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[1] Main-intention of the training

• Beside the technical solution, to bring relevant stakeholder and decision maker together to 

increase the common understanding for future requirements, technical solutions and 

financial needs;

• Harmonising terminologies = “speaking the same language” ;

• Sludge/Sediments/Soil/...... // pollution/contamination/remediation/.....;

• Relativating current situation in regard to pollution / contamination;

• Earning the trust of the population and representatives in the capacity and capapility of the 

project through an „controlled agressive“ straight forward, positive, honest and direct PR 

strategy;

• Establishing a management structure with long-term effect and not only applicable for this 

specific term.



• Issue #1

[2] Pollution level of rivers/canals and open surface waters



• Moraca (Montenegro) –

o Pollutants from:

➢ Industry

➢ Public Sewer

➢ Agiculture

o Relativating factor: Surface

Source: Royal Haskoning 2006

[2] Pollution level of rivers/canals and open surface waters



• Ebro River (Spain) –

o Pollutants from

o Flix Reservoir (industry)

o Public Sewer

o Flix Reservoir decontaminated 2012- 2015 (ongoing) – Sediments from Ebro River not yet 

treated

[2] Pollution level of rivers/canals and open surface waters

Source: Royal Haskoning 2006



• Sava – (Cro-SRB) – Study „Potentially toxic 

elements in water and sediments of the Sava

River under extreme flow events”;15 December 

2017

o Pollutants from

o Industry

o Public Sewer

o Agiculture

• Conclusion: Most of heavy metals (PTEs) 

exceeded the permitted thresholds under high-

water conditions

[2] Pollution level of rivers/canals and open surface waters

Source: Royal Haskoning 2006



• Lapus, Somes (Romania) – Tisza (Hungaria)

o Pollutants from

o 2000 – Baia Mare gold mine - 100.000 m³ Cyanid 

Waters into Lapus/Somes (tributaries of the river

Tisza)

o 2000 - Remin SA company - cyanide contaminated 

water into Lapus

o 2000 - Lead and zinc mine in Baia Borsa - 20,000 

tonnes of toxic    sludge into Visó (tributary of the 

Tisza)

o Etc.

[2] Pollution level of rivers/canals and open surface waters

Source: Royal Haskoning 2006



ISSUE SOLVED

[2] Pollution level of rivers/canals and open surface waters



• Issue #2

[2] Pollution level of rivers/canals and open surface waters



• Ranking of hazardousness and toxicity 

(according „The ATSDR 2017 Substance 

Priority List”)

1 Arsenic

2 Lead

3 Mercury

7 Cadmium

17 Chromium

57 Nickel

75 Zinc

118  Copper

Rem: Arsenic (As) is also available in

Groundwater through geogene deposits!

Source: Agency for Toxic Substances and Disease Registry

Mercury is ranked as one of the most hazardous compounds (worst 10%) to ecosystems 

and human health. 

  
Least 
Hazardous 

  
Most 

Hazardous 

   
  Percentile 

  25% 50% 75% 100% 

 
Human Health Rankings  

Toxicity only 

Ingestion Toxicity Weight (RSEI)  

Inhalation Toxicity Weight (RSEI)  

Toxicity and persistence 

Human Health Risk Screening Score (WMPT)  

Toxicity and exposure potential 

Noncancer Risk Score - Air Releases (EDF)  

Noncancer Risk Score - Water Releases (EDF)  

Worker Exposure Hazard Score (IRCH)  

Ecological Health Rankings 

Toxicity and persistence 

Environmental Hazard Value Score (IRCH)  

Ecological Risk Screening Score (WMPT)  

Integrated Environmental Rankings 

Combined human and ecological scores 

Total Hazard Value Score (IRCH)  

 

[2] Relativating of pollution

https://www.atsdr.cdc.gov/index.html


• Classification of Sediments according rule book 50/2012

o Maincomponents of level of intervention: Cu / Zn / Ni ??????

o Necessary tracemetals in body metabolism / catalysts

o Cu

o Necessary tracemetals as catalyst in body metabolism

o Necessary tracemetals in agro-production (CuSO4)

o Zn

o Most of items are zink-coated to avoid corrosion –

o food storage bins, cars, hand-tools..

o Ni

o Most of watches / custom jewellery made of Ni

Conclusion: more attention on Cr, Cd, Hg and Pb (which are not at high level)

[2] Relativating of pollution



ISSUE SOLVED

[2] Pollution level of rivers/canals and open surface waters



Myanmar – Thin Gaza River-Lake system (2016 – 2018)

• Poluted by public sewage water (“primary sedimentation”)

• Polluted by waste („dumpsite“)

• Polluted by waste and waste water by commercial actvities (market / repair shops / etc.)

[3] Case study introduction
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Myanmar – Thin Gaza River-Lake system (2016 – 2018)

• Mapping

[3] Case study introduction



Myanmar – Thin Gaza River-Lake system (2016 – 2018)

• Treatment – Started by the central / local government 2000

• Entire area supplied with Sewage System / Segmential dredging

• BioReactorLandfilling at new sanitary landfill

[3] Case study introduction



Columbia – Rio Tunjuelo river bed (1997)

• Polluted by landslide of 1,000,000 m³ of waste from Dona Juana

• Polluted by incoming leachate springs (up to 5m³/sec)

• Tunjuelo river discharges into River Bogota (water source southpart)

[3] Case study introduction



Columbia – Rio Tunjuelo river bed (1997)

• Rio Tunjuelo was by-passed and remediation works was later on performed

• Reasons for the landslides were found and elminated

• Material was dredged (excavated after open source drying and landfilled again)

• Today is Dona Juana the most advanced sanitary landfill under CDM !!!

[3] Case study introduction



“Greek – Case” – (2006)

• Polluted Riversediments declared as „Fertilizer“

• Importapproval from Albania for agro-purposes

• Usage as fertilizer for biodisel oilfruit production

• Permission was stopped – „Solution for Pollution is Dilution“ 

[3] Case study introduction



Optioneering = identification and comparison of technical options and combinations – The 

Rules:

• Usage of tools for screening / ranking / screening / ranking

• don’t exclude any option from the planning (think broad)

• start with option 0 (we change nothing or only slightly) – will help to understand current 

situation

• don’t favour an option from the very first beginning

• take all internal and external parameters into account

• identify exclusion criteria and constrains (eg. 

Legally/technical/financially/institutionally/economically/……………………………….)

• don’t fear investment needs – >>savings through investment<<

• prepare all information required – if you need information go for it

[4] OPTIONEERING



Optioneering TOOLS [1] – Flow and material diagrams and charts

[4] OPTIONEERING



Optioneering TOOLS [2] – Environmental and Applicability Screening

[4] OPTIONEERING



Optioneering TOOLS [3] – Critical Distance Matrix

[4] OPTIONEERING



[4] OPTIONEERING – Option Matrix [1]



[4] OPTIONEERING – Option Matrix [2]
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[4] OPTIONEERING – Option Matrix [3]



• Avoidance: Future by fulfilling the preconditions

• Minimise: Reduction of volume/weight by eliminating water

• Identifying of opportunities to recover materials as well potential energy 

(gas capturing and gas utilisation / usage of calorific value)

• Various methods of treatment and processing – in-situ / ex-situ; 

biological/physical/chemical stabilisation; ............... → next chapter

• Final option – safe disposal at designated Sanitary Landfills with

necessary permission

• PRECONDITION: Identification what kind of waste (with or without *)

[5] Optioneering - Treatment/Disposal –
Waste management hierarchy 



• Thermal

• Physical / 

Mechanical

• Chemical

• Biological

• Combinations

Treatment of solid matters
In-Situ

Ex-Situ
Treatment of liquid matters

Treatment of solid matters

• As much as possible at the site or as close as possible to the site 

• Safing of transport costs

• Reducing the risk of pollution and migration of pollution

• Final disposal at designated Sanitary Landfills, material and energy recovery facilities with  

necessary permissions

[6] Introduction of overall treatment options



• In the case of waste is identified as “HAZARDOUS” = (*) Objectives are:

o Reduction of hazardous characteristics of waste (toxicity / corrosivity etc.)

o Preferably by conversion of all hazardous constituents to non-hazardous constituents

o If that is not practicable, then by immobilisation of hazardous constituents to prevent 

their emission/release into the environment.

[6] Introduction of overall treatment options



Process Solid Matters Liquid Matters

Thermal Thermal enhanced SVE

Thermal treatment – mobile Kiln

Hot mix asphalt plant

Thermal treatment

Physical / 

Chemical

Chemical oxidation

Electro kinetic separation

Fracturing

Soil flushing

Soil vapour extraction

Solidification / Stabilisation

Chemical oxidation

Air sparging

Bio slurping

Directional wells

Dual phase extraction

Hydro fracturing

In well air stripping

Passive treatment walls

Biological Bioventing

Enhanced biodegradation

Phytoremediation

Natural attenuation

Enhanced biodegradation

Phytoremediation

[6] Introduction of overall treatment options –
Overall Introduction – IN SITU



Process Solid Matters Liquid Matters

Thermal Hot gas decontamination

Incineration / Thermal recovery – C-Kiln

OB/OD

Pyrolysis

Thermal desorption

Thermal Evaporation

Physical / Chemical Chemical extraction

Chemical reduction / oxidation

De-halogenation

Separation

Soil washing

Solidification / stabilization

Adsorption / Absorption; Advanced oxidation process; Air stripping; 

Granulated activated carbon (GAC)/Liquid phase carbon 

Adsorption; Ground water pumping; Ion exchange; Coagulation / 

flocculation; Separation; Sprinkler Irrigation

Biological Biopiles

Composting

Land farming

Slurry phase – Biological Treatment

BioReactorLandfilling

Bioreactors; Constructed Wetlands

Other Treatment Excavation and off-site disposal Deep Well Injection

[6] Introduction of overall treatment options –
Overall Introduction – EX SITU



• Various dredging and treatment options requiring different Dry Substance (DS) / Water Content (WC)

o Wet dredging „Refulling“ + Cassette - 20% 737,800 Mg

o Wet dredging „Refulling“ + Filterbags - 10% 1,475600 Mg

o Dry dredging = excavation - 35%min 421,600 Mg

o Conventional digestion - 05% 2,951,100 Mg

o Composting / Biopiles - 35% 421,600 Mg

o BioReactorLandfill - 45% 327,900 Mg

o On-site drying and capping  / Containing - 65% 227,000 Mg

o Stabilisation (with fly-ash) - 75/90%    164,000 Mg

o Solidification  (with CaO) - 65% 227,000 Mg

o Incineration - 90% 164,000 Mg

o CURRENT MATERIAL - 34 424,200 Mg SLURRING (+ Water)

DEWATERING (- Water)

[6] Introduction of overall treatment options –
Overall Introduction - DS



• Drying beds

• Improved Drying beds (low cost)

ST_Detail A1_Cross section 2-2

Cote 00

Gefaelle 1,5%

disadvantages

space-consuming / time consuming

Seasonal operation problematic

• Increased evaporation (up to 2-3 times)

• Temperatures of 60-65°C → pathogen removal

• Medium term technology > up to 3 months storage

• DS content > 70 … 80%

• No seasonal problematic

[6] Introduction of overall treatment options –
Overall Introduction - DEWATERING



• Mechanical Dewatering

Conveyor Press Bow Press Elbow Press up to 27%DS

[6] Introduction of overall treatment options –
Overall Introduction - DEWATERING

Centrifuge Decanter (2 phase) Screw Press up to 40%DS

Chamber Press
up to 30%DS



• Mechanical Dewatering

DS-Szenario - mechanical Dewatering
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[6] Introduction of overall treatment options –
Overall Introduction - DEWATERING



Alternative Dewatering

Solar Drying up to 90% DS

Batch Drying Belt Drying Microwaving up to 90% DS

EVAPORATION - in the Canal  = 21.6 ha  (from 34 to 65% DS)       

- at the Storage Areas = 19.6 ha (from 20 to 65% DS)

[6] Introduction of overall treatment options –
Overall Introduction - DEWATERING



• Thermal treatment of Organic Compoundes (PAH / TPH / BTEX / TOC / PCBs / …) – without 

pretreatment

• Rotary kiln from Asphalt plants (mobile / stationary)

• Waste treatment facilities

• Calcification only for the protectioin of the kiln from corrosion

[6] Introduction of overall treatment options –
THERMAL TREATMENT / RECOVERY



• Thermal treatment of Organic Compoundes (PAH / TPH / BTEX / TOC / PCBs / …) and Inorganic Compounds (Cr / 

Hg / Cd / As / Pb / …)  with pretreatment

→ Waste stream (waste distruction / energy recovery of Carbon)

→ Alternative Material (AM) for klinker production

→ Requirement of pretreatment with fly-ash or activated lime (CaO)

→ Waste material at 65% DS before pre-treatment (evaporation)

Source: Lafarge

[6] Introduction of overall treatment options –
THERMAL TREATMENT / RECOVERY



• STABILISATION (fly-ash) / SOLIDIFICATION (activated lime) - (ex-situ)

→ Immobilisation of heavy metals

→ Microbiological inactivity and stop of bio-organic reaction (odour / pathogenic impact / etc.)

→ Increase of Dry substance [DS]

→ reduction of biological reactivity

→ reduction of leaching and leachate treatment

→ NO reduction of TOC / NO opportunity of energy recovery at landfills

Source: Lafarge

High Tech - Hongkong Low Tech - Thailand Appropriate Tech - Serbia

[6] Introduction of overall treatment options –
PHYSICAL / CHEMICAL TREATMENT



• Landfilling - (ex-situ)

→ Hazardous waste 

→Hazardous Waste Landfill (not existing in Serbia) EXCL.

→Sanitary Landfill after stabilisation with fly-ash or lime

→ Kikinda

→ Subotica Regional Landfill

→ Timisoira (Ro) – not available due to import prohibition EXCL. 

Hyderabad, India
(welded geotextile lining)

Gujerat, India
(more “conventional” 
clay lining)

Subotica doo

Billingheim Germany
(EU-Standard)

[6] Introduction of overall treatment options – DISPOSAL



• BioReactorLandfill - (ex-situ)

→ Use of Sanitary Landfill according EU Standards with Gas collection and Gas treatment/utilisation

→ Feed In Tariff = 15 Eurocent → potential within 20 years = 85,800 MWh ~ 3.6 mio Euro Revenues

→ Final covermaterial ~ 180,000 Mg = 212,000 m³ humus material for final cover, slope greening, etc.

[6] Introduction of overall treatment options – BIOLOGICAL TREATMENT



[7] Objective and Purpose of this introduction

• Lengths of intervention: 0+000 – 6+000m [6 km]

• Volume of sludge/sediment/soil (3-S) according Pre-feasibility study 368,887 m³

• Classification of 3-S  was carried out  during PFS

• Clay content  between 16 and  32% [further 25%]

• Organic content between 8 and 42% [further 16%]

• 3 Sites allocated for temporary storage („Deponija 1, 3, 6“)

• Length of 0+450 – 3+475 excavated in the year 2000

• Total amount of 136,537 m³

• Stored on area „deponija 2“ and 5

S/S/S Classification m³

Class 1/2 95,901

Class 3 94,176

Class 4 178,810

TOTAL 368,887



Deponija 1

Deponija 6

Deponija 3

Deponija 5

used

Deponija 2

used

Cassification

of 3-S

[7] Situation of the project
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[7] Situation of the project



[7] Objective of solution identification = OPTIONEERING

>> The additional self-defined internal objectives are the identification of the technological most 

appropriate (BAT/BATNEEC); 

• financial affordable/reasonable (financing issues  such as co-financing)

• economical feasible, 

• environmental sound and 

• political acceptable 

solution with the focus on economical factors by achieving positive ecological impacts for the 

welfare of the population of VRBAS and the Republic of Serbia <<



• Identification of BAT (best available technology)

o No limitation within optioneering

o Keeping amount as small as possible

o Usage of local conditions (eg. Evaporation rate)

• Identification of environmental sound methods

o Relativating terminology Pollution / Contamination

o Treatment as little as possible and just as much as necessary

o Avoidance of migration of pollution, also during works

o Minimisation of additional pollution during works (avoidance of temp. storages)

o Minimisation of excavation timeframe during works (proposed two (2) years)

• Identification of most economical suitable methods

o Incorporating national / regional / local capacities in final treatment and disposal

o Economical benefit through increased property value

o Reduction of resource costs

[7] Objective of solution identification = OPTIONEERING



• Dry substance of the samples to identify final tonnage

• Total Organic Carbon [TOC] of 3-S  material to identify optional treatment

• Leaching tests of material to identify the grade of hazardousness

• Water quality of the overflow water to identify the need of treatment

• Possible migration paths (for instance into groundwater layer 1 or 2) - Piezometer

• Flow quantity of D61 and D64 understanding the required overflow water

• Capacities of current waste treatment plant operators (SLF / Cement / etc.)

Proposed Preconditions

• Disconnecting sewers from drain and canal

• Connecting industry to WWTP

• Cleaning of lateral channels D61 and D64 to avoid future re-pollution

• Cleaning of Vrbas Lock up-streams to avoid future re-pollution

• Public Information / public information / public information / .......

[7] Situation of the project

Missing Information



[7] Optioneering Source of Pollution
(Polluter identification – Polluter inventory)

• Point Source

• Clear identifyable polluter (household/industry/....) –

o discharching points – polluter inventory to be carried out

• Diffuse Source

• Not clear identifyable polluter –

o depending on meteo conditions (surface water run-offs from roads/groundwater 

intrusion/etc....) 

o Dissolved matters transported towards point of sampling (<0.45mm)

• Tests of toxicity on organism

• By bioassays



• Option 0 – final capping (containing) at the site and by-passing overflow water if required

o Option a – using canal as drying bed / use of evaporation for entire dewatering performance

o Option b – Flow water separated pumped into triangle (water quality class II – sufficient)

o Option c – Flow water to be treated either mobile in-situ and pumped towards triangle or at the WWTP stationary and 

discharged with cleaned WW.

• Option 1 - Separated Treatment of various classes (composting / bioreactor landfilling / thermal)

• Option 2 - Combined treatment of classes 1/2/3 (bioreactor landfilling / thermal – mobile kilns)

• Option 3 - Combined treatment of all classes at bioreactor landfill

• Option 4 - Combined treatment of classes (bioreactor landfill / stabilisation with fly-ash)

• Option 5 - Stabilisation of all classes (with fly-ash) at 75% DS

• Option 6 - Stabilisation of all classes (with fly-ash) at 90% DS

• Option 7 - Separate treatment of various classes via drying beds (PFS-option) and final disposal

• Option 8 - Combined treatment of all classes via filter-bag system and final disposal

• Option 9 - Combined treatment of all classes via mechanical dewatering unit and final disposal

• Option 10 - Bioremediation and usage of material for agro purposes

• Option 11 - Transportation of all materials for treatment abraod

• Option 12 - All materials solidified with activated lime and submitted to Cement Kiln

• Option 13 - Combination of Option 3/4/5/12

1

2

3

[7] Option Identification – a first SHOT



Amount of Clay (average) ~ 25%

→ Specific Density ~ 1.6 Mg/m³

→ Total amount of 3S-material = 424.220 Mg

→ Proportion of 3S- material in canal ~ 66% (from volume)

→ Overflow water ~ 125.400 m³ = 125.400 Mg

→ Process requirement of Dry Substances:

o Composting – 35%

o BioReactorLandfill – 45%

o Conventional digestion – 05%

o Incineration – 95%

o On-site drying and capping – 65%

o Stabilisation – 75% and/or 95%

o Solidification – 65%

Optional:

→Dredging material from previous activities at “Deponija 2 and 5”

= 136,537 m³ at 25% DS

=   92,422 m³ at 40% DS

[7] First shot – Optioneering – Assumptions



→ Option (a) too long time period

→ Analyses will define if treatment required

→ FURTHER WITH SUB-OPTIONS (b) / (c)

Option Overflow water Years required

(Example)

(a) Entire amount evaporated 2.44

(b) No treatment required -

pumped into upstream canal

+ evaoporation of remaining

1.30

(c) Requirement of treatment + 

evaporation of remaining

1.30

(c1) At WWTP

(c2) Mobile (in-situ)

[7] Optioneering – Project Backa Canal – Option (a) / (b) / (c)



[7] Optioneering – Option 0 (b) / (c)

78.40

L43

D43

AIII=46.18m²  (49%)
AIV=16.16m²  (17%)

AIZMULJENJA=93.66m²

AI+II=31.32m²  (33%)Option 0 - b/c2a

Option 0 - b/c2b

78.40

L43

D43

AIII=46.18m²  (49%)
AIV=16.16m²  (17%)

AIZMULJENJA=93.66m²

AI+II=31.32m²  (33%)

78.40

L43

D43

AIII=46.18m²  (49%)
AIV=16.16m²  (17%)

AIZMULJENJA=93.66m²

AI+II=31.32m²  (33%)

→ Canal to be blocked (up-/down streams)

→ No incoming and outgoing water   
streams (E61 / E64) 

→ Evaporation of remaining material to DS 65% 

→ Material remains in Canal

→ Leveling of material and Controlled containing 
(encapsulation)

→ Bypass

→ b/c1 no Bypass developed → hydraulic load 
low !!

→ b/c2 Bypass developed

→b/c2a – developed at the surface

→b/c2b – developed underground 

→ Area 6 as source of clay and site management

→ Pedestrian area developed



[7] Optioneering – Option 0 (b) / (c)
HYDRAULIC PROFILING

? – impact on Groundwater table

? – Drainage effect

? – effective for Irrigation

? – Significance for hydraulic profiling

? – Capacity of 16-20m³/sec required

Almost NONE !!!!

?? WHAT ROLE PLAYS 
THIS SEQMENT OF 6 km 
FOR THE HYDRAULIC 
SITUATION ??
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[7] Optioneering – Option 0 (b) / (c)



+ Pros

→ Short Implementation (~2 years)

→ Reduced logistics and transportation 
fluctuation, reduced traffic

→ No need for temporary storage

→ No treatment costs

→ No disposal costs

→ Development of recreation area and 
public benefit

→ Reduced resource costs due to 
reduced canal maintenance

→ Material from close-by clay-pit

→ No further pollution 
(migration/infiltration/etc. ) due to sealing

→ No treatment and capacity shortages

- Cons

→ Material remains (containing)

→ No future shipping possible (no change to 
current situation)

→ Reduced capacity (from 20m³ per sec 
down to ~4 m³ per sec)

Preliminary costing

→ in evaluation – BOQ in development

→~ 9.5 mio. Euro

[7] Optioneering – Option 0 (b) / (c)



→ Material “refulled” (cutter dredged)

→ Temporary disposed at Area 1, 3 and 6 at 
DS of 20%

→ Dewatering by sedimentation (gravity)

→ Water treatment and evaporation

o at WWTP or 

o mobile plant

→ Excavation of sediments from drying beds 
at DS 45%

→ Further alternatively treatment

o Biological stabilisation 

o Chemical stabilisation

→ Disposal at sanitary landfill

→ Biogas (24,020 MWh in 20 a = 3.6 mio. €)

[7] Optioneering – Option 7 (a) - PREFEASIBILITY
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[7] Optioneering – Option 7 (a) - PREFEASIBILITY



+ Pros

→ Only slightly material distuingishing required

→ 2 cutter dredgers available

→ Material and Energy Recovery 
potential used → Integrated approach

→ Biogas revenues (3.6 mio. Euro)

→ No capacity in Cement kiln required

-Cons

→ Increased Implementation (~3.3 years)

→ Increased waste water treatment 
amount and increased treatment period

→ Temporary storage areas required

→ Transportation costs 

→ Additional profiling activities

→ Additional excavation of dried sludge

→ Treatment / disposal costs

→ Landfill requirements limited 

→ Landfill no gas collection / gas 
treatment / gas recovery facility

Preliminary costing

→ ~ 13.5 mio. Euro

Solution:

→ developing and operating municipal sanitary BioReactorLandfill (5.5 ha) ~ 3.5 mio. Euro 

[7] Optioneering – Option 7 (a) - PREFEASIBILITY



→ Material refulled (cutter dredged) at 10% DS 

→ Temporary disposed in FILTERBAGS at Area 
1, 3 and 6 at DS of 10%

→ Dewatering by sedimentation (gravity)

→ Water treatment and evaporation

o at WWTP or 

o mobile plant

→ Excavation of sediments from filter-bags at 
DS 45%

→ Further alternatively treatment

o Biological stabilisation 

o Chemical stabilisation

→ Disposal at sanitary landfill

→ Biogas (24,073 MWh in 20 a = 3.61mio. €)

[7] Optioneering – Option 8 (a)
PREFEASIBILITY extended by Filterbagsystem
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4 Cutter

dredging

+ Treatment 

of Flow-water 

at site -

mobile

Mobile thermal 

drying (Access 

heat technology)

Mobile thermal 

drying (Access 

heat technology)

Thermal drying 

at powerplant or 

cement kiln

Vitrification (mobile) Digester

5 Rotary kiln 

(mobile)

Rotary kiln 

stationairy

Solidification (mobile) Chemical oxidation  / reduction / 

extraction

6 Stabilisation by Fly-Ash

7 Vitrifiation (mineralurgical

industrie)

8 Thermal recovery 

G1) cement kiln

G2) thermal power plants 

[7] Optioneering – Option 8 (a)
PREFEASIBILITY extended by Filterbagsystem



→ Canal to be blocked (up-/down streams) during 
operation to avoid migration of pollution (No 
incoming and outgoing water streams from lateral canals)

→ Flow water by-passed 

------------------------------------------------------------

→ Remaining material dried through 
evaporation towards 65% DS

→ Excavation and treatment

o Class 1/2/3/4 – Solidification with activated lime 
(Ca0) to a DS of >95% to reach capacity

o ~ 28% “waste” stream; ~ 72% „alternative material“

o Usage of Sanitary Landfills for BioReactor purposes 
and generating electricity

o Usage of Sanitary Landfills for disposal after 
stabilisation with fly-ash

[7] Optioneering – Option 13 (b) - Mixed options 3,4,5,12



O
p

tio
n

s

Transfer

A

In-situ

Drying

B

Ex-situ drying

C

In-situ

Dewatering

D

Excitu-

Dewatering

D

Insitu–Treatment

E

Ex-situ Treatment 

F

In-situ-Disposal

At site

G

Ex-situ-Disposal

H

1 None Entire 

Evaporation

Treatment of 

Flow-water at 

WWTP Vrbas

Mobile mechanical 

dewatering

Central 

mechanical 

dewatering 

(WWTP)

Bioremediation 

(microbes / nutrients) / 

Plants

Composting Interim storage at 

designated areas

Landfilling

(sanitary)

2 Excavation Partly 

Evaporation

Sedimentation and 

evaporation at 

„Deponija“ (3 

approved sites)

Stationary solar 

drying at

„Deponija“ (3 

approved sites)

Central solar 

drying

Stabilisation by Fly-

Ash

MBT Containing - Capping Greening of

sanitary landfills

3 Slurring 

and 

Hydraulic

Dredging

Pumping of 

overflow 

water into 

canal 

downstreams

Filter-bag system Filter-bag 

system

Decontamination of

sediments and reuse

E1) flushing/vashing

E2) venting

Bio Reactor Landfill Landfarming with 

stabilates

4 Cutter

dredging

+ Treatment 

of Flow-water 

at site -

mobile

Mobile thermal 

drying (Access 

heat technology)

Mobile thermal 

drying (Access 

heat technology)

Thermal drying 

at powerplant or 

cement kiln

Vitrification (mobile) Digester

5 Rotary kiln (mobile) Rotary kiln 

stationairy

Solidification (mobile) Chemical oxidation  / reduction / 

extraction

6 Stabilisation by Fly-Ash

7 Vitrifiation (mineralurgical

industrie)

8 Thermal recovery 

G1) cement kiln

G2) thermal power plants 

[7] Optioneering – Option 13 (b) - Mixed options 3,4,5,12



+ Pros

→ Excavation period ~ 2 years

→ No material distinguishing required

→ Material and Energy Recovery 
potential used → Integrated approach

→ No temporary storage areas required

→ Treatment and disposal capacities used

→ No new treatment capacities required

→ High flexibility regarding to waste characterisation 
(non hazardous – hazardous)

-Cons

→ Mobile treatment plants required

→ Transportation costs

→ Treatment / disposal costs

→ Limits at final treatment, reuse and disposal 

→ Sanitary landfill (s) 30.000 Mg/a

→ Cement kiln

o 20.000 Waste

o 50.000 Alternative material

→ Current landfill no gas collection / gas 
treatment / gas recovery facility

Preliminary costing

→ ~ 17.5 mio. Euro

[7] Optioneering – Option 13 (b) – Mixed options 3,4,5,12



Embankment

construction

Access ramp

construction

Only „internal“ access roads

[7] Optioneering – Option 13 (b) – mixed options 3,4,5,12



Thank you for your attention


