4,609 
Supply and install perimeter electric 100 M 65.00 $/M 6,500 46.09 JD/M 4,609 
Supply and install perimeter access road 1,620 SQ.M 20.00 $/SQ.M 32,400 14.18 JD/SQ.M 22,972 

Supply and install perimeter channel liner 180 M 200.00 $/M 36,000 141.80 JD/M 25,524 
Quality assurance survey 3.13 HA 50,000.00 $/HA 156,620 35,450.00 JD/HA 111,044 
Cell Construction - Subtotal 1,908,291 1,352,978 
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Appendix F - Table 4 - Cell 3 Construction Cost Estimate 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Cell 3 - Construction 46,481 SQ.M USD JD 
Excavation 268,952 CU.M 5.00 $/CU.M 1,344,760 3.55 JD/CU.M 953,435 
Import structural fill - CU.M 6.00 $/CU.M - 4.25 JD/CU.M - 
Install structural fill & rock screening 11,811 CU.M 5.64 $/CU.M 66,635 4.00 JD/CU.M 47,244 
Perimeter anchor trench 228 M 150.00 $/M 34,200 106.35 JD/M 24,248 
300mm thick controller subgrade 13,944 CU.M 5.00 $/CU.M 69,720 3.55 JD/CU.M 49,431 

Liner installer mobilization/demobilization 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Install 60mil HDPE Textured Liner 46,481 SQ.M 2.00 $/SQ.M 92,962 1.42 JD/SQ.M 65,910 
Supply 60mil HDPE Textured Liner 
(install quantity + 12% waste) 52,059 SQ.M 8.00 $/SQ.M 416,472 5.67 JD/SQ.M 295,279 
Install geocomposite drainage layer 46,481 SQ.M 5.00 $/SQ.M 232,405 3.55 JD/SQ.M 164,775 
Supply geocomposite drainage layer 
(install quantity + 4%) 48,340 SQ.M 2.00 $/SQ.M 96,680 1.42 JD/SQ.M 68,546 
Import 700mm thick protective cover 32,537 CU.M 8.00 $/CU.M 260,296 5.67 JD/CU.M 184,550 
Install 700mm thick protective cover 32,537 CU.M 3.00 $/CU.M 97,611 2.13 JD/CU.M 69,206 
Supply and install PVC leachate collection pipes 620 M 50.00 $/M 31,000 35.45 JD/M 21,979 

Supply and install leachate collection sump 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Supply and install leachate riser house 1 LS 50,000.00 $/Unit 50,000 35,450.00 JD/Unit 35,450 
Supply and install 300mm dia. HDPE perimeter 
gas header 255 M 115.00 $/M 29,325 81.54 JD/M 20,791 
Supply and install 150mm Dia. HDPE perimeter 
forcemain 130 M 65.00 $/M 8,450 46.09 JD/M 5,991 
Supply and install perimeter electric 130 M 65.00 $/M 8,450 46.09 JD/M 5,991 

Supply and install perimeter access road 2,052 SQ.M 20.00 $/SQ.M 41,040 14.18 JD/SQ.M 29,097 
Supply and install perimeter channel liner 228 M 200.00 $/M 45,600 141.80 JD/M 32,330 
Quality assurance survey 4.65 HA 50,000.00 $/HA 232,405 35,450.00 JD/HA 164,775 
Cell Construction - Subtotal 

    
3,188,011 

  
2,260,300 
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Appendix F - Table 5 - Cell 4 Construction Cost Estimate 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Cell 4 - Construction 27,916 SQ.M USD JD 
Excavation 168,905 CU.M 5.00 $/CU.M 844,525 3.55 JD/CU.M 598,768 
Import structural fill - CU.M 6.00 $/CU.M - 4.25 JD/CU.M - 
Install structural fill & rock screening 14,925 CU.M 5.64 $/CU.M 84,203 4.00 JD/CU.M 59,700 
Perimeter anchor trench 165 M 150.00 $/M 24,750 106.35 JD/M 17,548 
300mm thick controller subgrade 8,375 CU.M 5.00 $/CU.M 41,875 3.55 JD/CU.M 29,689 

Liner installer mobilization/demobilization 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Install 60mil HDPE Textured Liner 27,916 SQ.M 2.00 $/SQ.M 55,832 1.42 JD/SQ.M 39,585 
Supply 60mil HDPE Textured Liner 
(install quantity + 12% waste) 31,266 SQ.M 8.00 $/SQ.M 250,128 5.67 JD/SQ.M 177,341 
Install geocomposite drainage layer 27,916 SQ.M 5.00 $/SQ.M 139,580 3.55 JD/SQ.M 98,962 
Supply geocomposite drainage layer 
(install quantity + 4%) 29,033 SQ.M 2.00 $/SQ.M 58,066 1.42 JD/SQ.M 41,169 
Import 700mm thick protective cover 19,541 CU.M 8.00 $/CU.M 156,328 5.67 JD/CU.M 110,837 
Install 700mm thick protective cover 19,541 CU.M 3.00 $/CU.M 58,623 2.13 JD/CU.M 41,564 
Supply and install PVC leachate collection pipes 470 M 50.00 $/M 23,500 35.45 JD/M 16,662 

Supply and install leachate collection sump 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Supply and install leachate riser house 1 LS 50,000.00 $/Unit 50,000 35,450.00 JD/Unit 35,450 
Supply and install 300mm dia. HDPE perimeter 
gas header 145 M 115.00 $/M 16,675 81.54 JD/M 11,823 
Supply and install 150mm Dia. HDPE perimeter 
forcemain 65 M 65.00 $/M 4,225 46.09 JD/M 2,996 
Supply and install perimeter electric 65 M 65.00 $/M 4,225 46.09 JD/M 2,996 
Supply and install perimeter access road 1,485 SQ.M 20.00 $/SQ.M 29,700 14.18 JD/SQ.M 21,057 

Supply and install perimeter channel liner 165 M 200.00 $/M 33,000 141.80 JD/M 23,397 
Quality assurance survey 2.79 HA 50,000.00 $/HA 139,580 35,450.00 JD/HA 98,962 
Cell Construction - Subtotal 2,044,815 1,449,774 
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Appendix F - Table 6 - Cell 5 Construction Cost Estimate 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Cell 5 - Construction 36,081 SQ.M USD JD 
Excavation 127,905 CU.M 5.00 $/CU.M 639,525 3.55 JD/CU.M 453,423 
Import structural fill - CU.M 6.00 $/CU.M - 4.25 JD/CU.M - 
Install structural fill & rock screening 24,541 CU.M 5.64 $/CU.M 138,454 4.00 JD/CU.M 98,164 
Perimeter anchor trench 506 M 150.00 $/M 75,900 106.35 JD/M 53,813 
300mm thick controller subgrade 10,824 CU.M 5.00 $/CU.M 54,120 3.55 JD/CU.M 38,371 

Liner installer mobilization/demobilization 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Install 60mil HDPE Textured Liner 36,081 SQ.M 2.00 $/SQ.M 72,162 1.42 JD/SQ.M 51,163 
Supply 60mil HDPE Textured Liner 
(install quantity + 12% waste) 40,411 SQ.M 8.00 $/SQ.M 323,288 5.67 JD/SQ.M 229,211 
Install geocomposite drainage layer 36,081 SQ.M 5.00 $/SQ.M 180,405 3.55 JD/SQ.M 127,907 
Supply geocomposite drainage layer 
(install quantity + 4%) 37,524 SQ.M 2.00 $/SQ.M 75,048 1.42 JD/SQ.M 53,209 
Import 700mm thick protective cover 25,257 CU.M 8.00 $/CU.M 202,056 5.67 JD/CU.M 143,258 
Install 700mm thick protective cover 25,257 CU.M 3.00 $/CU.M 75,771 2.13 JD/CU.M 53,722 
Supply and install PVC leachate collection pipes 505 M 50.00 $/M 25,250 35.45 JD/M 17,902 

Supply and install leachate collection sump 1 LS 15,000.00 $/Unit 15,000 10,635.00 JD/Unit 10,635 
Supply and install leachate riser house 1 LS 50,000.00 $/Unit 50,000 35,450.00 JD/Unit 35,450 
Supply and install 300mm dia. HDPE perimeter 
gas header 510 M 115.00 $/M 58,650 81.54 JD/M 41,583 
Supply and install 150mm Dia. HDPE perimeter 
forcemain - M 65.00 $/M - 46.09 JD/M - 
Supply and install perimeter electric - M 65.00 $/M - 46.09 JD/M - 

Supply and install perimeter access road 4,554 SQ.M 20.00 $/SQ.M 91,080 14.18 JD/SQ.M 64,576 

Supply and install perimeter channel liner 506 M 200.00 $/M 101,200 141.80 JD/M 71,751 
Quality assurance survey 3.61 HA 50,000.00 $/HA 180,405 35,450.00 JD/HA 127,907 
Cell Construction - Subtotal 

    
2,373,314 

  
1,682,680 
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Appendix F - Table 7 - Phase 1 Estimated Closure Cost 
 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Phase 1 - Closure 0.97 HA USD JD 
Mobilization/Demobilization 1 HA 2,000.00 $/HA 2,000 1,418.00 JD/HA 1,418 
Haul 1200mm ET Cover Soil from 
Stockpile 11,645 CU.M 1.00 $/CU.M 11,645 0.71 JD/CU.M 8,256 
Install 1200mm ET Cover Soil 11,645 CU.M 6.50 $/CU.M 75,691 4.61 JD/CU.M 53,665 
Supply and install Landfill Gas Well 92 M 98.43 $/M 9,074 69.79 JD/M 6,434 
Supply and Install HDPE Landfill Gas 
Collection Pipe and Trench Pipe 231 M 62.62 $/M 14,462 44.40 JD/M 10,254 
Supply 150mm Gravel/Stone/Soil/Mat 
Cover 1,456 CU.M 11.77 $/CU.M 17,132 8.34 JD/CU.M 12,147 
Install 150mm Gravel/Stone/Soil/Mat 
Cover 1,456 CU.M 5.23 $/CU.M 7,613 3.71 JD/CU.M 5,397 
Phase 1 Closure 137,618 97,571 
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Appendix F - Table 8 - Phase 2 Estimated Closure Cost 
 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Phase 2 - Closure 2.66 HA USD JD 
Mobilization/Demobilization 1 HA 2,000.00 $/HA 2,000 1,418.00 JD/HA 1,418 
Haul 1200mm ET Cover Soil from 
Stockpile 31,904 CU.M 1.00 $/CU.M 31,904 0.71 JD/CU.M 22,620 
Install 1200mm ET Cover Soil 31,904 CU.M 6.50 $/CU.M 207,379 4.61 JD/CU.M 147,031 
Supply and install Landfill Gas Well 253 M 98.43 $/M 24,861 69.79 JD/M 17,627 
Supply and Install HDPE Landfill Gas 
Collection Pipe and Trench Pipe 633 M 62.62 $/M 39,624 44.40 JD/M 28,093 
Supply 150mm Gravel/Stone/Soil/Mat 
Cover 3,988 CU.M 11.77 $/CU.M 46,939 8.34 JD/CU.M 33,280 
Install 150mm Gravel/Stone/Soil/Mat 
Cover 3,988 CU.M 5.23 $/CU.M 20,858 3.71 JD/CU.M 14,788 
Phase Closure 373,565 264,858 
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Appendix F - Table 9 - Phase 3 Estimated Closure Cost 
 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Phase 3 - Closure 1.26 HA USD JD 
Mobilization/Demobilization 1 HA 2,000.00 $/HA 2,000 1,418.00 JD/HA 1,418 
Haul 1200mm ET Cover Soil from 
Stockpile 15,148 CU.M 1.00 $/CU.M 15,148 0.71 JD/CU.M 10,740 
Install 1200mm ET Cover Soil 15,148 CU.M 6.50 $/CU.M 98,459 4.61 JD/CU.M 69,808 
Supply and install Landfill Gas Well 120 M 98.43 $/M 11,804 69.79 JD/M 8,369 
Supply and Install HDPE Landfill Gas 
Collection Pipe and Trench Pipe 300 M 62.62 $/M 18,813 44.40 JD/M 13,338 
Supply 150mm Gravel/Stone/Soil/Mat 
Cover 1,893 CU.M 11.77 $/CU.M 22,286 8.34 JD/CU.M 15,801 
Install 150mm Gravel/Stone/Soil/Mat 
Cover 1,893 CU.M 5.23 $/CU.M 9,903 3.71 JD/CU.M 7,021 
Phase Closure  178,412 126,494 
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Appendix F - Table 10 - Phase 4 Estimated Closure Cost 
 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Phase 4 - Closure 3.52 HA USD JD 
Mobilization/Demobilization 1 HA 2,000.00 $/HA 2,000 1,418.00 JD/HA 1,418 
Haul 1200mm ET Cover Soil from 
Stockpile 42,275 CU.M 1.00 $/CU.M 42,275 0.71 JD/CU.M 29,973 
Install 1200mm ET Cover Soil 42,275 CU.M 6.50 $/CU.M 274,786 4.61 JD/CU.M 194,823 
Supply and install Landfill Gas Well 335 M 98.43 $/M 32,942 69.79 JD/M 23,356 
Supply and Install HDPE Landfill Gas 
Collection Pipe and Trench Pipe 838 M 62.62 $/M 52,504 44.40 JD/M 37,225 
Supply 150mm Gravel/Stone/Soil/Mat 
Cover 5,284 CU.M 11.77 $/CU.M 62,197 8.34 JD/CU.M 44,098 
Install 150mm Gravel/Stone/Soil/Mat 
Cover 5,284 CU.M 5.23 $/CU.M 27,637 3.71 JD/CU.M 19,595 
Phase Closure  494,341 350,488 
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Appendix F - Table 11 - Phase 5 Estimated Closure Cost 
 

Description  Quantity  Unit Price Unit Extension Price Unit Extension 
Phase 5 - Closure 11.72 HA USD JD 
Mobilization/Demobilization 1 HA 2,000.00 $/HA 2,000 1,418.00 JD/HA 1,418 
Haul 1200mm ET Cover Soil from 
Stockpile 140,597 CU.M 1.00 $/CU.M 140,597 0.71 JD/CU.M 99,683 
Install 1200mm ET Cover Soil 140,597 CU.M 6.50 $/CU.M 913,879 4.61 JD/CU.M 647,940 
Supply and install Landfill Gas Well 1,113 M 98.43 $/M 109,558 69.79 JD/M 77,677 
Supply and Install HDPE Landfill Gas 
Collection Pipe and Trench Pipe 2,789 M 62.62 $/M 174,616 44.40 JD/M 123,803 
Supply 150mm Gravel/Stone/Soil/Mat 
Cover 17,575 CU.M 11.77 $/CU.M 206,853 8.34 JD/CU.M 146,659 
Install 150mm Gravel/Stone/Soil/Mat 
Cover 17,575 CU.M 5.23 $/CU.M 91,915 3.71 JD/CU.M 65,168 
Phase Closure 1,639,419 1,162,348 
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Appendix F - Table 12- LFG Collection Equipment Estimated Cost 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Temporary gas wells (50) 1,000,000 1,423,413 709,000 1,009,200 Yrs 5-28 
Temporary Header piping collection 
system 

400,000 569,365 
283,600 

403,680 Yrs 5-28 

Temporary Control system 200,000 284,683 141,800 201,840 Yrs 5-28 
Total 1,600,000 2,277,463 1,134,000 1,614,721  
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Appendix F - Table 13 - LFG Treatment, Processing and Control Equipment Estimated Cost (Options 1, 2 and 3) 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Auxiliary fuel system 50,000 54,799 35,450 38,853 5 
Condensate collection system 50,000 54,799 35,450 38,853 5 
Biological gas treatment 700,000 767,190 496,300 543,938 5 
Electrical components 100,000 109,599 70,900 77,705 5 
Total 900,000 986,388 638,100 699,349  
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Appendix F - Table 14 - LFG Processing and Control Equipment Estimated Cost (Option 4) 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Auxiliary fuel system 50,000 54,799 35,450 38,853 5 
Condensate collection system 50,000 54,799 35,450 38,853 5 
Electrical components 100,000 109,599 70,900 77,705 5 
Total 200,000 219,197 141,800 155,411  
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Appendix F - Table 15 - Electrical Power Connection Cost Estimate 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Generators 2,000 KVA 4,200,000 7,030,622 2,977,800 4,984,711 5-33 
Transformer & switch gear 200,000 219,197 141,800 155,411 5 
Cabling and connection 70,000 76,719 49,630 54,394 5 
Total 4,470,000 7,326,539 3,169,230 5,194,516  
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Appendix F - Table 16 - SEPCO Gas Conveyance Connection Cost Estimate 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Compressor unit to 250 bar 630,000 1,054,594 446,670 747,707 5-33 
S.S pipe small diameter 600,000 657,592    425,400  466,233 5 
Pressure tanks and other accessories 100,000 109,598      70,900  77,705 5 
Total 1,330,000 1,821,784 942,970 1,291,645  
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Appendix F - Table 17 - SPC Gas Conveyance Connection Cost Estimate 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
HDPE Pipe, 300 mm dia 600,000 657,592    425,400  466,233 5 
Blower 7,052 7,729 5,000 5,480 5 
Total 607,052 665,321    429,400  471,713  
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Appendix F - Table 18 - Earthworks Construction Machinery Estimated Cost 
 

Description 
Year 0 Cost 

(USD) 
Adjusted for Escalation 

(USD) 
Year 0 Cost 

(JD) 
Adjusted for Escalation 

(JD) 
Construction 

Year 
Cat D7R Dozer 1,750,050 2,438,186 1,240,785 1,728,674  1-31 
Cat 6 m3 Dump Truck 400,050 557,354 283,635 395,164 1-31 
Cat 724F Wheeled Loader 900,000 1,253,889 638,100  889,007  1-31 
Total 3,050,100 4,249,429 2,162,521 3,012,845   
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Appendix F - Table 19 - Details of Annual O&M Costs 
 

O&M Costs-Annual  Quantity  Unit Price Unit 
Extension 

Year 1 Price Unit 
Extension 

Year 1 
Landfill Operations – 
BioSolids and Soil Placement  USD JD 
Cat D7R Dozer O&M 12 month 1,128.35 $/month 13,540 800.00 JD/month 9,600 
Cat 6 m3 Dump Truck O&M 12 month 1,128.35 $/month 13,540 800.00 JD/month 9,600 
Cat 924F heeled Loader O&M 12 month 3,497.88 $/month 41,975 2,480.00 JD/month 29,760 
Diesel Fuel 264,950 Liters 1.00 $/liter 264,950 0.71 JD/liter 187,850 
Compliance Oversight 5 month 1,396.33 $/month 6,982 990.00 JD/month 4,950 
Compliance Oversight Pickup Truck 12 ea 56.42 $/month 677 40.00 JD/month 480 
Compliance Vehicle Fuel/Maintenance 12 month 197.46 $/month 2,370 140.00 JD/month 1,680 
Soil Stockpile Maintenance 1 ea 10,000.00 $/month 10,000 7,090.00 JD/month 7,090 
Access road Maintenance 1 ea 5,007.05 $/month 5,007 3,550.00 JD/month 3,550 
Access Control Fence/Gates Maintenance 1 ea 2,595.20 $/month 2,595 1,840.00 JD/month 1,840 
Landfill Operations – 
Leachate and Biogas Collection and 
Treatment/Disposal 

  
                

Leachate Pumping Electrical Costs 20 kWh/month 0.12 $/month 2 0.09 JD/month 2 
Leachate Pumping Repair Costs 1 ea 1,001.41 $/month 1,001 710.00 JD/month 710 
LFG Monitoring Equipment (each event) 12.00 ea 98.73 $/month 1,185 70.00 JD/month 840 
  

   363,824  257,951 
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Appendix F - Table 20 - Post Closure One-off O&M Costs 
 

O&M Costs-Post Closure One-off Quantity Unit Price Unit Extension Price Unit Extension 
USD JD 

Equipment Decontamination and Removal 1 LS 35,000 $/month 35,000 24,815 JD/Unit 24,815 
Removal of Support Facilities 1 LS 250,000 $/month 250,000 177,250 JD/Unit 177,250 
Subtotal 

   
 

285,000  
 

202,065 
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Appendix F - Table 21 - Post Closure Annual O&M Costs 
 

O&M Costs-Post Closure-Annual Quantity Unit Price Unit Extension Price Unit Extension 
USD JD 

Quarterly Facility Inspections 4 LS 5,000 $/month 20,000 3,545 JD/Unit 14,180 
Closure Cap Maintenance (3% of Cap 
Area/Year) 0.6 HA 150,000 $/month 90,000 106,350 JD/Unit 63,810 
Quarterly Groundwater 
Monitoring/Analysis/Reporting 4 EVENT 1,000 $/month 4,000 709 JD/Unit 2,836 
Monthly Landfill Gas Well Balancing 12 EVENT 5,000 $/month 60,000 3,545 JD/Unit 42,540 
Annual Gas Flare Stack Testing and 
Maintenance 1 EVENT 15,000 $/month 15,000 10,635 JD/Unit 10,635 
Annual Electricity Cost 1 LS 15,000 $/month 15,000 10,635 JD/Unit 10,635 
Quarterly Leachate 
Monitoring/Analysis/Reporting 4 EVENT 1,000 $/month 4,000 709 JD/Unit 2,836 
Annual Leachate Pumping and Treatment 
Maintenance 1 EVENT 8,000 $/month 8,000 5,672 JD/Unit 5,672 
Quality Assurance and Reporting 1 EVENT 5,000 $/month 5,000 3,545 JD/Unit 3,545 
 

   221,000  156,689 
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Appendix F - Table 22- Human Resources Estimated Costs 
 

Functional Level Monthly 
Basic 
Salary 

Fringe Benefits Monthly 
(JD) 

Annual 
(JD) 

Monthly 
(USD) 

Annual 
(USD) Social 

Security 
Health 

Insurance 

  
13.25% 450 

    Plant O&M manager 1,500 199 38 1,736 20,835 2,449 29,386 
Safety and compliance manager 1,000 133 38 1,170 14,040 1,650 19,803 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Equipment operator 600 80 38 717 8,604 1,011 12,135 
Electrician 600 80 38 717 8,604 1,011 12,135 
Mechanic 600 80 38 717 8,604 1,011 12,135 
Laborer 400 53 38 491 5,886 692 8,302 
Laborer 400 53 38 491 5,886 692 8,302 
Security officer 400 53 38 491 5,886 692 8,302 
Security officer 400 53 38 491 5,886 692 8,302 
Security officer 400 53 38 491 5,886 692 8,302 
Biogas / Leachate technician 900 119 38 1,057 12,681 1,490 17,886 
Biogas / Leachate technician 900 119 38 1,057 12,681 1,490 17,886 
Admin clerk 600 80 38 717 8,604 1,011 12,135 
Admin clerk 600 80 38 717 8,604 1,011 12,135 

19 12,300 1,630 713 14,642 175,707 20,652 247,824 
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Appendix F - Table 23 - Long Term Projection of OPEX 
 

Direct OPEX (thousand JD) 
 Yrs 
1-3  

 Yrs 
4-6   Yrs7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

Annual landfill O&M-non fuel 214 226 239 253 267 282 298 315 333 163 76 
Fuel 572 607 647 690 735 783 836 894 956 333 - 
Post closure one-off costs - - - - - - - - - 331 - 
Post closure annual costs - - - - - - - - - 745 1,170 
Salaries & Benefits 527 603 691 791 905 1,036 1,186 1,358 1,555 1,780 2,038 
Overheads 30 34 39 45 52 59 68 77 88 101 116 
Total OPEX 1,343 1,472 1,617 1,778 1,959 2,161 2,388 2,644 2,932 3,455 3,400 
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Appendix G - Table 1 - WACC - Scenarios 1, 4 
 
Cost of debt 
Bank Interest rate 

 
5.78% 

   Tax rate 
 

20% 
   After-tax cost of debt 

  
4.6% 

  

Debt relative weight in capital structure 
  

70% 
  Relative cost of debt 

   
3.2% 

 Cost of equity 
Calculation of levered Beta 
Unlevered Beta 0.5 

    Tax rate 20% 
    Debt / equity ratio 2.333 
    Levered Beta 

 
1.43 

   Risk-free rate (US Treasury Rate10 yrs) 2.99% 
Technology Risk Premium 3.00% 
Market Risk Premium 

 
5.00% 

   Country Risk premium 
 

6.75% 
   Cost of equity 

  
19.9% 

  
Equity relative weight in capital structure 30.0% 
Relative cost of equity 

   
6.0% 

 WACC 
    

9.21% 
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Appendix G - Table 2 - WACC - Scenarios 2, 3 
 
Cost of debt           
Bank Interest rate   5.78%       
Tax rate   20%       
After-tax cost of debt     4.6%     

Debt relative weight in capital structure     70%     
Relative cost of debt       3.2%   
Cost of equity           
Calculation of levered Beta           
Unlevered Beta 0.5         
Tax rate 20%         

Debt / equity ratio 
      
2.333          

Levered Beta   
            
1.43        

Risk-free rate (US Treasury Rate10 yrs)   2.99%       
Market Risk Premium   5.00%       
Country Risk premium   6.75%       
Cost of equity     16.9%     

Equity relative weight in capital structure     30.0%     
Relative cost of equity       5.1%   
WACC         8.31% 
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Appendix G - Table 3 - Option 1 Forecast Electricity Generated in Gwh 
 
Electricity Production 
Option 1 

 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

Gwh 
               
-    

        
20.01  

        
39.47  

        
62.67  

        
87.05  

     
102.44  

     
118.36  

     
126.14  

     
126.14  

     
105.12  

        
94.61  
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Appendix G - Table 4 - Option 1 projected Income statement under scenario 3 (BOT start year 4) (numbers in million JD) 
 

Income Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Electricity (Gwh) - 20.01 39.47 62.67 87.05 102.44 118.36 126.14 126.14 105.12 94.61 
 Operating Revenues  - 1.20 2.37 3.76 5.22 6.15 7.10 7.57 7.57 6.31 5.68 
 Government support  - 1.08 1.60 0.96 0.40 0.55 0.88 1.93 3.75 7.17 10.38 
 Total revenues  - 2.28 3.96 4.72 5.62 6.70 7.98 9.50 11.32 13.48 16.05 
 Direct OPEX  - 1.47 1.62 1.78 1.96 2.16 2.39 2.64 2.93 3.45 3.40 
 Loan Fees  - 0.03 0.02 0.03 - 0.03 0.02 - 0.02 0.02 0.01 
 EBITDA  - 0.78 2.33 2.91 3.66 4.51 5.57 6.86 8.37 10.00 12.64 
 Depreciation  - 0.50 0.87 1.58 1.87 2.11 2.37 2.56 2.62 3.11 1.82 
 EBIT  - 0.28 1.46 1.33 1.79 2.41 3.20 4.29 5.74 6.89 10.82 
 Interest  - 0.27 0.46 0.72 0.55 0.71 0.56 0.66 0.56 0.45 0.13 
 EBT  - 0.01 1.00 0.61 1.24 1.69 2.64 3.64 5.19 6.45 10.69 
 Tax  - 0.00 0.20 0.12 0.25 0.34 0.53 0.73 1.04 1.29 2.14 
 Net Income  - 0.01 0.80 0.49 0.99 1.35 2.11 2.91 4.15 5.16 8.55 
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Appendix G - Table 5 - Option 1 projected cash flow statement under scenario 3 (BOT start year 4) (numbers in million JD) 
 

Cash Flow Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Cash Flow from Operating activities  
            Net Income  - 0.01 0.80 0.49 0.99 1.35 2.11 2.91 4.15 5.16 8.55 

 Add Depreciation  - 0.50 0.87 1.58 1.87 2.11 2.37 2.56 2.62 3.11 1.82 
 Cash flow from operating activities  - 0.51 1.68 2.07 2.86 3.46 4.48 5.47 6.77 8.26 10.37 
 Cash flow from investing activities  
 Acquisition of CAPEX  - (3.06) (1.21) (3.23) (1.37) (3.00) (3.37) (0.76) (1.85) (2.92) (0.99) 
 Cash flow from investing activities  - (3.06) (1.21) (3.23) (1.37) (3.00) (3.37) (0.76) (1.85) (2.92) (0.99) 
 Cash flow from financing activities  

            Paid in capital injection  - 0.90 0.38 1.38 - 1.15 0.99 - 0.55 0.88 0.30 
 Shareholder loan withdrawal  - 1.14 - - - - - - - - - 
 Shareholder loan repayment  - (1.14) - - - - - - - - - 
 Loan withdrawals  - 2.11 0.89 3.22 - 2.68 2.31 - 1.29 2.04 0.69 
 Principal payment  - (0.10) (1.52) (0.95) (1.60) (1.34) (1.77) (1.27) (2.79) (2.74) (1.16) 
 Cash flow from financing activities  - 2.91 (0.25) 3.65 (1.60) 2.48 1.54 (1.27) (0.94) 0.18 (0.17) 
 Net cash flow  - 0.35 0.21 2.49 (0.11) 2.94 2.64 3.45 3.98 5.52 9.21 
 Beginning cash  - - 0.35 0.56 3.05 2.95 5.89 8.53 11.98 15.96 21.48 
 Ending cash  - 0.35 0.56 3.05 2.95 5.89 8.53 11.98 15.96 21.48 30.70 



USAID Water Reuse and Environmental Conservation Project 
As Samara Biosolids Monofill Feasibility Assessment  
and Environmental Considerations 
 
Appendix G - Table 6 - Option 1 projected balance sheet under scenario 3 (BOT start year 4) (numbers in million JD) 
 

Balance Sheet 
 End 
Yr3  

 End 
Yr6  

 End 
Yr9  

 End 
Yr12  

 End 
Yr15  

 End 
Yr18  

 End 
Yr21  

 End 
Yr24  

 End 
Yr27  

 End 
Yr30  

 End 
Yr33  

 ASSETS  
            Current Assets  

 Cash and cash equivalents  - 0.35 0.56 3.05 2.95 5.89 8.53 11.98 15.96 21.48 30.70 
 Total  - 0.35 0.56 3.05 2.95 5.89 8.53 11.98 15.96 21.48 30.70 
 Non Current Assets  
 Ending fixed assets  - 3.06 4.28 7.40 8.26 9.48 12.26 10.13 10.81 10.71 3.37 
 Ending fixed assets Accumulated 
depreciation  - 0.50 1.37 2.85 4.21 4.53 6.31 5.98 7.44 7.53 1.01 
 Net fixed assets  - 2.57 2.90 4.55 4.05 4.94 5.95 4.15 3.37 3.19 2.36 
 Total Assets  - 2.92 3.47 7.60 7.00 10.84 14.48 16.13 19.33 24.67 33.06 
 LIABILITIES AND EQUITY  

            Current Liabilities  
            Current portion of long term debt  - 0.21 0.21 0.53 0.43 0.59 0.27 0.50 0.23 0.23 - 

 Total  - 0.21 0.21 0.53 0.43 0.59 0.27 0.50 0.23 0.23 - 
 Long-term liabilities  
 Long term loans  - 1.79 1.16 3.11 1.61 2.79 3.65 2.15 0.93 0.23 0.00 
 Total  - 1.79 1.16 3.11 1.61 2.79 3.65 2.15 0.93 0.23 0.00 
 Total Liabilities  - 2.00 1.37 3.64 2.04 3.38 3.92 2.65 1.16 0.46 0.00 
 Shareholder equity  

            Paid in capital  - 0.90 1.28 2.66 2.66 3.81 4.80 4.80 5.36 6.23 6.53 
 Retained earnings  - 0.01 0.81 1.30 2.30 3.65 5.76 8.67 12.82 17.97 26.53 
 Shareholder loan  - - - - - - - - - - - 
 Total  - 0.91 2.09 3.97 4.96 7.46 10.56 13.47 18.17 24.21 33.06 
 Total Liabilities and Equity  - 2.92 3.47 7.60 7.00 10.84 14.48 16.13 19.33 24.67 33.06 
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Appendix G - Table 7 Option 2 projected income statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Income Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Electricity (Gwh) - 20.01 39.47 62.67 87.05 102.44 118.36 126.14 126.14 105.12 94.61 
 Revenues  - 2.13 4.20 6.67 9.26 10.90 12.59 13.42 13.42 11.18 10.07 
 Direct OPEX  - 1.47 1.62 1.78 1.96 2.16 2.39 2.64 2.93 3.45 3.40 
 Loan Fees  - 0.03 0.02 0.03 - 0.03 0.02 - 0.02 0.02 0.01 
 EBITDA  - 0.62 2.57 4.86 7.30 8.71 10.18 10.78 10.47 7.71 6.65 
 Depreciation  - 0.50 0.87 1.58 1.87 2.11 2.37 2.56 2.62 3.11 1.82 
 EBIT  - 0.13 1.69 3.28 5.43 6.61 7.82 8.21 7.85 4.60 4.84 
 Interest  - 0.27 0.46 0.72 0.55 0.71 0.56 0.66 0.56 0.45 0.13 
 EBT  - (0.14) 1.24 2.56 4.88 5.89 7.25 7.56 7.29 4.15 4.71 
 Tax  - - 0.22 0.51 0.98 1.18 1.45 1.51 1.46 0.83 0.94 
 Net Income  - (0.14) 1.02 2.05 3.90 4.72 5.80 6.05 5.83 3.32 3.77 
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Appendix G - Table 8 - Option 2 projected cash flow statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Cash Flow Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Cash Flow from Operating activities  
            Net Income  - (0.14) 1.02 2.05 3.90 4.72 5.80 6.05 5.83 3.32 3.77 

 Add Depreciation  - 0.50 0.87 1.58 1.87 2.11 2.37 2.56 2.62 3.11 1.82 
 Cash flow from operating activities  - 0.36 1.89 3.63 5.77 6.82 8.17 8.61 8.46 6.43 5.58 
 Cash flow from investing activities  
 Acquisition of CAPEX  - (3.06) (1.21) (3.23) (1.37) (3.00) (3.37) (0.76) (1.85) (2.92) (0.99) 
 Cash flow from investing activities  - (3.06) (1.21) (3.23) (1.37) (3.00) (3.37) (0.76) (1.85) (2.92) (0.99) 
 Cash flow from financing activities  

            Paid in capital injection  - 0.90 0.38 1.38 - 1.15 0.99 - 0.55 0.88 0.30 
 Shareholder loan withdrawal  - 1.14 - - - - - - - - - 
 Shareholder loan repayment  - (1.14) - - - - - - - - - 
 Loan withdrawals  - 2.11 0.89 3.22 - 2.68 2.31 - 1.29 2.04 0.69 
 Principal payment  - (0.10) (1.52) (0.95) (1.60) (1.34) (1.77) (1.27) (2.79) (2.74) (1.16) 
 Cash flow from financing activities  - 2.91 (0.25) 3.65 (1.60) 2.48 1.54 (1.27) (0.94) 0.18 (0.17) 

             Net cash flow  - 0.20 0.43 4.05 2.80 6.31 6.33 6.58 5.67 3.69 4.42 
 Beginning cash  - - 0.20 0.63 4.68 7.48 13.78 20.12 26.70 32.37 36.06 
 Ending cash  - 0.20 0.63 4.68 7.48 13.78 20.12 26.70 32.37 36.06 40.48 
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Appendix G - Table 9 - Option 2 projected balance sheet under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Balance Sheet 
 End 
Yr3  

 End 
Yr6  

 End 
Yr9  

 End 
Yr12  

 End 
Yr15  

 End 
Yr18  

 End 
Yr21  

 End 
Yr24  

 End 
Yr27  

 End 
Yr30  

 End 
Yr33  

 ASSETS  
            Current Assets  

 Cash and cash equivalents  - 0.20 0.63 4.68 7.48 13.78 20.12 26.70 32.37 36.06 40.48 
 Total  - 0.20 0.63 4.68 7.48 13.78 20.12 26.70 32.37 36.06 40.48 
 Non Current Assets  
 Ending fixed assets  - 3.06 4.28 7.40 8.26 9.48 12.26 10.13 10.81 10.71 3.37 
 Ending fixed assets Accumulated 
depreciation  - 0.50 1.37 2.85 4.21 4.53 6.31 5.98 7.44 7.53 1.01 
 Net fixed assets  - 2.57 2.90 4.55 4.05 4.94 5.95 4.15 3.37 3.19 2.36 
 Total Assets  - 2.77 3.53 9.23 11.53 18.73 26.07 30.85 35.74 39.24 42.84 
 LIABILITIES AND EQUITY  

            Current Liabilities  
            Current portion of long term debt  - 0.21 0.21 0.53 0.43 0.59 0.27 0.50 0.23 0.23 - 

 Total  - 0.21 0.21 0.53 0.43 0.59 0.27 0.50 0.23 0.23 - 
 Long-term liabilities  
 Long term loans  - 1.79 1.16 3.11 1.61 2.79 3.65 2.15 0.93 0.23 0.00 
 Total  - 1.79 1.16 3.11 1.61 2.79 3.65 2.15 0.93 0.23 0.00 
 Total Liabilities  - 2.00 1.37 3.64 2.04 3.38 3.92 2.65 1.16 0.46 0.00 
 Shareholder equity  

            Paid in capital  - 0.90 1.28 2.66 2.66 3.81 4.80 4.80 5.36 6.23 6.53 
 Retained earnings  - (0.14) 0.88 2.93 6.83 11.54 17.35 23.39 29.23 32.55 36.32 
 Shareholder loan  - - - - - - - - - - - 
 Total  - 0.76 2.16 5.59 9.49 15.35 22.15 28.19 34.58 38.78 42.84 
 Total Liabilities and Equity  - 2.77 3.53 9.23 11.53 18.73 26.07 30.85 35.74 39.24 42.84 
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Appendix G - Table 10 - Option 3 - Forecasted gas Volumes from landfill (million cubic feet) 
 

Gas Production 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

Untreated gas generation - 811 1,858 2,604 3,318 3,954 4,512 5,000 5,307 4,762 4,173 
Untreated gas collection - 406 929 1,302 1,659 1,977 2,256 2,500 2,653 2,381 2,087 
Treated gas sold - 365 836 1,172 1,493 1,779 2,030 2,250 2,388 2,143 1,878 
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Appendix G - Table 11 - Forecasted Brent oil price1 
 
Brent Oil Price  Yr3   Yr6   Yr9   Yr12   Yr15   Yr18   Yr21   Yr24   Yr27   Yr30   Yr33  

 
2017 2020 2023 2026 2029 2032 2035 2038 2041 2044 2047 

Spot price 100.84 107.45 114.50 122.00 130.01 138.53 147.99 158.30 169.33 181.12 193.74 

                                                
1 US Department of Energy http://www.eia.gov/oiaf/aeo/tablebrowser/#release=AEO2014ER&subject=3-AEO2014ER&table=12-AEO2014ER&region=0-
0&cases=full2013-d102312a,ref2014er-d102413a. Prices provided till year 2040 (Yr 26 of project). Years 27-33 were estimated using historical growth rates 
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Appendix G - Table 12 - Option 3 - Forecasted gas selling prices 
 

 
 Yr3   Yr6   Yr9   Yr12   Yr15   Yr18   Yr21   Yr24   Yr27   Yr30   Yr33  

Gas (USD/thousand cf) 6.26 6.67 7.11 7.58 8.07 8.60 9.19 9.34 9.34 9.34 9.34 
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Appendix G - Table 13 - Option 3 projected income statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Income Statement 
Yrs 
1-3 

Yrs 
4-6 

Yrs 
7-9 

Yrs 
10-12 

Yrs 
13-15 

Yrs 
16-18 

Yrs 
19-21 

Yrs 
22-24 

Yrs 
25-27 

Yrs 
28-30 

Yrs 
31-33 

 Treated gas generated  - 0.36 0.84 1.17 1.49 1.78 2.03 2.25 2.39 2.14 1.88 
 Revenues  - 1.71 4.13 6.17 8.38 10.63 12.94 14.91 15.82 14.20 12.44 
 Direct OPEX  - 1.47 1.62 1.78 1.96 2.16 2.39 2.64 2.93 3.45 3.40 
 Loan Fees  - 0.03 0.01 0.03 - 0.02 0.02 - 0.02 0.02 0.01 
 EBITDA  - 0.21 2.50 4.36 6.42 8.45 10.53 12.26 12.87 10.72 9.03 
 Depreciation  - 0.48 0.82 1.48 1.70 1.90 2.11 2.31 2.34 2.81 1.62 
 EBIT  - (0.27) 1.68 2.88 4.72 6.55 8.42 9.95 10.54 7.91 7.41 
 Interest  - 0.26 0.40 0.66 0.50 0.62 0.49 0.62 0.48 0.37 0.04 
 EBT  - (0.54) 1.28 2.23 4.22 5.93 7.93 9.33 10.06 7.54 7.37 
 Tax  - - 0.15 0.45 0.84 1.19 1.59 1.87 2.01 1.51 1.47 
 Net Income  - (0.54) 1.13 1.78 3.38 4.74 6.34 7.47 8.05 6.03 5.90 
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Appendix G - Table 14 - Option 3 projected cash flow statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Cash Flow Statement 
Yrs 
1-3 

Yrs 
4-6 

Yrs 
7-9 

Yrs 
10-12 

Yrs 
13-15 

Yrs 
16-18 

Yrs 
19-21 

Yrs 
22-24 

Yrs 
25-27 

Yrs 
28-30 

Yrs 
31-33 

 Cash Flow from Operating 
activities  

            Net Income  - (0.54) 1.13 1.78 3.38 4.74 6.34 7.47 8.05 6.03 5.90 
 Add Depreciation  - 0.48 0.82 1.48 1.70 1.90 2.11 2.31 2.34 2.81 1.62 
 Cash flow from operating activities  - (0.06) 1.95 3.26 5.07 6.65 8.45 9.78 10.39 8.84 7.51 
 Cash flow from investing activities  

            Acquisition of CAPEX  - (2.99) (0.76) (3.23) (0.87) (2.42) (3.37) (0.76) (1.16) (2.16) (0.15) 
 Cash flow from investing activities  - (2.99) (0.76) (3.23) (0.87) (2.42) (3.37) (0.76) (1.16) (2.16) (0.15) 
 Cash flow from financing activities  

            Paid in capital injection  - 0.88 0.24 1.23 - 0.98 0.99 - 0.35 0.65 0.04 
 Shareholder loan withdrawal  - 1.14 - - - - - - - - - 
 Shareholder loan repayment  - - (1.14) - - - - - - - - 
 Loan withdrawals  - 2.05 0.57 2.87 - 2.28 2.31 - 0.81 1.51 0.10 
 Principal payment  - (0.10) (1.18) (0.90) (1.48) (1.19) (1.54) (1.15) (2.19) (2.21) (0.57) 
 Cash flow from financing activities  - 3.97 (1.51) 3.19 (1.48) 2.06 1.76 (1.15) (1.03) (0.05) (0.42) 
 Net cash flow  - 0.93 (0.32) 3.23 2.73 6.28 6.84 7.87 8.20 6.64 6.94 
 Beginning cash  - - 0.93 0.61 3.84 6.57 12.85 19.69 27.56 35.76 42.40 
 Ending cash  - 0.93 0.61 3.84 6.57 12.85 19.69 27.56 35.76 42.40 49.34 
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Appendix G - Table 15 - Option 3 projected balance sheet under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Balance Sheet 
 End 
Yr3  

 End 
Yr6  

 End 
Yr9  

 End 
Yr12  

 End 
Yr15  

 End 
Yr18  

 End 
Yr21  

 End 
Yr24  

 End 
Yr27  

 End 
Yr30  

 End 
Yr33  

 ASSETS  
            Current Assets  

 Cash and cash equivalents  - 0.93 0.61 3.84 6.57 12.85 19.69 27.56 35.76 42.40 49.34 
 Total  - 0.93 0.61 3.84 6.57 12.85 19.69 27.56 35.76 42.40 49.34 
 Non Current Assets  
 Ending fixed assets  - 2.99 3.74 6.86 7.23 7.86 10.65 8.52 8.92 8.52 0.51 
 Ending fixed assets Accumulated 
depreciation  - 0.48 1.30 2.67 3.87 3.98 5.50 4.92 6.50 6.75 0.20 
 Net fixed assets  - 2.51 2.44 4.19 3.36 3.88 5.14 3.60 2.42 1.77 0.30 
 Total Assets  - 3.44 3.05 8.03 9.93 16.73 24.84 31.16 38.18 44.17 49.64 
 LIABILITIES AND EQUITY  

            Current Liabilities  
            Current portion of long term debt  - 0.21 0.21 0.49 0.39 0.51 0.23 0.46 0.23 0.23 - 

 Total  - 0.21 0.21 0.49 0.39 0.51 0.23 0.46 0.23 0.23 - 
 Long-term liabilities  
 Long term loans  - 1.75 1.13 2.81 1.43 2.39 3.45 2.07 0.93 0.23 (0.00) 
 Total  - 1.75 1.13 2.81 1.43 2.39 3.45 2.07 0.93 0.23 (0.00) 
 Total Liabilities  - 1.95 1.34 3.30 1.82 2.91 3.68 2.53 1.16 0.46 (0.00) 
 Shareholder equity  

            Paid in capital  - 0.88 1.12 2.35 2.35 3.33 4.32 4.32 4.67 5.31 5.36 
 Retained earnings  - (0.54) 0.60 2.38 5.76 10.50 16.84 24.31 32.36 38.39 44.28 
 Shareholder loan  - 1.14 - - - - - - - - - 
 Total  - 1.49 1.72 4.73 8.11 13.82 21.16 28.63 37.02 43.70 49.64 
 Total Liabilities and Equity  - 3.44 3.05 8.03 9.93 16.73 24.84 31.16 38.18 44.17 49.64 
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Appendix G - Table 16 - Option 4 projected income statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Income Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Untreated gas sold  - 0.41 0.93 1.30 1.66 1.98 2.26 2.50 2.65 2.38 2.09 
 Revenues  - 2.04 4.67 6.54 8.34 9.93 11.33 12.56 13.33 11.96 10.48 
 Direct OPEX  - 1.47 1.62 1.78 1.96 2.16 2.39 2.64 2.93 3.45 3.40 
 Loan Fees  - 0.03 0.01 0.03 - 0.02 0.02 - 0.01 0.02 0.01 
 EBITDA  - 0.54 3.04 4.74 6.38 7.75 8.92 9.92 10.38 8.49 7.07 
 Depreciation  - 0.43 0.74 1.40 1.60 1.80 1.99 2.19 2.20 2.65 1.50 
 EBIT  - 0.11 2.29 3.34 4.78 5.95 6.93 7.73 8.18 5.84 5.57 
 Interest  - 0.22 0.31 0.60 0.47 0.60 0.48 0.61 0.46 0.36 0.03 
 EBT  - (0.11) 1.98 2.74 4.31 5.35 6.45 7.11 7.72 5.48 5.54 
 Tax  - - 0.37 0.55 0.86 1.07 1.29 1.42 1.54 1.10 1.11 
 Net Income  - (0.11) 1.61 2.20 3.45 4.28 5.16 5.69 6.18 4.39 4.44 
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Appendix G - Table 17 - Option 4 projected cash flow statement under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Cash Flow Statement 
 Yrs 
1-3  

 Yrs 
4-6  

 Yrs 
7-9  

 Yrs 
10-12  

 Yrs 
13-15  

 Yrs 
16-18  

 Yrs 
19-21  

 Yrs 
22-24  

 Yrs 
25-27  

 Yrs 
28-30  

 Yrs 
31-33  

 Cash Flow from Operating 
activities  

            Net Income  - (0.11) 1.61 2.20 3.45 4.28 5.16 5.69 6.18 4.39 4.44 
 Add Depreciation  - 0.43 0.74 1.40 1.60 1.80 1.99 2.19 2.20 2.65 1.50 
 Cash flow from operating activities  - 0.32 2.35 3.59 5.05 6.08 7.15 7.88 8.38 7.03 5.93 
 Cash flow from investing activities  

            Acquisition of CAPEX  - (2.30) (0.68) (3.23) (0.78) (2.32) (3.37) (0.76) (1.04) (2.02) - 
 Cash flow from investing activities  - (2.30) (0.68) (3.23) (0.78) (2.32) (3.37) (0.76) (1.04) (2.02) - 
 Cash flow from financing activities  

            Paid in capital injection  - 0.67 0.22 1.20 - 0.94 0.99 - 0.31 0.61 - 
 Shareholder loan withdrawal  - 1.12 - - - - - - - - - 
 Shareholder loan repayment  - - (1.12) - - - - - - - - 
 Loan withdrawals  - 1.57 0.51 2.80 - 2.20 2.31 - 0.73 1.42 - 
 Principal payment  - (0.10) (0.98) (0.75) (1.31) (1.12) (1.50) (1.12) (2.08) (2.11) (0.46) 
 Cash flow from financing activities  - 3.26 (1.37) 3.25 (1.31) 2.03 1.80 (1.12) (1.04) (0.09) (0.46) 
 Net cash flow  - 1.29 0.30 3.62 2.96 5.79 5.58 6.00 6.30 4.92 5.47 
 Beginning cash  - - 1.29 1.59 5.21 8.16 13.95 19.53 25.53 31.83 36.75 
 Ending cash  - 1.29 1.59 5.21 8.16 13.95 19.53 25.53 31.83 36.75 42.22 
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Appendix G - Table 18 - Option 4 projected balance sheet under scenario 2 (limited government support in years 1-3) (numbers in million JD) 
 

Balance Sheet 
 End 
Yr3  

 End 
Yr6  

 End 
Yr9  

 End 
Yr12  

 End 
Yr15  

 End 
Yr18  

 End 
Yr21  

 End 
Yr24  

 End 
Yr27  

 End 
Yr30  

 End 
Yr33  

 ASSETS  
            Current Assets  

 Cash and cash equivalents  - 1.29 1.59 5.21 8.16 13.95 19.53 25.53 31.83 36.75 42.22 
 Total  - 1.29 1.59 5.21 8.16 13.95 19.53 25.53 31.83 36.75 42.22 
 Non Current Assets  
 Ending fixed assets  - 2.30 2.97 6.09 6.37 6.91 9.69 7.56 7.91 7.46 - 
 Ending fixed assets Accumulated 
depreciation  - 0.43 1.17 2.46 3.56 3.57 4.98 4.28 5.79 5.96 - 
 Net fixed assets  - 1.87 1.80 3.63 2.81 3.33 4.71 3.28 2.12 1.50 - 
 Total Assets  - 3.16 3.39 8.84 10.97 17.29 24.25 28.81 33.95 38.25 42.22 
 LIABILITIES AND EQUITY  

            Current Liabilities  
            Current portion of long term debt  - 0.16 0.16 0.44 0.34 0.50 0.22 0.45 0.23 0.23 - 

 Total  - 0.16 0.16 0.44 0.34 0.50 0.22 0.45 0.23 0.23 - 
 Long-term liabilities  
 Long term loans  - 1.31 0.84 2.61 1.40 2.32 3.42 2.06 0.93 0.23 (0.00) 
 Total  - 1.31 0.84 2.61 1.40 2.32 3.42 2.06 0.93 0.23 (0.00) 
 Total Liabilities  - 1.47 1.00 3.05 1.74 2.83 3.64 2.51 1.16 0.46 (0.00) 
 Shareholder equity  

            Paid in capital  - 0.67 0.89 2.09 2.09 3.04 4.03 4.03 4.34 4.95 4.95 
 Retained earnings  - (0.11) 1.50 3.69 7.14 11.42 16.58 22.27 28.45 32.83 37.27 
 Shareholder loan  - 1.12 - - - - - - - - - 
 Total  - 1.69 2.39 5.79 9.23 14.46 20.61 26.30 32.79 37.78 42.22 
 Total Liabilities and Equity  - 3.16 3.39 8.84 10.97 17.29 24.25 28.81 33.95 38.25 42.22 
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CONCEPTUAL DESIGN DRAWINGS 
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