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1 INTRODUCTION AND MAIN GOAL 

The Dutch Sustainable Landfill Foundation (DSLF) took the initiative to evaluate the 
possibilities and effects of sustainable landfill-methodologies at existing landfills. The 
main goal of this initiative can be formulated as follows: 
 

 
The full scale demonstration of sustainable emission reduction at one or more 

existing landfills in the Netherlands  
 

 
The DSLF consider isolation and eternal aftercare not a real and sustainable solution for 
the mitigation of unacceptable emissions due to landfills. In 1999 they initiated a project 
‘Sustainable Landfilling’ (lit. 1, generic report) to develop ways to reduce the emission 
potential of the waste, rather than just isolating the emission potential from the 
environment.   
 
The goal of sustainable landfilling in terms of the European regulatory framework is to 
meet the emission thresholds for a landfill for inert waste within about 30 years as well 
as not to exceed the threshold values for groundwater quality. 
Main conclusion of this research (lit. 1, generic report) was that, when biochemical and 
physical processes are allowed to complete, emission potential is reduced significantly. 
The project ‘Sustainable Landfilling’ however aimed at landfills, yet to be constructed 
and concluded with design rules for these future landfills. 
 
The success of the project ‘Sustainable Landfilling’ led to the follow-up questions:  
 
 

 Is it possible to retrofit existing landfills in such a way, that they become more 
sustainable?  

 Is it possible to stimulate the natural biochemical and geochemical processes at 
existing landfills? 

 Does this also lead to a significant reduction of the potential emissions?  
 Does this significant emission reduction also lead to admissible emission levels?  

 
 
If these questions can be answered positively, less stringent aftercare or discharge from 
aftercare would be possible. The DSLF is convinced that the EU Landfill Directive 
provides the possibility for aftercare that is tailor-made to the real risk of emissions from 
the waste body.  
 
Within that framework the DSLF requested the Dutch landfill owners to submit landfills, 
which meet the requirements for a suitable landfill site as described in the Terms of 
Reference (annex 1, generic report). Finally two landfills could be selected: 
 
 the landfill “Wieringermeer” in the province of North-Holland (NL) and owned by the 

landfill operator Afvalzorg; 
 the landfill “Kragge” in the province of North-Brabant (NL) and owned by the landfill 

operator Essent Environment South. 
 
The first step of the initiative is the execution of a feasibility study with respect to the 
suitability of the two selected landfills.  
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The present site specific report of the landfill Wieringermeer is a part of this feasibility 
study. For more information about the technical backgrounds, European and Dutch 
regulatory framework, overall objectives of the feasibility study and project organization, 
the reader is referred to the final generic report titled “Processes in the waste body and 
overview enhancing technical measures” (Royal Haskoning/IFAS, 9T6764, 20 March 
2009).  
 
 

2 BASIC APPROACH OF FEASIBILITY STUDY AND DELIVERABLES 

The basic approach is outlined in figure 2.1, which comprises three main parts of the 
feasibility study. 
 

 
Figure 2.1: Basic approach feasibility study 

 
These three main parts correspond to the required final deliverables, which means the 
following three section reports:     
 
1. Generic report, comprising a general description of natural processes in the waste 

body and a general overview of technical measures to be able to enhance these 
processes. 

2. Specific reports, separately for both demonstration landfills, comprising a description 
of the current status of the landfill with respect to emission potential and stabilization 
process (reference situation).   

3. Specific reports, separately for both demonstration landfills, comprising a preliminary 
design of enhancing technical measures, a forecast of the achievable level of 
emission reduction due to autonomic and enhanced developments, and 
measurement program and cost estimate. 

Processes occurring in the waste body 
Key performance indicators 

Methodology for data analysis 
Overview technical measures 

Evaluation/selection of technical measures 

Storage & management of existing data 
Analysis of existing data 

Current status pilot landfills 
 

Generic aspects Specific aspects for two pilot landfills 

Separately for both pilot landfills 
 Wieringermeer & Kragge  

Selection suitable technical measures per landfill 
Draft design of technical measures 

Research and measurement programme  
Expected results and potential benefits 

Cost estimate (investment budget)
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This document represents the specific report with respect to the design and cost-
estimate of the enhancing measures for the landfill Wieringermeer. 
 
 

3 ACTIVITIES 

Based on the above mentioned generic report (lit.1) the preliminary design and cost-
estimate for the landfill Wieringermeer is carried out as follows: 
 
 Compilation of the relevant site conditions and evaluation of the emission and landfill 

behaviour as basis for the preliminary design; 
 Preliminary design of the selected enhancing technical measures, consisting of 

infiltration and aeration. One of the main results of the generic report was that the 
infiltration via infiltration fields with well shafts and the aerobic in situ stabilization by 
the low pressure aeration have been selected to be the most appropriate methods to 
improve the landfill behaviour of the two landfills to obtain a sustainable respectively 
long-term storage quality. 

 Expected results and potential benefits with respect to the effects of enhanced 
stabilization on the emission behaviour of the landfill.  

 Research and measurement programme for the in situ stabilization methods, mainly 
consisting of: 
- solid waste sampling and investigations 
- leachate monitoring 
- landfill gas monitoring 
- settlements 
- technical equipment 

 Preliminary cost-estimate of all costs related to the preparation, installation, 
maintenance and exploitation of the enhancing technical measures as mentioned 
above (infiltration and aeration). 

 
 

4 LANDFILL CHARACTERISTICS 

The current status of the landfill Wieringermeer has been described the specific section 
report “Current status of the landfill Wieringermeer” (lit. 2).  From this section report only 
the relevant information with respect to the preliminary design and cost-estimate is 
described in the sections below. 
 

4.1 Site conditions 

The exploitation of the eastern part of the landfill Wieringermeer (19 ha) started in 1985 
and ended in 2000. All 6 waste cells have a bottom liner and a leachate drainage 
system (see figure 4.1). On waste cell 4 in the east an impermeable top-liner has been 
installed in the early nineties. The other cells have been covered with a layer of soil 
varying from 1 to 1.5 m. 
 
According to the discussion with the landfill operator Afvalzorg and the expert 
participants, it was decided to prepare a preliminary design for the waste cell 6 in the 
west (see figure 4.2) .  
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Basic data of this cell 6 are as follows: 
 
 Area of waste cell 6: ca. 2.6 ha. 
 Volume of waste cell 6: total of 281,083 ton, of which 90% has been landfilled in the 

period 1992 -1994 and 10% in 1998. 
 Height of the waste body: 12 m at the upper plateau. 
 Soil cover as temporary cover (1 - 1.5 m). 
 Slopes on three sides with an inclination of 1:3  
 Bottom liner and leachate drainage system in cell 6, leachate discharge on the 

souther3 to 5 (figure 4.2). 
 Existing gas wells (figures 4.1 and 4.3):  

- gas well 22 in waste cell 5 close to cell 6 with pipe to gas collection DN 90; 
- gas wells 23 and 24 in cell 6 with pipes to gas collection DN 90; 
- main pipe for gas collection at cell 6 DN200. 
-  

 

 

Figure 4.1  Situation of waste cells, leachate drainage system and gas wells at the landfill 
Wieringermeer (Afvalzorg 2000) 
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Figure 4.2   Selected waste cell 6 for demonstration project and two leachate collection pump pits 

 

Figure 4.3  Existing gas collection system at cell 6 (Afvalzorg, 2000) 

 
4.2 Current status of the landfill 

As a part of the feasibility study a specific report has been written with respect to the  
current status of the landfill Wieringermeer (lit. 2), based on an assessment of available 
data. The main results are compiled in table 4.2. 
 

6

Pump pit north 

Pump pit south 
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Table 4.2   Characteristics with respect to the current landfill and emission behaviour of cell 6. 

Age of waste  90% from period 1992-1994, 10% from 1998 
Waste composition  Commercial waste: 75% (representing 79% of the total carbon content) 

Sludge:                    22% (representing 19% of the total carbon content) 
Waste quantities  Waste: 281,031 ton Carbon: 28,485 ton 

pH = 7.5  → methanogenic phase 
SO4 very low      → advanced methanogenic phase 
COD low             → advanced methanogenic phase 
BOD/COD < 0.1  → advanced methanogenic phase 
DOC low             → advanced methanogenic phase 

Leachate: macro parameters 

COD – BOD low  → advanced methanogenic phase 
Leachate: microparameters Absence of high concentrations, only Cr and Pb . 

→ indicates advanced methanogenic phase (NA) 
Gas extraction (of total eastern part) From 325 m3/hr (1995) to 170 m3/ht (2007) → decrease → advanced methanogenic 

phase. This indicates that a lot of carbon has already been degraded and less carbon is 
left for autonomic gas production / for profitable gas utilization. 

Gas quality No data available 
Settlement < 20 cm in the last 3 years ( ca. 6 cm per year) → relatively less settlement, but still due 

to anaerobic degradation of carbon  → advanced methanogenic phase. 
Overall conclusion 
 

Landfill is in an advanced stage of the methanogenic phase, less anaerobic 
degradable organic matter is left. 

 
 

5 DESIGN-STRATEGY DEMONSTRATION LANDFILL WIERINGERMEER 

5.1 Stepwise approach 

Based upon the results of the current status of the landfill Wieringermeer as summarized 
in chapter 4, a design strategy for the demonstration project at the landfill Wieringermeer 
has been developed. The landfill Wieringermeer appears to be in an advanced stage of 
the methanogenic phase. This means that the anaerobic degradation processes are 
almost extinguished and the added value and effectiveness of enhancing the anaerobic 
processes in the waste body by means of recirculation of leachate should be 
questioned. So it should strongly be taken into consideration to start directly with the 
aerobic in situ stabilization measures by means of aeration. The final decision to this 
should be substantiated by the results of the proposed pré-investigation (see figure 5.1). 
 
The extinction of the anaerobic degradation processes and as a consequence the 
ineffectiveness of recirculation of leachate can be assessed by for instance the 
combination of the following main criteria: 
 
 The rate of gas collection (m3/hr) is lower than the economically profitable gas 

collection rate (for instance < 50m3/hr). 
 The remaining amount of carbon to be converted anaerobically is lower than the limit 

value of 10 kg per ton of initial waste.  
 
Nevertheless it was decided to still to design both enhancing measures infiltration and 
aeration in order to be complete. For the design strategy a stepwise approach is 
proposed as showed in figure 5.1.  
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Figure 5.1  Stepwise approach of design strategy demonstration project landfill Wieringermeer 

 
The activities to be carried out in each step are highly specified in the detailed break-
down of costs, which can be found in annex 2 (see also chapter 14, titled “cost-
estimates”). 
 
The proposed steps have primarily been put into a logic sequence from a technical point 
of view. The main steps are of course: 
 
1. Installation and operation of infiltration fields with well shafts to maintain or even to 

improve anaerobic degradation processes in the landfill body of cell 6 by leachate 
recirculation in order to optimize the water content, the water distribution and the 
water transport in the waste body. 

2. Installation and operation of gas wells for the aerobic in situ stabilization measures 
by the low pressure aeration.  

 
From a point of view of capital expenditure, it can be decided to postpone some 
investments to a later stage (see dotted lines in figure 5.1).  

Installation additionnal sampling 
and measuring equipment 

Infiltration period 
(maximum feasible anaerobic stabilization) 

Aeration period 
(maximum feasible Aerobic stabilization) 

Drillings for gas wells 
(waste sampling) 

Pré-investigation program 
(Reference situation) 

Installation infiltration equipment 

Installation aeration equipment 

Final designs infiltration/aeration 

Pré-infiltration period 
(maximum feasible Infiltration capacity) 
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This especially concerns the final design of aeration and the installation of the gas wells 
for the aerobic in situ stabilization, for which two schedules are possible: 
 
a) Installation in parallel to the infiltration fields, as showed in figure 5.1. In this case the 

additional gas wells can be used for an improved gas collection rate (reduced 
uncontrolled emissions into the atmosphere, improved climate protection, higher 
energy production), before the aeration process is started (recommended option). 

b) Installation at the moment when the gas production is too low to go on with the gas 
collection and gas utilization. Then installation of the gas blower station for aeration, 
gas extraction and gas purification. This is indicated by the dotted line in figure 5.1. 

 
Note: 
All design parameters mentioned in chapter 4 and the chapters 8 to 10 with respect to the design of 
infiltration and aeration are preliminary and need to be updated and revised with the results of the 
future pre-investigations and the monitoring results.  
 
 

5.2 Time period 

The duration and the operational demand for the infiltration operation and the first period 
of improved gas production under anaerobic conditions can not be predicted at the 
moment, as the results from further pre-investigations are necessary to determine the 
infiltration demand and the gas potential of the deposited waste. Anyway it will probably 
a short time period and it may even be decided to start with aeration directly.  
 
The aerobic in situ stabilization will probably be carried out over a period of at least 3.5 - 
4 years. Then it has to be decided if a prolongation of the stabilization process will be 
necessary and possible to reach the admissible emission levels as described and 
visualized in figure 6.15 of the generic report (lit. 1).  
 
A further option is to go on with infiltration when the aeration process is started. This 
might have positive effects on the aerobic conversion of organic compounds in the 
leachate and the nitrification processes in the landfill body. 
 
For the moment a time-period of 10 years for the execution of the demonstration project 
is considered to be long enough to reach obvious results. However, it is expected to 
demonstrate sound results already in an earlier stage, by which the effectiveness of the 
enhancing technical measures can be assessed and a go/no go decision for 
continuation of the demonstration project can be made. 
 
For the sake of the cost-estimates (see chapter 14 and annex 2), the time period is 
divided into 2 years of infiltration and 8 years of aeration. Figure 5.2 shows a preliminary 
timetable of the demonstration project at the landfill Wieringermeer. 
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Figure 5.2  Timetable demonstration project landfill Wieringermeer  

Activities (steps) 2009 2010 2011 →2019 
Additional sampling equipment           
Drilling gas wells1 and waste sampling        ?   
Pré-investigation program           
Final design infiltration & aeration1        ?   
Installation infiltration equipment           
Pré-infiltration period           
Infiltration period           
Installation aeration measures           
Aeration period           

 
 

6 ADDITIONAL EQUIPMENT FOR SAMPLING AND MEASUREMENTS 

For the final design as well as for the sake of the pré-investigation programme and 
during the execution of the demonstration project itself, adequate sampling- and 
measurement equipment need to be present. This means the right equipment at the 
right place, in tune to the required and desired intensity of measurements with respect to 
the selected ceil 6. The following site specific additional equipment is recommended (no 
limited list): 
 
 Additional leachate collection pit connected to the leachate drains of cell 6 only.  
 Flow/volume meters in the leachate collection pit of cell 6. 
 Additional settlement beacons; 
 Additional gas wells for differentiated measurements of gas production;  
 Piping between the additional and existing gas wells  
 Divers in the existing gas wells and new gas wells to be installed; 
 Solid waste sampling. 

 
The costs of this additional equipment have been included in the cost-estimate of the 
project budget (chapter 14). 
 
 

7 PRE-INVESTIGATION PROGRAM 

In the report on the “Current state of the landfill Wieringermeer” (lit. 2) a table has been 
presented of available data versus required data, based on relevant key performance 
indicators (KPI’s). This resulted in a number of data on KPI’s, which are not available.  
For the final design of the enhancing measures (infiltration and aeration) as well as for 
the development of site-specific operation procedures, these lacking data should be 
collected during the pré-investigation programme.  

                                                  
1 From a point of view of capital expenditure, it can be decided to postpone the drilling of gas wells and the final 
design of the aeration measure to a later stage as indicated by the question mark (?). 
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The following pré-investigations are recommended: 
 
 Analyses on solid waste samples;  
 Aeration tests at the existing gas wells; 
 Chemical analyses on leachate composition; 
 Geophysical measurements for the distribution of water content in the waste body. 

 
The costs of the pré-investigations have been included in the cost-estimate of the 
project budget (chapter 14). The provisional numbers of samples, analyses and tests 
are specified in the detailed break-down of costs, which can be found in annex 2 (see 
also chapter 14, titled “cost-estimates”). 
 

7.1 Analyses on solid waste samples 

It is important to take a representative number of waste samples from the waste cells 6. 
These samples can be taken e.g. during drilling of the new gas wells at the depths of for 
example 4 m and 18 m below surface (e.g. 2 samples from 7 drillings = 14 waste 
samples).  
 
Analyses of the waste samples are necessary to value the key performance indicators in 
the current status of the waste body. For the significance and relevance the KPI’s (i.e. 
analyses), the reader is referred to the generic report (lit. 1) in which the significance of 
the primary and secondary KPI’s have been described and explained. For that reason 
the analyses and tests to be executed are only listed below with a brief explanation if 
necessary: 
 
Water content, water storage capacity and the biodegradability to estimate: 
 The water contents indicate dryer or more humid landfill sections and allow 

conclusions regarding the actual biological degradation and the landfill gas 
production. Thus a first assessment of the moistening and recirculation effects to be 
expected is possible. 

 the quantity of leachate/water that can be infiltrated; 
 the remaining gas formation potential to estimate the improved gas collection rate; 
 the quantity of air that might be added for a complete aerobic degradation; 
 the possible impact of infiltration and aeration on the biological degradation 

processes; 
 the biologically available waste portions of the whole landfill body; 
 the potential settlements as a result of aeration (or infiltration); 

 
Water holding capacity (field capacity) 
The determination of the water holding capacity in connection with the comparison of the 
actual water content allows an assessment of the water volume to be added in the 
respective landfill section to achieve an optimal water content and to develop the 
infiltration programme (leachate addition without a significant increase of leachate 
generation at the bottom of the landfill). 
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Biological activity by respiration tests and gas formation tests 
 The tests allow the determination of the biological activity under aerobic and 

anaerobic milieu conditions as an improved measurement to characterize the 
bioavailable organic material that can still be converted. 

 Option: Determination of the mobilizable waste portion by elution tests 
 The tests allow the determination of the emission potential under different milieu 

conditions, e.g. of the heavy metals, VFA, toxic trace components. 
 
Carbon content 
Via the determination of the carbon content and in combination with the tests for the 
biological activity the total quantity of carbon and the portion of the bioavailable organic 
material that can still be converted into landfill gas can be assessed. 
 

7.2 Aeration tests over one or several of the gas wells 

Pre-investigations regarding the aerobic in situ stabilisation in the landfill body are 
possible at the end of the first anaerobic phase. The investigations should address the 
following points: 
 
 Is it possible, from the technical point of view, to introduce sufficient amounts of 

fresh air into the landfill body? 
 How is the introduced air diffused in the landfill body of the cell 6? 
 What effects does the addition of air have on the gas balance of the landfill body of 

the cell 6? 
 
The pre-investigations which are carried out in order to settle these questions, lead to 
the optimised site-related dimensioning and design of the technical equipment, internal 
requirements and to a more reliable cost estimation. 
 
Aeration tests can be carried out over a few weeks using a mobile aeration system. 
Additional small pipes for gas control in the surrounding of the aerated gas wells should 
be installed and the nearby gas wells should be used for monitoring purposes. 
 

7.3 Chemical analyses on leachate composition; 

The lacking data according to the report on the “Current state of the landfill 
Wieringermeer” (lit. 2) and which have to be analyzed, are listed below:   
 
 Redox-potential (Eh); 
 Alkalinity; 
 NA-parameters; 
 Volatile fatty acids (VFA); 
 Total organic carbon (TOC); 
 Dissolved organic carbon (DOC); 
 Nitrate (NO3) and Nitrite (NO2). 
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7.4 Geo-electrical measurements 

Geo-electrical measurements and electro-magnetic measurements (EM31) are 
measuring the resistivity in the waste body. The measured resistivity can be linked to the 
presence of water content in the waste body. The more water content, the less 
resistivity. So interpretation of the measured resistivity leads to an indication of the 
presence and distribution of water in the waste body. This is important to know for the 
actual status of anaerobic degradation of organic matter as well as for the final design 
and position of the infiltration fields. 
 
 

8 GENERAL PRELIMINARY DESIGN INFILTRATION FIELDS AND AERATION 

Figure 8.1 shows the general preliminary design for both the infiltration fields and the 
additional equipment for the aerobic in situ aeration by low-pressure aeration. 
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Figure 8.1  General preliminary design for infiltration fields and equipment for the low-pressure  
aeration at the landfill  Wieringermeer cell 6 
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8.1 General aspects infiltration fields 

The general aspects of the preliminary design with respect to the infiltration fields are 
listed below: 
 
 As mentioned in chapter 5 the necessity of infiltration fields and the effects of 

infiltration should still be investigated. However infiltration fields will be integrated as 
an option in the preliminary design. 

 About 6 infiltration fields can be positioned in the upper plateau area of cell 6 
(Infiltration fields IF6-1 to IF 6-6). They will be positioned in a way that the risk of 
flooding the gas wells is reduced and that the distance to the slopes is high enough, 
that disadvantageous water movement because of the inhomogeneity of the waste 
body shall not cause stability problems at the slopes. On the other hand the 
infiltration fields and their appropriate operation shall reach the highest possible 
landfill volume in cell 6. Because of slopes at three sides of cell 6 the volume that 
can be reached for an effective infiltration is limited. 

 The infiltration fields can be supplied by a central water distribution station placed at 
the plateau of cell 6. It consists of a storage tank and a water distribution bar that 
can be operated automatically as the standard operation method and by hand at the 
beginning or for special purposes. It is possible to start the infiltration operation by 
hand. As far as necessary and advantageous for the standard operation the 
technical devices for automation of the infiltration should be implemented 
(depending on the results and experience of the first infiltration period and its 
effects). 

 Raw leachate or treated leachate can be used. For the supply with raw leachate a 
pump with a pipe can be installed in the leachate collection shaft for cell 6 in the 
south (or maybe in pump pit south (PPzuid)). The leachate will be pumped to the 
storage tank, before it is re-infiltrated via the infiltration fields. 

 The infiltration fields are equipped with a well shaft for the addition of high quantities 
of leachate to ensure a good leachate distribution in the infiltration field. This 
distribution will be improved by drainage pipes within the drainage layer of the field. 
For infiltration tests at the beginning of the operation, it is possible to transport the 
leachate to the infiltration fields respectively well shafts by a tank truck. 

 The infiltration fields can be covered with a geotextile and a soil layer. 
 

8.2 General aspects aerobic in situ stabilization: 

The general aspects of the preliminary design with respect to the aeration equipment 
are listed below: 
 
 The installation of the equipment for aerobic in situ stabilization can be carried out in 

parallel to the construction of the infiltration fields. 
 About 13 additional gas wells can be installed to improve the aeration and gas 

collection process (optimized oxygen supply for accelerated aerobic degradation 
processes, reduced uncontrolled emissions via the surface (plateau and slopes) into 
the atmosphere). 
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 The existing and new gas wells can be connected individually to one gas collection 
station for aeration and gas extraction. It can be operated only for gas extraction in 
the first period. For the aerobic in situ stabilization in the next period, about 8 to 10 
gas wells are used for collection of the exhausts whereas 6 to 8 gas wells are used 
for aeration. 

 For aeration and extraction of exhausts a mobile gas blower station can be installed 
at the plateau of cell 6 next to the gas collection station. The blower station, the 
existing and new gas wells and the new gas collection station are equipped with 
branches and valves in such a way that: 
- Aeration and suction of exhausts can be carried out in parallel (standard process 

of low pressure aeration, recommended option). 
- All gas wells can be used for an over-suction process (option in a later stage of 

the aeration process). 
- All gas wells can be used for an aeration process only (maybe an option in a 

later stage of the aeration process, where the soil cover shall act as a biofilter for 
methane oxidation and odour elimination). 

 For the standard process of controlled aeration and extraction of the exhausts a 
purification unit for the treatment of exhausts will be necessary. In the first period a 
high temperature auto thermal oxidation process is an appropriate option that can be 
followed by biofilters. 

 
In the following chapters the preliminary design of infiltration and aeration equipment 
and the site specific adaptation will be described in more detail. 
 
 

9 DETAILED PRELIMINARY DESIGN INFILTRATION FIELDS  

9.1 Basic principles 

The principle of infiltration with infiltration fields is shown in Figure 9.1. The whole 
infiltration system consists of the following equipment and devices: 
 
 Main leachate supply pipe from a pump pit or comparable existing leachate storage 

tank of the leachate treatment plant, installation of a pump in the pump pit 
 Optional, if necessary: filter before the storage tank (to reduce particles in the 

leachate, that can cause clogging, incrustations) 
 Leachate storage tank 
 Water distribution unit: pump with a system control and a distribution bar 
 Leachate pipes to the infiltration fields 
 6 infiltration fields with well shafts 
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Figure 9.1      Principle of infiltration with infiltration fields 

9.2 Infiltration / recirculation quantities 

For the preliminary design and the basis for calculations of infiltration/recirculation 
quantities, different approaches and assumptions are possible: 
 
 Climatic leachate generation to raise the water content; 
 Leachate recirculation to improve substrate mobilization. 

 
9.2.1 Climatic leachate generation to raise the water content 

One option is the addition of water to raise the water content without a significant 
increase of leachate generation in the leachate collection system at the bottom of the 
landfill. This approach leads to rather low water addition quantities that can be estimated 
according to the following assumptions: 
 
The infiltration volume should correspond to 50% of the annual precipitation (≈ maxi-
mum climatic leachate generation) to maintain and optimise biological degradation 
processes. With an annual precipitation of 800 mm, this is 400 mm or 4,000 m3 per 
hectare per year. For the waste cell 6 this equals to ca. 10,400 m3 per year or to an 
average daily pumping rate of ca. 30 m3/d. 
 

9.2.2 Leachate recirculation to improve substrate mobilization 

This option is to increase the water movement significantly within the landfill body to 
enhance the mobilization and biological degradation of the organic fraction and the 
mobilization of some inorganic components. In this case the leachate generation at the 
bottom of the landfill is significantly increased and this additional leachate quantity can 
be recirculated by the infiltration system.  
 
With this strategy the internal recirculation rate can be much higher than the maximum 
climatic leachate generation as describer above, maybe with the factor of 3 to 4. With an 
annual precipitation of 800 mm and the factor 4 of the maximum climatic leachate 
generation, this corresponds to 1,600 mm/year or 16,000 m3 per hectare per year.  
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For the cell 6 this equals to ca. 41,600 m3 per year or to an average daily pumping rate 
refers of maximum 115 m3/d. The infiltration rates should be adapted continuously to the 
results of the monitoring programme for infiltration (see chapter 12).  
 

9.2.3 Recapitulation 

Figure 9.2 shows the different options to affect the water content and water transport in 
the waste body: 
 
 the climatic leachate generation (mainly depending on precipitation, evaporation, 

quality/permeability of the (temporary) surface cover), 0 to 50% of precipitation; 
 the artificial water addition to raise the water content (lower quantities) by infiltration 

of raw or treated leachate, surface or process water etc.; 
 the leachate recirculation of raw leachate (higher quantities), maybe combined with 

the addition of leachate from other landfill compartments, surface water or process 
water etc. 

 
With increasing recirculation quantities the following possible effects have to be 
especially monitored: 
 
 flooding of gas wells; 
 water level in the landfill body and mechanical stability of the slopes; 
 the higher hydraulic charge/load on the drainage layer and the leachate collection 

system may cause increasing incrustation processes. 
 

9.3 Leachate supply, pumps and pipes 

The infiltration medium, probably raw leachate, will be pumped from an existing pump pit  
Or leachate well shaft like the well shaft of cell 6 on the southern side to the water 
distribution unit. The pump will be installed directly in the well shaft/pump pit and 
connected to a power supply and an operation unit. The PEHD pipe (ca. DN 100, PN 
102) can be laid in a sand bed in the existing soil cover. The operation of the pump 
depends on the leachate quantity respectively the leachate level in the pump pit, the 
infiltration procedure of the fields and the capacity of the storage tank. 
 
As mentioned in chapter 9.2 the infiltration volume for the waste cell 6 equals to ca. 
10,000 up to 40,000 m3 per year. The average daily pumping rate refers to 30 - 
115 m3/d.  For variations within the year the pump can have a capacity of ca. 150 m3/d 
or 15 m3/h (or two pumps with 7.5 - 10 m3/h each, average period of operation 10 h per 
day) at a pressure height of 25 m. This may require a maximum pumping pressure of ca. 
4 bars.3 
 

                                                  
2 DN: nner diameter [mm];     PN: pressure resistance [bar] 
3 All design parameters are preliminary and can still be modified in the further planning stages. 
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Climatic
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Addition of infiltration media 
(water, leachate etc.)
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Figure 9.2      Main options to affect the water content and water transport 4 of a landfill body by 
technical measures 

 
9.4 Optional filter before the storage tank 

As an option a processing of the raw leachate might become necessary to reduce the 
particles and suspended matter. This reduces the risks of incrustations, clogging and 
improves the durability of pumps, valves, the infiltration capacity etc. For this purpose an 
encapsulated sand filter that is designed for the high pressures in the infiltration system 
can be installed before the storage tank. Other systems like separators in the storage 
tank are possible, too. 
 

9.5 Leachate storage tank 

For the leachate storage at the plateau of the landfill Wieringermeer, two steel tanks with 
a capacity of 30 - 60 m3 each can be used. This means the average water volume for 
half a day to one day can be stored, so an intensified water addition to the infiltration 
fields is possible. As mentioned the water level in the tanks must be measured 
continuously to operate the pump in the pump pit and the pump in the water distribution 
unit properly. 
 

                                                  
4 Water balance of a landfill body influenced by: 

- Climatic leachate generation (mainly precipitation – evaporation) 
- Infiltration by addition of leachate, water etc. 
- Leachate recirculation (increased quantities). 
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9.6 Water distribution unit: pump, distribution bar, electronic devices 

In the water distribution unit (a container or garage building) a pump and a water 
distribution bar are installed. Moreover the electronic devices for the pumps the 
automated valves etc. for an automated operation are integrated. With the distribution 
bar (PEHD pipe ca. DN 150) each infiltration field can be supplied with leachate 
individually. The valves should be served automatically, for special purposes or at the 
beginning manually (figure 9.3). 
 
The pump(s) should have a capacity that allows an average speed in the pipes to the 
infiltration fields of 1 - 2 m/s. With a DN  60 pipe this refers to a pump capacity of 10 - 
20 m3/h at a pressure of about 2 bars. 
 

 
Figure 9.3:  Preliminary design of the optional filter, the storage tank and the water distribution 
unit on the plateau of the landfill Wieringermeer 

 
9.7 Leachate pipes to the infiltration fields 

Each infiltration field will be supplied by a separate pipe (ca. DN 60, PN10) from the 
water distribution bar. Before the well shaft of the infiltration field a low point will be 
constructed to avoid access of landfill gas into the pipe or air with oxygen that might 
cause incrustations. 
 
The pipes trenches can be laid in a sand bed in trenches within the soil cover. This is an 
additional protection against heat, frost or mechanical stress. 
 

9.8 Infiltration fields with well shafts 

The infiltration fields are designed as follows: 
 
 Well shafts are installed at the landfill surface for a controlled water addition. They 

may have a height of 1 - 2 m and a diameter of 1 - 2 m. The bottom of the shaft is 
perforated figure 9.4). Ducts in the shaft are connected to the perforated pipes (4 - 8 
per infiltration field, ca. DN 100) to ensure the even water distribution. Moreover 
even water addition shall be ensured by addition of higher water/leachate volumes 
per infiltration cycle to reach a short-time pile-up in the infiltration field. 
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Figure 9.4  Infiltration field integrated in the soil cover with a well shaft for charging 

 

 Below the well shafts, infiltration fields (gravel or coarse recycling material, water 
permeability ≥ 10-3 m/s) are laid out in order to distribute the infiltration medium over 
the area (figure 9.4). The height of the gravel layer is between 0.5 - 0.8 m. The size 
of each infiltration field is adapted to the specific situation of each cell and the 
position of the surrounding gas wells. They are probably between 20 x 20 m and 20 
x 40 m (figure 9.5). The distance between the borders of the infiltration fields should 
not exceed 50 m. 

 In order to avoid a mixture with the soil cover and the drainage layer of the infiltration 
field, the area of the infiltration field may be equipped with a geotextile or, if 
necessary to avoid uncontrolled gas migration, a gastight covering/sealing. The well 
shaft is watertight and rather gastight. For even moisture penetration throughout the 
waste body, a terminable accumulation of leachate within the infiltration field is 
useful in order to achieve a distribution of the infiltration medium over the entirety of 
the infiltration field. The possibility of leachate accumulation must be taken into 
consideration during the detailed planning phase and may be realized in a process-
related and structural manner. 

 The charging of the well shafts / infiltration fields may be implemented using tank 
trucks at the beginning followed by a largely automated water distribution system, 
consisting of distribution stations and piping. For long-term infiltration measures, the 
elaborated piping and distribution system with an automated operation should be 
employed (figure 9.3). 

 In order to control the function of an infiltration field in respect to even water 
distribution over the infiltration area, measurement devices to control the filling level 
during and after the leachate addition can be installed. They show how fast the 
infiltration from the field to the landfill body occurs and if there are changes over the 
operation time, e.g. by clogging. The measurement device can consist of a vertical 
pipe that is emplaced at the edge of an infiltration field and equipped with a float and 
a measurement scale of height of the water level. 

 As mentioned above the infiltration volume for cell 6 may be equal to ca. 10,000 to 
40,000 m3 per year. The average daily infiltration rate with 14 fields refers to 5 - 20 
m3/d per field. These quantities show that an automated infiltration system might 
become necessary when an infiltration process with increasing infiltration rates shall 
be carried out. The capacity of an infiltration field of 20x20 m, a height of 0.5 m and 
a pore volume of the gravel material of at least 30%, has a minimum value of 60 m3 
(short-time storage capacity) and thereby meets the requirements. 

Section A - ASection A - A
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Figure 9.5    Infiltration fields with well shafts and 
additional perforated distribution pipes 

 
The final fixing of the dimensions for the well shafts and infiltration fields (diameter and 
height), as well as the distance between the individual well shaft / infiltration field units 
must be realized while taking into consideration the local conditions of cell 6. At the 
moment it is difficult to asses the final situation of the northern part of cell 5 after the 
completion of waste deposition at the end of the year 2008. 
 
The following calculation shows that the infiltration fields have a sufficient capacity for 
the higher addition quantities by leachate recirculation: 
 
The 6 infiltration fields cover ca. 3,500 m2 and have a total volume of ca. 2,000 m3. The 
total pore volume of the drainage layer for water infiltration of all infiltration fields is about 
600 m3 (minimum pore volume of the drainage/gravel layer in the fields 30%). 
 
Even if the water addition is carried out: 
 in an infiltration field only one time a day, 
 in only 50% of the above mentioned pore volume capacity of at least 600 m3, 
 300 days per year by an automated operation, 

 

a total water volume of 1 x 300 m3/d x 300 d/a = 90,000 m3/a can be infiltrated. This is 
higher than the maximum quantity according to the assumptions explained in chapter 
9.2 and therefore offers a high flexibility for the different options of the future operation.  
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10 DETAILS PRLEIMINARY DESIGN AEROBIC IN SITU STABILIZATION 

10.1 Basic principles  

The principle of low pressure aeration with aeration and gas collection in parallel for cell 
6 is shown in figure 10.1.  It consists of the following equipment and devices with 
respect to aeration, gas extraction and gas treatment:  
  
 13 new gas wells with a drilling depth of ca. 10 m and a drilling diameter of ca. 

400 mm mainly for aeration and partly for collection of exhausts; 
 Conversion of 3 existing gas wells to integrate them into the stabilization operation. 
 Excavation of trenches in the soil cover for the PEHD pipes between the new gas 

wells and the gas distribution station and/or lay of pipes on the soil cover.  
 Optional: condensate traps to avoid condensate accumulation in the lowest points of 

the pipe system 
 Preparation of the operation area for containers at the plateau (for infiltration 

container and tank, too) 
 Installation of the gas distribution station for the individual adjustment of each gas 

well for aeration, suction, volumes, pressures, monitoring devices etc. 
 Installation of a mobile gas blower station with aggregates/blowers for aeration, 

suction, gas analysis, gas volumes/flow system control for automated operation, 
safety devices etc.  

 Installation of a mobile gas purification unit like high temperature auto thermal 
oxidation reactor, maybe followed by biofilters.  

 Infrastructure: power supply and telephone for remote control. 
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Figure 10.1   Principle of aerobic in situ stabilization by low pressure aeration 
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10.2 Aeration and gas extraction volumes 

For the final design and the basis for calculations for aeration and suction volumes, 
diameters of pipes, capacities of blowers, demand of power for operation etc. further 
pre-investigations will be necessary (see chapter 7). For the preliminary design the 
following assumptions are used: 
 

10.2.1 Waste characteristics: 

The oxygen demand for the aerobic in situ stabilization depends mainly on the 
biodegradable organic fraction. The biodegradability can be assessed by the oxygen 
consumption in biotests like the standard respiration tests over 4 days (or over a longer 
period). According to the German experience and the German standard respiration test, 
the oxygen demand over 4 days: 
 
 for fresh waste ca. 50 mg O2/g dry substance DS (range: 40 - 80  mg O2/g DS); 
 for old landfilled waste before the start of aeration ca. 5 mg O2/g dry substance (as 

an average value, range: 3 - 10 mg O2/g DS; IFAS results, figure 10.2) 
 
So ca. 90% of the easy and medium degradable organic compounds are already 
converted under anaerobic conditions when the anaerobic LFG production becomes too 
low for further economical utilization and the aeration is started. 
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Figure 10.2:  Oxygen consumption (respiration index after 4 days) of solid waste samples from 
16 landfills (A – P) over the age of deposition (IFAS, 2008, internal data) 

 
By extrapolation the total oxygen consumption can be determined by the cumulative 
curve of the oxygen consumption over time. Results show that the total oxygen 
consumption is on average often 8 times higher than the consumption over 4 days. This 
means that the total oxygen consumption of old waste before the start of aeration can be 
estimated to 40 mg O2/g DS.  
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If at least 80% of the biodegradable fraction shall be converted during the aerobic in situ 
stabilization process, about 32 mg O2/g DS have to be supplied.  
 
1 mol of oxygen (O2) has a weight of 32 g and a volume of ca. 22.4 l. Air has an oxygen 
concentration of 20.9%, so 100 l of air contain ca. 32 g oxygen. Based on the solid 
waste investigation results and this calculation, the oxygen demand for a complete 
aerobic degradation of 1 Mg DS might correspond to the supply with ca. 100 m3 of air 
(according to the large-scale / long-term operation experience of IFAS, see also 
example below). 
 
Remark 
If the oxygen demand of solid waste samples is significant higher than 100 m3 of air (for 
example 300 – 500 m3 of air per ton of dry waste), then the gas production of the 
investigated landfill compartment (intensity of anaerobic degradation processes) is still 
so high that it is more economical and ecological to go on with the LFG extraction and 
utilization. To verify the explained approach, site specific investigations at the landfill 
Wieringermeer are recommended for the final design (see chapter 7). 
 

10.2.2 Landfill site characteristics 

The dry waste mass of the waste cell 6 may consist of ca. 200,000 Mg DS. This requires 
20,000,000 m3 of “fresh air” to stabilize the waste body of the waste cell 6. For an 
operation time of 30,000 – 35,000 hours (3.5 to 4 years of operation), this corresponds 
to an aeration and gas extraction rate of 600 m3/h. 
 
Another important aspect for the design of the aeration system and the required blower 
capacities is the efficiency of the oxygen distribution and consumption of the added air 
respectively oxygen in the landfill body. 
 
Remark 
If the required air quantities are in the future higher than the first estimations for the 
preliminary design or compared to the results of the pre-investigations, the low pressure 
aeration can be operated very flexible to meet the oxygen demand: 
 
 the operation period can be extended; 
 the pressures and volumes over the existing gas wells can be increased; 
 additional gas wells can still be installed after for example one or two years of 

operation, if it turns out that in some landfill sections the oxygen distribution/supply is 
not sufficient (e.g. because of low gas permeability in some parts of the landfill 
body). 
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Example Kuhstedt Landill 
As an example the results of the reduction of the gas formation potential during the aerobic in situ 
stabilization of the landfill Kuhstedt is shown in figure 10.3. At the Kuhstedt landfill an average 
oxygen/air consumption of ca. 125 m3 of air per ton of dry waste (20,000,000 m3 of air for 160,000 tons 
of dry waste mass) was calculated before the aeration. After the supply of this oxygen/air volume after 
6 years, very good results for the biological activity were achieved what is visible by the reduced gas 
formation potential of the stabilized waste (Moreover the corresponding respiration index AT4 at the 
beginning and at the end is presented to express the correlation between the respiration index, the 
required air volumes and the reduction of the gas formation potential. 
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Figure 10.3    Reduction of the gas formation potential after 2, 4 and 6 years of aerobic in situ 
stabilization, landfill Kuhstedt, Germany (derived from Ritzkowski et al, 2008, Hamburg University of 
Technology) 

Legend: 
- Green bars: results of reduced gas formation potential after 2, 4 and 6 years of aeration.  
- Red dotted bars: probable gas formation potential that would have occurred under anaerobic 
conditions without aeration). 
 
 

10.3 Gas wells for aeration and exhaust air collection 

An advantage of low pressure aeration is that existing respectively ordinary state of the 
art gas wells can be integrated into the aeration operation. Preliminary investigations 
through low pressure ventilation over a pilot gas well should examine how many gas 
wells are necessary. Among others, the collection radius of the gas wells is determined, 
in order to keep the capital outlays low and to design the stabilization operation in an 
optimal manner. 
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As already described for the waste cell 6 a design of 13 new gas wells is proposed. 
Figure 10.4 shows the possible design of a gas well. The drilling diameter of 400 mm 
and an inner pipe diameter of about 100 mm will probably be sufficient for a maximum 
aeration rate of 100 – 200 m3/h by one gas well. In addition, the technical design of the 
gas wells should take into account that the deeper sections of the landfill can also be 
sufficiently supplied with oxygen. 
 

clay cap
(Ø ca. 400)

gravel filter
(Ø ca. 400)

solid pipe (DA 110)

perforated pipe
(DA 110)

gas well head

 
Figure 10.4   Design of a new gas well 

 

Through this site specific dimensioning with the future results of pre-investigations, the 
gas wells can probably be designed smaller and thus more economically like in figure 
10.4 than standard gas wells. For uniform ventilation, great borehole and extension 
diameters of the gas wells are not crucial, but their number and positioning is. The 
possible position of the existing and new gas wells with spheres of influence of 20-25 m 
is given in figure 8.1. 
 

10.4 Pipe system for aeration and exhaust air collection 

The PEHD pipes (ca. DN 100, PN 6) between the new gas wells and the gas distribution 
station can be laid in trenches in or on the soil cover (figure 10.5). To reduce the stress 
by heating, frost and mechanical damages and because of safety reasons they should 
be covered with soil or appropriate recycling material. The installation should be carried 
out in parallel or after the installation of the infiltration fields. It is important to establish a 
constant slope to control the condensate flow in the pipes. For this reason condensate 
traps might be necessary for some pipes to avoid high water levels by condensate 
accumulation in the lowest points of the pipe system. 
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Figure 10.5     Lay of pipes within or on the temporary soil cover 

 
10.5 Gas distribution station 

For the landfill Wieringermeer the aeration and gas collection system will be 
implemented with a large degree of flexibility, so that all gas wells can be used for 
aeration as well as for exhaust air collection. This can be achieved by means of a dual 
circuit principle in the pipe system. For this, a special gas distribution station in a 
container is designed.  
 
The necessary condensate separation from the exhaust side can also be integrated 
here. Figure 10.6 is an example of how the gas distribution station is organized. 
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Figure 10.6    Layout of the aeration and gas collection system in the gas distribution station  
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10.6 Aeration equipment and gas booster station 

The equipment for the air supply is generally similar to those for exhaust air suction. 
Among others, side channel compressors and rotary piston compressors can be used. 
In addition, measuring, control and feedback control systems on the aeration processes 
and the exhaust air collection should be installed. The aeration rate should be adjusted 
in a way so that an optimal oxygen uptake rate is obtained and no anaerobic zones 
establish. 
 
The whole equipment is installed in a container to have the necessary flexibility and 
mobility. The container should be delivered fully mounted and ready to connection like 
the container with the gas distribution devices. 
 
As already mentioned the performance of the equipment should be specified for the 
aeration and exhaust air collection by means of preliminary investigations in order to 
achieve the optimal economical investment of the plant.  
 
In figure 10.7 the organization of the gas blower station is represented. 
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Figure10.7   Possible preliminary layout of the compressor unit for aeration and collection of exhaust 
gas in the gas blower station 

 
10.7 Exhaust air treatment 

In principle, the exhaust air can be treated by bioscrubbers and biofilters or through auto 
thermal processes. Due to initially higher methane contents in the first phase of in situ 
stabilization, a special flare for weak landfill gas with methane concentrations or a high 
temperature auto thermal oxidation plant can be used. This auto thermal oxidation plant 
can be replaced by less complex treatment methods when the methane content is lower. 
Whether such an approach for exhaust air treatment or e.g. the immediate employment 
of a biofilter is selected depends on the results of the preliminary investigations and 
planning based around it, the guidelines of permission, and the licensing and 
supervising authority for exhaust air treatment. 
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11 MEASUREMENT AND MONITORING STRATEGY 

11.1 Introduction 

Application of the enhancing technical measures is stimulating the stabilization 
processes in the waste body (degradation of organic matter) and leads to a minimum 
remaining emission potential, which might be equal to admissible emission levels. As a 
result a much lower intensity in after-care will be required and even discharge from 
aftercare might become possible. 
  
Challenges for the demonstration pilot lie in proving that the applied technology results 
in an effective stabilization throughout the landfill. The question is not so much if we will 
be able to stimulate degradation, but how thorough we are able to treat the landfill body 
in order to remove most of the degradable organic matter. The emission potential is 
related to the amount of non-reacted waste within the landfill body. For closure of a 
landfill, quantification of this amount is the key issue. For operation of the landfill 
stabilization, knowing the spatial distribution of the required intensity in order to reach 
emission risk levels that are protective of the surrounding environment will allow for 
running the landfill stabilization technology in as short a time as possible. 
 

11.2 Goals 

The main goal of the demonstration project at the landfill Wieringermeer is the 
demonstration of sustainable emission reduction at existing landfills by means of the 
application of infiltration and/or aeration as the enhancing technical measures for landfill 
stabilization. 
 
Within this framework the measurement and monitoring strategy should fulfil two goals:  
 
1. Quantifying the effects of the landfill stabilization. The effects are related to the 

direct prove of sustainable emission reduction and can be measured by means of 
the primary key performance indicators (KPI’s) as identified and described in the 
generic report (lit. 1). 

2. Following the process during landfill stabilization. This process is related to the 
performance of the necessary and required conditions for a successful degradation 
process and can be measured by means of the secondary KPI’s (lit. 1). It can also 
be used as circumstantial evidence of the degradation processes. 

 
11.2.1 Effect monitoring 

For effect monitoring a thorough measurement of the stabilization status in the landfill 
before, during and after the demonstration is proposed. This requires a statistical sound 
approach of taking waste samples from spots in the landfill and assessing the amount of 
stabilization before and after operation. In addition to the general chemical composition 
of the samples it is essential to characterize the properties of the organic material 
present in the samples.  
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Due to the expected heterogeneity in the landfill body (both in horizontal and vertical 
sense) it is essential to take a relatively large number of samples. In order to optimize 
the taking of samples, geophysical imaging of the landfill before sampling may assist in 
locating the most relevant points for sampling (e.g. where are the spots with different 
properties). 
 
Mass balances are another means of assessing effects. Notably the mass balance of 
carbon, by monitoring the gas flux (both CH4 and CO2). 
 
Landfill stabilization should have a profound effect on the leachate quality, especially the 
concentration levels of the dissolved metals. Monitoring of changes in time and space is 
important. Interpretation however will be very difficult due to heterogeneity in the landfill. 
If stabilization is achieving its goal (increasing stabilization by reducing effects of 
heterogeneity), variations in the data set should damp out with time. 
 

11.2.2 Process monitoring 

Process monitoring will be used to assess the effectiveness of the applied measures. 
One of the important goals of the measures is to reduce the heterogeneity in water 
content and water transport. The direct means for obtaining information is carrying out 
flux measurements in different sections of the drains present (both gas and water). 
Comparison of the values obtained from the different sections will provide information 
about the spatial effect of the applied measures. Time lapse imaging with geophysical 
methods is probably the only efficient means for large scale measurement of processes. 
 
A similar approach is also valid for leachate quality; spatial information may be obtained 
from quality measurements in different parts of the landfill. 
 
Short term experiments should be carried out during the implementation of the 
stabilization technology. Examples are adding tracers to the infiltrated leachate, followed 
by a detailed (temporarily intensification of the monitoring program), temporarily 
stopping the measures to see how the landfill recovers, temporarily 
increasing/decreasing rate of infiltration. Each of these experiments should be closely 
monitored. Preferably with in-situ sensing instrumentation. 
 

11.3 Scale, samples, experiments and analysis 

Scale and heterogeneity are the most difficult challenges to overcome. Detailed 
experiments in the laboratory will tell us a lot about how processes occur and what 
endpoints are possible, but direct extrapolation to the field results is hardly possible.  
 
Another complication is that relatively large samples can be taken (50 kg or perhaps 
even 1 m3) but the laboratory analyses carried out will be done on minute sub samples 
(in the range of 100 mg to 10 g). Quantitative analyses are generally done on very small 
samples (a volume of landfill gas of a couple ml is analyzed; a couple of ml of leachate 
is injected in a chromatograph). The means for up scaling analyses is to carry out 
experiments on samples of a larger scale and interpret the results from samples taken 
during the experiment in the context of the larger sample.  
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Possible large scale analyses are: 
 
 water content by geo-electrical measurements; 
 measurement of compressibility; 
 column leaching tests; 
 fermentation tests; 
 tracer tests 
 The experiment carried out on the landfill scale is the demonstration project it self. 

 
Samples extracted from the landfill will represent different scales of landfill volume. In 
other words, which landfill volume is influencing the properties of the sample. 
For example, sampling the landfill gas in the gas-extraction system close to the gas 
treatment plant will have a support which is related to the effective sampling volume of 
the complete gas-extraction system (hundreds of m3). However sampling a single 
monitoring well will have a support that is limited to the direct neighbourhood of the filter 
screen (in the range of tens of dm3). The key to quantifying the consequences of scale 
and heterogeneity is to obtain samples over all scales possible and compare these data 
with each other. 
 
Playing with the dynamics in the demonstration project will provide a large amount of 
information that can be used for understanding what is occurring within the landfill. An 
example is the variation in leachate quality in the drains. Initially this variation will be 
very high, as the stabilization proceeds, the variation in leachate quality should decrease 
due increased landfill stabilization. How often samples need to be taken and analyzed 
should be defined in a measurement protocol. 
 
Another type of experiment is a tracer test. Monitoring the breakthrough a tracer in the 
leachate during the infiltration allows us to estimate how large the mobile volume of 
leachate is, how much leachate is used for increasing the water content and how 
preferential flow will change in time. Carrying out experiments with different infiltration 
rates will allow for quantification of exchange of water and volumes of mobile and 
immobile leachate. Try to close the internal water balance by knowing what goes in and 
what comes out as a function of time. 
 

11.4 Data interpretation 

Measured data will be very complicated to interpret because the results will be a 
manifestation of a wide range of different processes occurring simultaneously at 
different places. Data interpretation should be strengthened with the application of 
numerical (conceptual) process models in order to estimate the rates of occurring 
processes. Most important challenges are heterogeneity and the related uncertainty in 
the outcomes. This can be overcome by increasing the number of spatial and temporal 
measurement points (statistics) but also by carrying out simulations. Combination of all 
approaches is the only viable approach to minimize uncertainty and get the best 
understanding of the consequences of heterogeneity at an acceptable cost. 
 
Essential are the integrated conceptual model of processes in the waste body and the 
conceptual process design as described in the chapter 6.5 of the generic report (lit. 1). 
These will allow us to extrapolate in time, using the monitoring data. 
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12 OPERATIONAL MONITORING PROGRAMME 

In the generic report (lit. 1, annex 4) a number of key performance indicators (KPI’s) has 
been identified and explained. Within the framework of the measurement strategy, these 
KPI’s serve for the basis of the parameters to be monitored.   
 
One basic step of the monitoring programme are the measurements for quantity 
(incoming and out coming flows/volumes) as well as for quality (chemical composition) 
of leachate, landfill gas, infiltrated/recirculated/discharged leachate and extracted 
exhausts during aeration. The basic monitoring programme is compiled in table 12.1. 
 
Next to the basic monitoring programme also the following measurements and tests are 
possible/necessary to be carried out: 
 
 Additional special investigations like tracer tests or geophysical tests to investigate 

the water movement in the landfill body (before, during and after infiltration). 
 Additional special investigations like gas emission tests over the surface cover (e.g. 

in gas boxes) or temperature measurements in the landfill body during aerobic in 
situ stabilization. 

 If possible the quantity and quality of the surface run-off should for the water 
balance. 

 The check of all technical equipment should be carried out continuously. It is 
important to check possible incrustations in the pipes and the infiltration fields. 
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Table 12.1     Monitoring parameters and possible analysis frequencies 

Item Monitoring parameter Analysis frequencies 
Leachate Flow/Volume Continuous in the leachate shaft (pump pits) 

of cell 6 on a daily to weekly basis 
 Composition1) 6 times in the first year, then 4/year 
Infiltration medium Composition1) 6 times in the first year, then 4/year  
Infiltration system Flow/Volume/Intervals for 

each infiltration field 
Continuous as part of system control, on a 
daily basis 

 Leachate level in system E.g. via vertical measurement wells in 
infiltration fields 

Flow/Volume Continuous via gas collection stations for cell 
6 at each gas well once a week to once a 
month 

Composition2) Continuous via gas utilization unit (CHP), at 
each gas well once a week to once a month 

Landfill gas  
(before and during infiltration) 

Gas temperature Continuous via gas utilization unit (CHP), at 
each gas well once a week to once a month 

Aeration / air supply 
(during aerobic in situ stabilization) 

Flow, volume, pressure and 
temperature 

Continuous as part of system control, at each 
gas well once a week 

Flow, volume, pressure and 
temperature 

Continuous via gas blower station as part of 
system control, at each gas well once a week 

Extracted exhausts 
(during aerobic in situ stabilization) 

Composition2) Continuous via gas blower station as part of 
system control, at each gas well once a week 

Leachate Level3) Continuous to monthly, e.g. via additional 
monitoring wells, optional in gas wells 

Waste body 

Settlement/mechanical 
stability 

4/year, 50 m grid (settlement beacons, 
integration of existing beacons) 

Water content Before start-up4) 
Water storage capacity Before start-up4) 

Solid waste sampling 
in the waste body 

Biodegradability, TOC Before start-up4) 
Meteorological data Temperature, atmospheric 

pressure, precipitation, 
atmospheric humidity, wind 
speed,  etc. 

Continuous on a daily basis 

1) pH, Conductivity, COD, TOC, BOD, TKN, NH4, NO3, NO2, Cl, metallic compounds, phenols, phosphate, 
sulphides, AOX and relevant NA-parameters (leachate and infiltration medium might be identical). 

2) CH4, CO2, O2, H2S. 
3) leachate level: especially examination of the free slopes when infiltration takes place within the area close 

to the slope. 
4) Solid waste sampling before and after (and if necessary during) the controlled infiltration and aeration.  
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13 EXPECTED RESULTS AND POTENTIAL BENEFITS 

In order to assess the expected results and potential benefits the effects of stabilization 
on the emission behaviour of the landfill Wieringermeer will be estimated and described. 
Therefore the following documents and results of the feasibility study are integrated: 
 
 basic effects of infiltration and aeration as compiled in the generic report (lit.1); 
 compilation and assessment of available specific data of the landfill Wieringermeer 

(lit. 2); 
 preliminary design for infiltration and aerobic in situ stabilization as described in the 

previous chapters in this present report. 
 
A forecast of autonomic emissions without enhancing technical measures is carried out 
in order to compare and assess the reduction of emissions by infiltration and aeration 
for: 
 
 gas emissions; 
 conversion of biodegradable carbon; 
 leachate emissions (COD and NH4-N as “key performance indicators” KPI); 
 settlements. 

 
The following estimations and results of calculations should mainly show the qualitative 
course of emissions and settlements for the landfill Wieringermeer whereas the 
quantitative results are all preliminary. 
 
Note: 
All calculations and estimations of future landfill behaviour explained in the next chapters are 
preliminary and need to be updated and revised with the results of the future pre-investigations and the 
future monitoring results. 
 
 

13.1 Future gas emissions 

13.1.1 Starting points and conditions 

To forecast the range of current and future landfill gas production of the relevant waste 
cell 6 of the landfill Wieringermeer, the following assumptions were used: 
 
 Waste deposition in 1992 – 1994 (90%)  and in 1998 (10%). 
 280,000 m3 of waste volume (wet mass) with a density of 1 ton/m3, a water content 

of ca. 25% and 200,000 tons of dry waste (dry substance (DS)) with relevant 
biodegradable components. 

 Biologically degradable carbon content of 100 kg Cbio./ton of waste (DS) and a total 
gas potential of 130 m3/ton DS. The “Biodegradable Carbon Content Cbio.“ is lower 
than the “Total Organic Carbon Content TOC” that contains for example plastics and 
other non degradable materials. 

 Average half-life value of biological degradation processes and gas production 
during the deposition period between 4 and 6 years. 
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 Average half-life value of biological degradation processes and gas production 
during the closure and aftercare period without stabilization measures between 6 
and 10 years. 

 Average half-life value of biological degradation processes and gas production 
during the infiltration / recirculation period between 2.5 and 4 years. 

 No significant anaerobic gas production during aerobic in situ stabilization. 
 No significant limitations of the biological degradation processes due to inhibition 

effects. 
 
Note: 
As stated in chapter 5 the landfill Wieringermeer is already in an advanced stage of the methanogenic 
phase, which means that the anaerobic degradation processes are almost extinguished and that the 
added value and effectiveness of enhancing the anaerobic processes by means of inflitration and 
recirculation of leachate should be questioned.  So it should strongly be taken into consideration to 
start directly with the aerobic in situ stabilization measures by means of aeration. The final decision to 
this should be substantiated by the results of the proposed pré-investigation (see figure 5.1). 
 
So the forecast of gas production in the waste body is primarely based on the situation to start directly 
with aeration measures in 2010.  
 
Nevertheless the effect of an optional infiltration on the gas production in the waste body is still 
calculated and showd in the figures by dotted and faded lines, as if it should start in 2010. This is done 
just to know the amount of additional gas production in case of infiltration. It is obvious that aeration 
and infiltration will never be carried out simultaneously. 
 
 

13.1.2 Forecast gas emissions 

The gas production is calculated by the addition of the deposited waste mass per year 
and their specific gas production rate  Pt at the time t with a first order decay model:   

Pt = G0.k.e-k t    
with: 
Pt   specific gas production [m3 Gas/ton DS a] 
G0   total gas potential [m3/ton DS waste] 
k    reaction coefficient (k = ln2/H) [1/a] 
t    age of deposition (reaction time) [a] 
H    half-life value = period in which 50% of the gas potential is produced 
 
The range of the gas production in the waste cell 6 is compiled in figure 13.1. The red 
line and black line are based on the assumptions as indicated in table 13.1.  
 
According to the (theoretical) gas prognoses the present gas production might be in a 
range of 50 – 70 m3/h. The present extractable gas collection rate is lower 5. These 
figures are in line with the prognoses carried out with the TNO-model (Oonk et al, 1994) 
by Hans Oonk. The results of this TNO-prognosis are attached in annex 1. 
 

                                                  
5  For the active gas extraction and utilisation it has to be obeyed that the gas collection rate is always lower 

than 100%. It can range between 40 and 80% depending on the surface cover of the landfill and the system 
of gas wells and the general operation. 
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Table 13.1  Variable average half-life values of biological degradation 

 Half-life values of biological degradation processes 
 Deposition period Closure & aftercare period Infiltration period 
Black line 4 years 6 years 2,5 years 
Red line 6 years 10 years 4 years 
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Figure 13.1   Gas production in the waste cell 6 of the landfill Wieringermeer with aeration                 
(effect of optional infiltration/recirculation is also showed by means of the dotted/faded red and black lines. Of 
course infiltration and aeration will never be carried out simultaneously). 

 
Because of the optional infiltration and intensified leachate recirculation (maybe starting 
2010) a little increase of the anaerobic degradation can be expected. By a reduction of 
the half-life to 2.5 to 4 years, the gas production might increase over a short period to a 
maximum of 80 – 120 m3/h.  According to this calculation the additional gas production 
during an optional infiltration period over 5 – 6 years, can be in the range of 0.9 to 1.6 
Mio. m3 LFG. The extractable gas quantity of this low amount of additional LFG 
production will be much lower. That is the reason why it is probably not economical to 
spend the relative high investment and operation costs for infiltration. 
 
The available data for the water budget of cell 6 confirm that the water supply by the 
climatic leachate generation over the open and covered surface of the cell in 
combination with the long average age of deposition (10 – 16 years) and the height of 
the waste body of only 12 m was probably sufficient for the anaerobic degradation 
processes. Therefore the additional infiltration will probably not cause a significant raise 
of the LFG production. The scenario in figure 13.1 shows rather the upper range for the 
additional gas production. 
 
It is probably be better to start soon with the aerobic in situ stabilization in order to avoid 
the long-term gas production with a poor gas quality that can not be used economically 
any longer but that would still cause cost for collection and treatment. 
 
In order to come to a final reliable answer to the question of infiltration the pre-
investigations are again necessary and recommended. 
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13.1.3 Forecast conversion of biodegradable carbon 

Corresponding to the biological degradation processes the biodegradable carbon (Cbio.) 
will mainly be converted and released as landfill gas LFG (methane and carbon dioxide) 
and during aeration as exhaust gas (mainly carbon dioxide). In figure 13.2 the 
biodegradable carbon content in the landfill body and its release over the gas path is 
estimated according to the assumptions explained in chapter 13.1. The red line and 
black line are based on the assumptions as indicated in table 13.2. 
 
In the waste deposition period the content of biodegradable carbon in the waste cell 6 is 
the difference between the deposited carbon minus the carbon release under anaerobic 
conditions. In the year 2000 it can be in the range of 9,000 to 12,000 tons Cbio.. The 
current remaining bioavailable carbon content in cell 6 is difficult to predict. According to 
the calculations, it can now be in the range of 2,600 – 4,500 tons Cbio.. 
 
As explained an infiltration will probably not have a significant impact on an accelerated 
reduction of this carbon, as the bioavailability under anaerobic milieu conditions might 
be restricted. It is probably more efficient under economical and ecological aspects to 
start directly with the aerobic in situ stabilization in order to finally reduce the 
biodegradable carbon in an accelerated manner. That means that organic compounds 
that are not degradable under anaerobic conditions (or only in a very long period) are 
now degraded within 3 – 5 years of aeration. Maybe the aeration time can still be 
prolonged in order to improve the leachate emissions. 
 
Table 13.2  Variable average half-life values of biological degradation 

 Half-life values of biological degradation processes 
 Deposition period Closure & aftercare period Infiltration period 
Black line 4 years 6 years 2,5 years 
Red line 6 years 10 years 4 years 
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Figure 13.2 Range of carbon conversion in the waste cell 6 of the landfill Wieringermeer with aeration. 
(effect of optional infiltration/recirculation is also showed by means of the dotted/faded red and black lines. Of 
course infiltration and aeration will never be carried out simultaneously). 
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13.1.4 Preliminary conclusions 

Based upon the calculations and estimations as described in the previous sections, the 
following preliminary conclusions can be formulated: 
 
 A further reduction of the biodegradable carbon content took probably place in the 

period 2000 – 2008 as enough water from the climatic leachate generation was able 
to enter the landfill and an undesired dry conservation of the organic fraction (by a 
surface sealing) was prevented.  

 With an infiltration / recirculation the additional reduction of carbon might be very low 
as the bioavailability under anaerobic milieu conditions is already significantly 
restricted. For cell 6 infiltration has probably a neglectable effect on the landfill gas 
production and the remaining carbon potential. 

 With the aerobic in situ stabilization the carbon potential might be reduced to less 
than 1,000 tons Cbio.. This corresponds to more than 90% compared to the carbon 
content in the year 2000. 

 

These preliminary results show again the potential to come to a sustainable landfill by 
site specific closure and aftercare measures. 
 

13.2 Future leachate emissions 

The forecast of the future leachate emissions will be carried out for the organic 
compounds (COD as “key performance indicator”) and the nitrogen concentrations 
(NH4-N as “key performance indicator”). Compared to the landfill gas production and the 
carbon conversion the leachate emissions are more difficult to predict as they depend 
on many factors like the water balance, the height of the waste body, drying effects, 
chemical-physical reactions, preferential flow, etc. 
 
The course of emissions in time can be described with an exponential function: 
 

Ct = C0 * e-k*t 
with: 
 Ct = Leachate concentration at time t  [mg/l] 
 C0  = Leachate concentration at the beginning of the closure period  [mg/l] 
 k    = Factor = ln2/T½  [ - ] 
 T½  = Half-life  [a] 
 t    = closure and aftercare period  [a] 
 
With idealized conditions for the landfill height and the water balance, the course of 
emissions can be estimated. The estimations are based on the following starting points 
and assumptions: 
 
 constant climatic leachate generation of 250 mm per year (this means no 

impermeable surface sealing, only a permeable soil cover). 
 a height of ca. 12 m. 
 uniform percolation through the landfill-body. 
 infiltration with infiltration rates up to 1,500 mm per year. 
 COD leachate concentration at the beginning of the closure period ca. 1,200 mg/l. 



 
 
 
 
 
 
 

Design technical measures landfill Wieringermeer  9T6764/R00003/500080/DenB 
Final Report - 39 - 30 March 2009 

 NH4-N leachate concentration at the beginning of the closure period ca. 800 mg/l.  
 
the half-life for the leachate compounds are very difficult to estimate. Scientific 
investigations (Heyer, 20036) point to half-life values as follows: 
 
 COD with climatic leachate generation of 250 mm/a: T½ ca. 30 years 
 COD with infiltration / recirculation up to 1,500 mm/a: T½ ca. 10 - 15 years 
 COD with aeration: T½ ca. 7.5 - 10 years. 
 NH4-N with climatic leachate generation of 250 mm/a: T½ ca. 40 years 
 NH4-N with infiltration / recirculation up to 1,500 mm/a: ca. T½ 15 - 20 years 
 NH4-N with aeration: ca. T½ 5 - 10 years (because of nitrification) 

 

With the above mentioned starting points and assumptions the possible development of 
the COD and NH4-N emissions in the leachate are estimated (figure 13.4). 
 

                                                  
6  Heyer, K.-U.: Emissionsreduzierung in der Deponienachsorge. Hamburger Berichte Band 21, Verlag Abfall 

aktuell, Stuttgart, 2003 
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Figure 13.4   Possible course of COD and NH4-N concentrations in the leachate of the landfill 
Wieringermeer, depending on infiltration and aerobic in situ stabilization 
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From the trends in figure 13.4 the following preliminary conclusions can be formulated:  
 
 A significant reduction of COD and NH4-N concentrations in the leachate is possible. 

Maybe the effects of aeration are even better or occur faster than estimated. So 
enhancement of leachate concentrations determined by scientific investigations at 
the Kuhstedt landfill in Germany pointed to reductions rates of 75 – 87% after 6 
years of aeration (without infiltration). 

 A reduction of COD concentrations to less than 500 mg/l and NH4-N concentrations 
to less than 400 mg/l seem to be possible after the end of infiltration and aeration 
(2015, maybe later, if prolonged aeration has still a positive impact on the reduction 
of COD and NH4-N in the leachate after 5 years of aeration). 

 At the end of the closure period 2015 a leachate quality might be reached that would 
occur after 60 to 90 years of aftercare without stabilization measures. 

 The course of emissions can show some deviations from the estimated curves as 
mobilization processes from the solid waste into the liquid phase sometimes lead to 
a short-time and temporary increase of the concentrations during infiltration and 
aeration. 

 Especially for the landfill Wieringermeer and cell 6, the aerobic in situ stabilization 
will have a significant impact on the reduction of the leachate concentrations as 
some organic compounds can be degraded under aerobic milieu conditions and 
leave the landfill body via the gas path. NH4-N will be nitrificated, moreover 
denitrification takes place in the landfill body so the total nitrogen freight that will be 
released into the leachate path is reduced significantly. This will save expenditures 
for leachate collection and treatment in the long-term. 

 If the aeration of cell 6 shows the positive effects as estimated above it should be 
considered to apply the aerobic in situ stabilization at the other cells of the landfill 
Wieringermeer in order to reduce the expenditure and duration of aftercare for the 
whole landfill site. 

 
Comparable to the reduction of the carbon potential, these results show the potential to 
come to a sustainable landfill by site specific closure and aftercare measures, too. 
 

13.3 Future settlements 

Future settlements at the landfill Wieringermeer mainly depend on the biological 
degradation processes and are determined by several effects: 
 
 reduction of the waste volume by degradation of the organic waste mass.  
 reduction of the pore volume by weakening of the mechanical waste structure. 
 additional settlements during aerobic in situ stabilization as organic compounds are 

degraded that were not degradable under anaerobic milieu conditions. 
 

The assumptions explained in chapter 13.1 are used. Moreover empirical results from 
landfills where the aerobic in situ stabilization was carried out are used: 
 
 The degradation of 10 kg of Cbio. refers to (a mass reduction of ca. 20 kg of organic 

fraction or) ca. 2 cm per meter of landfill height. 
 The settlements because of the reduction of the pore volume by weakening of the 

mechanical waste structure are in the same size. 
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 Ca. 6 cm of settlement per year was measured in the last 3 years (2005-2008). 
 
Figure 13.5 shows the possible effects of the stabilization measures on the settlements.  
 
For the plateau of the landfill Wieringermeer with a height of ca. 12 m, total settlements 
of about 1 to 1.4 m can still occur. Maybe the settlements in some parts of the landfill 
are even higher in the period of aerobic in situ stabilization. At the end of the 
stabilization processes a very low potential for future settlements is left, so constructions 
at the landfill surface within the framework of redevelopment and re-use of the landfill 
can be applied without the risk that it will be damaged by future processes in the landfill 
and corresponding settlements. 
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Figure 13.5    Possible development of settlements at the plateau (height of 12 m) of the landfill 
Wieringermeer, depending on the aeration in cell 6 

 

14 PRELIMINARY COST-ESTIMATES  

For the landfill Wieringermeer a preliminary cost-estimate has been established 
consisting of the investment costs of the installation of the enhancing technical 
measures infiltration and aeration as well as the yearly costs of maintenance and 
exploitation of both measures. The cost-estimates are based on the technical 
specifications of the preliminary design of the technical measures as described in the 
chapters 8 to 10. 
 
Next to the costs of the technical measures it selves, the cost-estimate also comprises 
the costs of preparation, pré-investigations, final design and tendering procedure, 
measurements and monitoring, supervision and last but not least communication.  
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An overview of the main cost-items taken into account is listed below: 
 
 Installation of additional sampling and measuring equipment; 
 Pré-investigation programme; 
 Final design and tendering procedure; 
 Installation and construction of infiltration equipment; 
 Installation and construction of the aeration equipment; 
 Yearly costs for monitoring and control of infiltration period (2009-2014); 
 Yearly costs for monitoring and control of aeration period (2014-2019); 
 Yearly costs for communication and PR 
 Post pilot waste characterization tests in 2019. 
 If relevant: overhead contractors, construction supervision and contingencies in 

terms of percentages of the general budgets. 
 
A highly specified break-down of these main cost-items is presented in annex 2. 
All costs are related to the price-level of 2008. The cost of materials and manpower are 
based on unit prices conformable to the Dutch market. In order to be realistic, minimum 
(best-case) and maximum (worst-case|) unit-rates are taken into account. An overview 
of the average costs has been compiled in table 14.1  
 
Table 14.1  Preliminary average cost-estimate demonstration project landfill Wieringermeer (price 
level 2008) 

Cost-items 
 

Investments costs (€) Yearly costs (€) 

1 Additional measurement equipment (1) 95,000 n.a. 
2 Pré-investigations 128,000 n.a. 
3 Final design & final cost-estimates 34,000 n.a. 
4 Tendering 35,000 n.a. 
5 Infiltration (installation/maintenance) (2) 487,000 11,000 
6 Infiltration (monitoring) (3) n.a. 117,000 
7 Aeration (installation/maintenance) (4) 421,000 11,000 
8 Aeration (monitoring) (5) n.a. 172,000 
9 Communication & PR n.a. 20.000 

10 Post pilot waste sampling (in 2019) 59,000 n.a. 
 
Totals 

 
1,259,000 

 
1,920,000 (6) 

(1) including drilling of 13 additional gas wells, which can be postponed to a later stage 
(2) investment in 2009 
(3) during 2 years from 2009 to 2011 
(4) investment in  2011 
(5) during 8 years from 2011 to 2019 
(6) over 10 years, but not capitalized (2 years of infiltration and 8 years of aeration) 
 
 
From a point of view of capital expenditure, it can be decided to postpone some 
investments to a later stage (see dotted lines in figure 5.1).  
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This especially concerns the final design of aeration and the installation of the gas wells 
for the aerobic in situ stabilization, for which two schedules are possible: 
 
a) Installation in parallel to the infiltration fields, as showed in figure 5.1. In this case the 

additional gas wells can be used for an improved gas collection rate (reduced 
uncontrolled emissions into the atmosphere, improved climate protection, higher 
energy production), before the aeration process is started (recommended option). 

b) Installation at the moment when the gas production is too low to go on with the gas 
collection and gas utilization. Then installation of the gas blower station for aeration, 
gas extraction and gas purification. This is indicated by the dotted line in figure 5.1. 

 
Standard activities with regards to operation and monitoring measures at regular 
intervals may be carried out by the personnel of the landfill operator working at the 
disposal site, or by third parties. 
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Annex 1 
 Validation gas prognoses by TNO-model  

(Oonk et al, 1994) 
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Introduction 
Haskoning and IFAS made a feasibility study for sustainable landfilling at 
Wieringermeer. In the course of this project, IFAS made a prognoses on current gas 
formation and extent of stabilization for Wieringermeer. The prognoses are validated, 
based on TNO´s experiences. 
 
Prognosis Wieringermeer 
Prognoses here are based on the TNO model (Oonk et al, 1994). This model is a first 
order decay model, based on assumptions for organic carbon content in the waste. The 
model is validated, both in a comparison with results of landfill gas recovery projects and 
in a comparison with landfill gas (methane and carbon dioxide) emission measurements.  
First a comparison of the prognosis of the whole of Wieringermeer-East with realization 
of landfill gas extraction. The result is shown in the graph below.  
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Figure 1: expected landfill gas formation and actual recovery at landfill Wieringermeer. 
 
Recovery only started in 1995. At the moment recovery efficiency is about 35%, which is 
less as expected on basis of the landfill gas recovery in place. This might be an 
indication that actual formation might be less as expected.  An emission measurement in 
2002 (Scharff et al., 2004) also indicated actual landfill gas formation might be 
somewhat less as prognosis indicates. So for the whole of Wieringermeer, the prognosis 
might overestimate actual formation by 25-30%. This underestimation might be caused 
by two factors (or a combination of both): 
 The amount of organic carbon landfilled is less than expected; 
 The conversion of organic carbon landfilled is slower or less complete as expected. 

 
Prognoses Wieringermeer, compartment 6. 
Using the same method, a prognosis is made for Wieringermeer, compartment 6. The 
result is given in the figure below. 
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Figure 2: expected landfill gas formation at  landfill Wieringermeer, compartment 6. 
 
Prognosis is well in line with the lower prognosis of IFAS, with a present (2009) landfill 
gas formation of about 80 m3/hr, falling down to levels of about 40 m3-hr in 2015. The 
formation model is based on an estimation of total organic carbon, of which in reality 
only a limited amount (58%) will be converted to landfill gas. Figure 3 shows the 
expected development of average total organic carbon content, compared to the 42% of 
the initial organic carbon that will not be dissimilated. 
 

0

20

40

60

80

100

120

1990 1995 2000 2005 2010 2015 2020 2025

or
ga
ni
c 
ca
rb
on

 in
 w

as
te
 (k
g 
C/
in
it
ia
l t
on

ne
 o
f w

as
te
)

total organic C

non degradable C

 
Figure 3: development of total organic carbon in the waste at Wieringermeer, 
compartment 6. 
 
At the moment (2009), about 15 kg C per tonne of initial waste is still waiting to be 
converted to landfill gas. This is in agreement with the high-end of the prediction of IFAS 
(the 15 kg C per tonne boils down to a total of 4500 tonne C, where IFAS estimates  
2600-4500 tonne C to be present.  
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So we might be still a few years away from the remaining potential of 10 kg C per tonne 
of initial waste, that IFAS considers a limit for aerobic conversion to be feasible.   
Extra gas production upon leachate infiltration will be limited to about 80 m3/hr at 
maximum, which is about 700.000 m3 a year. Such a limited extra gas yield will make 
leachate infiltration uneconomical. Aeration of the waste seems to be the most logical 
next step. 
As described above, there are some indications that the prognosis at Wieringermeer is 
somewhat too high, and two different causes are identified. The validity of the prognosis 
and the reason why actual formation is less than expected is of importance for the 
aeration project. 
 When the amount of organic carbon landfilled is less than expected, the total 

amount of organic carbon is overestimated and actual remaining amount of organic 
carbon will be considerably less than the 15 kg C per tonne described above (might 
be as low as 10 kg C per tonne); 

 When conversion of organic carbon landfilled is slower or less complete as 
expected, a larger amount of organic carbon will still be present in the waste and 
actual remaining amount of organic carbon will be considerably more than the 15 kg 
C per tonne described above (might be as high as 25-30 kg C per tonne). 

So prior to any decision it is advised to do some more detailed waste analyses to see to 
what extent the waste actually has stabilized. 
 
Conclusions 
Main conclusion is that the prognoses of IFAS are in line with the TNO prognosis. At the 
moment gas production at compartment 6 of Wieringermeer is low. However there are 
indications that the gas prognosis at Wieringermeer is about 25-30% too high. So prior 
to any decision it is advised to do some more detailed waste analyses to see to what 
extent the waste actually has stabilized. 
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Annex 2 
 Specified cost-estimates demonstration project landfill 

Wieringermeer 
 
 



Wieringermeer Cell 6
Preliminary Cost Estimate: installation of additional sampling and measuring equipment, first quarter of 2009 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

Installation of additional sampling / measuring equipment

Supply and installation of a new leachate collection pit south of cell 6 1 ls. 4.000        5.000        4.000        5.000        Including connections to existing leachate drains and 
main collection pipeline.

Supply and installation of a flow/volume meter in the newly installed leachate collection pit 1 ls. 2.000        2.500        2.000        2.500        

Supply and installation of 10 divers in 10 of 13 newly installed gas wells 10 pcs. 1.000        1.200        10.000      12.000      Divers suitable for measurement of temperature and 
watertable

Supply and installation of 8 additional settlement beacons on top of cell 6 8 pcs. 300           400           2.400        3.200        
Subtotal 18.400      22.700              20.550      

Installation of 13 new gas wells
Drilling in waste, 13 holes, diameter 400 mm, average depth 10 m 130 m 200           250           26.000      32.500      
Supply and installation of perforated filter pipe DA110 PN6 65 m 18             24             1.170        1.560        
Supply and installation of solid pipe DA110 PN6 50 m 18             24             900           1.200        
Supply and installation of end caps on perforated filter pipes 13 pcs. 20             30             260           390           
Supply and installation of gas well heads 13 pcs. 300           400           3.900        5.200        
Supply and installation of gas butterfly valves DN 100 13 pcs. 400           550           5.200        7.150        
Supply and installation of flexible tubes 13 pcs. 50             70             650           910           
Supply and installation of gravel/filter material around well shafts 12 m3 40             65             480           780           
Supply and installation of clay/mineral sealing around well shafts 6 m3 50             70             300           420           
Subtotal 38.860      50.110              44.485      

Waste sampling during drilling of the new gas wells
On site assistance during sampling 1 day 800           1.000        800           1.000        
During drilling of 13 gaswells sampling at depths of 3, 5 and 8 m below groundlevel 20 pcs. 150           200           3.000        4.000        
Subtotal 3.800        5.000                4.400        

General subtotal 61.060      77.810              69.435      

Overhead contractors
Implementation costs 3 % 1.832        2.334                2.083        
General costs, profit and risk 7 % 4.274        5.447                4.860        

Construction supervision
Supervision, contracting, commissioning 15 % 9.159        11.672              10.415      

Subtotal 76.325      97.263              86.794      

Contingencies (Technical) 10 % 7.633        9.726                8.679        

Total costs for installation of additional sampling and measuring equipment (excl. VAT) 83.958      106.989            95.473      

New gas wells are drilled in this project stage for 
waste sampling and installation of initial measurement 
equipment. Connections to aeration and extraction 
equipment are foreseen to be installed in later project 
stages (2011 and later)



Wieringermeer Cell 6
Preliminary Cost Estimate: Pre-investigation program, first half of 2009 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

Analyses on waste samples Basic assumption: analyses on 2 samples per drilling
Sample pretreatment 1 day 800           1.000        800           1.000        Samples taken while drilling of 13 new gas wells
Duplicate pH-stat test at start and endpoint 2 pcs. 3.200        4.000        6.400        8.000        
Duplicate percolation leach test 2 pcs. 2.800        3.400        5.600        6.800        
13 batch leach tests on individual samples 1 ls. 3.500        4.200        3.500        4.200        
DOC fractionation in leachates 2 pcs. 600           750           1.200        1.500        
Reactive organic matter, solid matrix 2 pcs. 600           750           1.200        1.500        
Reactive Fe/Al-oxydes 2 pcs. 400           500           800           1.000        
Carbon content analysis 13 pcs. 50             100           650           1.300        
Water content analysis 13 pcs. 15             30             195           390           
Water holding capacity (field capacity) analysis 13 pcs. 25             50             325           650           
Biological activity by respiration tests 13 pcs. 250           350           3.250        4.550        
Biological activity by gas formation tetst 13 pcs. 250           350           3.250        4.550        
Materials 1 ls. 900           1.100        900           1.100        
Geochemical modelling of leaching mechanisms 5 day 1.000        1.200        5.000        6.000        
Interpretation and reporting 8 day 1.000        1.200        8.000        9.600        
Subtotal 41.070      52.140      46.605      

Aeration tests at 3 existing gas wells during 3 weeks
Check possibilities of using the existing Smell-Well 
system

Rent of mobile aeration system 21 day 160           220           3.360        4.620        Assumed blower capacity ~ 100 - 250 m3/hr.
Supervision, maintenance and control 15 day 800           1.000        12.000      15.000      
Interpretation and reporting of test results 5 day 800           1.000        4.000        5.000        
Subtotal 19.360      24.620      21.990      

Leachate composition
Sampling from the newly installed collection pit south of cell 6 3 pcs. 90             100           270           300           
Analysis for NA-parameters 3 pcs. 175           175           525           525           
Analysis for ECN-parameters 3 pcs. 140           140           420           420           
Interpretation and reporting of NA and ECN parameter (current state of stabilization) 5 day 1.000        1.200        5.000        6.000        
Subtotal 6.215        7.245        6.730        

Geo-electrical measurements (by TNO)
Geo-electrical measurement + EM31 (based upon 4 days of fieldwork) 1 ls. 15.000      20.000      15.000      20.000      
Interpretation and reporting 3 day 800           1.000        2.400        3.000        
Subtotal 17.400      23.000      20.200      

Reporting the final reference situation of the current status
Integrated interpretation 2 day 1.000        1.200        2.000        2.400        
Preparation and supply of a draft report 2 day 1.000        1.200        2.000        2.400        
Consultations with the client 2 day 1.000        1.200        2.000        2.400        
Preparation and supply of the final report 1 day 1.000        1.200        1.000        1.200        
Subtotal 7.000        8.400        7.700        

Projectmanagement and coordination
Project management based on an average input of 1 day per month 6 day 1.200        1.400        7.200        8.400        
Coordination and finetuning based on an average input of 1 day per month 6 day 800           1.000        4.800        6.000        
Subtotal 12.000      14.400      13.200      

General subtotal 103.045    129.805    116.425    

Contingencies (Technical) 10 % 10.305      12.981      11.643      

Total costs for the pre-investigation program (excl. VAT) 113.350    142.786    128.068    



Wieringermeer Cell 6
Preliminary Cost Estimate: Final design & Tendering, second quarter of 2009 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

Final design of infiltration and aeration equipment
Draft design 15 day 1.000        1.200        15.000      18.000      
Draft cost-estimate 5 day 1.000        1.200        5.000        6.000        
Consultation with client 3 day 1.000        1.200        3.000        3.600        
Final cost-estimate  5 day 1.000        1.200        5.000        6.000        
Subtotal 28.000      33.600      30.800      

Tendering
Preparation of tender documents 10 day 1.000        1.200        10.000      12.000      
Tendering procedure 15 day 1.000        1.200        15.000      18.000      
Contracting 4 day 1.000        1.200        4.000        4.800        
Subtotal 29.000      34.800      31.900      

General subtotal 57.000      68.400      62.700      

Contingencies (Technical) 10 % 5.700        6.840        6.270        

Total costs for the design and tendering (excl. VAT) 62.700      75.240      68.970      

Estimates are based on Design & 
Construct types of contracts

Estimates are based on Design & 
Construct types of contracts



Wieringermeer Cell 6
Preliminary Cost Estimate: installation and construction of infiltration equipment, middle of 2009 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average
General items
Installation and maintenance of the construction site on and near cell 6 1 ls. 23.000      27.000      23.000      27.000      
Employers and emission protection during construction 1 ls. 5.000        10.000      5.000        10.000      
Measurements prior to construction works 1 ls. 2.000        3.000        2.000        3.000        
Use of office facilities 1 ls. 5.000        7.000        5.000        7.000        
Use of instruments, computers, etc. 1 ls. 2.000        2.400        2.000        2.400        
Making as-built drawings 1 ls. 4.000        6.000        4.000        6.000        
Subtotal 41.000      55.400      48.200      

Power supply (for aeration equipment too)
Preparation and installation of power connections to exsisting on site facilities 1 ls. 3.000        5.000        3.000        5.000        
Supply and installation of a buried three phase cable, power capacity 40 – 60 kW 120 m 20             25             2.400        3.000        
Supply and installation of a buried three phase cable, power capacity 10 – 20 kW 240 m 18             22             4.320        5.280        
Supply and installation of wire protection sleeves 360 m 2               5               720           1.800        
Subtotal 10.440      15.080      12.760      

Infiltration fields
Excavation works for 6 infiltration fields. Outcoming soil to be put in nearby on site storage 5.900 m3 4               6               23.600      35.400      
Supply and installation of gravel/recycling material, thickness 0.5 – 0.8 m 2.000 m3 25             55             50.000      110.000    
Supply and installation of slotted filter pipes DN 100 500 m 10             15             5.000        7.500        
Supply and installation of PEHD well shafts in the infiltration fields 6 pcs. 2.500        3.500        15.000      21.000      
Supply and installation of permeable protective sheets on the infiltration fields 4.000 m2 5               6               20.000      24.000      
Installation of a soil cover from on site available material, thickness 1 m 3.900 m3 3,5            4,5            13.650      17.550      
Supply and installation of 4 piezometers per infiltration field 24 pcs. 200,0        250,0        4.800        6.000        
Subtotal 132.050    221.450    176.750    

Supply pipes
Supply and installation of leachate transport pipes DN 60 PN 10 280 m 18             24             5.040        6.720        
Subtotal 5.040        6.720        5.880        

Water distribution unit
Supply and installation of a container, 40 ft 1 pcs. 3.500        4.500        3.500        4.500        
Supply and installation of a complete distribution bar 1 ls. 2.500        3.000        2.500        3.000        
Supply and installation of leachate valves DN 60 6 pcs. 400           550           2.400        3.300        
Supply and installation of flexible connection tubes DN 60 (connection between distribution ba
and filling pipes) 6 pcs. 150           200           900           1.200        
Supply and installation of a flow control unit, fully integrated in the system control 1 ls. 2.000        2.500        2.000        2.500        
Supply and installation of a self-priming pump 80 - 120 m3/hr, fully integrated in the system
control 1 pcs. 4.000        5.000        4.000        5.000        
Supply and installation of all necessary electronic installations 1 ls. 20.000      30.000      20.000      30.000      
Subtotal 35.300      49.500      42.400      

Leachate storage tank
Supply and installation of a leachate storage tank with valves etc., volume 30 m3 2 pcs. 6.000        7.000        12.000      14.000      
Supply and installation of automatic water level registration equipment, fully integrated in the
system control 2 ls. 1.500        1.700        3.000        3.400        
Subtotal 15.000      17.400      16.200      

Filter for leachate purification / settlement tank
Supply and installation of a complete encapsulated sand filter for high pressures, including
pipes, valves and other auxiliairy equipment. Designed for high pressures. 1 ls. 14.000      20.000      14.000      20.000      
Subtotal 14.000      20.000      17.000      

Leachate supply pump, main supply pipe and excavation works
Supply and installation of a self-priming pump with electricity supply, valves and auxiliairy
equipment, installed inside pumppit north and pumppit south, fully integrated in the system 
control. Pump capacity: 5 m3/hr 2 pcs. 4.000        5.000        8.000        10.000      
Supply and installation of the main leachate supply pipe DN 80 PN 10 (tank filling pipe from
shaft/pumppit) 550 m 18             24             9.900        13.200      
Preparation for laying of pipelines (digging trenches, preparing materials) 830 m 12             18             9.960        14.940      
Supply and installation of pipe support material and sand filling 70 m3 18             22             1.260        1.540        
Installing pipe covering of former excavated and stored soil, thickness 0.2 – 0.3 m 120 m3 4,5            6,5            540           780           
Subtotal 29.660      40.460      35.060      

General subtotal 282.490    426.010    354.250    

Overhead contractors
Implementation costs 3 % 8.475        12.780      10.628      
General costs, profit and risk 7 % 19.774      29.821      24.798      

Construction supervision
Supervision, contraction, commissioning 15 % 42.374      63.902      53.138      

Subtotal 353.113    532.513    442.813    

Contingencies (Technical) 10 % 35.311      53.251      44.281      

Total costs for installation and construction of infiltration equipment (excl. VAT) 388.424    585.764    487.094    



Wieringermeer Cell 6
Preliminary Cost Estimate: installation and construction of infiltration equipment, middle of 2009 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks
Wieringermeer Cell 6
Preliminary Cost Estimate: installation and construction of aeration equipment in 2011 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average
General items
Installation and maintenance of the construction site on and near cell 6 1 ls. 23.000      27.000      23.000      27.000      
Employers and emission protection during construction 1 ls. 5.000        10.000      5.000        10.000      
Measurements prior to construction works 1 ls. 2.000        3.000        2.000        3.000        
Use of office facilities 1 ls. 5.000        7.000        5.000        7.000        
Use of instruments, computers, etc. 1 ls. 2.000        2.400        2.000        2.400        
Making as-built drawings 1 ls. 4.000        6.000        4.000        6.000        
Subtotal 41.000      55.400      48.200      

Modification of 3 existing gas wells
Conversion gas well heads (piping connections, connection height, etc.) 3 pcs. 350           400           1.050        1.200        
Supply and installation of gas butterfly valves DN 100 3 pcs. 400           550           1.200        1.650        
Supply and installation of new flexible tubes 3 pcs. 50             70             150           210           
Subtotal 2.400        3.060        2.730        

Pipes
Supply and installation of pipes PEHD DA110 PN6 1.300 m 16             20             20.800      26.000      
Supply and installation of flexible tubes 13 pcs. 50             70             650           910           
Supply and installation of connection tubes DA 110 (with stub flange and backing ring) 13 pcs. 70             90             910           1.170        
Supply and installation of condensate traps 8 pcs. 250           300           2.000        2.400        
Preparation for laying of pipelines (digging trenches, preparing materials) 1.300 m 8               10             10.400      13.000      
Supply and installation of pipe support material and sand filling 120 m3 20             22             2.400        2.640        
Installing pipe covering of former excavated and stored soil, thickness 0.2 – 0.3 m 120 m3 4,5            6,5            540           780           
Subtotal 37.700      46.900      42.300      

Gas collection and distribution station
Supply and installation of a container, 20/40 ft 1 pcs. 3.500        4.500        3.500        4.500        
Supply and installation of a sampling pipe system complete, coated stee
(1 for aeration and 1 for suction) 2 pcs. 4.000        6.000        8.000        12.000      
Supply and installation of gas butterfly valves and gauge connection NW 100 32 pcs. 400           550           12.800      17.600      
Supply and installation of connection tubes (connections including sampling pipe and tube) 16 pcs. 170           200           2.720        3.200        
Supply and installation gas butterfly valves for main sampling pipe NW 160 2 pcs. 400           550           800           1.100        
Supply of complete sets of documentation concerning all installed technical equipment and
operation procedures 4 pcs. 1.500        2.500        6.000        10.000      
Supply and installation of electronic installations (1 light + 1 connection point) 1 ls. 200           500           200           500           
Subtotal 34.020      48.900      41.460      

Gas blower station (extraction and aeration)
Supply and installation of a container, 40 ft 1 pcs. 3.500        4.500        3.500        4.500        
Supply and installation of ventilators for climate control in the container 1 pcs. 1.000        1.500        1.000        1.500        
Supply and installation heating systems for climate control in the container 1 pcs. 1.000        1.500        1.000        1.500        
Supply and installation of a complete aeration system: gas filter, automated valves
thermometer, flow meter, pressure control, integration in system control etc. 1 ls. 10.000      15.000      10.000      15.000      
Supply and installation of a side channel compressor, total capacity 600 m3/h with integrated 
system control 1 pcs. 35.000      50.000      35.000      50.000      
Supply and installation of a complete landfill gas and exhausts suction system: automated
valves, thermometer, flow meter, pressure control, integration in system control etc. 1 ls. 10.000      15.000      10.000      15.000      
Supply and installation of a rotary piston compressor, total capacity 600 m3/h with integrated 
system control 1 pcs. 35.000      50.000      35.000      50.000      
Supply and installation of gas analysis equipment for CH4, CO2 andO2, integrated in system 
control 1 ls. 2.000        3.000        2.000        3.000        
Supply of complete sets of documentation concerning all installed technical equipment and
operation procedures 4 pcs. 1.500        2.500        6.000        10.000      
Supply and installation of all necessary electronic installations 1 ls. 5.000        7.000        5.000        7.000        
Supply and installation of all necessary safety devices, equipment and procedures 1 ls. 20.000      25.000      20.000      25.000      
Supply and installation of a pipe system, connecting to the gas distribution station NW 160
coated steel/PEHD PN 6 (2 * 10 m) 2 pcs. 1.000        15.000      2.000        30.000      
Subtotal 130.500    212.500    171.500    

Subtotal 245.620    366.760    306.190    

Overhead contractors
Implementation costs 3 % 7.369        11.003      9.186        
General costs, profit and risk 7 % 17.193      25.673      21.433      

Construction supervision
Supervision, contraction, commissioning 15 % 36.843      55.014      45.929      

Subtotal 307.025    458.450    382.738    

Contingencies (Technical) 10 % 30.703      45.845      38.274      

Total costs for installation and construction of aeration equipment (excl. VAT) 337.728    504.295    421.011    



Wieringermeer Cell 6
Preliminary Cost Estimate: Yearly costs for monitoring and control of the infiltration period (2009 - 2011), Price level 2008
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

On site sampling and measurements
Weekly measurment of:
    - Volume of leachate from cell 6, PN and PZ discharged to purification plant
    - Volume leachate from cell 6, PN and PZ discharged to the storage tank for infiltration
    - Volume of leachate infiltrated in each individual infiltration field (6 fields)
    - Leachate level in each of the 6 infiltration fields 52 day 500           600           26.000      31.200      

Volume of landfill gas collected in each of the 16 gas wells every 14 days 26 pcs. 50             60             1.300        1.560        
Reading out the divers (temperature and water level) in 16 gas wells once a month 12 pcs. 50             60             600           720           
Measuring of settlements in every trimester (11 settlement beacons) 4 pcs. 1.500        2.000        6.000        8.000        
Sampling leachate from cell 6 discharged to purification plant every two months 6 pcs. 90             100           540           600           
Sampling leachate from the infiltration tank to infiltration fields every two months 6 pcs. 90             100           540           600           
Measuring gas composition (CH4, CO2, O2) in 16 gas wells every month 12 pcs. 1.000        1.200        12.000      14.400      
Subtotal 46.980      57.080      52.030      

Chemical analyses
Leachate analysis (NA + ECN) from cell 6 to purification plant every two months 6 pcs. 325           350           1.950        2.100        
Leachate analysis (NA + ECN) from iniltration tank to infiltration fields every two months 6 pcs. 325           350           1.950        2.100        
Subtotal 3.900        4.200        4.050        

Maintenance
Yearly small maintenance of the infiltration equipment and related facilities. 1 ls. 10.000      12.000      10.000      12.000      
Subtotal 10.000      12.000      11.000      

Operation costs
Yearly operational costs, specifically connected to the pilot projects 1 ls. 10.000      20.000      10.000      20.000      
Subtotal 10.000      20.000      15.000      

Management of data, interpretations and over all project management
Collection of daily meteorological data every month 12 pcs. 50             60             600           720           
Collection, processing and management of all data (Dbase/Remedy) 4 day 800           1.000        3.200        4.000        
Projectmanagement and coordination (1 day every month) 12 day 1.000        1.200        12.000      14.400      
Meetings (once a year) 10 persons per meeting 10 day 1.000        1.200        10.000      12.000      
Progress reports once a year 1 pcs. 5.000        6.000        5.000        6.000        
Subtotal 30.800      37.120      33.960      

General subtotal 101.680    130.400    116.040    

Contingencies (Technical) 10 % 10.168      13.040      11.604      

Total costs for the pre-investigation program (excl. VAT) 111.848    143.440    127.644    

All weekly measurments performed 
in a 1 day per week campaign



Wieringermeer Cell 6
Preliminary Cost Estimate: Yearly costs for monitoring and control of the aeration period (2011 - 2019), Price level 2008
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

On site sampling and measurements
Weekly measurment of:
    - Volume of leachate from cell 6, PN and PZ discharged to purification plant
    - Volume leachate from cell 6, PN and PZ discharged to the storage tank for infiltration
    - Volume of leachate infiltrated in each individual infiltration field (6 fields)
    - Leachate level in each of the 6 infiltration fields 52 day 500           600           26.000      31.200      

Volume of landfill gas collected in each of the 16 gas wells every 14 days 26 pcs. 50             60             1.300        1.560        
Reading out the divers (temperature and water level) in 16 gas wells once a month 12 pcs. 50             60             600           720           
Measuring of settlements in every trimester (11 settlement beacons) 4 pcs. 1.500        2.000        6.000        8.000        
Sampling leachate from cell 6 discharged to purification plant every two months 6 pcs. 90             100           540           600           
Sampling leachate from the infiltration tank to infiltration fields every two months 6 pcs. 90             100           540           600           
Measuring gas composition (CH4, CO2, O2) in 16 gas wells every month 12 pcs. 1.000        1.200        12.000      14.400      
Subtotal 46.980      57.080      52.030      

Chemical analyses
Leachate analysis (NA + ECN) from cell 6 to purification plant every two months 6 pcs. 325           350           1.950        2.100        
Leachate analysis (NA + ECN) from iniltration tank to infiltration fields every two months 6 pcs. 325           350           1.950        2.100        
Subtotal 3.900        4.200        4.050        

Exhaust gas treatment unit
Supply and installation of a fully equipped, connected and functioning gas treatment unit 1 ls. 35.000      45.000      35.000      45.000      
Subtotal 35.000      45.000      40.000      

Maintenance
Yearly small maintenance of the aeration equipment and related facilities. 1 ls. 10.000      12.000      10.000      12.000      
Subtotal 10.000      12.000      11.000      

Operation costs
Yearly operational costs, specifically connected to the pilot projects 1 ls. 20.000      30.000      20.000      30.000      
Subtotal 20.000      30.000      25.000      

Management of data, interpretations and over all project management
Collection of daily meteorological data every month 12 pcs. 50             60             600           720           
Collection, processing and management of all data (Dbase/Remedy) 4 day 800           1.000        3.200        4.000        
Projectmanagement and coordination (1 day every month) 12 day 1.000        1.200        12.000      14.400      
Meetings (once a year) 10 persons per meeting 10 day 1.000        1.200        10.000      12.000      
Progress reports once a year 1 pcs. 5.000        6.000        5.000        6.000        
Subtotal 30.800      37.120      33.960      

General subtotal 146.680    185.400    166.040    

Contingencies (Technical) 10 % 14.668      18.540      16.604      

Total costs for the pre-investigation program (excl. VAT) 161.348    203.940    182.644    

All weekly measurments performed 
in a 1 day per week campaign



Wieringermeer Cell 6
Preliminary Cost Estimate: Yearly costs for Communications & PR, Price level 2008
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

Communications & PR
Preparation of papers, seminars, external communication, workshops, press releases 1 ls. 8.000        10.000      8.000        10.000      
Communication with competent authorities (Province Noord-Holland, IPO, VROM, EU, VA) 1 ls. 8.000        10.000      8.000        10.000      
Subtotal 16.000      20.000      18.000      

General subtotal 16.000      20.000      18.000      

Contingencies (Technical) 10 % 1.600        2.000        1.800        

Total costs for the design and tendering (excl. VAT) 17.600      22.000      19.800      

Estimates are based on Design & 
Construct types of contracts



Wieringermeer Cell 6
Preliminary Cost Estimate: Post-pilote waste characterization tests, 2019 (Price level 2008)
Description Amount Unit Unit rate Subtotal Totals Remarks

min max min max min max average

Waste sampling during drilling of the new gas wells
On site assistance during sampling 1 day 800           1.000        800           1.000        
Drilling and sampling on 13 predefined places at depths of 3, 5 and 8 m below groundlevel 20 pcs. 250           400           5.000        8.000        
Subtotal 5.800        9.000        7.400        

Analyses on waste samples
Sample pretreatment 1 day 800           1.000        800           1.000        
Duplicate pH-stat test at start and endpoint 2 pcs. 3.200        4.000        6.400        8.000        
Duplicate percolation leach test 2 pcs. 2.800        3.400        5.600        6.800        
13 batch leach tests on individual samples 1 ls. 3.500        4.200        3.500        4.200        
DOC fractionation in leachates 2 pcs. 600           750           1.200        1.500        
Reactive organic matter, solid matrix 2 pcs. 600           750           1.200        1.500        
Reactive Fe/Al-oxydes 2 pcs. 400           500           800           1.000        
Carbon content analysis 13 pcs. 50             100           650           1.300        
Water content analysis 13 pcs. 15             30             195           390           
Water holding capacity (field capacity) analysis 13 pcs. 25             50             325           650           
Biological activity by respiration tests 13 pcs. 250           350           3.250        4.550        
Biological activity by gas formation tetst 13 pcs. 250           350           3.250        4.550        
Materials 1 ls. 900           1.100        900           1.100        
Geochemical modelling of leaching mechanisms 5 day 1.000        1.200        5.000        6.000        
Interpretation and reporting 8 day 1.000        1.200        8.000        9.600        
Subtotal 41.070      52.140      46.605      

General subtotal 46.870      61.140      54.005      

Contingencies (Technical) 10 % 4.687        6.114        5.401        

Total costs for the pre-investigation program (excl. VAT) 51.557      67.254      59.406      

Basic assumption: analyses on 2 (mixed) samples per 
drilling



Wieringermeer Cell 6
Preliminary Cost Estimate: Grand Total Summary, Price level 2008
Description Year

2009 2010 2011 2012 2013 2014
min max avg min max avg min max avg min max avg min max avg min max avg

Installation of additional sampling and measurement equipment 83.958        106.989            95.473         
Pre-investigation program 113.350      142.786            128.068       
Final design & Tendering 62.700        75.240              68.970         
Installation and construction of infiltration equipment 388.424      585.764            487.094       
Installation and construction of aeration equipment 337.728       504.295       421.011        
Yearly costs of operations and monitoring for infiltration 55.924        71.720              63.822         111.848      143.440        127.644      55.924         71.720         63.822          
Yearly costs of operations and monitoring for aeration 80.674         101.970       91.322          161.348     203.940        182.644      161.348          203.940        182.644       161.348     203.940      182.644      
Total yearly costs
Communications & PR 17.600        22.000              19.800         17.600        22.000          19.800        17.600         22.000         19.800          17.600       22.000          19.800        17.600            22.000          19.800         17.600       22.000        19.800        
Post-pilot waste characterization tests
Not capitalized grand total (excl. VAT) 721.955      1.004.498         863.226       129.448      165.440        147.444      491.926       699.985       595.955        178.948     225.940        202.444      178.948          225.940        202.444       178.948     225.940      202.444      

Description
2015 2016 2017 2018 2019
min max avg min max avg min max avg min max avg min max avg

Installation of additional sampling and measurement equipment
Pre-investigation program
Final design & Tendering
Installation and construction of infiltration equipment
Installation and construction of aeration equipment
Yearly costs of operations and monitoring for infiltration
Yearly costs of operations and monitoring for aeration 161.348      203.940            182.644       161.348      203.940        182.644      161.348       203.940       182.644        161.348     203.940        182.644      161.348          203.940        182.644       
Total yearly costs
Communications & PR 17.600        22.000              19.800         17.600        22.000          19.800        17.600         22.000         19.800          17.600       22.000          19.800        17.600            22.000          19.800         
Post-pilot waste characterization tests 51.557            67.254          59.406         
Not capitalized grand total (excl. VAT) 178.948      225.940            202.444       178.948      225.940        202.444      178.948       225.940       202.444        178.948     225.940        202.444      230.505          293.194        261.850       

Year Not capitalized costs (excl. VAT)
min max avg

2009 721.955            1.004.498    863.226      
2010 129.448            165.440       147.444      
2011 491.926            699.985       595.955      
2012 178.948            225.940       202.444      
2013 178.948            225.940       202.444      
2014 178.948            225.940       202.444      
2015 178.948            225.940       202.444      
2016 178.948            225.940       202.444      
2017 178.948            225.940       202.444      
2018 202.444            178.948       225.940      
2019 230.505            293.194       261.850      

Totals 2.849.965         3.697.705    3.309.079   
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