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ABSTRACT

The following article deals with the worldwide
problem of drinking water contamination caused by
uncontrolled waste landfills. The population of the world
is increasing and more waste is produced which needs
to be disposed. Uncontrolled waste landfills are not
managed and badly engineered, triggering the danger
of groundwater pollution. By taking this groundwater as
the first source for drinking water it could affect human
health. The aim of this research is to present solutions
to prevent groundwater pollution in a sustainable way.
This article presents three different approaches to tackle
this problem, compares their strengths and flaws and
finally points out the best solutions measured by cost,

Waier Table

Plume Treated Water

GW Flow —»

Permeable Reactive Barrier

Filtration system of a cut-off wall (EPA, 1998 [15]) effort and sustainability.
Contents
1. Introduction 37
2. Literature review 37
3. Problem definition 37
4, Description of the research 38
5. Conclusion 42

Corresponding author:
+49 (0) 176 641 70240; sven.euller@onlinehome.de (Sven Euller, scientific employee)

+49 (0) 6131 628 1345; andrew.petersen@fh-mainz.de (Andrew Petersen, D.Sc., Professor)



CTpouTenbCTBO YHUKaNbHbIX 34aHUM U coopyxeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

1. Introduction

This paper will report on the problem of drinking water contamination caused by uncontrolled waste
landfills.

For decades, the world population is growing; especially the population of developing countries such as
India or China is increasing enormously. But more people in the world mean more waste is produced and more
space for this waste is needed. Since managing waste is costly and often knowledge about correctly storing it is
lacking, waste is dumped anywhere without managing and controlling this site. These so called uncontrolled
waste landfills (figure 1) are a great danger for the groundwater and implicate a risk for human health.

As can be seen in figure 2, the waste is dumped without
any protection between waste and ground. Because of
rainwater the risk of infiltration occurs and a liquid mixture of
particles, which is known as landfill leachate, reaches the
groundwater and affects the quality of drinking water. Therefore
the objective of this research is to find and list sustainable
solutions for the impact on the drinking water quality caused by
groundwater pollution of uncontrolled municipality waste
landfills. The results will be presented by comparing three
solutions by cost, effort and sustainability.

2. Literature review

Groundwater pollution is a problem which affects the
Figure 1. Uncontrolled waste landfill, Brazil whole planet and threatens especially the management of
(DW, 2002 [1]) drinking water supply. Basically, groundwater pollution appears
when hazardous substances come into contact and suspend in

the water that has seeped into the ground. [2]

Groundwater is not visible because it is — as the name implies — almost always hidden underground and
furthermore the most important source for drinking water worldwide. Around 30% of the world’s freshwater is
groundwater (figure 2) and 97% of it is potentially available for human use. [3]

By having the danger of drinking water
contamination the European Drinking Water Directive 2.5% _— 0.3%
(DWD) is rightly required to make sure that the FRESHWATER | g N FRESHWATER
drinking water is free from bacteria and viruses and to -
check the limit values of all the chemicals inside [4].

70%

MOUNTAINOUS
REGIONS

In 1999 a directive for a certain standard for
controlling and managing landfill sites has been
introduced by the European Commission. The
deadline for implementation of the legislation in the
Member States was July 2001, with the aim of Figure 2. World Water Resource (UNWATER, 2012 [3])
preventing negative effects on the environment as
fast as possible by introducing stringent technical
requirements for waste and landfills [5].

30%

GROUNDWATER

In 2012 a study about the groundwater contamination was released by Dr. Mohamed Ismail who introduced
different techniques for landfills such as a Cut-Off wall system or chemical treatment of the water. [6] But in
general there is a lack of measuring possible solutions by comparing them.

3. Problem definition
What is leachate?

Basically leachate is a liquid that moves through a landfill. It has its origin mostly from rainwater and carries
all kinds of bacteria and particles of the waste. Common municipality waste landfill leachate has high
concentrations of nitrogen, iron, organic carbon, manganese, chloride, phenols and heavy metals. As leachate
liquid leaks from a landfill site, it has a strong acidic smell and is often black or yellow (figure 3). [7]
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After running through waste and solid, the toxic mixture
reaches the groundwater aquifer. If this happens, the
groundwater is called polluted and the drinking water contains
all kinds of harmful particles. Particularly heavy metals are a
great hazard for drinking water. Heavy metals have a lot of
origins in the waste. Lead for example is occurring in building
materials, pigments for glazing ceramics or pipes for
transporting water. Chrome is used for all kinds of layer of
corrosion, is found in leather, glass and parts of a car. Copper
is mainly used in industry for electronically productions and
technologies. It is known that drinking water, which contains
more than the limit values for heavy metal substances, can
lead to several diseases and toxicities.

Figur 3. Test sample of landfill leachate

(IAPG, 2006 [8]) 4. Description of the research

4.1 Methodology

The methodology of this research is divided into three parts: Data Collection, Data Analyses and
Discussion.

The first part explains the way how to collect the information, which means what kind of sources will be
used. The sources, which are secondary literature, consist mainly of books, internet sources or articles. To learn
more about the water directives in Europe the “European water regulations” are taken into consideration.
Furthermore the kinds of landfills will be studied to receive information about the build-up of domestic waste
landfills, the different types of domestic waste which are stored and the different techniques to eliminate toxic
substances from groundwater. Articles about hazards of groundwater, landfills and example cases to learn from
the past to suggest improvements were red as well.

The data analysis will interpret the collected data and analyse the different techniques of storing waste and
of reducing pollution of groundwater. Directives and regulations for drinking water quality will help to know the
limiting values for substances in drinking water. With example cases it is possible to learn from the past and to
improve techniques. With the analyzed data environmental and technical solutions will be described with regard
to the main objective, to eliminate leachate and to minimize the polluted groundwater. To suggest the most
promising result a discussion of all the solutions will be made by comparing them by cost, effort and sustainability.

4.2 Data Collection and Analyses

Solution 1: Liner System — with leachate treatment

Liner systems for landfills are planned and constructed to create an interface among the waste and the
environment and to lead the leachate to collection and treatment facilities. This is used to avoid the uncontrolled
escape of leachate into the soil and groundwater. [8] The structure of liner systems differs from type to type.
There are three kinds of systems, namely single-liner, double-liner and composite-liner system. They share the
fact that all systems have a geomembrane as a basis (figure 4). For municipality waste, a composite liner system
is mostly used [9].

Figure 4: Geomembran Liner (Wordpress, 2004 [10])
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It consists of a combination of a geomembrane and a clay liner and is therefore more effective in leachate
mitigation. Geomembranes are constructed from high-density polyethylene (HDPE) which is strong, resistant to
chemicals and waterproof to protect the soil and the groundwater in case the leachate system is not working. The
geotextile is used to protect the leachate collection system from small soil and the geomembrane from cuts. The
leachate collection system consists of pipes (figure 5) to collect the leachate and lead it to tanks for storage or
treatment. In order to run a sustainable liner system, the collected leachate needs to be treated. With regard to
removing heavy metals, a special leachate treatment system is used — the chemical precipitation of metals [11].

e %y Gravel .
e = Protection Layer
iR - il — )
w—— Geotextile

- Leachate Collection System

%.‘.‘;-._..:-_"

Geomembrane

Sand/Gravel = Geomembrane

Geotextile Recompacted Clay

Figure 5: Composite Liner with leachate collection system (Rawell, n.d. [11])

Chemical precipitation is the most common way to deal with dissolved heavy metals in leachate. During
this chemical process, solvable metal ions are transformed into insolvable salts. These salts can be removed by
filtration or sedimentation and become a clarified and highly-concentrated metal sludge. The U.S. Environmental
Protection Agency (EPA) tested all kinds of leachate treatment systems and created treatability data for every
pollutants. This data shows that the chemical precipitation is working with an removal efficiency of 90% for
copper, 95% for lead and even 99% for chrome by an influent concentration range of 10-100 mg/Liter. [12]

The costs for designing and constructing this liner system with leachate treatment are measured as follows:

— Composite liner system:
4,416,622€/ha (5.988.056%/ha) [13]

— Chemical precipitation of metals:
84,867€/L (112,746%/L) [14]

TOTAL: 4,501,500 € (6,100,802%)

Solution 2: Permeable cut-off walls

Permeable cut-off walls are used to keep contaminated groundwater away from the drinking water intake.
These underground barriers are build-up of a vertically excavated ditch that is filled up with slurry consisting of a
soil, bentonite and water mixture. The slurry hydraulically reinforces the ditch to avoid a collapse and creates a
filter to reduce ground water flow. After that a soil-bentonite refill material is filled in the ditch and displaces the
slurry to form the cut-off wall. Whenever contaminated groundwater, or plume, is seeping out of a landfill site, it
will pass the barrier and will be treated with filtration (figure 6) [14].

The size and amount of these walls is depends on the landfill site and the groundwater flow. Sometimes a
single wall is enough to avoid contamination but in many cases the site is completely surrounded by them. They
are generally placed at depths up to 30 meters and are about 0.6 to 1.2 meters thick. The most operative use of
the cut-off wall for site decontamination or pollution control is to key the cut-off wall 0.6 to 0.9 meters into a low
permeability layer such as clay or bedrock (Figure 7). This basement guarantees an effective foundation with a
very low leakage potential (2012). Furthermore, groundwater controls are implemented to manage and control the
values of the groundwater. The simplest and less expensive solution is a so called observation well. [15] Inside
the cut-off wall is also a chemical precipitation system which eliminates heavy metals (already described in
solution 1) [17].
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Figure 6: Filtration system of a cut-off wall Figure 7: Cut-off wall with a foundation and
(EPA, 1998 [15]) groundwater control (Frtr, 2012 [14])

The costs for designing and constructing cut-off wall system with leachate treatment are measured as
follows:
— The average price for a cut-off wall is:
4,830,000€/ha (6,450,000%$/ha) [14]

— Chemical precipitation of metals:
84,867€/L (112,746%/L) [14]

TOTAL: 4,914,867€ (6,562,747$).

Solution 3: Landfill Mining

Landfill mining describes the process of reusing solid waste which has previously been landfilled through
excavating and treating it. The main reasons for landfill mining are creating new space for future landfills,
addressing groundwater pollution, recovering recyclable materials and reducing closure costs [18].

There are three general steps which describe landfill mining: dig up, sieve and sort. At the beginning, an
excavator (Figure 8) starts to dig up waste out of the landfill. After that the excavated waste is processed to
separate unwieldy materials, sorting hazardous material and materials to be used as fuel or recycling. One way to
separate the recyclable materials, especially heavy metals, is to use a magnet. Recyclable materials are plastics,
glass and ceramic, metals and stone or aluminum. The non-recyclable excavated waste is treated with a so called
waste shredder to small particles. It is sorted and filtered again until only soil is left [18].

By reusing all of the recyclable materials, especially
heavy metals can be kept away from the waste and
therefore from the groundwater. Furthermore, the metals
can be sold as secondary resources, which is for copper
very important these days.

The opportunity of producing energy from waste is a
big advantage of landfill mining. Because the waste is not
stored but reused, waste power plants are becoming more
interesting specifically for uncontrolled and old landfills.
Besides waste burning which is very efficient, another
system is currently being developed. This system, called
gas plasma technology, is working with non-recyclable
materials which were dried and shredded by turning it into
Refused Derived Fuel (RDF). The RDF is put into a fluid bed
Figure 8: Waste excavation (FDEP, 2009 [17]) gasifier in which it is transformed into synthetic gas. This
gas is passed into a separate plasma converter and a pure,
hydrogen-rich synthetic gas is produced (figure 9) [19].
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From waste to energy; the plasma process

Gascleaning Power island generating
Fluid bed gasifier Plasma converter equipment power and heat

Figure 9: Gasplasma Technology (CM, 2012 [20])

The costs for landfill mining depend on the size of the landfill and the technology. The average price of
excavating and mining the waste is 4,91 €/m? (6,53 $/m?) (FDEP, 2009). By an average waste size of 400,000 m?
the excavating and mining cost would be 1,964,000 €/m? (2,611,924$/m?) (FDEP, 2009). All together the costs of
a landfill mining project are estimated about 60 million Euro with regard to the Enviropark in Hirwaun, Wales.
[21].

4.3 Discussion

As indicated above, the result which is the best solution will be measured by cost, effort and sustainability
and is presented in table 1.

Table 1: Comparison of the three solutions

1. Liner-System 2. Cut-Off Wall 3. Landfill Mining
Cost 4,501,500€ 4,914,867€ 60 million €
—  Special companies ~  Special companies
- E)F:cavatin vSaste —  Complicated T Mo compex
Effort Cleanin g " machinery ma.chmery./
- eaning so _ Alot of time — Daily routine

— Maintenance .
— Maintenance

— Recycling materials

— Producing energy

— Profitable after ten
years

— Treated water can be
— Treated water can be reused

reused — Low harming of the
environment

Sustainability

It can be seen that solution 1 (Liner-System) is with about 4.5 million Euro the most inexpensive solution,
solution 2 (Cut-Off Wall) with about 5.0 million Euro and solution 3 (Landfill Mining) with 60 million Euro are more
expensive. Looking at the effort of solution 1 and 2 are more complicated and costly in terms of time compared to
solution 3 which has a daily routine.

Even though landfill mining is with its starting costs very expensive it is profitable after ten years.
Furthermore the effort and sustainability give a reason to appoint landfill mining to the best solution for preventing
the contamination of drinking water caused by uncontrolled landfills.

4.4 Recommendation
This research showed that the best solution to prevent drinking water contamination caused by uncontrolled
landfills is landfill mining. To implement this solution a special focus should be on the costs. Landfill mining has
with its whole project costs a disadvantage. Therefore a further research should keep an eye on cooperations or
sponsoring to reduce the costs in the beginning. Moreover, a further research can be based on other existing
techniques to produce energy instead of gas plasma to point out strength and weaknesses.
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5. Conclusion

This report has examined the problem of drinking water contamination caused by uncontrolled waste
landfills. It suggested three solutions for this problem and analyzed them by the measurements of cost, effort and
sustainability. Because the waste is not dumped correctly and the sites are badly engineered, rainwater can seep
into the ground contaminating the groundwater.

By facing this problem three solutions were suggested which are: Liner System, Permeable Cut-Off Wall
and Landfill Mining. The analyzed solutions for improving uncontrolled landfills can all solve the problem of
contaminated drinking water. The research showed that compared by cost, effort and sustainability, landfill mining
is the most promising solution. Even though the starting costs are with 60 million Euros very high, money is
earned by recycling materials and producing green energy which will be profitable after only ten years. The effort
is low because just a view machines are needed and the maintenance is smaller compared to the other solutions.
Furthermore, it is the most sustainable solution by reusing almost all of the waste and producing green energy.

42

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



CTpouTenbCTBO YHUKaNbHbIX 34aHUM U coopyxeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DW-Radio (DW). (2002) German Technology helps Brazil Get to Grips with Waste. [web source] URL:
http://www.dw.de/german-technology-helps-brazil-get-to-grips-with-waste/a-655975. (date of reference: January
15, 2013)

US Environmental Protection Agency (EPA). (2011) Groundwater Contamination [web source] URL:
http://www.epa.gov/superfund/students/wastsite/grndwatr.htm (date of reference: January 4, 2013)

UN-Water. (2012). UN-Water Statistics - Water Resources. [web source] URL:
http://www.unwater.org/statistics_res.html (date of reference: January 5, 2013)

European  Commission.  (2012). Drinking  Water Directive  (DWD). [web  source] URL:
http://ec.europa.eu/environment/water/water-drink/index_en.html (date of reference: January 5, 2013)

European Commission. (2012). Landfill of Waste. [web source] URL:
http://ec.europa.eu/environment/waste/landfill_index.htmhtml (date of reference: January 5, 2013)

Dr. Mohamed Ismail S.A. (2012). Royal Comission Environmental Project, Preventive Measures and Remedial
Techniques for Groundwater Contamination. [web source] URL: http://de.slideshare.net/najamulhassan52/15-
groundwater-contamination-prevention-and-remedial-techniques-as-on-27052012-new-design (date of
reference: January 12, 2013)

WiseGEEK. (n.d.). What Is Landfill Leachate? [web source] URL: http://www.wisegeek.com/what-is-landfill-
leachate.htm# (date of reference: January 4, 2013)

Institut fiir Angewandte Photogrammetrie und Geoinformatik (IAPG). (n.d.). AGIP-Projekt "Uberwachung von
Sickerwasser in Deponien mittels hyperspektraler Sensoren” am IAPG. [web source] URL: http://iapg.jade-
hs.de/projekte/sickerwasser/ (date of reference: January 3, 2013) (ger)

Ohio State University (OSU). (2005). Landfil Types and Liner Systems. [web source] URL:
http://ohioline.osu.edu/cd-fact/pdf/0138.pdf (date of reference: December 2, 2013)

Wordpress. (2004). Floating Covers. [web source] URL: http://floatingcovers.wordpress.com (date of reference:
January 5, 2013)

Rawell Environmental Ltd. (n.d.). Composite Base Liner.
http://www.rawell.co.uk/media/content/environmental_protection/introduction/enlargements/lllustrati
ve_Composite_Base_Liner.jpg (date of reference: January 15, 2013)

Environmental Protection Agency (EPA). (1995). Ground-Water and Leachate Treatment System. Retrieved
[web source] URL: http://nepis.epa.gov (date of reference: December 19, 2013)

lllinois Environmental Protection Agency(IEPA). (2003). A Study of the Merits and Effectiveness of Alternate
Liner Systems at |lllinois Landfills. [web source] URL: http://www.epa.state.il.us/land/regulatory-
programs/permitsandmanagement/alternate-landfill-liner  study/alternate-landfill-liner-study.pdf (date of
reference: January 4, 2013)

Federal Remediation Technologies Roundtable (FRTR). (2012). Precipitation/Coagulation/Flocculation. [web
source] URL: http://www.frtr.gov/matrix2/section4/4-50.html (date of reference: January 4, 2013)

Environmental Protection Agency (EPA). (1998). Permeable Reactive Barrier Technologies for Contaminant
Remediation. Retrieved [web source] URL:
http://nepis.epa.gov/EPA/html/DLwait.htm?url=/Exe/ZyPDF.cgi?Dockey=300030I0.PDF (date of reference:
January 6, 2013)

Federal Highway Administration (FHA). (2011). Technical Manual for Design and Construction of Road Tunnels.
[web source] URL: http://www.fhwa.dot.gov/bridge/tunnel/pubs/nhi09010/15a.cfm (date of reference: January
12, 2013)

Suthersan, S. S. (1999). CRC Press LLC. IN SITU REACTIVE WALLS. [web source] URL:
http://www2.bren.ucsb.edu/~keller/courses/esm223/SuthersanCh07ReactiveWalls.pdf (date of reference:
January 7, 2013)

Florida Department of Environmental Protection (FDEP). (2009). Landfill Reclamation Demonstration Project.
Retrieved [web source] URL:
http://www.dep.state.fl.us/waste/quick_topics/publications/shw/recycling/InnovativeGrants/IGYear9/f
inalreport/Perdido_Landfill_Mining_Report_final.pdf (date of reference: January 14, 2013)

Advanced Plasma Power (APP). (2012). Advanced Plasma Power - Belgium Landfill Mining. Retrieved January
15, 2013, from [web source] URL: http://www.advancedplasmapower.com/belgium-landfill-mining-
project.aspx#315 (date of reference: January 15, 2013)

43

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



CTpouTenbCTBO YHUKaNbHbIX 34aHUM U coopyxeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

20. Construction Manager (CM). (2012). Waste to energy plant plans. [web source] URL: http://construction-
manager.co.uk/news/1bn-waste-energy-plant-plans/ (date of reference: January 20, 2013)

21. Enviroparks. (2013). Enviroparks Hirwaun. Retrieved on January 22, 2013, from [web source] URL:
http://www.enviroparks.co.uk/enviroparks-hirwaun (date of reference: January 22, 2013)

22. QIAN Xuede, GRAY Donald H. (2001) Geotechnical Aspects of Landfill Design & Construction. Prentice Hall.
2001. 717 p.

23. Landfill leachate treatment: Review and opportunity / Renou S., Givaudan J.G., Poulain S., Dirassouyan F.,
Moulin P. (2008). Journal of Hazardous Materials.2008. Vol.150. Issue 3. Pp. 468—-493.

24. Leachate Characterization and Assessment of Groundwater Pollution Near Municipal Solid Waste Landfill Site /
Suman Mor, Khaiwal Ravindra, Dahiya R. P., Chandra A. (2006). Environmental Monitoring and
Assessment.2006. Vol. 118. Issue 1-3. Pp. 435-456.

44

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



CTpouTenbCTBO YHUKaNbHbIX 34aHUM U coopyxeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

3arp;|3HeHV|e NUTbLEBOMN BOAbI KaK cneacTeme OTCYTCTBUSA KOHTpPOA
Hag nosfimroHamu Ansd 3aXxopoHeHnss orxonos

C. 9ynnep’, A. MeTepceH”

YHusepcumem nipuknadHbix Hayk 2. MalHy, 55116, NepmaHus, MaliHu, Xonbxxoguwmpacce, 8.

UHdopmauums o ctatbe Uctopusna KnroueBble cnosa

HayuyHas ctaTtbs MopaHa B pepakumio 2 cespansa 2014

MpuHaTa 27 nions 2014

nuTbeBaa BOAa,

3arpsisHeHve,

rPYHTOBbIE BOAbI,

MOSUIOHbI AN 3aXOPOHEHNSA OTXO40B,
HEKOHTPONMpyemoe 3arpsisHeHue,
CTOYHbIE BOAbI,

TAXenble meTannbl,

ycTON4YMBas cpeaa.

AHHOTALINA

B cratbe paccMmoTpeHa MwupoBasi npobnema
3arpsi3HEHMs] MUTbEBbIX BOZ, BO3HWKLIAS BCMEACTBUE
HEKOHTPONMUPYEMOrO  3arpsi3HEHUs1 U YBENUYEHUS
MONIUIOHOB ANsi 3aXOpOHEeHus oTxogoB. [lonynsaums
MWPOBOrO HaceneHus Bo3pacTaeT U MOsIBNSETCA Bce
6onbLue 0TXO[0B, KoTopble Heobxoanmo
yTUnmMavMpoBaTb. MHOrMe NOMUroHbl ANsi 3aXOPOHEHUs
OTXOOB HE OCHalleHbl [JOMmkHbIM obpasom ¢

Wafer Table
Treated Water
GW Flow —m

Permeable Reactive Barrier

Filtration system of a cut-off wall (EPA, 1998 [15])

Corresponding author:

WHXXEHEePHON TOYKU 3PEHUsl, HE Yy4YMTbIBAETCA CTeneHb
3arpsi3HeHMs TPYHTOBbLIX BoA. A 3arpsid3HeHHble BoAbl
naryGHO BRMSIIOT Ha 340pOBbE 4YenoBeka. PesynbTtaTtom
nccrnenoBaHUs ctano npeactaBneHve TpexX MOAXOAOoB

+49 (0) 176 641 70240; sven.euller@onlinehome.de (Qynnep CeeH, Hay4HbIi COTPYAHUK)
+49 (0) 6131 628 1345; andrew.petersen@fh-mainz.de (MetepceH SHApto, A4.T.H., Npodpeccop)

Mo nNpegoTBPALLUEHWNID TPYHTOBbIX  3arpsi3HEHUA  ©
noaaepXxaHuo AanbHewnLero HanpaBneHus
YCTOWYMBOro PasBUTHS.

45

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



CTpouTenbCTBO YHUKaNbHbIX 34aHUN U coopyeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

NurtepaTtypa

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DW-Radio (DW). (2002) German Technology helps Brazil Get to Grips with Waste. [anekTpoHHbIn pecypc] URL:
http://www.dw.de/german-technology-helps-brazil-get-to-grips-with-waste/a-655975. (nata obpalieHus: sHBapb
15, 2013)

US Environmental Protection Agency (EPA). (2011) Groundwater Contamination [anekTpoHHbIn pecypc] URL:
http://www.epa.gov/superfund/students/wastsite/grndwatr.htm (gata obpaileHus: sHapb 4, 2013)

UN-Water. (2012). UN-Water Statistics - Water Resources. [anekTpoHHbIn  pecypc] URL:
http://www.unwater.org/statistics_res.html (agata obpawenus: sHsapb 5, 2013)

European Commission. (2012). Drinking Water Directive (DWD). [anekTpoHHbIi pecypc] URL:
http://ec.europa.eu/environment/water/water-drink/index_en.html (aata obpawerus: aHeapb 5, 2013)

European Commission. (2012). Landfill of Waste. [anekTpoHHbBIN pecypc] URL:
http://ec.europa.eu/environment/waste/landfill_index.htmhtml (nata o6paLuenuns: aueapb 5, 2013)

Dr. Mohamed Ismail S.A. (2012). Royal Comission Environmental Project, Preventive Measures and Remedial
Techniques for Groundwater Contamination. [aneKTpOHHbI pecypc] URL:
http://de.slideshare.net/najamulhassan52/15-groundwater-contamination-prevention-and-remedial-techniques-
as-on-27052012-new-design (gata obpalieHus: aHBapb 12, 2013)

WiseGEEK. (n.d.). What Is Landfill Leachate? [anekTpoHHbIi pecypc] URL: http://www.wisegeek.com/what-is-
landfill-leachate.htm# (nata obpaweHus: aHBapb 4, 2013)

Institut fiir Angewandte Photogrammetrie und Geoinformatik (IAPG). (n.d.). AGIP-Projekt "Uberwachung von
Sickerwasser in Deponien mittels hyperspektraler Sensoren” am IAPG. [anekTpoHHbI pecypc] URL:
http://iapg.jade-hs.de/projekte/sickerwasser/ (qata obpalieHus: sHBapb 3, 2013) (ger)

Ohio State University (OSU). (2005). Landfill Types and Liner Systems. [aneKTpoHHbIn pecypc] URL:
http://ohioline.osu.edu/cd-fact/pdf/0138.pdf (naTa obpaweHus: nekabpb 2, 2013)

Wordpress. (2004). Floating Covers. [anekTpoHHbIn pecypc] URL: http://floatingcovers.wordpress.com (gata
obpalleHus: sHBapb 5, 2013)

Rawell Environmental Ltd. (n.d.). Composite Base Liner.
http://www.rawell.co.uk/media/content/environmental_protection/introduction/enlargements/lllustrati
ve_Composite_Base_Liner.jpg (zata obpawenuns: aHeapb 15, 2013)

Environmental Protection Agency (EPA). (1995). Ground-Water and Leachate Treatment System. Retrieved
[enekTpoHHBIN pecypc] URL: http://nepis.epa.gov (aata obpalienus: aekabpb 19, 2013)

lllinois Environmental Protection Agency(IEPA). (2003). A Study of the Merits and Effectiveness of Alternate
Liner Systems at lllinois Landfills. [anekTpoHHbIi pecypc] URL: http://www.epa.state.il.us/land/regulatory-
programs/permitsandmanagement/alternate-landfill-liner study/alternate-landfill-liner-study.pdf (nata
obpalleHus: sHeapb 4, 2013)

Federal Remediation Technologies Roundtable (FRTR). (2012). Precipitation/Coagulation/Flocculation.
[onekTpoHHBIM pecypc] URL: http://www.frtr.gov/matrix2/section4/4-50.html (aaTta obpaiieHus: sHeapb 4, 2013)

Environmental Protection Agency (EPA). (1998). Permeable Reactive Barrier Technologies for Contaminant
Remediation. Retrieved [aneKTpoHHbBI pecypc] URL:
http://nepis.epa.gov/EPA/html/DLwait.htm?url=/Exe/ZyPDF.cgi?Dockey=30003010.PDF (pnata o06palieHus:
sHBapb 6, 2013)

Federal Highway Administration (FHA). (2011). Technical Manual for Design and Construction of Road Tunnels.
[anekTpoHHbIN pecypc] URL:  http://www.fhwa.dot.gov/bridge/tunnel/pubs/nhi09010/15a.cfm (nata obpalieHus:
sAHBapb 12, 2013)

Suthersan, S. S. (1999). CRC Press LLC. IN SITU REACTIVE WALLS. [anekTpoHHbIi pecypc] URL:
http://www2.bren.ucsb.edu/~keller/courses/esm223/SuthersanCh07ReactiveWalls.pdf (naTa obpaLleHus:
sAHBapb 7, 2013)

Florida Department of Environmental Protection (FDEP). (2009). Landfill Reclamation Demonstration Project.
Retrieved [aneKkTpoHHbIN pecypc] URL:
http://www.dep.state.fl.us/waste/quick_topics/publications/shw/recycling/InnovativeGrants/IGYear9/f
inalreport/Perdido_Landfill_Mining_Report_final.pdf (nata obpaweHus: sHeapb 14, 2013)

Advanced Plasma Power (APP). (2012). Advanced Plasma Power - Belgium Landfill Mining. Retrieved January
15, 2013, from [anekTpoHHbIN pecypc] URL: http://www.advancedplasmapower.com/belgium-landfill-mining-
project.aspx#315 (maTa obpalleHus: sHeapb 15, 2013)

46

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



CTpouTenbCTBO YHUKaNbHbIX 34aHUM U coopyxeHun, 2014, Ne8 (23)
Construction of Unique Building_;s and Structures, 2014, Ne8 (23)

20. Construction Manager (CM). (2012). Waste to energy plant plans. [anekTpoHHbIn pecypc] URL:
http://construction-manager.co.uk/news/1bn-waste-energy-plant-plans/ (qata obpaieHus: aHeapb 20, 2013)

21. Enviroparks. (2013). Enviroparks Hirwaun. Retrieved on January 22, 2013, from [anekTpoHHbI pecypc] URL:
http://www.enviroparks.co.uk/enviroparks-hirwaun (gata obpalleHus: sHeapb 22, 2013)

22. QIAN Xuede, GRAY Donald H. (2001) Geotechnical Aspects of Landfill Design & Construction. Prentice Hall.
2001. 717 p.

23. Landfill leachate treatment: Review and opportunity / Renou S., Givaudan J.G., Poulain S., Dirassouyan F.,
Moulin P. (2008). Journal of Hazardous Materials.2008. Vol.150. Issue 3. Pp. 468—-493.

24. Leachate Characterization and Assessment of Groundwater Pollution Near Municipal Solid Waste Landfill Site /
Suman Mor, Khaiwal Ravindra, Dahiya R. P., Chandra A. (2006). Environmental Monitoring and
Assessment.2006. Vol. 118. Issue 1-3. Pp. 435-456.

47

Oynnep C., MNeTepceH A. 3arpsisHeHne NUTLEBOW BOAbI Kak CNeACcTBNe OTCYTCTBUS KOHTPONS HaA NOMMroHaMM ANsi 3aXOPOHEHNS OTXOA0B. /
Euller S., Petersen A. Drinking water contamination caused by uncontrolled landfills.



