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1.2

REPORT
OHIS SITE REMEDIATION PROJECT
CONCEPTUAL DESIGN

INTRODUCTION

PROJECT BACKGROUND

The OHIS (Organic Chemical Industry Skopje) Siteriediation Project (or ‘the Project’)
was developed in the frame of a Memorandum of Ustdading (MoU) on the “Cooperation
in the field of Environment and Sustainable Devaiept”, signed between the Italian
Ministry of Environment, Land and Sea (IMELS) anke tMacedonian Ministry of
Environment and Physical Planning (MEPP). BasetherMoU, IMELS agreed to provide
financial assistance to the MEPP for the prepanatiba detailed feasibility study for the
lindane and other Persistent Organic PollutantsP@@ontamination of the OHIS site in
Skopje (Macedonia) and for the development of ac€ptual Design (CD) of the applicable
remedial technologies. Within this context, D’'Apgaa has been selected, through an open
tender procedure, to provide technical servicestlier review of the existing feasibility
studies, the development of the CD of the appleat@medial technologies and the
development of the necessary tender documentatiorthe procurement of design and
implementation of the identified remedial inteniens.

The Project has been developed within the framewbitke National Implementation Plan
(NIP) for the reduction and elimination of the PORghe Republic of Macedonia (MEPP,
2004), prepared by the MEPP with the fund from @&lebal Environment Facility (GEF)
and with the assistance of the United Nations ItréisDevelopment Organization
(UNIDO). The NIP, implemented with the coordinatiof the National POPs Unit, was
aimed at creating a first baseline inventory of B@Ps contaminated sites in Macedonia as
well as at detailing the actions foreseen for timplementation of the obligations of the
Stockholm Convention, signed by Macedonia off 28y 2001, and further ratified on
March 19" 2004. Among the thirteen major priority areasnidfied in the NIP, becoming
later on the basis for the proposed actions, theviong concern was highlightedControl

of PAHs (In Macedonia large quantities of technical waste (technical mixture of
hexachlocyclohexane isomers) are stored which need to be solved in a proper manner.
Although HCH is not listed in the Stockholm Convection, it is set as the 13" priority in order

to find a prompt solution for this waste)”.

PROJECT SCOPE OF WORK

Within the above described IMELS-MEPP cooperationjgzt, D’Appolonia was entrusted
with the following activities:

» review of background data and feasibility studilesaaly available for the OHIS site and
preliminary technologies selection;

» execution of a new Human Health Risk AssessmentRAHto better define the
remediation goals needed for the contaminated emviental matrices;

» final technology selection for contaminated masied the site based on final HHRA
outcomes and a cost and market investigation, amdldpment of the CD of the selected
technologies; and

D'APPOLONIA S.p.A. Via San Nazaro, 19 - 16145 Genova, Italy
Phone +39 010 362 8148 - Fax +39 010 362 1078
e-mail: dappolonia@dappolonia.it - Web Site: http://www.dappolonia.it
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» support MEPP for the preparation of Tender documesquired for the procurement of
design and implementation of the remedial optidesiified under the Project.

In particular, according to UNIDO suggestions aolibfving MEPP expectations regarding
project's applicability for GEF or other Internata funding, D’Appolonia has been
developed the CD:

» considering, among the selected technologies taddeeloped within the CD both
commercial and innovative technologies for lindeemediation; and

» following a phased approach for the different conteated media, in order to allow for
separate funding (if the case) of the differentedial interventions to be implemented at
the OHIS site.

1.3 DOCUMENT ORGANIZATION

The present Report is organized as follows.

Sections 2 to 5 summarize all the background inédion used for the development of the
CD for the site including: the geological-hydrogegital setting, the National and
International regulatory framework for the contaated site management, all chemical-
physical data gathered from past investigationsthacdutcomes of the site specific HHRA
performed to obtain the remediation goals for thietaminated matrices.

Section 6 summarizes the proposed remediation apprdhe estimated area/volumes for
site remediation and the constraints to be addptethe site and its surroundings following
the proposed tiered approach for the site remediati

Section 7 provides a description of the selectedeckation options, the selection criteria
and the application to the tiered approach.

Section 8 provides the detailed technologies detson, the operative procedures and
relevant process diagrams of each remediation phase

Preliminary time schedule and overall costs estomatre provided in the conclusive
Sections 9 and 10.

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 2
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2.1

SITE SETTINGS

ENVIRONMENTAL SETTINGS

2.1.1 Geographical Location

The OHIS Factory is located about 5.5 km Southels$he centre of Skopje. The Vadar
River, the main water course of Macedonia, flowthim NW to SE direction at a distance of
about 2-2.5 km Northeast of the plant. The neasaegace water is the Colemni Kamenj
creek flowing in direction SW to NE at a distande460 m to the Northwest of the site.
Another water course in the vicinity of the sitehe Makova River, flowing in the South -
North direction within a distance of 1.6 km to tBast of the site.

The total area of the OHIS Plant is of about 9Qdres whereas the extension of the targeted
site for the Project is about 10 hectares.

The nearest settlements are Lisice, Pintija, arat&ro in a radius up to 2 till 5 km, with
more than 50000 inhabitants in the surrounding.area

2.1.2 Geology and Hydrogeology

The regional geology of Skopje Valley is charazdi by the Vardar Zone geo-tectonic
unit. The valley contains Neogenic (Miocene andd¢tine) and Quaternary sediments. The
bedrock beneath the site area is composed of REosediments comprising sandstone,
marlstone, and conglomerate. The depth to bedaquiklly increases in north-east direction
from first tens of meters to more than 200 m alding Vardar River. The bedrock is
overlain by Quaternary proluvial sediments compgskandy, gravely and silty loams.
Quaternary proluvial sediments fill the depressemoded in Pliocene sediments. The
thickness of Quaternary proluvial sediments is &bt m at the site and increases in
northern direction to approximately 90 m. The @uadry proluvial sediments are overlain
by alluvial sediments of the Vardar river comprisimainly gravels, sandy, silty and loamy
gravels intercalated with thin layers (first terfi<entimeters) of sandy gravelly clay and silt.
The uppermost layers of alluvial sediments compelagey silt to silty clay. The thickness
of these fine grained sediments varies at thefraite 1.5 m to 5.2 m. The alluvial sediments
are locally overlain by fill comprising mostly ctusd aggregate, gravelly clay and gravel.

Phreatic aquifer is hosted in the alluvial sedimesftthe Vadar River. Permeability of the
aquifer is of about I0to 10° m/s in pure gravel formations. Also the underlyprgluvial
sediment can be considered as water bearing dirdtavith lower permeability. The
saturated thickness of the aquifer is reportedetofrabout 60 m at the site and increases in
the northern direction. The installation of themtoring wells within the plant area revealed
the presence of a relatively impermeable layerdeh ranging from 10 to 12 m bgl which
is considered the base of a shallow aquifer. Bhtantinuity of this impervious layer at 10-
12 m bgl is unknown. Groundwater flows generatlyai northeast direction, towards the
main discharge river Vardar, which is located agpnately 2-2.5 km down gradient.

2.13 Climate and Meteorological Data

Annual average data on major meteorological pararsatere mainly taken from the MEPP
“Report on Second Communication on Climate and @erChanges and Adaptation in the
Republic of Macedonia” (MEPP, 2006).

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 3
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2.2

2.3

Average annual air temperature over the period ft@@il to 2005 (time series of 45 years)
is of 12.3°C from the meteorological station of SjeePetrovec. In the southern part of the
country (Nov Dojran, Gevgelija) the annual averégmperatures are higher whereas they
strongly decrease in the mountain regions (Popayk& Solunska Glava).

The distribution of the precipitation in Macedomgatimely and spatially uneven. Lowest
amounts of precipitations are recorded in the eénégions of Macedonia (Gradsko, Tikves
and Ovce Pole) with average annual sum of pretipitan range of 400-500 mm. The
highest precipitations are recorded on the highntans (about 1.000 mm) in the western
part of the country. In the remaining parts of Mbmd@a, the annual sums of precipitations
are in the range of 600-1000 mm. Over the same fiemiod as for the temperature data, the
average annual sum of precipitation is of 498.4 fmnthe meteorological station of Skopje-
Petrovec, and the recorded minimum and maximumigtaton were of 300.4 mm (year
2000) and 714.0 mm (year 1999), respectively. Bratpn from the free water surface is
within the range from 400 to 580 mm annually foofjle. Distribution of the precipitations
and temperatures in Macedonia classified the cérimtathe category of semi-arid climate.

SITE HISTORY AND BACKGROUND

The OHIS site is an organic chemical industriatdac nowadays partially dismissed and
interested by old environmental burdens due to historical production of pesticides,
particularly lindane, monochloroacetic acid anddhie.

The OHIS Plant was founded in 1964 through the muibtwo factories for production of
synthetic textile fibers and acetylene products, the Naum Naumovski Borce and the
Electro-Chemical Combine (UNEP, 2001). The fimsitaiin operation produced detergents
and pesticides (including lindane or gamma-hexaobi@lohexane). Later, a
polyvinylchloride plant was built and put into opgon. The complex grew to become one
of the country’s leading industrial manufacturers.

The Lindane complex was gradually put into functsimce 1964 and was functioning until
1977, when lindane production ceased due to chgngiarket conditions and due to
environmental reasons.

In the period of Plant operation the Hexachlocyelane (HCH), whose gamma-isomer is
the active component of the insecticide lindanes weoduced by the process of photo-
chlorination of benzene. The produced mixture @iovetd also other HCH-isomers, i.e. alfa-,
beta- and delta-HCH. The gamma isomer was sepabgt@xtraction in methanol and by

further concentration process whereas the remaidi@gl-isomers, forming the 86-88% of

the batch mixture, were treated as a waste and @0000 t were ‘temporary’ stockpiled in

dumpsites (UNEP, 2001; Jordanov, 2008).

After site closure, in the 1980s the lindane pkegjuipment was dismantled, leaving behind
two empty buildings. In the same year, a wastewetatment system was built.

PRESENT SITE CONDITIONS

The area object of the present CD is the North-evastection of the 90 hectares-wide OHIS
industrial plant (see Drawing 1). The targetedaag is about 10 hectares.

The site has been subdivided in the following Ssdto connection with their past functions:
» Sector A is the former Lindane production and gjerarea;

e Sector B includes the two HCH dumps;

» Sector C is the former Monochloroacetic Acid prdducand storage area,
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» Sector D is the former Electrolysis plant; and
» Sector E is the outdoor storage of fuels/flammahteds chemicals.
Sector subdivision and relevant buildings’ coderaported in Drawing 2.

All buildings in the area of interest are semi-at@red, apart from D4 and D5 buildings
located in the former Electrolysis Plant sectorjolvhare still in operation (production and
storage of hydrochloric acid) and some of the wamebs present in Sector A, still used for
products storage. All other buildings, even notuse, are not completely cleared of
equipment and past production apparatus. Pipesraok aerial flowlines connecting the
different process buildings are still present de.si

Aboveground Storage Tanks (ASTs) for fuels and drgiored in Sector E show advanced
degree of corrosion. According to the retrievedrimation ASTs should be empty.

Two separate dumpsites with different extension asypkect are present in Sector B. The
widest one ¢+p-HCH isomers dump) is surrounded by a concretensitl¢see Figure 2.1).
The smaller dump, which should consist of five ugdeund storage basins, extends beyond
the basins perimeters, and their limits are alncostpletely hidden by the overlying soil
(see Figure 2.2).

Figure 2.2: &-HCH Isomer Dump
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2.4 FUTURE DESTINATION OF THE SITE

The CD development is strictly related with the eelial targets calculated through the
HHRA. However, computed remediation goals are eoted to a given site use (i.e.
commercial, residential, etc.) and different tadgegels will be applied according to the final
site destination/s, affecting the remediation nesusrelated technological costs.

According to what jointly discussed, all possiblagture site use scenarios have been
considered during HHRA development, and the relevamedial targets have been
calculated. In such way, the proposed phased approdetailing possible applicable
technologies, site use constraints and remediatists for each phase, is the basis for any
choice about future site development.

The CD described in the following Sections has bdewmeloped considering the future
commercial use of the OHIS site. Technologiescsiele, remediation operations and cost
estimation are based on this hypothesis and tleeaet remedial targets calculated through
HHRA. However, the same approach could be followeckse the selected future scenario
would be the residential site use. Of course, bp#rating times and remediation costs will
noticeably increase, due to the greater soil volutnebe remediated and the more stringent
remediation goals to be achieved.
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3 APPLICABLE REGULATORY FRAMEWORK

3.1 MACEDONIAN ENVIRONMENTAL LEGISLATIVE FRAMEWORK

Macedonia’s environmental legislative frameworlo@ésed on the Constitution Law, which
determines the protection of the environment asasicbprinciple, and the Law on the
Environment. The Macedonian environmental legistaframework is further developed by
the Law on the Quality of the Ambient Air, the Law Waters and subsequent Regulations
and the Law on Waste Management.

3.11 Law on the Environment

The main objectives of the Law on the Environmerd: d) preservation, protection,
restoration and improvement of the quality of theieonment; ii) protection of human life
and health; iii) protection of biological diversitiv) rational and sustainable utilization of
natural resources; v) implementation and improvensénmeasures aimed at addressing
regional and global environmental problems.

The Law establishes a permitting system which cobeth the major industrial installations
identified by the European Union (EU) IntegratedlliRimn Prevention and Control
Directive and the industrial installations with lewcapacity of environmental pollution.
The Law also prescribes the establishment of tgestey of dangerous substances, cadastre
of polluters and contains issues on planning, nooinig, informing, supervision and
enforcement. It contains provisions which give public extensive rights to participate in
the planning and permitting process and stipulabesr right to complain. The Law
transposes the Aarhus Convention and European Coityn(EC) Directives on access to
environmental information.

3.1.2 Law on the Quality of Ambient Air

The Law on the Quality of Ambient Air identifies eéhmain sources of air pollution

(stationary sources — industrial and energy iregialhs, mobile sources of pollution) and
prescribes threshold values (limit values for thealdy of the ambient air and alert

thresholds, limit values for emissions from staéignsources, limit values for emissions
from mobile sources and the maximum allowed contédnthe dangerous substances in
fuels). The Law defines the needs of managemetdfient air quality through regular

assessments. The EU Council Directive 96/62/EC safibequent modifications are fully
transposed in this law.

3.1.3 Law on Waters

The Law on Waters is a general framework law inéehdo regulate the basic water
management principles. The water management rédeedl measures and activities for

rational and effective use of waters and sustagndblelopment of water resources. This
Law focuses on three major areas: i) use of wat@rprotection of waters and control of

pollution; and iii) protection from adverse effect§he law provisions are completed by the
Regulation for Classification of Water (which definthe classification of water including

underground water and gives the maximum allowedaeotmations for the different classes)
and the Regulation for Categorization of Watercesyd akes, Water Accumulations and
Underground waters (which defines the categorimatib surface and underground waters
according to Regulation for Classification of Water
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3.14 Law on Waste Management

The Law on Waste Management focuses on the inetialtzation of instruments supporting
the sustainable development by promoting the ratiamse of natural resources and
preventing and eliminating the dangers to humaitthead the environment from wastes.
The Law provides for the creation of a preventiommed hierarchy of obligations
(minimization of waste before processing, dispdsdhe last final solution). It encourages
the prevention or reduction of waste generationairns to reduce the harmful effects of
wastes by encouraging clean technologies, techdeatlopments and new products on the
market, which were produced by waste recycling.

This Law focuses on the modalities of waste managendisposal, collection and recycling,
as well as on the obligations of the generatorsteniders of waste. The Law requires that
waste management be carried out based on a sy$tparmits issued in accordance with
planning documents. The Law also stipulates amgatibn for recording and reporting all
phases of waste management.

The Law contains separate parts concerning:

» Hazardous Wastes, which aims to provide legal bimismplementing a controlled
management;

» Import, export and transit of wastes, which aimseduce the amounts of transboundary
movement of wastes by implementing efficient cdratdhe international level,

» Landfilling, which aims to prescribe basic provissoon the requirements for disposal of
certain type of waste in certain classes of latsfil

* Incineration and co-incineration, which aims toreefuirements of these installations and
their operation;

» Special waste streams including exhausted oilsycRtirinated Biphenyls (PCBs), end
of life-vehicles, electric and electronic equipmesaiste, etc.

Finally, a National Waste Management Plan was peghin 2005 and adopted in 2006,
giving the basics for future waste management iéiesy setting the strategic objectives and
specifying the short term actions / measures.

3.15 Persistent Organic Pollutants

Macedonia has signed (May 2001) and ratified (M&@84) the Stockholm Convention on
POPs. In order to fulfill the obligations, the @omment of the Republic of Macedonia
established the POPs Unit under auspices of thdstinof Environment and Physical
Planning.

With the fund from the GEF and the UNIDO assistarthe POPs Unit prepared the first
NIP for Macedonia.

The first part of the NIP summarizes the curreatust in Macedonia with regards to POPs.
This is the baseline inventory. The second pathefNIP details all the actions which need
to be undertaken in order to meet all the obligegiof the Convention.

Based on POPs inventory, the Steering Committeermdd by representatives from all
ministries which have relevance to POPs, the pissctor, and researchers — identified
thirteen major priority areas:

1. Detailed inventory of POPs chemicals;
2. Establishment of a National POPs Center;
3. Inventory of “hot spots”;
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Preventing uncontrolled waste combustion;
PCBs/Organochloride pesticides containing wasteag@ment;
Preparation of new and amendment of existing latiist;
Monitoring of POPs;

Providing necessary equipment for and training O & monitoring;
. Public awareness and education;

10.Evaluation of adverse effects on human health;

11 Monitoring of POPs bioaccumulation in living orgamis;

12 Measures for the reduction of dioxin and furan siois.

a. Promotion of the use of unleaded fuels,

b. Adoption of principles of BATs (Best Available Tathues in the industry),
c. Safe handling; and

13.Control of Polyciclic Aromatic Hydrocarbons (PAH@) Macedonia large quantities of
technical waste — technical mixture of HCH isomeere stored which need to be solved
in a proper manner. Although HCH is not listedhia Stockholm Convention, it is set as
the 13 priority in order to find a prompt solution forishwaste).

To transform these priorities into activities tleeaend part of the NIP contains several action
plans, which detail the most feasible managemetitvrmgpto meet the NIP objectives.

© 0N O

EUROPEAN REGULATIONS

3.2.1 European Directive 2006/142/EC on Waste Manag ement

The EU has a framework (the Directive 2006/12/EGmvaiste and further modifications) for
coordinating waste management in the Member Statesder to limit the generation of
waste and to optimize the organization of wastattnent and disposal.

Commission Decision 2000/532/EC (replacing Deci€ldr8/EC establishing a list of wastes
pursuant to Article 1(a) of Council Directive 7524EEC on waste and Council Decision
94/904/EC establishing a list of hazardous wastesyant to Article 1(4) of Council
Directive 91/689/EEC on hazardous waste, as fughwnded by Decisions 2001/118/EEC,
2001/119/EC and 2001/573/EC) supplements the diedctive laying down rules on
hazardous waste.

Council Directive 75/442/EEC (amended by Directiv€éd/156/EEC, 91/692/EEC,
96/350/EC, Regulation (EC) No 1882/2003) as furtlmerended by Commission Decision
2000/532/EC (amended by Decisions 2001/118/EC, RQQIEC and 2001/573/EC)
outlines general waste management and waste atasisih procedures.

3.2.2 European Directive 1999/31/CE on Landfill of  Waste

European Directive 1999/31/CE of 26 April 1999 be tandfill of waste gives operational

and technical requirements on the waste and ldsdifih order to provide measures,
procedures, and guidance to prevent or reduceraasfgossible negative effects on the
environment. In particular, the directive giveguide to prevent the pollution of surface
water, groundwater, soil and air, and on the glemaironment, including any resulting risk

to human health, from landfilling of waste duriing twhole life-cycle of the landfill.
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The Directive defines the following classes of @#hd
« landifill for hazardous waste;

 landfill for non-hazardous waste;

« landfill for inert waste.

The Technical Annexes deal with:

* Annex |: General Requirements for all Classes aidfil (location, water control and
leachate management, protection of soil and wags,control, nuisances and hazards,
stability, barriers);

* Annex II: Waste Acceptance Criteria and Procedur&nly general requirements are
given. The specific requirements are reportetiénDirective 2003/33/EC;

* Annex lll: Control and Monitoring Procedures in @giion and After-Care Phases.

3.2.3 European Decision 2003/33/EC Establishing Cri teria and Procedures for
Acceptance of Waste at Landfills

European Decision 2003/33/EC establishes the ieriterd the procedures for acceptance of

waste at landfills. In the technical Annex is pd®d the test and procedures to be followed

in order to define which type of landfill (inertpn-hazardous, hazardous waste) could accept
a waste under certain conditions.

Tests consist in chemical analysis, and leachatethat should be comply with reference
limits provided by the regulation.

The Appendices of the Decision deals with:
» Appendix A: Safety Assessment for Acceptance of t&/asUnderground Storage;
» Appendix B: Overview of Landfilling Options Providdy Landfill Directive.

3.24 European Directives on Water and Wastewater

The European Union, with the Directive 2006/118/EEhe European Parliament and of the
Council of 12 December 2006 on the protection afugdwater against pollution and
deterioration, is establishing a framework to prévand control groundwater pollution.
This includes procedures for assessing the chersiatds of groundwater and measures to
reduce levels of pollutants.

This Directive put into practice prescriptions agd in Article 7 of the Water Framework
Directive (Directive 2000/60/EC of the European lidarent and of the Council of 23
October 2000 establishing a framework for Commuaittion in the field of water policy
amended by Decision No 2455/2001/EC, Directives 8ZB®EC, 2008/105/EC and
2009/31/EC), that establishes a Community framewdok water protection and
management.

3.25 European Council Directive 2004/850/EC on Per sistent Organic Pollutants

HCH isomers, including Lindane (i.e. gamma-HCH)e disted in Annexes I|-B (List of
substances subject to prohibitions) and Annex N&t(lof substances subject to waste
management provisions set out in article 7) of Baem Council Directive 850/2004/EC “On
persistent organic pollutants and amending Directiv9/117/EEC". Regulation
850/2004/EC was lately amended by regulation 1THBZEC in order to include thresholds
for wastes containing POPs. A threshold valuefrig/kg was set for the sum of alpha-,
beta- and gamma-HCH.

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 10
OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

3.3

According to the cited regulations, waste consistify containing or contaminated by HCH
(if > 50 mg/kg) must be disposed of or recoveredunh a way as to ensure that the POP
content is destroyed or irreversibly transformedtet the remaining waste and releases do
not exhibit the characteristics of POPs. The foillg disposal and recovery operations, as
provided for in Annex IIA and 11B of Directive 7542/EEC, are permitted:

* D9 Physical-chemical treatment;
e D10 Incineration on land; and
* R1 Use principally as a fuel or other means to geeenergy.

Derogation from the cited prescription are alloveedly for certain type of wastes (including
demolition wastes and soils from contaminated site# is demonstrated that destruction or
irreversible transformation of the POP content, fggened in accordance with best
environmental practice or best available technigdess not represent the environmentally
preferable option. In such case, the waste capebmanently stored only in: safe, deep,
underground, hard rock formations, salt mines ofardfill site for hazardous waste
(provided that the waste is solidified or stabitiaghere technically feasible as required for
classification of the waste in Decision 2000/532/EC

INTERNATIONAL REGULATIONS FOR CONTAMINATED SITE S

The site investigation results, performed at the, diave been compared with the Dutch
Remediation Intervention Values.

The reference limits for soil and groundwater aduded in the Dutch Ministry of Housing,
Spatial Planning and the Environment Circular ofFdbruary 2000, which defines the
following limits for soil and groundwater:

Remediation Intervention Values: indicate when the functional properties of the
soil/groundwater for humans, plant and animal li®,seriously impacted. They are
representative of the level of contamination abwadch there is a serious case of soll
contamination and intervention for remediationégded (Tier 1 Analysis);

Serious Contamination Below the Level of the Intervention Values. In specific cases
there is a chance that for concentrations in tlil(gsoundwater below the intervention levels
the functional properties of the soil for humansnp or animal life have nevertheless been
seriously impacted or are in danger of being imgpéand that there is a case of serious
contamination;

Target Values: the target values indicate the level at whichréhé a sustainable
soil/groundwater quality.

In terms of definition of remediation goals and d&ehe approach common to most of the
active legislation in Europe and USA is to perfoarsite-specific risk analysis for the
Contaminant of Concerns (COCs) exceeding the Tieandlysis and to determine, whether
the risk is not acceptable, the needed abatemeDDars.
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4.1

PAST INVESTIGATIONS

SUMMARY OF PAST CHARACTERIZATION ACTIVITIES

In 2007, company Eptisa performed a site investgawithin an EU-funded project
managed by the European Agency for Reconstructibime site investigation consisted of
geoelectrical (resistivity) mapping with the godl @valuating possible anomaly zones
indicating contamination of soil and groundwatertd§H and Hg and to propose strategy
for site remediation. The geophysical investigatiovere executed in the area on the North
and Northeast of the waste dumps and in the foateatrolysis plant Sector, arranging the
profiles in the free areas around the several strivatural and auxiliary constructions
present at the site (Eptisa, 2007).

Intrusive investigations were conducted by ENACQRNos at the OHIS site in 2007-2008
reportedly with the following objectives (ENACON@D, 2008a, 2008b, 2008c, 2008d):

» assess the contamination levels of soil, groundveaté construction materials;
» characterize the two dump sites of HCH isomers eyasid

» evaluate the potential impact on home-grown vedesatearby the OHIS site.
For these purposes, the following investigationsavwerformed:

» 49 soil boring and 8 direct push probes (July-Septr 2007);

* installation of 8 monitoring wells (March 2008);

» collection of 155 soil samples (from soil boringiredt push probes, drilling of
monitoring wells and 2 samples from top soil iniagjture land in Gorno Lige);

» one sample of street dust (collected from paved r@aar the electrolysis plant);
» one sediment sample of a sewer of the site;

15 and 17 groundwater samples from existing, neunkithg and abstraction wells,
collected in March and July 2008 campaigns, resggt

» 11 soil gas samples; and
» 75 construction material samples.

The investigation of soil contamination at the diteunsaturated zone made in August-
September 2007, included borings located throughioaitsite Sectors from A to E. Gas
sampling was also made at a depth of about 2 nmlige zone of expected highest Volatile
Organic Compound (VOC) contamination (area of farmenochloracetic acid production,
Sector C).

Data relevant to groundwater contamination werdeayad in two campaigns carried out in
March and July 2008 through a systematic invegtiganhcluding:

* two existing wells, HS-1 and HS-2, inside the OHits, installed in 2001 for a
previous investigation, near the electrolysis pkard to the HCH dump;

» the 8 wells, i.e. MW1 to MWS8, installed inside t@&11S limits, by Enacon in 2008,
reaching a depth of about 12 m bgl, with the exoeptf the MW5 well reaching 15 m
bgl;

» domestic wells (DW1 to DW5), outside the site; and

» extraction wells of OHIS, outside the site, cornsgsin well field Lisice 1 (No. 8 wells
in total) and well Liste 2.
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All collected soil, sediments and groundwater s@siplere sent to a chemical laboratory for
the analysis of the COCs.

Following a standard and internationally recognizggproach, in absence of national
soil/groundwater screening levels, the soil datlhey@d during the site investigation were
correctly compared with the Dutch Intervention \&dyDIV).

SUMMARY OF CHARACTERIZATION RESULTS

The last site characterization conducted by ENAJQ®IX007-2008 confirmed the presence
of HCH isomers and Hg at significant concentrati(@mseeding the DIV) in subsurface soll
beneath the OHIS site as well as the presence @sv@amely Tetrachloroethene [PCE],
and Trichloroethylene [TCE]) in the interstitial gén the unsaturated zone beneath the
former Monochloroacetic Acid Production Plant ($ecC). Chlorinated Hydrocarbons
(CHC, namely 1,2-cis-dichloroethene [1,2-cis-DCE[TCE, PCE and 1,1,2,2-
Tetrachloroethane [PCA]) were also found groundwataring the 2008 monitoring
campaign.

42.1 HCH Isomers in Dumpsites

As reported in Section 2.3, two separate dumpsitgls different extension and waste
characteristics are present at the site. The winles ¢+3-HCH isomers dump) cover an
area of about 5,000 1{100m x 50m) while the smaller dum@KICH) cover actually an
area of 1,250 M(35m x 35m).

ENACON 2008 investigation (ENACON 2007, 2008a) ¢onéd that in thea+p-HCH
dump the waste was originally put into direct cohtaith the natural ground without using
bottom lining. The3-HCH dump consists of five underground concreteansasovered by
natural soil.

Based on the ENACON 2008 drilling campaign, comprefive of 49 borings on the whole,
layers of waste material of different thickness evehysically described in particular within
the following boring logs: S-B-05, S-B-06, S-B-05-B-08, S-B-09, S-B-10, S-B-11, S-B-
12, pertaining to the+p-dump site, and S-B-02 and S-B-04, within telCH dumpsite
(see Drawing 2).

Samples of almost pure waste, or waste materigbgrmixed with filling material, were
collected and analyzed from boreholes S-B-02, 3818, S-B-04, S-B-05, S-B-06 and S-B-
11. HCH isomers sum concentrations around 10% emght were detected within the
dumpsites with peaks of concentration of about 8th%orehole S-B-02 and “pure alpha-
HCH” in samples taken from boreholes S-B-05 and-StBthat overall indicate a strong
heterogeneity in the piled material.

These three waste samples having the highest HQhteotrations in dumps were
characterized for their HCH isomers content a®basl:

e about 13%wta-HCH, 1%wt p-HCH, 35%wty-HCH (lindane) and 32%w8-HCH in
sample S-B-02, with a dry matter content of abaut®, collected at a depth of 2.0-2.2
m bgl within thes-dump;

» almost purex-HCH for both 2 samples of waste collected withie d+p-dump (sample
depth of 3.2-3.5 m bgl in borehole S-B-05 and 1@+2 bgl in borehole S-B-11); these
two samples have a dry matter content of aboutt9d. w

The analyses of the+3-dump waste, resulting in practically puxeHCH, are not in line
with data from Eptisa 2007 which reports aroundL2% -HCH in the HCH mixture of the
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a+p-dump waste. Instead, relative percentages aflthid isomers irb-waste dump are fair
in agreement between the two references but sorterogeneity seems to exist in the
dumped material (analyses, reported to 100, of Hiifiers: 16% ofi-HCH, 1% ofp-
HCH, 44% ofy-HCH and 39% o®6-HCH of ENACON sample versus the 22-26% o6f
HCH, 5-7% ofp-HCH, 16 — 19% ofy-HCH and 38-50% ob-HCH of EPTISA 2007
estimation).

According to the stratigraphic records from ENAC@Nestigation, thickness of the waste
in a+p dump varies from 3.2 to 4.6 m whereas the avetiaigkness of the waste in tlée
HCH dump is of about 1.6 m.

4.2.2 HCH Isomers in Soil

The 49 soil borings performed during the 2007-2688paign were distributed throughout
the target area Sectors (Enacon 2007, 2008a, 2Q&l8c, 2008d). Soil samples were
collected to a maximum depth of about 6 m bgl amayeed for the four HCH isomers.

Surficial soil (until 1 m depth) was found stronggpacted by HCH isomers in most of the
investigated areas. The highest concentration® iernd under and close to the HCH
dumps where the sum of the HCH isomers exceed it more than 100 times in some
cases (see Figure 4.1; with heavily contaminatédrsehose boreholes closely contouring
the3-HCH dump, i.e., S-B-01, S-B-16, and S-B-19). Wtk increasing of sampling depth,
the spatial distribution of the contamination deses; however DIV limits are exceeded in
several locations, and in particular under the HiCichps, also in the deepest sampled layer,
around 5-6 m bgl (Drawings 3 and 4).
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Figure 4.1: Soil Sampling Points Exceeding DIVs for sum of HCHs at the
Different Depths
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Therefore, the potential HCH contamination of suali soil (DIV exceedances) was found
not only below the two HCH dump sites, but almostrgwhere in the target area of the
OHIS site, even not directly connected to lindaredpction and/or storage, while deep soil
contamination was found mainly under the two HClkhga and in the South-western part of
the Sector C.

Table 4.1 summarizes the main statistical parametiethe datasets for HCH isomers in soil
(excluding samples collected above ground levethiwithe thickness of the dumpsites,
classified as waste or waste-containing materi@ described above). The number of
samples actually collected, number of data belosvMtethod Detection Limit (MDL), the
minimum, maximum and average values of the raw aaapecified in the Table, as well as
the percentage (%) of data exceeding the DIVs foHFHum in soil (note that the DIVs were
not defined for single HCH isomers but only for them of 4 HCH isomers for which a
value equal to 2 mg/kg is set).

Table 4.1: Main Features of HCH- Isomers Dataset fo r In-Place Soil

. Data
coc [Hard Dot DL 3 “(%”g/“fga)x (mAg;I/%Q) DIV e’gﬁfg;)‘)g
;Eﬁi‘:h'orocyc"’hexa“e' 80 [62+18] ;_'23?51 284E+3 | n.d? na?l
rexachlorocyclohexane, 80 [51+29] TOEL | 201E42 | nd. n.a.
g'g’t‘;wh'omcyc"’hexa”e' 80 [59+21] ToE.s | 245643 | nd. n.a.
g'ae;‘]ar:]:g'orocyc"’hexa“e' 80 [63+17] 21_'235;}5 515E+3 | n.d. na.
HCH sum* 80 ;.8625;15 1.07E+4 2 66%

Undetected concentrations (i.e., below the MDL) were included in the sample dataset by substitution of the
reported value with %> MDL

2 DIV not defined
Not applicable
Arithmetical sum of the HCH isomers concentrations (with %2 MDL substitutions)

4.2.3 Mercury in Soll

A subset of soil samples collected from borehatethe plant Sectors A, B, C and D were
also analyzed for their Hg content. Mercury contetion resulted to be limited to the
former electrolysis plant, with a bigger area belkb electrolysis buildings (borings S-D-
02, S-D-05, S-D-08) and one isolated hot-spot (haleeS-D-07) to the East of the buildings
(see Drawing 5).

The available datasets for Hg consist in total ©tiBferent soil sampling locations.

Table 4.2 summarizes the main statistical paramedérthe datasets for Hg including
number of samples actually collected, number otiemlbelow the MDL, the minimum,

maximum and average values of the raw data, angé¢heentage of data exceeding the
DIVs.
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Table 4.2: Main Features of Hg Dataset in Soil

. Data
No. Data Min-Max Avg. .

coc [Hard Data + <MDL '] | (mg/kg) (mg/kg) DIV e>g:|(3/e?0|/(r)l )g
Mercury 37 [19+18] ;g’gEEJrlz 2.88E+1 10 19%

! Undetected concentrations (i.e., below the Method Detection Limits) were integrated in the sample dataset by
substitution of the reported value with ¥2 MDL.

4.2.4 Chlorinated HYDROCARBONS in Soil

Only trace amounts of TCE and PCE were found ih sainples: in the order of tens of
mg/kg in some cases but below the MDL for almoksamples. However, TCE and PCE
were found in high amounts in soil gases (up to0294/n?) during the soil gas monitoring

at shallow depth (about 2 m bgl).

Therefore, as regards CHC contamination, discreparaurrently exist between interstitial
gas analyses (which resulted above DIVs) and swlyses (almost below DLs) and the
position and volume of a “secondary contaminationiree” within the soil cannot be
identified.

4.2.5 Chlorinated Hydrocarbons and HCH in Groundwat  er

During the measurements performed in March-July82NACON, 2008c), the shallow
aquifer was found at a depth of about 8-8.5 m hitiiwthe alluvial sediments (gravels, and
loamy gravels). The uppermost layer of alluvialiseents comprises clayey silt to silty clay
(thickness 1.5-5.2 m). A relatively low permealalger of clayey/silty sediments was found
investigation at about 10-12 m bgl, and this isdweld the base of the shallow aquifer.

Analysis of groundwater highlighted CHC contamiaat{in particular, TCE, PCE and PCA)
in the shallow aquifer beneath the site, with aimaxn amount of CHC higher than 12 mg/I
and an estimated plume width and elongation okastl 200 m and 600 m, respectively.
CHC contaminated waters mainly interest the well 8Wbcated close to the ASTs for
TCE-PCA (with sum CHC of about 12 mg/l), well MW&so in the North sector of the site,
and wells MW7 and MWS8 located near the northernnilany of the site and extend down-
gradient off-site (DW4) whereas trace amounts of2CGie found in OHIS wells at 2-2.3 km
far from the site.

HCH isomers were also found in shallow groundwatathh maximum concentration of 30-
50 ug/l (plume width and elongation approx. 150 &8@D m). Contamination of
groundwater by HCH isomers was found in most of #ie wells, with maximum

concentrations corresponding to MW1 and MW?2 clasdirtdane production and storage
area and the HCH dump. HCH contamination, as fefCCextends down-gradient
(eastward) towards the DW-4 well.

Peaks concentrations for CHC and HCH in groundwatee found in different areas of the
site, being the CHC plume mainly extended on thetlidon sector of the site and the HCH
in its Southern part (according to the locationtleé two different primary sources of
contamination). Both plumes are stretched outh W-E direction. The contamination
plumes partly overlap and both extend off-site wasd, following down gradient direction

of groundwater.
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5.1

SITE-SPECIFIC HUMAN HEALTH RISK ASSESSMENT

HHRA SCOPE AND ADOPTED APPROACH

According the American Society for Testing of Maés (ASTM) Standard Guide for Risk-
Based Corrective Action (E2081-00) (ASTM, 2004k tisk assessment is the analysis of
the potential for adverse effects on human recepod ecological receptors caused by a
COC from a contaminated site. The risk assessraetivities are the basis for the
development of corrective action goals and fordegermination of where remedial actions
are actually required.

In general, the HHRA procedure follows a tieredrapph based on three subsequent levels
of assessment:

» Tier 1: Risk analysis conducted at this level ref® site-generic conditions and can be
used as a screening step. It takes into accouettdor indirect exposure pathways,
conservative exposure factors, analytical soluttontransport models and on site
receptors only. By applying this level of analysise so-called Risk Based Screening
Levels (RBSLs) are obtained;

» Tier 2: This level of analysis refers to site-sfieconditions and provides, therefore, a
more detailed evaluation with respect to Tier 1t involves once again the use of
analytical models for estimating the concentratbithe point of exposure, considering a
homogenous and isotropic environmental media. [Bylyéng this level of analysis the
Site Specific Target Levels (SSTLs) are calculated] can be considered as site specific
remediation targets. Both on site and off siteptors are considered; and

» Tier 3: The level 3 analysis allows a more dethis#te-specific evaluation. It uses
numerical models and probabilistic analysis th&ivalaccounting for the heterogeneity
of the subsaoil, and for the complex geometry ofdbetamination source. Its application
requires, however, a deeper knowledge of the phalysisstem and, consequently, a very
detailed site characterization.

The HHRA procedure can be conducted in the “Forwdatle” (FWM) or “Backward

Mode” (BWM). The FWM allows estimating the healibk for the exposed receptor, either
located within the site (on site) or at some dista(off site), starting from a representative
concentration at the source of contamination. ttaffrom health risk levels considered
acceptable to the exposed receptor, the BWM allmiculating the highest concentration at
the source compatible with the condition of acdeifitg of the risk, i.e. the so-called SSTLs.

The ASTM Guide (ASTM, 2004) and the Italian “Guidels for the human health risk

analysis application for the impacted sites” (APADQ8) are the reference manuals which
have been used for the Risk Assessment developridmtse guides provide the criteria for
the development of a Risk-Based Corrective ActRBCA) at chemical release sites based
on protecting human health and the environment.

According to ASTM Guide, the RBCA process, by usagiered approach that integrates
site assessment and response actions with humath lzea ecological risk assessment,
determines the need for remedial actions and altailaring corrective action activities to
site-specific conditions and risks.
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5.2

In general, the RBCA should be developed throughfahowing operative steps:

» Step 1: development of the conceptual model okiteebased on the findings of the site
investigations and the knowledge of the geologieatirogeological and hydro-chemical
features of the site;

» Step 2: selection of Tier 1 to Tier 3 risk analyansl of the allowable risks;
» Step 3: development of the HHRA (typically Tier 2);
» Step 4: selection of the most appropriate SSTLd; an
» Step 5: development and implementation of the CD.

The RBCA Tool Kit for Chemical Releases softwarersion 2.5 (GSI Environmental,
2007), has been used for evaluating the SSTLseoDHHIS Site.

The RBCA Tool Kit is the most widely adopted risklalation software worldwide. The
RBCA Tool Kit is designed to meet the requiremearitthe ASTM Guide (ASTM, 2004).

This tool applies the equations suggested alshdyjtalian Guidelines (APAT, 2008) for the
definition of the input parameters and back calooeof the SSTL.

The RISCA.0 (Risk-Integrated Software for Clean-Ups) depebbby British Petroleum Qil
International (BP, 2001) was also used to carry smrhe additional runs related to the
shallow aquifer potential use for irrigation purpss

DESCRIPTION OF THE ADOPTED SITE CONCEPTUAL MODE L

5.2.1 Physical Features of the Site

Based on the findings of the past conducted ingastins at the site and related boring logs
(ENACON 2007), two zones of near homogeneous lithichl features were identified and a
schematic multi-layer site model was consequentlgbaated to support HHRA
computations.

The physical model for the subsoil included:
« a first surficial layer from the ground level t&2n bgl made by sandy-clay; and

* a second layer, from 2.5 m bgl to the top of shalbmuifer (average measured water
depth of 8.2-8.7 m bgl in March-July 2008, respasiyi), mainly composed by sand.

The schematic stratigraphy of the site is reportedrigure 5.1, which also displays the
identified sources of contamination for HCH isomers

5.2.2 Schematization of the Sources of Contaminati  on for HHRA

This sub-section describes the criteria followed tfee schematization of the sources of
contamination and the estimated areas/volumes &oh eof the identified “secondary
sources” used for human health risk assessmentations. These secondary sources (each
of them connected to specific exposure pathways)peise in the study case the surface soil
(0-1 m bgl), the deep soil (>)1 m bgl) and the gowater. The procedure for the
delimitation of the surface and volumetric extefiteach contamination source, and the
further definition of a “representative concenwati at the source, was based on the
Thiessen polygons method and the methodologicakriai suggested by the APAT
guidelines for the application of the quantitatiek analysis to the contaminated sites
(APAT, 2008).
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5221 HCH Isomers

Data gathered from the previous investigation desdrin Section 4 have been plotted to
graphically evaluate the area of potential contatidm through the Thiessen polygons

method (as suggested by APAT, 2008) and crossesictiave been developed to evaluate
the vertical distribution of the contamination atite potential presence of different

contamination layers.

Based on the results of the graphical representatiche site contamination (reported in
Drawings 3, 4 and 6), two zones of contaminationewdentified at different depths, and the
following simplified multi-layer source model wasrnsequently elaborated:

 afirst layer from the ground level to 2 m bgl, akniis extended over almost all the OHIS
site (estimated surface of 46107, Mable 5.1), with the exclusion of only small sexs
of the former lindane production and storage a&saior A), the former electrolysis plant
(Sector D) and the flammable storage area (Se¢tfwele Drawing 3]; and

* a deeper layer, from 2 to 8 m bgl (top of shallayuiter), for an estimated surface of
18817 M (Table 5.1), located under the HCH dump sites extdnded to the northeast
beneath the former lindane production area (Se&fand the former electrolysis plant
(Sector D) [see Drawing 4].

The schematic cross section of the identified gegnfer the source of contamination for

HCH isomers in soil is reported in Figure 5.1.

Table 5.1: Definition of the Source of Contaminatio n for HCH in Soill

Laver Predominant Estimated Surface / Volume
Y Lithology (Thiessen Polygons Method)
Layer I: Surface Soil (0-2 m bgl) Sandy Clay 46,107 m*/ 92,214 m®
Layer Il: Subsurface Soil (2-8 m Sand 18.817 m2/ 112.902 m?
bgl) 1 ’
0.0m

Groundwater

120m
7

Figure 5.1: Cross Section of the ldentified Sources of Contamination for HCH
Isomers in Soil over a Schematic Stratigraphy of th e Site
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For the specific aim of HHRA computation, the filsyer of HCH isomer contamination in
soil, defined as described above from the grouwdl l® 2 m bgl, was further subdivided in
0-1 m and 1-2 m layers in order to account fordhferent exposure pathways of the two
secondary sources for surficial and sub-surfic@l @.e., dermal contact vs. leaching to
groundwater etc.).

Note that the second layer has been conservatmiynded from 2 to 8 m bgl (top of

shallow aquifer), last investigation did not redbk bottom of contamination (the deepest
collected soil samples, approx. 5-6 m of depthylted to be still contaminated, see Drawing
6).

Although the DIVs were not defined for single HCébiners but only for the sum of HCH

isomers (arithmetical sum of the 4 isomers), RB@Autations were carried out on single

HCH isomers because of the different toxicity aaccimogenicity of each compound.

According to the international carcinogenicity clfisations, all the HCH isomers can be
considered as human carcinogenic (see Table St®refore, for risk calculations, both the
toxicological and the carcinogenic properties @f $ingle compounds have been considered.

Table 5.2: COCs Carcinogenicity Classifications

coc CAS USEPA-IRIS* | IARC? EU®
Hexachlorocyclohexane, alpha 319-84-6 B2

Hexachlorocyclohexane, beta 319-85-7

Hexachlorocyclohexane, delta 319-86-8 28 3
Hexachlorocyclohexane, gamma 58-89-9 n.a.*

Mercury 7439-97-6 D 3 n.a.
Trichloroethylene (TCE) 79-01-6 n.a. 2A 2
Tetrachloroethane, 1,1,2,2- (PCA) 79-34-5 C 3 n.a.
Bi((::rél)oroethylene, cis-1,2-  (1,2-cis- 156-59-2 D na. na.
Tetrachloroethylene (PCE) 127-18-4 n.a. 2A 3

! International Agency for Research on Cancer (IARC) classification:
1: Carcinogenic to humans;
2A: Probably carcinogenic to humans;
2B: Possibly carcinogenic to humans;
3: Not classifiable as to its carcinogenicity to humans;
4: Probably not carcinogenic to humans.

2 USEPA Integrated Risk Information System (IRIS) classification:
A: Human carcinogen;

B: Probable human carcinogen (B1: limited evidence on humans, and sufficient evidence in animals; B2:
Sufficient evidence from animal studies and inadequate or no data from epidemiologic studies);

C: Possible human carcinogen;
D: Not classifiable as to human carcinogenicity;
E: Evidence of non-carcinogenicity to humans.
3 EU classification (Commission Directive 2009/2/EC of 15 January 2009):
1: Substances known to be carcinogenic to humans;
2: Substances which should be regarded as if they are carcinogenic to humans;

3: Substances which cause concern for humans, owing to possible carcinogenic effects but in respect of
which the available information is not adequate for making a satisfactory assessment.

“n.a.: not assessed
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Concerning the main statistical features of the H&ners datasets in soil, they resulted to
be, overall, not unimodal. As a matter of face tlelevant probability plots highlighted
either the presence of two superimposed populatiorgscertain number of outliers. These
features of the datasets introduced some procediffiaulties in the definition of a reliable
value for a “representative concentration” at tbaree for each of the four HCH isomers.
Actually, datasets referring to drilling campaigascompassing more than 10 boreholes
should be handled through statistical analysis (AP2008) in order to properly select a
representative concentration at the source zong (©wever, orders of magnitude of
difference in the estimation ofs@or HCH isomers would result by considering eithiez
UCL of the mean of one of the two partitioned peapiohs, or the UCL of the mean of the
datasets as it is, or the entire dataset excludintiers. Considering these strong
uncertainties in the HCH data processing, RBCA nwese performed in BWM for HCH
and in FWM only for the confirmatory runs, i.e.,assess the compliance with respect to the
cumulative risk (see Report 09-521-H2-Rev.0, D’'Ajopdia, 2010a).

5.2.2.2 Mercury

Estimated surface of the source of contamination Hg in soil through the Thiessen
Polygons Method is reported in Table 5.3. Figugdepicts the schematic cross section of
the identified geometry for the source of contartiamain soil.

As for the HCH discussed above, the bottom of guirtation was not reached at the end of
the performed boreholes (around 5-6 m bgl, see Daws); therefore, a unique
contaminated layer extending from the soil surfémethe top of the aquifer has been
considered for the HHRA, further subdivided in agd (0-1 m bgl) and subsurface soil (1-8
m bgl). The Hg hot-spot, limited to the first 3-3rbbgl (see Drawing 6), was not considered
in the HHRA, since a limited soil excavation andptisal of can allow the complete risk
elimination.

Concerning the Hg in soil RBCA simulations werefpened in FWM since the limited
number of performed boreholes allows selecting gggesentative concentration of the
source zone simply fixing it equal to the maximuomecentration value.

Table 5.3: Definition of the Source of Contaminatio  n for Hg in Soil

Laver Predominant Estimated Surface / Volume
y Lithology (Thiessen Polygons Method)
el (. Sandy clay (0-2.5 m) 2 3
Layer I: Soil (0-8m bgl) Sand (2.5-8) 3,777 m° /30,216 m
Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 21

OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

Groundwater

12.0m
“

Figure 5.2: Cross section of the Identified Sources of Contamination for
Mercury in Soil over a Schematic Stratigraphy of th e Site

5.2.2.3 Chlorinated Hydrocarbons

As regards CHC contamination, the discrepanciesds interstitial gas analyses (which
resulted above DIVs) and soil analyses (which tedubelow the detection limit for almost
all samples) do not allow clearly identifying thentamination source position and volume.
Furthermore, soil gas is not an easily implememstabhtamination source in HHRA models,
which often considers only the interstitial gaseneayated by soil and/or groundwater
contamination (secondary sources) through volatitin.

Therefore, only the presence of CHC contaminatiorgioundwater was considered as
secondary source for the HHRA.

The sum of the Sector C and Sector D surfaces (equa9796 M) was assumed as
representative contamination plume extension feiHhiRA development.

5.2.3 Soil and Transport Parameters

Input data for RBCA simulations concerning soil arahsport parameters were chosen as
described in the following:

» Organic Carbon Fraction (foc): fraction of organ@rbon in soil was estimated based on
relationships between grain size and TOC (g/kgnftiberature data (Konen et al., 2003;
Plante et al.,, 2006); for the “sandy-clay” lithojodreferring to the approximate
proportion: 50% clay — 50% sand) a foc of abou#®.as computed and set in the
relevant runs against the RBCA default foc valu®.6fL; this default value of 0.01 was
maintained instead for the runs involving “sandfidiogy;

» foc in the saturated zone: it was set about oneroad magnitude less than value
characterizing the vadose zone (respecting theuldeédationship);

» Effective Porosity: a value of 0.28 vas inputted thie “sandy clay” lithology and 0.353
for the “sand” lithology based on data from the APManual (APAT, 2008);
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» Groundwater Gradient: it was estimated on the hzsigater level measurements carried
out in the surveys of March 2008 and July 2008hm ©HIS area (ENACON, 2008c);
data referring to couples of wells sufficiently spd and aligned on a E-W direction
(groundwater direction) are used in the computat@mely: MW4-MW8; MW5-MW1
and MW4-HS1,; starting from the corresponding grouaiieer depths a mean groundwater
gradient of about 0.0013 was computed for the site;

* Net Infiltration: based on the average annual pitation of 500 mm (MEPP, 2006) a
value of 4.5 mm/year was calculated by RBCA TK fsandy clay” and a ten times
higher value for sands;

» Water pH: it was set as the average value of tbargiwater measurements (7.4) carried
out in the March and July 2008 campaigns in théS>dtea (ENACON, 2008c);

« Hydraulic conductivity: adopted values were 3.33-tV/s for sandy-clay and 4.05°10
cm/s for sands (APAT, 2008).

5.2.4 Contaminants of Concern

The COCs for the OHIS site are represented by tl#d Hsomers and mercury, both
exceeding the relevant DIVs, selected as screerahges for the potential contamination
assessment.

Dioxins in soil, sum of Chlorobenzenes, sum Dicbttiphenyldichloroethylene (DDE),
Dichlorodiphenyldichloroethane (DDD) and Dichlorpdenyltrichloroethane (DDT) were
also found exceeding the DIV screening levels,dnly in isolated locations (hot-spots) and
therefore these contaminants were not includethénpresent soil risk assessment. In fact,
the same locations are also affected by the mai@<@e. HCH and Hg) contamination,
and it is assumed that their removal would leaithéoconsequent hot-spot elimination.

VOCs (namely, PCE and TCE) were also found in therstitial gas of the former
monochloroacetic acid production plant, but th@naentrations in soil resulted below the
relevant DIVs, hence soil can not be introduced ascondary source of contamination for
CHC.

HCH isomers, Mercury and CHC (1,2-cis-DCE, TCE, P&tl PCA) are the COCs for
groundwater.

5.2.5 Receptors

The following receptors were considered for thie ssessment:

* on site workers, including construction workers fpening remediation activities
(outdoor/indoor operations) within the OHIS site;

» o0n site receptors, potentially affected by the disontact with the contaminated soil and
by the indoor and outdoor contaminated vapour atii;

» off site receptors, potentially affected throughntamnination leaching from soil to
groundwater, groundwater migration and ingestioruse for irrigation of potentially
contaminated groundwater; and

» off site receptors, potentially affected by the dod and outdoor contaminated air
inhalation.

For the identified receptors (either on site or offte), both residential and
commercial/industrial scenarios (in terms of expesduration and frequency and other
exposure-related parameters) were considereddddHRA.
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For the water wells outside the OHIS site, bothde#tial scenario and the groundwater use
for irrigation were considered.

Taking a conservative approach, the simulationsewarried out considering the first
residential community located down-gradient of thiee along the groundwater flow
direction as potential receptor for groundwaterestgpn or use (i.e. first off site receptor at
150 m, calculated considering the maximum HCH ammation extension, corresponding
to the contaminated topsoil).

As potential receptors for indoor/outdoor inhalatihe nearest residential and commercial
area were considered (conservatively neglectingptbeailing wind direction) at 80 m (off
site residential receptor) and at 100 m (off sidenmercial receptor, with reference to the
extension of the HCH contaminated topsoil).

5.2.6 Exposure Pathways (Transport Mechanisms)

The following Sections outlines the migration padlys that have been considered for the
HHRA at the OHIS site, considering the site specifharacteristics gathered from the
available documentation and data.

5.26.1 Groundwater Exposure

This exposure pathway involves the direct contagéstion of contaminated groundwater,
which can occur in the case of a direct connechietween the impacted water and the
receptors, typically via drinking water well, odirectly via groundwater use for irrigation.

Given the hydrogeological settings of the site. {ile presence of a shallow water bearing
unit) and the known groundwater contamination leleingradient to the OHIS site, the use
of the shallow aquifer for drinking purposes hasrbeeportedly suspended several years ago
in the surrounding area. However, detailed infdioma does not exists on the lateral
continuity characteristics of this shallow aquifentside the site (i.e. connection about
shallow and deeper aquifers) and the presencenglesidomestic drinking water wells
cannot be excluded; therefore, the groundwaterstime pathway has been conservatively
included in the HHRA for all off site receptors aextluded only for on site wells.

Furthermore, the remediation targets selection ieambnsider the National Regulation on
groundwater quality.

In particular, with reference to groundwater guyalitandards actually in force in the
Republic of Macedonia, the Regulation for “Classifion of Water” defines 5 quality
classes for surface waters, water courses, nauardhlartificial lakes and groundwater, and
gives the maximum allowed concentrations for thfedint classes. According to Article 4
of the Regulation for “Categorization of WatercasgsLakes, Water Accumulations and
Underground Waters”, groundwater is categorizedirClass, with the applicable limits for
the COCs detected at the OHIS site reported ifialleving table.

Table 5.4: Quality Standards for Class I-Il Waters

CcocC Upper Concentration Value (ug/L)
y-Hexachlorocyclohexane (Lindane) 0.01

Mercury 0.2

Trichloroethylene 20
1,1,2,2-tetrachloroethane 2

Dichloroethylene 15

Tetrachloroethylene 2

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 24

OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

It must be noticed that such limits are very stimig comparable with U.S. EPA standards
for water which can be used for drinking purposesl could lead to SSTLs similar or even
lower than those calculated for the groundwatesatliingestion scenario through drinking
water wells.

Therefore, a final evaluation of the quality stamidapotentially applicable to the shallow
aquifer to allow its use for irrigation purposesshaeen carried out through a dedicated
software (RISC 4.0) able to simulate the followiadditional exposure pathways and to
back-calculate the groundwater maximum allowablelk

* ingestion of home-grown vegetables irrigated withugpdwater;
» ingestion of irrigation water;

» dermal exposure to irrigation water;

* inhalation of irrigation water spray.

5.2.6.2 Outdoor Volatilization

This scenario takes into consideration that contams detected in surficial soil, subsoil and
groundwater could potentially diffuse through theil scolumn and migrate to the
atmosphere. As soon as the volatile constituesashr the surface, due to atmospheric
dispersion, contamination could reach both onagite off site receptors.

5.2.6.3 Indoor Volatilization

This scenario considers that volatile constituemtghe contaminated soil could potentially
diffuse through soil and migrate into enclosed spat buildings, by diffusion trough the
foundation slabs and/or following preferential pedlys due to the presence of cracks.

Since the future presence of residential and/orngernial buildings on site can not be
excluded, this exposure pathway has been consifi@réie HHRA.

5.3 SUMMARY OF THE HHRA RESULTS

53.1 Contaminated Soil Exposure

The following Sections summarize HHRA outcomes rigkinto account the 3 considered
scenarios for land destination, i.e. on site conecmér on site residential and off site
residential, and focusing on their possible imgiaaon soil remediation.

5.3.1.1 Hexachlorocyclohexane Isomers

Outcomes of the HHRA developed for HCH isomers dath that the direct contact
pathways (ingestion, dermal contact, inhalatiospamted to the on site residential receptors
are the limiting pathways, giving the lowest SSTausthe soil cleanup.

Table 5.5 presents the remediation targets for se@vant to different site uses and
receptors. When simulations provided an unspecB8TL value (>, not computable),
SSTL values were conservatively taken equal toctireesponding € values (reported in
italic in Table 5.5) as they are the maximum quantifiaalieies for which cumulative risks
is satisfied.
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Table 5.5: HCH SSTLs for Top, Shallow and Deep Soil  for On Site Commercial,
On Site Residential and Off Site Residential Recept  ors (Not Allowing
Groundwater Use)

SSTL (mg/kg) SSTL (mg/kg) SSTL (mg/kg)
On Site Commercial On Site Residential Off Site Residential
0-1 1-2 2-8 0-1 1-2 2-8 0-1 1-2 2-8
COC m bgl m bgl m bgl m bgl | mbgl | m bgl m bgl m bgl m bgl

alpha-HCH 0.39 20.93 60.86 0.001 | 9.55 9.88 0.34 12.46 60.86

beta-HCH 1.33 33.8 33.8 0.001 | 33.8 33.8 1.19 33.8 33.8

delta-HCH 0.9 558.7 992.5 0.016 |118.39 | 127.44 3.34 332.59 992.5

gamma-HCH | 1.91 284.8 284.8 0.002 | 284.8 | 284.8 | 129.89 | 284.8 284.8

Considering the commercial scenario as the modigie land use scenario for the site, the
needed abatement of HCH concentrations for theotblpger (0-1 m bgl) is of about 3 order
of magnitude for alpha-HCH and 1-1.5 orders of nitagie for the remaining three isomers.

The underlying soil layers (i.e., 1-2 m bgl and &&qgl) would require a much more limited

intervention in case of a commercial use of the ®Hitea; in particular, for depths greater
than 1 m bgl, the area to be remediated would e @stricted to the Sector B, mostly

below the HCH dumps. The relevant SSTL valuesirafact higher than the most part of

the data distribution, and only some outliers edc88TLs.

Considering the most limiting scenario (i.e. ore siesidential receptors) very stringent
values are obtained in particular for the topsefiere:

* an abatement in the range of 3 to 5 orders of madmis needed for HCH isomers; and

* the computed SSTLs are 1-2 order of magnitude lothan the minimum HCH
concentration value detected in soil samples (t&kpral to %2 of the MDL = 0.2 mg/kg).

SSTLs calculated for deeper layers led, as abowehf®® commercial scenario, to a very
significant reduction of the area to be remediat@aly the alpha-isomer requires a slightly
wider intervention in layer 2 with respect to tleresponding case for commercial scenario.

5.3.1.2 Mercury

The HHRA carried out for the Hg contamination shdwleat the indoor air inhalation is the
limiting exposure pathway, probably due to the hiddp volatility (the Henry's Constant,
which define the amount of a gas that dissolvesliquid, is 0.47 for the mercury, about two
orders of magnitude higher than those of the H@irhirs).

The target concentration proposed for the industaenmercial use of the OHIS site
resulted to be 5.18 mg/kg; while considering thenesaindoor air inhalation exposure
pathway applied to residential receptors, the esleBSTL resulted about three times lower
(Table 5.6).

The exceeding points, in case of both commercidlrasidential destination, are all located
in Sector D and (partly) Sector C.

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 26
OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

Table 5.6: Hg SSTLs for Top and Deep Soil for On Si  te Commercial, On Site
Residential and Off Site Residential Receptors
(Not Allowing Groundwater Use)

SSTL (mg/kg) SSTL (mg/kg) SSTL (mg/kg)
On Site Commercial On Site Residential Off Site Residential
cocC 0-8 m bgl 0-8 m bgl 0-8 m bgl
Mercury 5.18 1.50 20.55

5.3.2 Groundwater Exposure

In the following Sections HHRA outcomes are presdntfocusing on their possible
implication on soil and groundwater remediatiomyédrand goals.

Groundwater exposure pathway was evaluated in tefnteth ingestion of contaminated

groundwater, typically via drinking water wells,cadirect contact which can occur during
irrigation activities. Indirect pathways such adaor and outdoor vapours inhalation have
been also considered.

Furthermore, the remediation targets necessanpomaply with national regulations about
groundwater quality standards or with specificalblculated irrigation standards are also
discussed.

5.3.2.1 Hexachlorocyclohexane Isomers

As regard the soil leaching to groundwater and egbsnt off site groundwater ingestion
pathway, the carcinogenicity of HCH isomers and theximity of residential areas led to
very stringent SSTLs for the OHIS site:

Table 5.7: SSTLs for Groundwater Protection

Applicable SSTL for Level 1 Applicable SSTL for Level 2

CcoC (0-2 m bgl) (2-8 m bgl)

(mg/kg) (mg/kg)
Hexachlorocyclohexane, alpha 0.004 0.003
Hexachlorocyclohexane, beta 0.014 0.012
Hexachlorocyclohexane, delta 0.084 0.074
Hexachlorocyclohexane, gamma 0.015 0.013
TOTAL 0.117 0.102

Using the groundwater standards of the RepubliMatedonia as input parameters for the
BWM calculation, and considering as PoC the fiesidential area downgradient of the
OHIS site, the following the SSTLs were calculatedindane:

Table 5.8: SSTLs Derived from Groundwater Standards  (Class I-Il)

Applicable SSTL for Level 1 Applicable SSTL for Level 2
cocC (0-2 m bgl) (2-8 m bgl)
(mg/kg) (mglkg)
Hexachlorocyclohexane, gamma 0.0029 0.0026
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Both approaches previously presented are not tieafisr the OHIS site remediation,

because: i) the shallow aquifer is not used fankiing purposes, but only for irrigation, and
i) the proposed standards for Class I-Il wateesrast achievable in the short period without
completely eliminating the HCH isomers from the Veh®@HIS site, which is an alternative
practically not implementable.

As alternative approach, the OHIS site could beediated to reach safe levels for on
site/off site residential receptors, and groundwstandards could be calculated based on its
effective use.

To this aim, a dedicated software able to simuldile exposure pathways related to
groundwater use for irrigation was used to backwdate the groundwater maximum
allowable levels for HCH isomers. The followingogndwater standards have been
obtained:

Table 5.9: Calculated HCH Quality Standards for Irr  igation Water

Concentration
coc (ug/L)
Hexachlorocyclohexane, alpha 0.057
Hexachlorocyclohexane, beta 0.2
Hexachlorocyclohexane, delta 0.22
Hexachlorocyclohexane, gamma 0.28

The calculated standard for lindane, in line witternational standards, resulted one order of
magnitude higher than the Class I-II quality stadd@.28 mg/L vs. 0.01 mg/L).

Maximum values reported in Table 5.9 were usedpstiparameters for the BWM HHRA
calculation, considering as PoC the first residémtiea downgradient of the OHIS site. The
following SSTLs were calculated for HCH isomers:

Table 5.10: SSTLs Derived from Calculated Quality S  tandards

Applicable SSTL for Applicable SSTL for
cocC Level 1 (0-2 m bgl) Level 2 (2-8 m bgl)
(mg/kg) (mglkg)
Hexachlorocyclohexane, alpha 0.02 0.017
Hexachlorocyclohexane, beta >7.51 >7.51
Hexachlorocyclohexane, delta 0.50 0.43
Hexachlorocyclohexane, gamma 0.08 0.07

The SSTLs derived from the calculated irrigaticansiards would result again in the need of
a complete removal of Lindane and other HCH isonfiens the OHIS site for the whole
soil column (except beta-HCH, which SSTLs is abitverelevant soil saturation constant).

In summary, two different approaches can be coreitior the OHIS site remediation:

1. Elimination of the primary contamination sourcee(i.the dump sites) and soll
remediation to the SSTLs for on site residentiabptor protection. This approach will
allow neither to reach the quality standards suggeby the National regulations for
groundwater, nor the irrigation standards calcdlathrough HHRA. In fact,
confirmatory FWM runs were carried out to calculéie minimum distance at which the
irrigation standards could be reached downstreathefOHIS site, which varied from
about 8 to more than 17 km. Therefore, the rentiedigprocess should be completed
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with a groundwater remediation system, e.g. inagalh hydraulic barrier to extract and
treat the contaminated water till the irrigatiosfhiarge standards before the reinjection
into the shallow aquifer.

2. Elimination of the primary contamination source asull remediation to the SSTLs
calculated from the irrigation standards. Thisrapph will need the treatment of the
whole site to very stringent remediation levelst beould avoid the groundwater
treatment system.

5.3.2.2 Mercury

The HHRA showed that the potential exposure pathiedgted to contamination leaching
from soil to groundwater is not the limiting pathyir Hg, leading to SSTLs higher than
the indoor air residential inhalation. Therefaely the direct groundwater contamination is
discussed in this Section.

Following the same approach already used for H@Hniial BWM HHRA was conducted
for the Hg-contaminated groundwater plume, resglimSSTLs of 0.038 mg/L for the off
site groundwater ingestion and of 0.028 mg/L fer ¢in site indoor residential inhalation.

Further BWM analyses were conducted to calculageSBTLs necessary to comply either
with the Macedonian groundwater standards or vighitrigation water standards calculated
through HHRA (which resulted 0.04 mg/L). The réswre summarized in the following

table:
Table 5.11: SSTLs for Groundwater Protection

. Applicable SSTL for Applicable SSTL for Applicable SSTL

Applicable SS.TL On Site Residential Macedonian for Calculated
cocC for GW Ingestion halati dard I dard
(mg/L) Inhalation Standar Irrigation Standar

(mg/L) (mg/L) (mg/L)
Mercury 0.038 0.028 0.0016 0.32

All SSTLs are higher than Hg concentrations meabkatethe OHIS site (according to the
data available, the highest value, obtained froenrttonitoring well HS-1 installed in the
former electrolysis plant, is 0.01 mg/L), excepe tB&STL calculated to comply with
Macedonian quality standards, which, however, woblel reached approx. 500 m
downgradient of the OHIS site.

Therefore, considering the soil remediation targdis remedial intervention for Hg could be

limited to the removal of the contaminated soilgshwconcentration above the on site
residential indoor inhalation SSTL, while monitoredtural attenuation can be considered
enough for groundwater, which is already not damgereither for on site and off site

residential communities or for irrigation.

5.3.2.3 Chlorinated Hydrocarbons

The maximum CHC concentrations detected in grouhelwaere used to evaluate possible
risks for on site/off site receptors. The folloginnacceptable risks were determined:

» carcinogenic individual risk for TCE and PCA for aite/off site residential and
commercial outdoor inhalation;

» carcinogenic individual risk for TCE and PCA andmidative CHC risk for on site/off
site residential and commercial indoor inhalation;
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» carcinogenic individual risk for TCE and PCA andwdative CHC risk for off site
residential groundwater ingestion; and

e toxic individual risk for TCE, PCA and PCE and cuaiive CHC risk for off site
residential groundwater ingestion.

Backward simulations were then conducted to detexnthe SSTLs for the chlorinated
hydrocarbons in groundwater, considering the neasssdential communities as potential
receptors for groundwater ingestion and vapourlattwn both indoor and outdoor. On site
receptors were also considered (residential/comalesrenario.

The exposure pathways related to groundwater uskrigation purposes was simulated to
back-calculate the groundwater maximum allowableelle for CHC. The following
groundwater standards have been obtained:

Table 5.12: Calculated CHC Quality Standards for Ir  rigation Water

Concentration
CoC (mg/L)
Trichloroethylene (TCE) 0.22
Tetrachloroethane, 1,1,2,2- (PCA) 0.04

Dichloroethylene, cis-1,2- (1,2-cis-DCE) 10
Tetrachloroethylene (PCE) 0.09

The maximum allowable concentrations calculatedrfagation and the quality standards set
by the National Regulations were used to complitteagsible alternatives for groundwater
remediation goals/target levels.

Table 5.13: SSTLs for Groundwater

Applicable Applicable Applicable Aggl.;_cl_agf Applicable
SSTL for SSTL for On SSTL for Off Calculated SSTL for
CcoC Groundwater Site Indoor Site Indoor I Macedonian
. - - Irrigation
Ingestion Inhalation Inhalation Standards
Standards
(hg/L) (bg/L) (hg/L) warl) (bg/L)
TCE 29.16 1,076.2 153.1 1,049.5 95.4
1,1,2,2-PCA 1.60 453.3 76.9 190.8 9.5
1,2-cis-DCE 746.24 1,354,687.2 176,608.9 47,704.5 7.2
PCE 6.17 2,006.0 296.2 429.3 9.5

Once again, the lowest SSTLs were calculated edbesidering the groundwater ingestion
pathway or using the national quality standards govundwater. Instead, the use of
irrigation standards calculated through HHRA oridestial scenarios led to less stringent
SSTLs, corresponding to lower remediation requirge

Further HHRA forward runs were carried out to eadduthe minimum down-gradient
distance from the OHIS site at which the CHC risk fesidential communities would
become lower than the maximum allowable levelse afety zones” were evaluated both
for vapour inhalation of residential communitiesid@or/outdoor) and for groundwater
irrigation use.
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CHC toxicity for vapour inhalation reaches negllgitevels already at 100 m from the site
boundaries, while carcinogenic effect reach safeléeafter 400 m and 700 m for outdoor
and indoor inhalation, respectively.

Irrigation water standards would be exceeded iarge from 100 (considering the 1,2-Cis-
DCE) to 1000 m (considering the 1,1,2,2-PCA).

In any case, the not-negligible risk for on sitsidential community makes a remedial
intervention on groundwater necessary for the QdtkSwith respect to CHC contamination.

Therefore, following the same approach already fieetiCH, the initial remediation effort
can be focused on soil remediation. During thist fiemediation phase a “safety zone” of
approx. 1 km should be considered. Then, a sepbade with a limited intervention on
groundwater should be planned to ensure the patersi of the site for residential purposes.

Even if risk has been highlighted for commerci&t sise due to the presence of the CHC-
contaminated groundwater, it will not affect oresitorkers during the dumps removal and
the soil remediation activities.
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6 PROPOSED APPROACH FOR SITE REMEDIATION

6.1 DESCRIPTION OF THE REMEDIATION APPROACH

The HHRA simulations allowed defining the remediattargets (i.e. the SSTLs) relevant to
all possible future destination of the OHIS site.

In summary, as it can be seen from Section 5.3teat soil remediation effort is needed for
all contaminants detected at the OHIS site (i.eHH€bmers and Hg) at least for the surficial
layer (0-1 m bgl), while limited groundwater remeitin is needed for organic contaminants
(i.e. HCH and CHC) to ensure residential use ofdite and to reduce the risk related to
irrigation. Lower remediation targets are requinedase commercial destination is chosen
for the OHIS site. In any case, the required abate of the current concentrations will not
be lower than three orders of magnitude, requivieny efficient remediation systems.

Therefore, due to the considerable amounts of Vieasteaminated soils estimated and the
stringent remediation targets, and in order tovalfor future splitting of Project costs, a
phased CD has been developed, considering diffstdrstequent steps to complete the site
remediation. Furthermore, the use of a risk-bgdeded approach allows detailing, for each
remediation step, possible applicable technologiés,use constraints based on residual risk
for human receptors and remediation costs. In suap a clear picture of any possible
solution and its possible consequences is maddabisifor present site owners, potential
site buyers and/or public Authorities and Planners.

The following phased remediation strategy is ergasifor the OHIS site:

Phase 1: Removal of primary contamination sourcés. (HCH dumps and
contaminated buildings) and on site/off site tresitn

Phase 2: Buildings demolition and on site treatneéhiazardous materials;

Phase 3: Removal of the surficial soil layer (frgnound level to 1 m depth) from

almost the whole OHIS site and soil remediatiometach safe residual levels
for residential or commercial on site receptors;

Phase 4: Excavation and on sitdrositu treatment of the deep soil sections exceeding
the SSTLs calculated for residential or commerseéanario. In this case the
intervention can be limited to the hot-spots ordpd the lower abatement
needs allow the use of situ techniques or mobile systems; and

Phase 5: Installation of a hydraulic barrier andraetion and subsequent on site
treatment of contaminated groundwater (Pump andtEgstem).

The proposed approach for the OHIS site remedidtatisplayed in Figure 6.1, while a
visual representation of different phases’ progogsis reported in Drawing 7.
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6.2

Top Soil Removal and Remediation to SSTLs
for Residential/Commercial
On Site Receptors (or Off Site Treatment)

Water Treatment to
ﬁ " s

Figure 6.1: Proposed OHIS Site Remediation Strategy

ESTIMATION OF THE REMEDIATION AREAS/VOLUMES

Based on target levels defined through the HHRA, tblume of contaminated soil to be
remediated was estimated for the different contatenhlayers and possible future scenarios.
The absence of a defined plan for future site dastin led to the use of general scenarios
(e.g. commercial and/or residential), which shallreviewed and updated once the final site
destination will be set or urban plans for the ate@eloped.

The total surface of HCH contamination was estichéiteough Thiessen method considering
the maximum extension resulting from the four issrexceedances.

Considering a commercial scenario, the calculatefic&al soil areas for HCH-contaminated
soil, Hg-contaminated soil and soil with contempgraxceedances of both COCs are
reported in Drawing 8, while the deep soil areaguiring remediation (HCH- and Hg-

contamination) are reported in Drawing 9. Drawiitjand Drawing 11 respectively show
the surficial and deep contamination extensionmdsidential scenario.

The step by step actions to be undertaken follovtivey proposed phased approach are
reported in Table 6.1 and Table 6.2 for the on stimmercial and residential scenarios,
respectively.

These tables summarize the remediation targets r@edant receptors) arising from the
elaboration of HHRA and the estimate of the volunpstentially involved in the
remediation phases. Since the remediation effiatt¢ould be implemented at the site is not
known at present, for each phase also the resitika(i.e. the potentially affected receptors
by residual contamination) and the relevant sit amnstraints or mitigation actions (either
temporary or long-term actions) are reported ime&ab

In particular, each step foreseen in the phasetbapb is described in Table 6.1 and Table
6.2 with reference to:

» contaminated media involved (i.e., dumps and oumglgoil, topsoil, shallow soil, deep
soil and groundwater);
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» estimated surfaces and volumes of soil to be remediibased on classed post maps
displaying the points exceeding SSTLs;

» selected remediation targets (i.e. final SSTLgét@vant compounds);

» selected receptors which have been consideredagnghiom the risk will brought back
to acceptable limits;

» receptors that would be further affected by thedued contamination at the end of a
given remediation step (i.e. the risk left in plaeg limiting the intervention to the
considered phase); and

» constraints/actions that should be adopted forsitee and surroundings to control the
residual risk left in place at the end of each phas
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Table 6.1: Remediation Strategy for On Site Commerc

ial Scenario

Contaminated Estimated Remediation Selected Receptors (for Potentially Affected Constraints or Mitigation Actions

Phase media Surface / Targets Whom Risk will be Reduced Receptors by Residual (Temporary or Long-term)

Volume Below Acceptable Level) Contamination

1 HCH Dumps 6,380 m”/ 100% removal On site residential/commercial | On site residential or Forbid site use and prevent site access
(waste only) 15,620 m* @ receptors commercial receptors and with the exclusion of remediation workers
Overlying Soil 6,380 m° / Same as surficial soil | Off site residential receptors off site residential receptors

7,210 m* @ (see below)

2 Industrial 16,043.5 m>® | 100% demolition On site residential/commercial | On site residential or Forbid site use and prevent site access
Buildings / receptors commercial receptors and with the exclusion of remediation workers
Structures Off site residential receptors off site residential receptors

3 Surficial Soll HCH only: a-HCH = 0.39 mg/kg On site commercial (all direct On site commercial receptors Vapour protection measures should be
(0-1m) 41,804.9 m?/ B-HCH = 1.33 mg/kg and indirect contact pathways (due to the residual put in place.

41,804.9 m* 0-HCH = 0.90 mg/kg excluding groundwater use) contamination at 1-8 m bgl). The site should be likely covered with a
HCH+Hg: y-HCH = 1.91 mg/kg Off site residential (all Off site residential receptors composite impervious layer and paved to
8,661.8 m?/ pathways excluding using groundwater for irrigation | stop the possible contaminant diffusion to
8,661 m° Hg = 5.18 mg/kg groundwater) @ and/or for drinking purposes air. Building foundations should be
Hg only: adequately protected to prevent indoor
1,241.8 m*/ vapour diffusion and no indoor space
1,241.8 m? should be constructed below ground level.
Groundwater use for irrigation purposes
should be limited downstream the OHIS
site for several kilometers.

4 Sub-surface HCH: a-HCH =20.93 mg/kg | On site commercial (all On site commercial receptors Same measures as above

Soil (1-2 m) 7,250.4 m* / B-HCH > 33.8 mg/kg pathways excluding (due to the residual
7,250.4 m* ©6-HCH =558.7 mg/kg | groundwater use) contamination at 2-8 m bgl).
Hg: y-HCH > 284.8 mg/kg | Off site Residential (all Off site residential receptors
9,903 m*/ pathways excludin using groundwater for irrigation
9,903 m® Hg = 5.18 mg/kg groundwater use) ) and/or for drinking purposes
Sub-surface HCH. a-HCH = 60.86 mg/kg | On site commercial (all indirect | On site commercial receptors Same measures indicated above in terms
Soil (2-8 m) 7.250.4 m?/ B-HCH > 33.8 mg/kg pathways excluding (due to the presence of CHC in | of protection from vapour migration.
43,502.4 m* ©6-HCH >992.5 mg/kg | groundwater contact) groundwater).
Hg: y-HCH > 284.8 mg/kg | Off site Residential (all Off site residential receptors Groundwater use for irrigation purposes
9,903 m?/ pathways excludin using groundwater for irrigation | should be limited downstream the OHIS
59,418 m® Hg = 5.18 mg/kg groundwater use) ) and/or for drinking purposes site (a safety zone of at least 1 km should

be considered). Monitoring should be
carried out to evaluate natural attenuation
(with consequent safety zone reduction)
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Contaminated Estimated Remediation Selectgd Rgceptors (for Potentially Affect.ed Constraints or Mitigation Actions
Phase media Surface / Targets Whom Risk will be Reduced Receptors by Residual (Temporary or Long-term)
Volume 9 Below Acceptable Level) Contamination porary 9
5 Groundwater - a-HCH = 0.27 pg/L Off site residential receptors Off site residential receptors Monitoring should be carried out to
B-HCH =0.95 pg/L using groundwater for irrigation | using groundwater for drinking | evaluate natural attenuation
6-HCH =1.05pg/L | purpose purposes
y-HCH =1.33 pg/L
Hg = No Rem

TCE = 1049.5 ug/L
PCA =190.8 pg/L
DCE = No Rem
PCE =429.3 pg/L

@ Assuming that a phased implementation of the remedial interventions will be adopted, this column indicates the residual risk left in place by limiting the intervention to this phase.
@ ENACON estimation

® SSTLs calculated for on site receptor and off site residential receptors have the same order of magnitude. Considering the conservative approach used for off site BWM calculations (e.g. the prevailing

wind direction was not considered), the proposed SSTLs are deemed protective also for off site residents
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Table 6.2: Remediation Strategy for On Site Residen

tial Scenario

Contaminate Estimated Remediation Potentially Affected Constraints or Mitigation Actions
Phase d . Surface / Selected Receptors Receptors by Residual
media Targets D (Temporary or Long-term)
Volume Contamination
1 HCH Dumps | 6,380 m” / 100% removal On site residential/commercial . . . Forbid site use and prevent site access
32 On site residential or - . >
(waste only) 15,620 m receptors . with the exclusion of remediation workers
- > — - - . . commercial receptors and off
Overlying 6,380 m“/ Same as surficial soil | Off site residential receptors site residential recentors
Soil 7210 m*> @ (see below) P
2 Industrial 16,043.5 m>® | 100% demolition On site residential/commercial | On site residential or Forbid site use and prevent site access
Buildings / receptors commercial receptors and with the exclusion of remediation workers
Structures Off site residential receptors off site residential receptors
3 Surficial Soll HCH only: a-HCH = 0.001 mg/kg | On site residential (all direct On site residential receptors Vapour protection measures should be
(0-1m) 43,0515 m?/ B-HCH = 0.002 mg/kg | and indirect contact pathways (due to the residual put in place (see Phase 2 in Table 6.1).
43,0515 m* 0-HCH = 0.016 mg/kg | excluding groundwater use) contamination at 1-8 m bgl) Residential site use should be prohibited.
HCH+Hg: y-HCH = 0.002 mg/kg | Off site residential (all Off site residential receptors Groundwater use for irrigation purposes
13,403.2 m*/ pathways excluding using groundwater for irrigation | should be limited downstream the OHIS
13,403.2 m® Hg = 1.50 mg/kg groundwater) and/or for drinking purposes site for several kilometers.
4 Sub-surface HCH: a-HCH =9.55-9.88 On site residential (all On site residential receptors Same as above for vapour protection.
Soil (1-8 m) 9,670.9 m*/ mg/kg pathways excluding (due to the presence of CHC in
67,696.3 m* B-HCH > 33.8 mg/kg groundwater use) groundwater) Groundwater use for irrigation purposes
Hg: 0-HCH =118.39 Off site Residential (all Off site residential receptors should be limited downstream the OHIS
13,403.2 m*/ mg/kg pathways excluding using groundwater for irrigation | site (a safety zone of at least 1 km should
93,822.4 m® y-HCH > 284.8 mg/kg | groundwater use) and/or for drinking purposes be considered). Monitoring should be
carried out to evaluate natural attenuation
Hg = 1.50 mg/kg (with consequent safety zone reduction)
5 Groundwater | - a-HCH = 0.27 pg/L Off site residential receptors Off site residential receptors Monitoring should be carried out to
B-HCH =0.95 pg/L using groundwater for irrigation | using groundwater for drinking | evaluate natural attenuation
0-HCH =1.05ug/L | purpose purposes
y-HCH =1.33 pg/L
Hg = No Rem
TCE = 1049.5 pg/L
PCA =190.8 pg/L
DCE = No Rem
PCE = 429.3 pg/L

M Assuming that a phased implementation of the remedial interventions will be adopted, this column indicates the residual risk left in place by limiting the intervention to this phase.

@ ENACON estimation

@ This is the sum of Area A to Area D surfaces. Only Area E was excluded due to the lack of knowledge about its state of contamination.
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7 REMEDIAL OPTIONS SELECTION

7.1 REMEDIAL ALTERNATIVES SELECTION CRITERIA

The selection of the most suitable remedial teabgies was developed on the following
bases:

* information gathered from technical literature astldies developed for lindane
remediation, with particular reference to documertsd reports developed by
International organizations involved in POPs anstipieles remediation and destruction
(e.g. USEPA, Federal Remediation Technologies Rualnel International HCH and
Pesticides Association, UNIDO, etc.);

» review of the preliminary technology selection deped in previous Feasibility Studies
(Enacon, 2008a; 2008b; 2008c; 2008d) already chwig by D’Appolonia within the
present Project framework (D’Appolonia, 2010b);

» results of a detailed market investigation condiiddg D’Appolonia based on the OHIS
site general settings and contamination charatiteyito evaluate both the availability of
suitable technologies on the current European narke the relevant technical and legal
requirements/limitations and the existence of fetlale technologies applicable to
contaminants found at the OHIS site;

» results of further market investigations, specificaddressed to evaluate innovative on
site technologies for dumpsites treatment (i.emisng non-combustion technologies,
not necessarily developed and applied at full 3calde to minimize emissions (i.e.
closed-loop systems), by-products, etc., poteptiafiplicable to different contaminants
present on site.

The selected remedial technologies have been usedkvtelop a possible remediation
strategy for the OHIS site, based on the phasetbapp developed by HHRA. Of course,
treatability lab scale/pilot tests on soil/wastelgrdwater samples should be performed prior
to any technology adoption at full scale to confitsneffectiveness.

In any case, the off site treatment option (i.einaration in off site authorized hazardous
treatment plant) has been considered only in case of the selected technologies would
result viable for HCH dump sites treatment and lyimy soil remediation.

7.2 SELECTED REMEDIAL OPTIONS

Taking into account the outcomes of the Feasibifiyidies evaluation (D’Appolonia,
2010b), the HHRA results (D’Appolonia, 2010a) ahd market investigation outcomes, for
each remediation phase two different alternativaagbeen proposed in this CD, as detailed
in the following Table:

Table 7.1: Remedial Options for Each Phase and Sele ction Criteria

Phase Option 1 Option 2 Selection Criteria

Pilot testing of Option 1
(possibly funded by
GEF) and cost

Waste removal, on site
treatment with

innovative technology Waste removal, estimation. If applicable
1 - HCH Waste (i.e. mechanochemical packing, off site and econo.micarl)p
dehalogenation) treatment (incineration) . Y
. feasible, full-scale
coupled with thermal R .
desorption appllca_tlon of Opt. 1;
otherwise Opt. 2
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Phase Option 1 Option 2 Selection Criteria
Pilot testing of Option 1
for operative parameters
Buildings demolition, on | Buildings demolition, and unit cost evaluation.
2 — Buildings / site treatment of packing of hazardous Option 2 is only included
Structures hazardous waste and waste, off site treatment | for completeness, since
subsequent backfilling (incineration) thermal desorption is a
proven remediation
technology
Pilot testing of Option 1
for operative parameters
- . Soil excavation, on site | Soil excavation and_ unit cost evz_iluatlon.
3 — Surficial Soil ' ! Option 2 is only included

treatment and
subsequent backfilling

packing, off site

(first meter) treatment (incineration)

for completeness, since
thermal desorption is a
proven remediation
technology

Pilot testing of Option 1
for operative parameters
and unit cost evaluation.
Option 2 is only included
for completeness, since
thermal desorption is a
proven remediation
technology

Soil excavation, on site
treatment and
subsequent backfilling
or in-situ treatment

Soil excavation,
packing, off site
treatment (incineration)

4 — Deep Soil (1-8
m)

5 — Groundwater

treatment Pump&Treat

Pilot testing

Even not explicitly reported as a proper remedmfitase, the pilot testing of proposed

technologies is a fundamental phase of the remedianplementation operations. As a

matter of fact, only pilot tests will allow bothetselection of the technology that will be

implemented for OHIS site remediation and the dttar&zation of the operative parameters
(e.g. treatment capacity, residual concentrati@mgrgy requirements, etc.) necessary to
refine cost estimation and project schedules.

A brief description of the selected remedial opsias provided in the following Sections
based on reference documentation and market igatisth. A more detailed description of
site-specific operating conditions and capacitse®ported in Section 8.1.

7.2.1 Ball Milling/Mechanochemical Dehalogenation

Among other technologies proposed in literature suxctessfully applied at different levels
for POPs treatment, the combined physical/chemMathanochemical Dehalogenation
(MCD) process, has been retained as possible eoinnovative technologies for HCH
waste decontamination.

Ball milling/MCD is based on the use of mechanigargy to initiate chemical reactions in
presence of suitable reagents. During ball milemgugh mechanical energy is provided to
exceed the chemical forces binding the Cl atomgh® C atoms of the chlorinated
hydrocarbons. In these conditions, most of theraint will be separated from organic
molecules, leaving a residual of non-chlorinatedyaoic substances and inorganic
compounds.
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7.2.1.1 Advantages

» absence of gaseous emissions: low temperature process that does not generateoga
emissions;

* no generation of water effluents: vessels are cooled down by water circulation is a
hermetically closed system;

e outputs. at the end of the treatment, excess CaO plusatgdilime, Ca(OH) will be
present in the vessels together with residual fdorimated organic compounds
(adsorbed on the surfaces of the CaO particlescrabe then thermally treated,

» end product reusability: the end product is a fine powder with cement-jtkeperties.
The powder can be used to produce concrete, wifficieatly immaobilizes all remaining
contaminants, such as heavy metals.

7.2.1.2 Limitations

* noise: high noise during treatment (milling process);

» costs: costs of full scale treatment are not availalkdatively high cost also for pilot test
phase, shipping of the equipment;

» application time: expected very long application times for high tage of contaminated
soil;

» energy demand: high energy needs for the mechanical system wtachbe either run on
diesel fuel, or plugged into the electricity netior

» metal contamination: the treatment has no effect on the concentraifadg and other
metals concentrations.

7.2.1.3 Development Status

Proven the destruction of DDT and other chemicatidiing with CaO, but process tested at
small scale (seems uneconomical at industrial sdale to the time required). Little

information is available on its use in full scalmjpcts. Only one full scale treatment is
reported in literature using similar technique floe remediation of soil contaminated with
DDT, PCBs and lindane in New Zealand, with high ogal efficiency for the above

contaminants (USEPA, 2005).

7.2.1.4 Ball Mill-MCD Applicability to the OHIS Site Contamination

Ball mill-MCD technology should be applicable to ethfollowing typologies of
contamination present at the OHIS site (see Talle 7

» HCH waste (pure);

» Soil with low contamination by HCH (only);
» Soil with high contamination by HCH (only);
» Soil with HCH and Hg contamination.

The technology is not applicable to soil contanedaby Hg (only) and to contaminated
groundwater.
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Table 7.2: Applicability of the Ball Mill-MCD Techn  ology to the Different
Typology of Soil/Waste Contamination at the OHIS Si  te

Options for re-use of the

Type of contamination Applicability of the ball mil I/IMCD material

HCH dumps (pure) Applicable: this was the original +  Removal CaCl, by washing
use of this technology i
e Treatment of non chlorinated

organic products (design
after pilot test)

e Turn residual material into
hard concrete

Max. capacity : 3.4 t/day

Soil with low contamination Potentially applicable: low «  Treatment of non chlorinated

by HCH (only) contamination means short organic products (design
treatment duration and after pilot test)

low amount of CaO added: the )
end material will be a powder of * May be re-used as backfil
mainly soil

Max. capacity : 11.2 t/day

Soil with high contamination Potentially applicable: main «  Removal CaCl, by washing
by HCH (only) difference with low _ ,
contaminated soil is quantity of *  Treatment of non chlorinated
CaO and remaining content of organic products (design
non organic compounds after pilot test)
e Turn remaining product into
Max. capacity : 8.1 t/day concrete material or send to
classical landfill
Soil with HCH and Hg See above for HCHs, but +  Removal CaCl, by washing
contamination potential immobilization of Hg _
and other heavy metals. . Treatment of non chlo_rlnated
organic products (design
Max. capacity : 8.1 t/day after pilot test)

e Turn remaining product into
concrete material — check for
immobilization of Hg

Two typologies of mobile equipments with differeaipacity could be currently available for
on site treatment (see Table 7.3). The smallenvaaseprimarily designed for practical scale
demonstration, and its capacity due to lower roteipeed, smaller vessels, less batches/day,
is only one third of that of the bigger mobile guuent.

7.2.1.5 Pilot Testing Program for Ball milling-MCD Application

A pilot testing phase including will include theesxtion of 4 pilot tests, two for each HCH
dump. Pilot tests are necessary to evaluate thetewkness of the technology for each type
of material considered suitable for treatment. ebtiyes of the pilot tests are:

» quantification of the average total Cl content;

» optimization of CaO content (theoretical + excess);

» evaluation of the need of using other mineral agetsuch as AD; and SiQ;
» determination of treatment time necessary to reactediation targets;

» chemical quantification of treated material (powder
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» thermal treatment applicability to treated material
» possible capacity to immobilize Hg contaminationciomcrete material made from the

powder (includes leaching tests);

» detailed cost assessment: maintenance costs, eneegls, CaO, water, post treatment

options.

The quantity of material needed, using the relatigenall mobile equipment, is 60 kg for

each test.

Table 7.3: Main Features of Commercially Available

Mobile Equipment for Ball

Mill-MCD Applicability at Pilot Scale

Demonstration model

Commercial equipment

Size of the reaction vessel 750 L 1,500 L

No. of steel balls 4” diameter 100 200
Engine 240 KW /AC 440 V 550 KW /AC 440 V
Rotation speed (vessels) 70 rpm 100 rpm
Revolution speed (base) 70 rpm 100 rpm

Max capacity/year *

- Approx. 270 tons of pure
pesticides
- Approx. 1778 tons of
contaminated soil

- Approx. 1060 tons of pure pesticides
- Approx. 2540 tons of contaminated
soil
- Max is 3500 tons for low
contaminated soil (0.1% HCHs)

Duration of de-chlorination

treatment/batch 6-8 hours 3-4 hours
Reagent CaoO bricks and/or blast furnace slag (CaO-S102)
Possible other additives SiO,, Al203

Emissions during treatment No exhaust

By-products

¢ Non chlorinated organic compounds (mostly adsorbed
benzene — depend on pesticides and treatment duration)

L CaC|2
«  Ca(CIOH)

Plant life

Up to 15 years

Up to 20 years

Time for construction of new
equipment

2-3 months

12-15 months

! capacity/year depends on the contamination level

2 without loading/unloading time; highly depends on remediation target

7.2.2

Based on the general site settings and charadienzasults, the literature review and the
market investigation response, Thermal Desorptid) (option can be considered as the
most viable solution for surficial HCH-contaminatsails (0-1 m bgl) and the soil overlying
the two HCH dumps, even if pilot tests are needechtibrate the design parameters and the

On site Thermal Desorption

effluents post-treatment or recovery systems.
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The proposed treatment technology is a well estiaddtl technology for POPs treatment, and,
as already mentioned, has been successfully apgisedfor HCH treatment. Furthermore,
thermal desorption can treat different organic coomals locally found at the OHIS site and
surrounding areas, i.e. dioxins, DDD, DDE, DDT ahtbrobenzenes.

Thermal desorbers are designed to heat soils tpaeatures sufficient to cause constituents
to volatilize and desorb (physically separate) fritve soil. Although they are not designed
to decompose organic constituents, thermal desorban, depending upon the specific
organics present and the temperature of the TD, gaiise some of the constituents to
completely or partially decompose. The vaporizgdrbcarbons are generally treated in a
secondary treatment unit (e.g., afterburner, citabxidation chamber, condenser, or carbon
adsorption unit) prior to the release to the atrhesp. Afterburners and oxidizers destroy
the organic constituents. Condensers and carbsorgitbn units trap organic compounds
for subsequent treatment or disposal.

Some pre- and post-processing of soil is necessaey using TD. Excavated soils are first
screened to remove large (greater than 5 cm inat@mnparticles. These may be sized (e.g.,
crushed or shredded) and then introduced backth@dfeed material. After leaving the
desorber, soils are cooled, re-moistened to comtust, and stabilized (if necessary) to
prepare them for reuse. A typical TD plant layisuteported in Figure 7.1.

IVATED CARBON
ILER .

o

IMPACTED MATERIAL = "

Figure 7.1: Typical TD Layout (from USEPA, 1997)

Semi-Volatile Organic Compounds (SVOCSs), pesticidesl other POPs with boiling points
up to about 300°C are typically processed througdct or indirect-fired thermal desorbers.
POPs with boiling points above 300°C, such as HBEBs, dioxins, and furans, may be
treatable with higher-temperature systems. Esabntall soil types are amenable for
treatment by TD systems. However, different soiés/ require varying degrees and types of
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pre-treatment. For example, fine-grained soil$ #ina excessively cohesive (e.g. silt or clay)
may require shredding.

The boiling point of elemental mercury at 1 atmasehpressure is 350°C (similar to HCH),
which renders it suitable for removal by thermabgasses. Thermal desorption can be
considered suitable also for the Hg-contaminatéddreatment, or even for mixed HCH/Hg-
contaminated soils.

The ability to successfully treat mercury impacsed depends both on the configuration of
the thermal desorption unit and on the mercuryisgenvolved (the historical source).

The off-gases generated in the process may needs® through additional air pollution
control devices such as sulphur-impregnated caroortapture any residual mercury.
Mercury reacts with sulphur in the activated carlionform a more stable compound,
mercuric sulphide.

The technology has been already applied at fuledcetreat mercury-contaminated soils and
demolition wastes at many contaminated sites, amés been suggested by many of the
Companies contacted for the preliminary market stigation. Low temperature TD system
with the following components: direct-heated rot&ilyp, baghouse filter, thermal oxidizer,
wet quench, acid gas absorber have been usedato Hgecontaminated waste (USEPA,
2007).

The decision as to whether or not TD is a practieaiedial alternative depends upon site-
specific characteristics. Treatability lab scaletptests have to be performed prior to the
technology adoption at full scale to confirm itgpbgability to HCH and Hg either separately

or at the same time and to optimize the off-gaattnent and the recovery sections.

If applicable, the use of a unique treatment systeould allow significant cost and
treatment time reduction for the OHIS site remadmt limiting mob/demobilization
operations with relevant costs, reducing pilot ealibration testing necessity, etc.

7.2.2.1 Process “Calibration Tests” for Thermal Desorption

Even though preliminary analysis of soil layer feat and contaminant typology may
suggest a good potential for the applicability loé {(TD technology, pilot tests should be
performed on the site soil with the scope of a tative evaluation of the feasibility of the
treatment and relevant parameters and the sefpitigeuoptimal operative conditions.

Specific tests for thermal desorption process catibn should focus on the following
issues:

» estimate the optimum operating temperature andspresconditions for the possible
implementation of a full-scale thermal desorptystem;

» determine if overall efficiency in organic contamns removal is good enough to
achieve site specific soil cleanup objectives #ogéted organic contaminants;

o testing other basic variables (i.e., air emissicosposition, nature of by-products
formed in the gas phase during the heating protestures of the final products) needed
to evaluate the characteristics of the equipmanthi® off-gases treatment and the need of
soil pre-treatments.
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The first step of treatability testing phase i®ided to confirm the effectiveness of thermal
treatment for the specific matrix to be handlethatsite of interest. Pilot tests are envisaged
mainly to gather knowledge about:

» the optimum temperature-pressure conditions adeakcia the highest desorption rates;
» the residence time needed to achieve the treatieais;
» the composition of the exhaust gases.

Soil samples must be collected from the most comat®ed portion of the site and singularly
homogenized prior to thermal desorption testing. bdéseline testing of each sample
(including VOCs, SVOCs, TOC, TPHs, pH, and humidisyperformed in this phase to fully
characterize the input material. Separate tesisldlbe then conducted gradually varying
the temperature, at steps of about 100°C or lé€Ssall batches of contaminated media
(approx. 1000 g) are heated in a static tray ofudflenfurnace over the chosen range of
temperatures for different time periods, to essdibthe minimum treatment temperature and
residence time required by the treatment standardtie COC. The reactor headspace is
purged with an inert gas (i.e. nitrogen) during ttihermal treatability testing to prevent auto-
ignition of the organic vapours in the reactor dgrthe testing. Vapours exiting the reactor
are processed through vapour-phase activated carbander to prevent the release of
volatilized contaminants. The furnace is adjugtedhaintain constant the soil temperature
throughout the established retention time. Atehd, upon cooling at room T of the treated
material, attainment of cleanup targets can beuaved!.

Depending on the extent of testing carried ouyraaerstanding of the mutual relationship of
treatment temperature vs. residence time may bievath Pilot scale burn testing of soil
samples also will allow characterizing the compositof exhaust gases resulting from the
thermal treatment (USACE, 1996). During thermasatption testing additional variable
linked to the soil features and affecting desorptfficiency, like moisture content of the
soil, can be evaluated, possibly establishing gedrof a pre-treatment on the untreated soil
(feed preparation/drying) to improve the cost-dffemess of the process.

In setting up bench and pilot scale testing forria desorption, problems associated to the
heating of certain contaminants as PVC and mercongt be carefully considered.

Bench-scale laboratory tests are further perforined second phase of treatability study,
when small amount of contaminated material is @eed within a specific thermal
desorption equipment that simulates full-scale umterations of a specific thermal
desorption technology.

Rotary Thermal Apparatus (RTA) is a bench-scaleageused to do this. Few kilograms of

soil are treated in an indirectly heated rotaryetubThis device simulates heat and mass
transfer in a rotary heating system. The RTA isa&ch device and can be purged with

nitrogen, oxygen, or other gases to simulate theogphere of various thermal treatment
processes.

In the third phase of treatability testing, a p#otle unit should be built in direct proportion
to an existing or planned full-scale system. Beeatlhis testing involves larger equipment
than that used in the second phase, and the pingeskincreasingly amount of actual

material (up to several tons), it is usually caftreit on site.

The objects of this step of testing is to prediw full performance of a projected thermal
desorption system on actual site material andealepotential problems. Alternatively, it
could act as further confirmation of the soundnefseperational parameters and cost that
were estimated from the two previous tiers of begti
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7.2.3 In Situ Thermal Desorption

In Situ Thermal Desorption (ISTD) is an in situls@mediation process based on thermal
conduction in which heat and vacuum are appliedisameously to strip the contaminants
from the subsurface soils or destroy them.

The most common setup uses a vertical array oklgeptaced inside wells which are drilled
into the remediation zone (see Figure 7.2). Heaex operated at 550-750°C; and the heat
is transferred into the subsurface largely viartsrconduction and radiant heat transport,
which dominates near the heat sources. Thersdsaatontribution through convective heat
transfer that occurs during the formation of stfamm pore water present in the soil or
sediment.

Typical Typical
Heating Voltage
Pattern Pattern

Instrumentation S
13 8kV Local 480 V Alternate and control =
Service Power Supply
] A
— h — —

Vacuum

— SN Vi Extracti
) Dﬂ E e Tes Vianor =y ‘acuum Extraction
=
Voltage Control System |

Groundwaler

Contaminaled Zone

Figure 7.2: Typical ISTD Layout (from USEPA, 2004)

By heating the soil, adsorbed and liquid phasearoimtants begin to vaporize. A significant
portion of organic contaminants either oxidized(iffficient air is present) or pyrolize once
high soil temperatures are achieved. Desorbedaoonénts are recovered through a
network of vapor extraction wells. A vacuum is kg to these wells to induce air flow
through the contaminated media creating a zoneapfuce. Transport of the vaporized
contaminants is improved by the creation of perntiggbwhich results from drying the soil
and increasing the relative permeability. Flowhgadre created even in tight silt and clay
layers, allowing escape and capture of the vapsbiiaataminants.

Contaminant vapors captured by the extraction wak#sconveyed to an off-gas treatment
system for treatment prior to discharge to the aphere, similarly to what applied for on
site thermal treatment.

Two different methods of vapor treatment can belusee treats extracted vapor without
phase separation, and the other cools heated vappagrates the resulting phases, and
manages each phase separately.
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The first vapor treatment option uses a thermatliagr to break down organic vapors to
primarily carbon dioxide and water. Due to thesprece of chlorinated compounds,
hydrogen chloride (HCI) gas is produced. The egh&nom the thermal oxidizer is passed
through an acid gas scrubber to capture HCI gas.

The other vapor treatment option uses a heat egehato cool extracted vapors. The

resulting liquid phase is then separated into agsiesnd non aqueous phases. The non
aqueous phase liquid is usually disposed of atensied treatment storage and disposal
facility. The aqueous phase is passed througlidligbhase activated carbon adsorption units
and then released into the environment. Cooledpnotensed vapor is passed through
vapor-phase activated carbon adsorption units e tented to atmosphere.

7.2.3.1 Advantages

* no need of deep soil displacement: in situ treatment allows avoiding excavation oil s
handling and pre-treatment and is in principle ayeaay to deal with a situation of
“localized” contamination in the deep soill;

» easy ingtallation of the equipment; i.e., multiple steel pipes are pushed into thielso
means of traditional drilling, direct push, etc.;

» expected uniform heat distribution: Conductive heating is a much more uniform
method of heat transport regardless of soil typatigraphy, or degree of heterogeneity,
relative to other methods of subsurface heating.

7.2.3.2 Limitations

* high treatment T needed: high temperatures, neat the boiling point of theget
substances, about 300°C, have to be maintainedeirsail for a long time period for
reaching the very stringent targets (only in cdsarup goals are not as stringent, the
target temperature could be the boiling point ofev§100 °C) which is a lot less energy
demanding);

» groundwater control and soil dewatering issues: if high temperatures (above 300 °C) in
the entire soil volume have to be reached, soiladesng can be necessary in order to
avoid heat dispersion, which can be very energyashelimg;

e corrosion issues. due to the HCI gases have to be dealt with Iatitrg these COCs.

7.2.3.3 Development Status

Pilot- and full-scale applications have been alyegokrformed to remove PCBs.
Contaminants characteristics suggest the poteapiplicability of this technology to POPs
like HCHs; however, these contaminants have notbgen treated using in situ thermal
treatment on a full- or pilot-scale basis.

Laboratory treatability studies and field projegperience of contacted companies indicate
that the combination of high T and long time apgtiien may lead to extremely high overall
removal efficiency, even for the high boiling poaaintaminants.

7.2.3.4 ISTD Applicability to the OHIS Site Contamination

The COCs present at the OHIS site are in the rahgégh boiling compounds, e.g. boiling
point of lindane is 323°C. Other issues associatgith the contaminants are there
corrosiveness due to the production of hydrochlacicl. ISTD can be applicable at the site
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treating lindane and other isomers of HCH but targeatment temperatures must be
carefully evaluated through treatability studies.

To address the very stringent cleanup targets efsite, the soil have to be heated to the
boiling point of the contaminants (HCH isomers amefcury). To reach temperatures above
300°C removal of all water in the soil volume cobll required which can be very energy
demanding.

For ISTD applicability to the OHIS site, due to tbemplexity of contaminants present,
treatability lab scale tests are suggested befiopéementing in situ pilot tests.

7.2.3.5 Pilot Tests for ISTD Technology

Treatability lab scale tests are carried out hgasinil in steel canisters in lab. Heating the
canister to different temperatures gives a thepnafile of the contaminant mass reduction
from the soil. Knowing this and based on the dstlaéd cleanup target the adequate target
treatment temperature can be set. Depending dridhgoerature the order of heat losses
expected for in situ tests can be derived basetbaal hydrogeology in order to give an
estimate of the amount of energy to inject in thiéte reach the target temperature.

In situ pilot test can be performed, after theiprelary lab tests, with the aims of:

» investigating the possibility of lowering HCH-isorseconcentrations down to SSTLs
within the depth range of 2-8 meters bgl;

e providing data on energy consumption required femediation and data for
dimensioning the treatment facility for the evehiogplementation at the full scale.

The pilot test should be executed over a 10xfOarea located in a portion of the site
considered as the most representative of the wditde Proposed treatment depth is from
subsurface soil down to the shallow water tableya®d to be 8 meters bgl). Parameters for
the proposed test area are summarized in the fioigptable.

Table 7.4: Suggested Treatment Area for ISTD Pilot  Tests and Assumed Soil

Features
Parameter Value Unit
Treatment area 100 m?
Upper depth of treatment 2 m
Lower depth of treatment 8 m
Volume, target treatment zone (TTZ) 600 m?®
Solids volume 450 m®
Porosity (assumed) 25 %
Porosity volume 150 m?®
Initial saturation (assumed) 33 %
Soil weight 1,090.552 tons
Water weight 49,540 tons
Soil heat capacity 1.141 MJ/C
Water heat capacity 207 MJ/C
Total heat capacity, whole TTZ 1.349 MJ/C
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The following test configuration will be adopte@¢sFigure 7.3 below):

* No. 23 heating wells have to be placed along thiengters of the testing area and inside,
each other at a distance of about 2.5 m;

» as a part of this grid, No. 8 combined heater +tilaion wells (2" diameter) have to be
installed; the ventilation wells are screened fr@nito 8 meters bgl to ventilate the
contaminated gas and steam;

* No. 5 groundwater control wells will be installedrhinimize groundwater intrusion into
the treatment area; and

* No. 8 temperature monitoring wells should be imsthl(1” wells); temperature is
monitored on line in 8 points in each of these &itaoing wells.

o)
r' v 9) v T A
° e o o o @® Heater well
O Heater + Ventilation well
b O @) @ ol
® ® ® o ® Temp. monitoring well
o} | o
p 10m
® © ¢ o Groundwater control well
b ° o o o 9

A
v

10m

Figure 7.3: Proposed Setup for the ISTD Pilot Testi  ng

Target temperature for the test can be prelimisatyabove the boiling point of Lindane
(323°C). However, the progressive mass removdirsgafrom 100°C to 323°C will be
examined to verify the possibility of working atler temperatures.

The setup data for the pilot test including thergpebalance for the test and the
estimated operating time are shown in Table 7.5.
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Table 7.5: Energy Balance for ISTD Pilot Tests and  Expected
Operating Time

Energy Balance Value Unit
Power input rate 239 kw
Water extraction rate during heat up (assumed) 0.2 m3hr
Average extracted water temperature 73.6 T
Water energy flux 20 kw
Percent of injected energy extracted as steam

(estimated) 30 %
Steam extracted, average 72 kw
Energy in 239 kw
Water out 20 kw
Steam out 72 kw
Net injection 147 kw
Heating per day 9.4 Clday
Start temperature 10 T
Target temperature 335 T
Estimated heat loss 50 %
Power usage, total 580,000 kWh
Operating Time Value Unit
Start up/running in 7 days
Dewatering 5 days
Heating to boiling point 21 days
Boiling and drying 32 days
Heating to target temperature 38 days
Sampling/analysis phase 10 days
Post treatment vapor extraction 10 days
Total operating time 113 days

7.2.4 Off Site Waste Incineration

In case the selected option (MCD+TD) will resultt rapplicable for HCH dump sites
remediation, the off site incineration in a spectiazardous waste treatment plant, able to
deal with high chlorine content wastes, appeaisetthe only effective and fully developed
solution for the dumps remediation. In such caseauthorized incineration plant will have
to be selected, ideally within the territory of tRepublic of Macedonia in order to minimize
the transport of the collected wastes.

The possible use of dismissed mine disposal soldtbo HCH wastes was not included in
this CD due to the known problem of the maximunowdble Lindane concentrations for
disposal.
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Hazardous waste incinerators are capable of tgeatistes consisting of, containing or
contaminated with any POPs, including HCH isomefihis is one of the most widely
applied remediation technologies for these contarntm

Incinerators can be designed to accept wastesyiw@ncentration or any physical form, i.e.
gases, liquids, solids, sludge and slurries.

Hazardous waste incineration uses controlled flaommbustion to treat organic
contaminants mainly in rotary kilns. Typically eopess for treatment involves heating to a
temperature greater than 850°C or, if the chlocoetent is above 1%, greater than 1100°C,
with a residence time greater than 2 seconds, uadeditions that assure appropriate
mixing. Removal efficiencies of more than 99.99% achievable.

Depending upon the configuration, pre-treatmentuireqnents may include blending,
dewatering, screening and shredding of wastes.

Process gases require treatment to remove hydrdgeride and particulate matter and to
prevent the formation of and remove unintentionplgduced POPs (e.g. dioxins). This can
be achieved through a combination of types of pesttments, including cyclones and
multi-cyclones, electrostatic filters, static bdltefs, scrubbers, selective catalytic reduction,
rapid quenching systems and carbon adsorption. efdipg upon their characteristics,
bottom and fly ashes may require disposal withspecially engineered landfill.

7.2.5 Pump and Treat

Groundwater of the shallow aquifer (average waegpthl at 8.2-8.7 m bgl following March
2008 and July 2008 data) is mainly impacted by Qii@orinated hydrocarbons: 1,2-cis-
DCE, TCE, PCE and PCA) up to 12 mg/l and secondasilHCH isomers, up to 50 pg/l,
and mercury.

A traditional approach based on a pump-and-trestiesy for hydraulic confinement of the
site and water extraction could be adopted, folkblg on site treatment of CHC and HCH
contaminated groundwater with activated carbons.

For the design of the plant, the following basicamaeters can be considered:

e empty bed contact time between the process watbrtla granular activated carbon:
about 20 min;

» loading capacity: about 0.5-2%.

A pre-treatment for solid removal (i.e. sedimemtatisand filter with backwashing) can be
considered in case of high solid contents.

As post treatment, a biological reactor can be émented as preliminary step before
activated carbons. From a general standpoint, kittogical treatment an abatement ratio
max 50-60% of the inlet concentration can be a@detherefore, carbon filtration is in any

case necessary to reach the calculated SSTLs valueshe biological reactor, water is

circulated in a column filled with porous media wd@ative microorganisms are attached.
Nutrients and chemicals for pH control are regyléed in the reactor, as well temperature
can be controlled to enhance the biological reactio

Once the lacking data are acquired for dimensionimg plant, pump and treat can be
considered a cost effective technology for the , s@flowing the removal of the
contamination plume which is still quite confinedthe site area.
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7.3

SUMMARY OF SELECTED REMEDIAL ALTERNATIVES

Based on the general site settings and charadierizasults, the literature review and the
market investigation suggest the use of TD (appé#terin situ or on site) to treat all
contaminated media (except groundwater) at the C&#t& Furthermore, the use of MCD
coupled with TD will allow the on site treatment thfe HCH waste (i.e. without off site
transportation of contaminated media).

Treatability lab scale/pilot tests should be perfed prior to any technology adoption at full
scale to confirm its applicability to HCH and Hghair separately or at the same time and to
optimize the off-gas treatment and the recoveryices

In case the selected options will result not ajglie for the OHIS site remediation, the off
site incineration seems to be the preferable ogdtorthe treatment of the HCH waste and
the overlying high contaminated soil. No limitatim terms of HCH content is expected for
the waste acceptance. The waste should only ket@edhe incineration plant packed in
suitable containers or drums.

The possible technologies application to the defiféremediation phases and the criteria for
selection are reported in Table 7.1.

Traditional and innovative remedial options potaihiapplicable for the remediation of the
OHIS site are summarized in Figure 7.4, while pnglary operative procedures are detailed
in the following Sections.
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8 SITE REMEDIATION CONCEPTUAL DESIGN
In the following Section the preliminary operatipecedures for the OHIS site remediation
are reported.
Section 8.1 provides a further description of tledected technologies, with particular
reference to site-specific operating conditions eaplacities, and their location with respect
to the planned working site layout.
The proposed working site layout and managememepsrted in Section 8.2, while the
suggested approach for technology testing/apphicasind for the remediation operations
implementation is detailed, for each phase, iniSest3.3 to 8.6.
Finally, environmental monitoring activities arersmarized in Section 8.8.

8.1 DETAILED TECHNOLOGY DESCRIPTION
8.1.1 On Site Mechanochemical Dehalogenation
In its actual configuration, the MCD equipment iball mill, able to exert extremely high
mechanical energy for grinding chlorinated orgaivicehe 3 reaction vessels. The system is
cooled by external water circulation, in order ek temperature inside the vessel below
200°C. This ensures that vaporization of heavyatsetind/or organic compounds is
reduced. Rotation is induced by an engine, whigh be either run on diesel fuel, or
plugged into the electricity network.
Main features of the full-scale reactor currenthgitable are reported in Table 7.3.
The ball mill technology is based on the princifilat when mechanical energy exceeds the
chemical forces binding the Cl| atoms to the C atothey will be separated from the
pesticide molecules. The activated @ill then easily captured by CaO (lime) presenthia
vessel to form innocuous CaCl The quantity of lime necessary to obtain full- de
chlorination of POPs depends on the amount of oldoin the pesticide molecules or
contaminated medium. Excess CaO (40-250% of tleeréhical weight) is added to
accelerate reaction to prevent any condensatianioesa in the vessel during the treatment.
The lindane dechlorination reaction is the follogviiconsidering 40% CaO in excess):
CeHeCls (lindane) + 3Ca0O + 1.2CaO (40% excess) + I@H> 3CaC} + 1.2Ca(OH) +
Non-chlorinated organic compounds (adsorbed on iGa&2cess)
The unit material balance can be summarized assl|
1 kg Lindane + 0.58 kg CaO + 0.23 kg CaO (exces3)0¥ kg HO — 1.1 kg CaGl + 0.3
kg Ca(OH) + 0.48 kg Non-chlorinated organic compounds
Based on the characterization results, HCH was¢gage water content (7.2%) is higher
than the stoichiometric quantity needed for thectiea completion. The process diagram
and material balance of the HCH dechlorination essds reported in Drawing 12.
The remaining organic products mainly consist iganic compounds with the same basic
carbon-structure as the original substances, butaataining organo-chlorine parts in the
molecule. In case of treatment of HCH organicdess are expected to be biphenyl and
benzene, with a few hydrocarbons.
CaCl (soluble in water) can be easily extracted from plowder by leaching with water.
Ca(OH) and residual non chlorinated organic compoundsbeatmeated by TD and the dry
CaO can then be reused as excess lime for a swdrgdzptch.
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On the basis of the available information it wasnested by the license holder a treatment
capacity of 3.4 ton/day for pure HCH. The estirdateeatment capacity is based on the
hypothesis that waste is composed of almost purkl HGmers. Such assumption is very
conservative, and the confirmatory sampling carrmd during the waste extraction
activities could reveal lower HCH concentrationstifiwconsequent need of lower residence
times in the reactors and consequent higher tredtoapacity).

The plant installation on site needs a stable gtoand a covered working location. If
possible, one of the warehouses of the former atedmplant will be used. Alternatively, the
plant will be installed in a covered area inside temporary stockpile and treatment area
described in Section 8.2.3.

8.1.2 On Site Thermal Desorption

As reported in Section 7.2.2, the traditional TBteyn consists of the following sections:
» soil pre-treatment unit (crushing, screening, gtc.)

» feed hopper;

 rotary drier (operating temperature 450-600°C);

* hot-gas cyclone de-duster;

» cooling and moistening screw;

 afterburner (usually operating at temperatures &etw800 and 900°C);
* heat exchangers;

* baghouse filter;

» gas scrubber; and

» stack.

Considering the high chlorine concentrations arghiicant concentration of mercury,
several changes on the on site mobile treatmentilhihave to be provided with respect to
a conventional treatment:

* high temperature in the post-combustion (afterbyrrenamber (1100°C instead of
850°C); and

» use of catalytic filters and/or activated carbdtefi

Alternatively, after the post-combustion, an abrepbling-down of the gases in a quencher

could prevent the secondary formation of dioxifénally, either a baghouse filter removes

fine dust from the gas stream and fixed-bed abssrieiminate organic residues and

mercury or activated carbons are spayed in thgadfstream and finally collected with dust
through a baghouse filter.

Possible process diagrams for the proposed mobilanit are reported in Drawing 13.

Because of these configuration changes, the TDaamacity will decrease with respect to
traditional mobile units. Considering the soil tig@s recorded at the OHIS site, the
following capacities can be expected:

» 7.9 ton/h for the surficial (0-2m) layer (clay +.4®6 humidity); and
* 12.5 ton/h for the deep (2-8 m) layer (sand + 7.4aurhidity).

The thermal desorber will be installed in the terapp stockpile and treatment area
described in Section 8.2.3. Process waters, iflivettly recycled, will be sent to the waste
water treatment plant (see Section 8.7.1).
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8.1.3 In Situ Thermal Desorption

In Situ Thermal Desorption can be applicable atsike for lindane and other HCH isomers
treatment, but target treatment temperatures ahig\sble capacities can be evaluated only
through treatability study.

As already reported, the COCs present at the OH¢Sase in the range of high boiling
compounds (e.g. boiling point of lindane is 323°CPther issues associated with the
contaminants are there corrosiveness due to thduption of hydrochloric acid. Finally,
another non negligible issue is the sub-surficralspnce of groundwater, which should be
controlled either using dedicated well points abtigh steam injection.

At this stage it is therefore not possible to eatanthe full-scale capacity of the ISTD
process. Only after the pilot testing phase thénnpaocess parameters will be clearly
defined and the achievable residual concentratiaiisbe evaluated. Pilot tests will also
allow the set up of the off-gases treatment systeifise possible use of the TD off-gas
treatment section will be also evaluated in theaD&esign.

8.2 WORKING SITE LAYOUT AND MANAGEMENT

The remediation site operations will begin with theunding and fencing of working areas
and the set up of the logistic area where tempofacilities and welfare units will be
located.

The logistic area will be created in the westede sif the OHIS site, as indicated in Drawing
14 (Remediation Site Layout Plan).

A metallic galvanized fence, min. height 2 m, supgd by T-shaped metal stakes will be
installed. A new entrance, closed with metallitegavill be set up adjacent to the West side
of Sector B, betweestHCH dump and the logistic area and a new asphaltedss road will
be constructed to ensure the access to the logisticto the working areas. A weighting
station and a truck decontamination station willilgalled close to the entrance gate, as
indicated in the Remediation Site Layout Plan (Dreyi4).

As indicated in the Remediation Site layout pléue, internal road network is well developed
and it will be used for the on-site transport ohteoninated soil to the load out area and to
deliver backfill to excavated areas once areaslasred for backfilling.

Both the access and the internal roads will benilhated according to diurnal and nocturnal
remediation works and transportation needs. Tracksoperating vehicles circulation will
be isolated from the work sites through adequatgeéeary fences, new-jersey and signals.
Adequate velocity will be maintained and all marengvwill be guided from outside
personnel. All internal circulation ways (indicate Drawing 14) will be maintained clear
from objects and obstacles.

Based on the number of operators that could becogrdrary present on site, an adequate
number of welfare temporary facilities and serviagsbe predisposed on the logistic area.

As a minimum, the following temporary facilitieslihbe installed:
* No. 3 office trailers;

* No. 1 meeting room trailer;

* No. 1 guardroom;

* No. 1 office trailer for weighting station service;

* No. 4 locker trailers with showers and toilets;

» No. 1 sickroom trailer completely equipped;
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* No. 1 canteen/dining room trailer;

* No. 1 laboratory trailer (alternatively, if possblkhe laboratory present at the OHIS site
will be used);

* No. 2 warehouses/stores;

* No. 1 workshop.

Office trailers will contain telephone and DSL knand will be equipped with tables and
chairs for personnel.

All trailers will be equipped with lighting, heagrand air conditioning.

Portable toilets will be located next to the workiareas. Along with the portable toilets,
portable wash station for hand washing will be pied.

All trailers will be equipped with automatic firdaam systems and an adequate number of
suitable fire extinguishers/stations.

Electric power will be provided from the existingespower, which will be pulled from the
pole into a meter and local panel. The power thigih be pulled from the electrical panel to
the trailers.

Water for civil use will be gathered from publicusgluct and sewages from toilets and
showers will be sent to sewerage system, if avigilattherwise the logistic area will be
equipped with septic tanks that will be periodiga@mptied by licensed subcontractors.

All spare parts, materials and equipments will toeesl in suitable warehouses/stores located
in logistic area. Depending on the material charastics, open stores or covered areas with
fences will be set up. Technical gas cylinders kel stored in covered and fenced secured
areas away from operations and heavy equipmentstiges, while chemicals will be stored
in covered areas equipped with spill containmerdtesys. Adequate spill response
equipments will be stored on site.

Health and safety signals and Personal Protectou@pitent (PPE) requirements will be
posted both at the entrance and inside the woek.silnternal road network circulation will
be regulated through adequate traffic signals.

A permanent decontamination station will be setithe exit of the site to decontaminate
vehicles that are transporting contaminated soilsff site disposal facilities. The wash
station will be realized through a mobile (pre-assked) structure with automatic water jets
and lateral protections (see Figure 8.1).

Figure 8.1: Example of Mobile Tire and Wheel Wash S  tation
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Alternatively, a concrete pad with concrete wakgiipped with drainage system will be
constructed on site. Water resulting from equipm#gcontamination activities will be
collected and sent to the wastewater treatment.plan

The access will be guarded by licensed person@glly authorized persons with adequate
PPE could enter the working areas. A visitor ldlj e maintained on-site and visitors will
be directed by signage to the guardroom when egi¢hie site.

The following on site personnel will manage the\dtis:

* No. 1 Work Manager;

* No. 1 Technical Supervisor for demolition works;

* No. 1 Technical Supervisor for excavation and eamttvements works;
* No. 3 Technical Supervisor for plants operation;

* No. 1 Administrative Manager;

* No. 1 Administrative Assistant;

 No. 1 Foreman; and

* No. 1 Health and Safety Officer.

8.2.1 HCH Waste Preliminary Stockpiling/Packing and Loading Area

Temporary HCH/HCH-contaminated soil management waide located on the paved and
partially bermed area adjacent to the North-westete ofa+p-HCH dump (see Drawing 14
and Figure 8.2) for the whole period needed to detagghe HCH waste removal (approx 40
days if Option 1 is selected or more than 285 déysacking and off site transport is
needed).

Figure 8.2: Potential Location of the HCH Managemen t Area

To this aim, the soil stockpiles actually preseiithin the selected area (see Figure 8.2),
which, according to the information gathered, stiadnsist of decontaminated soil, will be
removed by a wheel loader and sent by trucks tetihekpiling/treatment area for analysis.
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The existing paving and berms will be repaired rl@eded) and the drainage system
restored/set up.

The whole area (except the side in connection witp-HCH dump) will be temporary
fenced. Mobile hygiene facilities for personnetaietamination (see Section 8.3.11) and
decontamination units for both materials and ofregatehicles (see Section 8.3.12) will be
placed at the area entrance. The access to theviiitbe possible uniquely through the
decontamination units. Warning signals will becglé to restrict access to unauthorized
personnel.

8.2.2 Demolition Waste Treatment Area

All materials generated by the demolitions operetjoif not directly stored in big-bags,
containers/coffer-dams or drums before the finapdsal and/or reuse, will be sent to the
preliminary treatment area, which will be locatadhe North-western part of Sector C (see
Drawing 14).

The demolition material treatment area will be guided into the following sectors:

» concrete crushing, magnetic separation and waghang;

» raw concrete debris stockpiling area;

» treated concrete stockpiling area;

» steel washing/decontamination area;

» raw steel stockpiling area; and

» washed steel stockpiling area.

The stockpiling sectors will be structured to alldiae storage of demolition waste in
homogeneous stockpiles.

The platform will have indicative dimensions of 10®5 meters for a whole area of 5,500
m?. It will consist of a reinforced concrete platfofconcrete with waterproofing addictives
reinforced through steel welded wire) of at led®tcth thickness (the correct thickness and
reinforcing wire diameter for plant and operatirghicles support will be calculated in the
Detailed Design) having on three sides (excluding South-eastern side) 20 cm thick

reinforced concrete perimeter walls with heighfiah.

The access to the platform will be guaranteed by ¢ancrete ramps on the South-eastern
side, while the remaining portion will have a carterberm approx. 20 cm high.

The platform will have a slope of 1% towards thetRavestern side, where a prefabricated
concrete channel will collect all leachate and ofinwaters. The channel will have

rectangular shape and min. dimension of 40 x 36 d¢hwill be covered by a galvanized

steel carriageable wire cover. The cover will bmovable to allow periodic cleaning and
maintenance.

The channel will be connected to an external dnagh through a High Density Polyethylene
(HDPE) pipe. The drain well, made of reinforcesh@®te, will have rectangular base of at
least 2 x 2 m and minimum depth of 1.5 m, for alteblume of 6 M The drain well will
be covered by a galvanized steel carriageable eaver. An automatic submerged pump
will allow the periodic emptying of the drain wedind the leachate will be sent to the
wastewater treatment plant.

The structural elements details, the reinforcingsbdimensions and the logistic of the
platform will be included in the Detailed Design.
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8.2.3 Temporary Waste/Soil Stockpiling and Treatmen t Area

The temporary stockpiling and treatment area vélldalized in the North-western section of
the OHIS site, in a grassy area located to them\afrthe Sector E and West of the Sector C
(see Drawing 14 and Figure 8.3).

Figure 8.3: Potential Location of the Temporary Sto  ckpiling/Treatment Area

The stockpiling/treatment area will be dedicatethwfollowing activities:

» temporary stockpiling of reusable demolition makrireated soils and demolition waste
to be used for backfilling in the following remetitan phases; and

» temporary stockpiling of contaminated soils and di@on waste to be treated in the
thermal desorber.

The area will also contain the treatment plantsaswbciated facilities.
The area will have indicative dimensions of 108% ineters for a whole area of 13,500 m

Since the remediation phases will advance, as farpassible, in parallel, clean
soil/demolition waste will be used to backfill ey treated areas; therefore, the available
surfaces within the temporary stockpiling and et area should be sufficient for the
entire remediation project.

However, should the necessity of additional spaxetie temporary stockpiling of clean
soil/demolition waste emerge during the remediatiperations, already remediated areas
will be used for temporary stockpiling.

The base of the stockpiling/treatment area will sisinof the following layers (from the
bottom to the top):

» granular base;

* impervious HDPE liner (min. thickness 1.5 mm);
» drainage layer (30 cm of gravel);

« geotextile (220 g/R); and

» protective layer (30 cm of sand/soil).
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The drainage layer will contain the drainage coitecsystem, consisting of HDPE drainage
pipes (min. diam. 200 mm), double walled with cgated external surface and smooth
internal surface (slotted on site). The drainaipegwill converge in 8 HDPE drain wells
connected to automatic drainage/leachate colleetimmhpumping stations.

Each side will be closed by perimeter embankmenitk, a height of 1 m from the ground
level, obtained by a sequence of compacted sadrdéay The access to the storage area will
be guaranteed by a ramp with a maximum slope of 8¥e embankment inner slopes will
be covered by a HDPE liner welded to the intermmgdérvious layer.

The underlying ground will be properly preparedoprio lay the base and embankment
materials. Clearing and grubbing will be complepeir to beginning of laying activities.
Debris/vegetation will be removed and surface depoms or holes will be filled with
suitable materials to create a uniform surface.il @il then be compacted before the
granular base laying.

Embankments will be constructed with clayey sofipdised in layers of 30 cm. Each layer
will be compacted using standard compaction methods

To avoid mixing of different materials and of diféat leachate, the stockpiling platform will
be subdivided in different sections separated kgriml berms/embankments with a
maximum height of 0.5 m. The berms will be realiby compacted soil layers and will be
covered by a HDPE liner welded to the internal imjms layer.

The design details, the construction sequence landogistic of the storage/treatment area
will be included in the Detailed Design.

Excavated soil will be stockpiled in piles measgrapproximately 1000 tn The stockpiles
will be located on the above described area toaedontamination of underlying soil.
Stockpiles will be sequenced as presented in Saitddement Plan that will be included in
the Detail Design.

Stockpiles will be covered with Low Density Polygdne (LDPE) liners to control dust and
reduce infiltration of any rainwater. If neededsticontainment systems, such as spraying
systems throughout water sprinklers, fog cannaies vell be used to control dust emission
during loading/unloading activities.

After its construction, each stockpile will be sdetpband analyzed to profile soil for on site
treatment and/or off-site transportation and tresatttdisposal. The schedule and procedures
presented in the Stockpile Sampling Plan (incluishethe Detail Design) will be followed.
The Stockpile Sampling Plan will provide guidaneeta how to sampling results will be
interpreted to make a profile decision for stookgitoil.

A tracking and record keeping system will be impéeed to manage each stockpile
generated from the excavation. The information With be recorded and tracked includes:
 Identification number that links the stockpile witie excavation source;

» Location of the stockpile within the site;

» Date(s) stockpile was generated and approximatemel

» Sampling information, including number of samplefiected, sample identifiers, date of
sampling, and requested analyses; and

» Analytical data that characterizes the stockpile.

The recordkeeping system will track the stockpged from the time of excavation until it is
placed in a truck for off site transport or badkfij.
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8.3 PHASE 1 - DUMPS REMOVAL ACTIVITIES

The purpose of this Section is to present the ipialiry design and implementation plan of
excavation activities necessary to clean up the h@aldte dumps present within the OHIS
site. Handling/packing and transportation procedwrill be also described in the following
Sections.

The preliminary flow diagram showing the operatstgps, the possible alternatives and the
estimated capacities and operating times are mghartDrawing 15.

The detailed Removal plan, indicating the numbeopdrating vehicles and resources to be
used related to the site conditions and effectiapacities, the operating cycles, the
temporary storage, packing and loading proceduilébevincluded in the Detailed Design.

8.3.1 Main Dumps Features and Estimated Waste Volum es

As reported in Section 4.2.1, two separate dungpsitith different extension and waste
characteristics are present in Sector B of the GiitkS(see Drawing 14).

The bigger dumpo+B-HCH isomers dump) covers an area of about 5,000160 x 50 m)
while the smaller dump¢HCH isomer dump) covers an area of 1,25038 x 35 m).

According to literature and past investigationsad@PTISA, 2007; Enacon, 2008a), the
a+p-HCH waste was originally laid on the natural growmthout any precaution. All sides
of the dumps are surrounded by a concrete perimettrwith height ranging from 1.2 to
approx. 3 m (see Figure 8.4). The dumps heighiesdrom 3.2 to 4.6 m and the waste is
covered by 0.60-1.50 m of natural soil.

Figure 8.4: a+B-HCH Isomers Dump

The6-HCH dump consists of five underground concreténsasith base dimensions of 30 x
4 m and depth of 2.2 m. The basins are covereddsye and overlying soil for a total area
of 35 x 35 m and an average height above grourddéai (see Figure 8.5).
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Figure 8.5: 6-HCH Isomer Dump

The following Table summarizes the waste quantidied average composition of the two
dumps (ENACON 2008a).

Parameter a+B-HCH Isomers Dump &-HCH Isomer Dump
Surface (mz) 5,000 1,225
Overlying Soil Volume (m3) 5,200 2,010
Overlying Soil Mass (ton) 9,360 3,628
HCH Waste Volume (m®) 15,000 620
HCH Waste Mass (ton) 28,500 589
HCH Waste Composition 88% a-HCH; 11-12% B-HCH; 1-2% 22-26% a-HCH, 5-7% B-
y-HCH (EPTISA, 2007) — 100% ao- HCH, 16-19% y-HCH, 38-
HCH (ENACON, 2008a) 50% &-HCH (EPTISA, 2007)
—16% a-HCH, 1% 3-HCH,
44% y-HCH, 39% 6-HCH
(ENACON, 2008a)
Estimated Concrete Volume 380 674
(m?)

8.3.2 Concrete Demolition and Vegetation Removal

Prior to beginning soil and waste excavation of thg-HCH dump, a preliminary
demolition of the perimeter wall (or at least a&f North-western section) and the subsequent
creation of a soil ramp for the operating vehiead trucks access will be carried out.
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The concrete wall demolition will be carried outngsa hydraulic excavator equipped with
hydraulic hammer. The demolition material will bemporary stockpiled on site and
covered by LDPE impervious sheets and subsequierattied on a truck and transported to
the demolition waste treatment area (see Sectih@)s.

The dumps surface will then be cleared of obstngctibjects (if any) and vegetation. To
this aim, one dozer with ripper will be used to o the first 10-20 cm of soil and to
eradicate grass cover and roots.

Removed vegetation and roots will be collected serat to disposal of. Soil will be loaded
on trucks by one wheel loader (bucket capacity’Band sent to the stockpiling/treatment
area (see Section 8.2.1).

8.3.3 Overlying Soil Excavation

After the completion of demolition activities (far+p-HCH dump) and the vegetation
removal (for both dumps), the first 0.60 to 1.50domps material (overlying soil) will be
excavated through machine open excavation. Isignated that one hydraulic excavator
with a bucket of 1.35 mcould complete the soil removal in approx. 12 vimgkdays
(working on a single shift).

Depending on the results of the preliminary pitgsiting phase (see Section 7.2.2.1), soil will
be either loaded on trucks by one wheel loader k@ucapacity 3 M) and sent to the
stockpiling/treatment area (Option 1) or packedsit@-(Option 2) and loaded on trucks for
the off site transport to licensed treatment/digpecility (e.g. incinerator).

8.3.4 Waste Removal

a+B-HCH dump waste will be excavated through machipencexcavation. It is estimated
that one hydraulic excavator with a bucket of In¥5could complete the waste removal in
approx. 30 working days (working on a single shift)

Depending on the results of the preliminary piledgting phase (see Section 7.2.1.5), HCH
waste will be either loaded on trucks by a wheatler (bucket capacity 3%rand sent to the
stockpiling/treatment area for on site treatmentti@ 1) or packed on-site (Option 2) and
loaded on trucks for the off site transport to tised treatment/disposal facility (e.g.
incinerator).

8-HCH dump waste will be removed from the containtmkasins using one hydraulic
excavator equipped with suitable bucket (it isreated that the removal could be completed
in few days). Once the HCH waste will be completektracted, the basing will be
demolished (using the same excavator equipped hwitinaulic hammer) and debris loaded
on trucks and sent to the treatment area (seecB86&2.2).

As for thea+p-HCH dump,6-HCH dump waste will be either loaded on trucksabwheel
loader and sent to the stockpiling/treatment a@ation 1) or packed on-site (Option 2) and
loaded on trucks for the off site transport to hieed treatment/disposal facility (e.g.
incinerator).

8.3.5 Confirmatory Sampling

Overlying soil excavation will proceed till the HGkaste layer is reached (according to the
information available, it could be visually recogaible, being a white pasty to stiff inside the
a+p-HCH dump and a yellow-brown mud inside thelCH dump).

Following the same approach, the removal of HCH tevasill be carried out till the
underlying soil is reached.
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No confirmatory sampling is needed at this stageesthe underlying soil (at least the first
meter) will undergo the same excavation and treatmencedure.

8.3.6 Dust Control Measures

Soils will be managed for dust control as necesbased on air monitoring measurements
and physical conditions. Common dust containmegstesns, such as spraying systems
throughout water sprinklers, fog cannons, etc. bdélused to control dust emission during
excavation and packing activities. If wetting viil insufficient for dust control, soil may be

covered by LDPE sheets.

8.3.7 HCH Soil/Waste Treatment (Option 1)

Soil treatability will be tested through dedicatt site thermal desorption pilot tests. The
results of the preliminary pilot testing phase \aiffect the final destination of the surficial
soil removed from the two HCH dumps.

Should HCH-contaminated soil be successfully deamoittated by thermal desorption, and
an efficient off gas treatment system for chloralsmtement set up, a mobile/semi-mobile
thermal desorber of suitable size (see Sectior2Bwill be mobilized to OHIS site and
dumps overlying soil will be removed and sent bywcks to the temporary
stockpiling/treatment area for decontamination.

Considering a capacity of the thermal desorberaijrgr 24 hours/day of approx. 105 ton/d a
total treatment time of 68 days is foreseen fonthele soil decontamination.

Contemporarily to the soil treatability pilot te$iCH waste will be sent to off site pilot
testing of mechanochemical dehalogenation. If gheliminary pilot testing of process
(described in detail in Section 7.2.1.5) will resl the actual technology applicability to
HCH isomers, a mechanochemical dehalogenation plifirtie transported/built on site.

On the basis of the available information it wasnested by the license holder a treatment
capacity of 3.4 ton/day for pure HCH.

Considering the availability of two on site plagerating in parallel 24 hours/day, a total
treatment capacity of 20.4 ton/day can be obtainedesponding to a dehalogenation time
of more than 1300 days. Despite such long opeygiamniod, the dehalogenation process can
still be considered applicable provided that afieptactivities will be conducted in parallel.
On this condition, due to the considerable amofisbd to be treated by TD, the end of the
dehalogenation process will precede the end ofrthktreatment of all other contaminated
matrices, and the dehalogenated waste will be &forefew months before the final TD (see
the preliminary schedule of the activities repoite&ection 9).

In any case, it has to be underlined that the esichtreatment capacity and duration are
based on the hypothesis that dumps are composadinofist pure HCH isomers. Such

assumption is very conservative, and the confirnyagampling carried out during the waste

extraction activities could show lower HCH concations (with consequent lower treatment
times).

8.3.8 HCH Soil/Waste Packing and Off-site Disposal  (Option 2)

In case the final destination of contaminated smt HCH waste will be the off site

treatment (dehalogenation/thermal desorption pésting failure), the waste will be packed
in polyethylene (PE) drums compliant with interpatl regulation for carriage of dangerous
goods/waste by road (i.e. ADR 2009, Basel Convantc.) and sent to off site treatment
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(i.e. licensed hazardous waste management fasilgttde to dispose of the HCH waste)
either by trucks or through intermodal transport.

A specific Section dedicated to the shipment oflhdaus waste indicating labeling, tracking
and record keeping systems will be included in Tfransportation Plan that will be
developed in the Detail Design.

Drums choice strictly depends on the final desiimatbut a quantity of 80-120 kg/drum of
product could be considered as the maximum allosvgdepending on waste chlorine
content). Therefore, considering the product pdekes0-I PE drums (weight max. 80 kQ)
and subsequently on Euro pallets, an average ofd81r2s per truck (corresponding to 26
Euro pallets) can be considered, for a total wastight of approx. 25 tons.

HCH will be manually packed by operators, drumdestand washed, and pallets loaded on
trucks by a forklift truck. It is estimated that adequate number (>12) of operators working
24 h/day on three shifts could reach a packingagpaf 100 t/d, corresponding to approx.
130 days to complete the overlying soil removal aadking, and approx. 290 days to
complete the HCH removal and packing (including assation, labeling, weighting,
decontaminating the drums, etc.).

Packed drums will be temporarily stored in a dedisction of the stockpiling area. Drums
storage will be covered and bermed, in order tovige adequate containment for any
accidental leakage. Alternatively, the existing-A®1 warehouses (see Drawing 14 and
Figure 8.6) could be used for temporary drums gmraAll buildings will be carefully
checked to ensure their structural integrity aridpassible, samples will be taken and
analyzed to avoid any health risk for workers apdrators.

e == i x|
s
Figure 8.6: Building A9 (Inside)
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8.3.9 Waste Transport

Loaded trucks will move to the truck decontaminatgiation where soil will be removed
from fenders and tires and the bed will be covered.

Each truck will then move to the temporary stodkpittreatment area (Option 1) or to the
weighting station (Option 2).

It has been calculated that, in case of off-sismgport, ten 25 ton-trucks will move all
packed HCH waste to an hypothetical treatment péanatted 2000 km from the OHIS site in
more than 600 days (considering 9 hours as maxirdaily journey), while intermodal
transport (trucks/train) would allow the completié site movement in approx. 194 days
(considering an average capacity of 3,000 tons/mont

Each loaded truck will leave the site with a cortgdiemanifest or bill of lading for transport
of soil or other material to the off site treatmtdation. Soil loading and off site routes will
be have to be detailed in the Transportation Plicwwill be included in the Detail Design.

8.3.10 Personal Protective Equipments

Operators shall wear all PPE related to the primiedrom HCH vapours throughout the
working shift.

In particular, the following PPE represent the minim equipment of each operator:

¢ helmets;

» safety boots;

* protective gloves;

» Respiratory Protective Equipments (RPEs); and

» disposable protective overalls.

Suitable types of RPE will be selected through citéid Risk assessment which results will
be included in the Detailed Design. The most bilétaquipments are face-mask of the
highest protection class. However, depending @nRisk assessment results, also non-
powered or “Negative pressure” respirators, sucldigposable or re-usable half masks,
could be used. Negative pressure respirators itedsfmust comply with the following
standards:

» disposable respirator to standards EN 149;

» half mask respirator to standard EN 140;

» semi-disposable respirator to EN 405;

» patrticle filters and combined filters respectividystandards EN 143 and EN 14387.

Only the most efficient filtration systems shoulel ised, i.e. FFP3 for disposable respirators
and P3 for filters on re-usable respirators.

Disposable overalls of Type 5 (EN 1SO 13982) w#l tbsed for HCH removal and packing
operations.

Both used RPEs and overalls will be disposed aarbams waste.

8.3.11 Personal Decontamination Procedures and Hygi  ene Facility

Before the lunch break and at the end of each, gtdftsonnel exiting the work area will
decontaminate and remove PPE at the personnel d@uo@tion station (mobile hygiene
facility) established adjacent to the work area.
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Mobile hygiene facility is a temporary facility wdhi includes the following Sections:
e clean room;

» airlock;

* showers room; and

» dirty end.

The dirty end will be used by operators to remoNeviaible contamination. Il will have
drums for storing used PPE, tubs for washing ansing boots, boot racks for storage of
boots. Protective overalls, disposable underctoted gloves will be removed inside the
dirty end and placed in suitable containers fopaésl. Protective boots will be washed,
removed and stored. All these operation will beied out wearing RPEs.

Operators will then proceed to the shower room,revitieey thoroughly clean hair, body and
facemask. Once completed the cleaning procedi#EsRvill be removed, switched off and
thoroughly cleaned. Operators will then procedadough the airlock, to the clean room,
where they will dry off, put on clean clothes anslally inspect RPEs.

The entrance in the working area will be carrietifollowing the same procedure in reverse
order. Underclothes and protective overalls wdllgut on inside the clean unit. RPEs will
be put on, switched on and tested before enteniaglirty end.

8.3.12 Decontamination Units

The material decontamination unit is subdividedthiree sections connected only by the
waste bags transit basin the first two and by @ dikaor with PE strips the other two.

Proceeding from the working site (contaminated}h® non-contaminated area, the three
sections are described in the following:

» Washing room. The contaminated operator will thgtdy wash the contaminated bags
or the used tools;

» Repacking room. The cleaned bags will proceedhto repacking room through the
connection basin and they will be repacked in neleled PE bags by a non-
contaminated operator;

e Storing room. The packed material will be tempibyatored in the storing room of the
decontamination unit before the final packing ig-bags.

Waste waters from the decontamination unit anddnaifacility will be collected and sent
to the wastewater treatment plant.

Tire and wheel wash station will be set up at tkie & the area to decontaminate vehicles
that are transporting contaminated soils and wasti site stockpiling and treatment or to
off site treatment facilities. The wash stationll vide realized through a mobile (pre-
assembled) structure with automatic water jetslatedlal protection (see Figure 8.1). Water
will be collected and sent to the wastewater treatrplant (see Section 8.7.1).

8.3.13  Training of Personnel

Excavation, removal and packing will be performed licensed hazardous Contractors.
Personnel on site will observe OSHA (Occupationafefy and Health Administration)

Safety Standards and follow the Health and Saféday Pwhich shall be included in the
Detail Design).
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The Contractors shall use trained operators ors rigkated to soil cleanup works, BAT for
handling HCH waste and HCH-contaminated soil, dleggaand decontamination procedures,
use of RPEs, etc.

As a minimum, the training course shall focus anftillowing arguments:
* handling and health hazards of HCH waste;

» site set up, maintenance and dismantling;

» personal protective equipments;

 transit procedures and decontamination;

* HCH handling and packing procedures, plant andpzaent use;

» waste management and handling; and

* emergency procedures.

8.4 PHASE 2 — DEMOLITION ACTIVITIES

At present, no information about possible reus®IdfS buildings is available, therefore it is
assumed that all buildings will be demolished, aeanolition waste disposed or reused
either on site or off site.

The purpose of this Section is to present the ipieéry design and implementation plan of
demolition activities. Demolition waste handlingdatransportation procedures will be also
described in the following Sections.

The preliminary flow diagram showing the operatstgps, the possible alternatives and the
estimated capacities and operating times are rghartDrawing 16.

8.4.1 Summary of the Buildings and Structures to be Demolished

A brief summary of the main building characteristend a preliminary estimation of the
demolition material volumes (excluding steel stawes) is provided in the following

Sections. The summary is based on the informajathered from the Feasibility Studies
developed by Enacon S.r.o. (Enacon, 2008b and 200&dl the preliminary site surveys
conducted by D’Appolonia in 2009-2010.

The buildings codes used in this CD and buildingitoan are reported in Figure 8.7.
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LEGEND B1 — a+B-HCH dump
Al — Former Storage of HCH and TCB Production B2 — 8-HCH dump
A2 — Former Lindane Production Building C1 - Former Monochloracetic Acid Production Building
A3 — Former Raw Material and Packaging Building C2 — Former Acetylene Production Building

A4 — Former Lindane Production Building D1 — Former Electrolysis Plant

A5 — Lockers Room, Workshops D2 — Transformer Station

A6 — Organophosphates Production Building
A7 — Granular Phosphates Production Building
A8 — Production of Granulated Pesticides

A9 — Storage of Final Pesticides

A10 - Storage of Packaging

D3 — Former Salt Storage

D4 — Hydrochloric Acid Production

D5 — Former Storage of Acetylene
Ela — Above Ground Storage Tanks
E1b — Outdoor Storage of Flammables

A1l - Storage of Packaging

Figure 8.7: Building Inventory

A dedicated survey shall be carried out beforeDbtiled Design development, in order to
define the demolition strategy based on the smecdihstruction characteristic and position
of each building.

84.1.1 Building A1 — Former Storage of HCH and TCB Production

One-storey building of rectangular plan having disien of 30.6 x 7.5 fwith shed roof of
height from 3.5 to 5.2 m. The building is found®edreinforced concrete foundations. The
roof id covered with corrugated asbestos-cemenetsheThe main building includes two
adjacent sections: a brick building with 30 cm-khiizick walls and a roofed open area with
steel structure. An outbuilding of 3.7 x 8.Z,rheight 3.5 m is connected to the brick
building.

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 70
OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.1: Building A1 — Volume of Construction Mat  erials

Material Volume (m )
Concrete / Reinforced Concrete 155.2
Masonry 149.8
Asbestos-cement 14

S

Figure 8.8: Building A1 — Former Storage of HCH and  TCB Production

8.4.1.2 Building A2 — Former Lindane Production Building

Four-storey building of rectangular plan, size df2b x 12.25 ) height of 14.2 m (flat
roof). Two outbuildings concur from both sidestbha main building. The main building is
made of reinforced concrete with concrete wall®fcm. The roof is made of reinforced
concrete slabs covered by tar sheets.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.2: Building A2 — Volume of Construction Mat  erials

Material Volume (m ?)
Concrete / Reinforced Concrete 514.25
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Figure 8.9: Building A2 — Former Lindane Production Building

8.4.1.3 Building A3 — Former Raw Material and Packaging Building

One-storey building, open from one side, of rectdengplan having approx. size of 12.5 x
15.5 nf. The height of the shed roof is 4-5 m. The buiygis founded on reinforced
concrete foundations and the ground floor is madeoacrete. Roof covering is made of
corrugated sheets.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.3: Building A3 — Volume of Construction Mat  erials

Material Volume (m )
Concrete / Reinforced Concrete 83.6

Figure 8.10: Building A3 — Former Raw Material and  Packaging Building
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8.4.1.4 Building A4 - Former Lindane Production Building

Four-storey building, with rectangular plan of 2%.35.3 mi. A two-storey outbuilding with
rectangular plan (size 25.3 x 5.09mheight of 7.3 m and a one-storey outbuilding
(rectangular plan of 20.3 x 5.5’ nheight of 3.5 m) are connected with the mainding on
the South-eastern side. All buildings have a met¥d concrete structure closed with brick
walls of 30 cm thickness.

Internal floors are made by reinforced concretdssiaith thickness of 30 cm. The roof,
made of reinforced concrete slabs, is flat (heidgh6 m). Roof is covered by tar sheets.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.4: Building A4 — Volume of Construction Mat  erials

Material Volume (m °)
Concrete / Reinforced Concrete 1,020
Masonry 477

Tar sheets 3.7

Figure 8.11: Building A4 — Former Lindane Productio  n Building

Figure 8.12: Building A4 (North-western side)
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8.4.1.5 Building A5 — Locker Rooms, Workshop

The building, having a rectangular plan with anragparea of 846 fnis divided into eight
sections, each having different height (from 2.7#@ m). The North-western section is a
two-storey building with a height of 7.9 m, whileetother sections are one-storey buildings
of the height from 2.7 m to 5.1 m. The building &éncurs on the building in its North-
eastern side. All buildings have a reinforced cetg structure closed with brick walls of
30-40 cm thickness. Foundations and ground floem@ade of concrete. The roofs are flat,
made by reinforced concrete slabs covered withlaets.

A roofed open area with concrete structure is lugliabove the South-eastern section of the
building. The shed roof (height 4-4.5 m) is magiebrrugated asbestos-cement sheets.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.5: Building A5 — Volume of Construction Mat  erials

Material Volume (m )
Concrete / Reinforced Concrete 728.4
Masonry 505.8
Tar sheets 5.07

Figure 8.13: Buildings A5 and A6 (Behind)

8.4.1.6 Building A6 — Organophosphates Production Building

Three-storey building with rectangular plan of 28.40.6 i, height 14.5 m. The building
is connected through its South-western side tdothieling A5 and through its North-eastern
side to the building A7. The machine-room of ttevator (5.5 x 4.4 R) is located on the
roof of the building. The total height is apprdx.2 m.

The construction is made by the reinforced concrilimns with the brick walls of
thickness of 30 cm. The ceilings are made of oea#d concrete of the thickness of 30 cm.
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Foundations and ground floor are made of concrdtee roof is flat, made by reinforced
concrete slabs covered with tar sheets.

There is an elevator leading till the fourth flodvlachines and steel tanks are present inside
the building.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.6: Building A6 — Volume of Construction Mat  erials

Material Volume (m ?)
Concrete / Reinforced Concrete 360.9
Masonry 346.3
Tar sheets 1.3

Figure 8.14: Buildings A6 — Organophosphates Produc  tion Building

8.4.1.7 Building A7 — Granular Phosphates Production Building

One-storey building of rectangular plan, size 0£26021.2 r, height 6.9 m. The building

is connected to the building A6. A brick outbuildi(plan size 6.4 x 3.1 m) is located in the
South-eastern side. The structure of the buildinghade of reinforced concrete and the
warehouse is closed by brick walls with thickneé3@cm. The building is founded on
reinforced concrete foundation strips (externallsyahnd on the single foundation pads
(internal columns) 1.0 m deep. The gable roofoigeced by asbestos-cement sheets. Brick
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walls offices and other spaces are built insidewwtaeshouse. An external canopy made of
reinforced concrete girders and asbestos-cemergriogvis located on the North-western
side of the building.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.7: Building A7 — Volume of Construction Mat  erials

Material Volume (m °)
Concrete / Reinforced Concrete 547.6
Masonry 284.2
Asbestos-cement 9

Figure 8.15: Building A7 — Granular Phosphates Prod  uction Building

=

Figure 8.16: Building A7 (North-western side)
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8.4.1.8 Building A8 — Production of Granulated Pesticides

Two-storey brick building with L-shaped plan haviagotal area of 247 In The total height
is 9.3 m. Two rectangular one-storey outbuildi®3 x 5.2 M and 3.8 x 3.3 M height of
2.4-3.0 m and 3.1-3.9 m) are connected to the tmailding on its South-eastern side. The
main is connected with the building A10 by a codegpassage way.

Brick columns support reinforced concrete slabs gimders (thickness of 30 cm). External

brick walls have a thickness of 30 cm. Reinforcedcrete foundation strips (external walls,
outbuildings) and pads (columns) support the strectDepth of the foundation is 1.0 m.

Roof is flat and it is covered by tar sheets. Qiltlings’ roof is covered by asbestos-cement
sheets.

Equipments, steel tanks and dosing machines frengtanulated pesticides production are
present inside the building.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.8: Building A8 — Volume of Construction Mat  erials

Material Volume (m ?)
Concrete / Reinforced Concrete 163.4
Masonry 124.9
Tar sheets 11
Asbestos-cement 0.3

= e

Figure 8.17: Building A8 — Production of Granulated Pesticides

8.4.1.9 Building A9 — Storage of Final Pesticides

One-storey warehouse with rectangular plan, sizé $23.7 m, height 7.5 m. The building
is connected to the building A10 (North-easterreksidnd to the building A1l (North-
western side). The warehouse is made of reinfommttrete and steel columns, with
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external brick walls of the thickness of 30 cm. eThuilding is founded on reinforced
concrete foundation strips (external walls) andtbe single foundation pads (internal
columns) 1.0 m deep. The ground floor is formedthmsy reinforced concrete pads. The
gable roof is made of steel girders corrugated Isane

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.9: Building A9 — Volume of Construction Mat  erials

Material Volume (m ?)
Concrete / Reinforced Concrete 384.2
Masonry 184.7

Figure 8.18: Building A9 (South-eastern entrance)

8.4.1.10 Building A10 — Storage of Packaging

One-storey building with rectangular plan; size540.16.6 m, height 5.5 m. The structure
of the building is made of reinforced concrete dmel warehouse is closed by brick walls
with thickness of 30cm. The building is founded remforced concrete foundation strips
(external walls) and on the single foundation pédgernal columns) 1.0 m deep. The
ground floor is formed by the reinforced concretelfa The gable roof is made of steel
girders covered by corrugated panels.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.10: Building A10 — Volume of Construction M aterials

Material Volume (m ?)
Concrete / Reinforced Concrete 240.1
Masonry 130.2
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8.4.1.11 Building A11 - Storage of Packaging

One-storey building with rectangular plan; size56012.4 m, height 7.0 m. The warehouse
has a steel structure and it is closed by bricksaaith thickness of 30cm. The building is
founded on reinforced concrete foundation stripptld 1.0 m). The ground floor is formed
by the reinforced concrete pads. The gable roobv&red by corrugated panels.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.11: Building A11 — Volume of Construction M aterials

Material Volume (m ?)
Concrete / Reinforced Concrete 265.7
Masonry 199.7

Figure 8.19: Buildings (from left) A9, A10 (North-W  estern Entrances) and A1l
(North-Eastern Side)

Figure 8.20: Building A11 (North-Western and South- ~ Western Sides)
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8.4.1.12 Building C1 — Former Monochloracetic Acid Production Building

Seven-storey building with rectangular plan; sipprax. 18.6 x 36.6 fn height 30.3. An
open four-storey reinforced concrete constructidth gteel stairs is built on the North-
eastern side.

The main building is supported by ten reinforcedarete outside pillars (0.65 x 1.3 m) and
three 0.6 x 0.6 m concrete pillars. External brueils with thickness of 30 cm close the
structure. A store building, supported by reinéafcconcrete columns, is located in the
South-western side. Internal ceilings and strgctue made of reinforced concrete.

The main building has a reinforced concrete ganmoe covered with corrugated plates.
Some equipments and tanks from the past produatepresent inside the building.

Three above ground vertical steel tanks (struc®@ for the chlorinated hydrocarbons
storage (diameter 3.1 m, height 7.6 m) are locatethe North-eastern side of the building.
The tanks are built on a concrete platform of 5@%3.2 nf with bricks berms 30 cm height.

Some small open concrete basins and channels itradar the tanks.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.12: Building C1 — Volume of Construction Ma  terials

Material Volume (m ?)
Concrete / Reinforced Concrete 1,903.8
Masonry 650.4
Tar sheets 0.6
Asbestos-cement 0.5

Figure 8.21: Building C1 (Northern Side) and Chlori  nated Hydrocarbons
Storage Tanks
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Figure 8.22: Building C1 (Inside)

8.4.1.13 Building C2 — Former Acetylene Production Building

The building (rectangular plan 30.3 x 8.3)nis divided in two parts: a two-storey building
(15.3 x 8.3 M total height of 8.7 m) with reinforced concreteusture and brick walls
(thickness 30 cm) and a concrete flat roof coverétl tar sheets; and a one-storey brick
building (15.0 x 8.3 M height 4.5 m) with gable roof covered with thédestos-cement
panels.

A roofed two-storey open shed with steel structarbuilt on the South-eastern part of the
two-storey building.

The following construction material volumes havemestimated (Enacon, 2008d):

Table 8.13: Building C2 — Volume of Construction Ma  terials

Material Volume (m ?)
Concrete / Reinforced Concrete 228.6
Masonry 163.2
Tar sheets 0.76
Asbestos-cement 0.77
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Figure 8.23: Building C2 — Former Acetylene Product ion Building

Figure 8.24: Buildings C1 and C2

8.4.1.14 Building D1 — Former Electrolysis Plant

It consists of a four-storey main building of rewalar plan of the approx. size of 60.4 x
24.1 i, height of 14.5 m, and several other outbuildiafthe height ranging from 3.3 m to
10.2 m, briefly described in the following:

« on the North-eastern side a transformer stationd3fx 7.5 m and height 6.7 m
connected with a two-storey building of the sizell4 7.5 mi and height of 6.7 m. A
small covered steel structure (approx. size ofxd46m, height 3.3 m) is built above the
two-storey building;
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* on the South-eastern side two small brick buildif@®bably used for the instrumental
and electric panels). The smaller one is apprdxn8high, size 3.8 x 3.8 3nwhile the
second building is 6.5 m high and 7.5 x 3 #ptan; and

» on the North-western side there a three-storeyuildihg of rectangular plan of approx.
8 x 5.2 mi and height of 10.2 m.

The main building is supported by concrete pill@i®.7 x 0.4 M section, among which 25
cm-thick brick walls are built. Internal structuoé the building is made of reinforced
concrete. The reinforced concrete gambrel roobisered with tar sheets.

Several reinforced concrete basins are built ingitenear the building.
The following construction material volumes havemestimated (Enacon, 2008b):

Table 8.14: Building D1 — Volume of Construction Ma  terials

Material Volume (m )
Concrete / Reinforced Concrete 1,629.7
Masonry 1,287.4

Figure 8.25: Building D1 (South-Eastern Side)
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Figure 8.27: Building D1 (Inside)

8.4.1.15 Building D2 - Transformer Station

The transformer station consists of two brick bnidg: a smaller one-storey building with
offices having size of 5.8 x 9and height of approx. 4.6 m, and the transforntetics
with size of 12.2 x 9 m and approx. above grourighteof 12.1 m. The transformer station
has a basement of approx. 2.5 m below the growad. I&'he shed roofs are covered with tar
sheets.
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The following construction material volumes havemestimated (Enacon, 2008b):

Table 8.15: Building D2 — Volume of Construction Ma  terials

Material Volume (m °)
Concrete / Reinforced Concrete 213.4
Masonry 165.2
Figure 8.28: Building D2 — Transformer Station
8.4.1.16 Building D3 — Former Salt Storage

Open warehouse with concrete basins for salt storta@ving a rectangular plan of the size
of 44.4 x 17.4 rhand height of 7.5 m. The structure is built adj@do the South-eastern

side of the building D1.

The structure is made of reinforced concrete amtrate tanks are built across the whole

length of the structure.

The following construction material volumes havemestimated (Enacon, 2008b):

Table 8.16: Building D3 — Volume of Construction Ma  terials

Material Volume (m °)
Concrete / Reinforced Concrete 608.5
Masonry 110
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Figure 8.29: Building D3 — Former Salt Storage

Figure 8.30: Building D3 — Storage Basin

8.4.1.17 Building D4 — Hydrochloric Acid Production

It is composed by a steel structure with rectarrguin of approx. 5.5 x 4.87and height of
approx. 17.4 m, and a small brick building (offiseilding) of rectangular plan of approx.
5.3 x 3.5 Mmand height of approx. 2.9 m.

The office building is one-storey brick buildingttvi0.25 m thick walls. Foundations of the
building are concrete strips with 0.45 m thickn@ssm depth. The roof is flat and covered
with tar sheets.
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The steel structure has four floors, with steetlgrand railings. It is founded on concrete
pads of 0.9 x 0.9 M

The following construction material volumes haveiestimated (Enacon, 2008b):

Table 8.17: Building D4 — Volume of Construction Ma  terials

Material Volume (m ?)
Concrete / Reinforced Concrete 603
Masonry 36.9

Figure 8.31: Building D4 — Hydrochloric Acid Produc  tion

8.4.1.18 Building D5 — Former Storage of Acetylene

Six steel tanks for acetylene are located in this-story rectangular plan (18.3 x 11.£,m
height 4.2 m) warehouse with brick walls. A sectiof the building is built below the
ground level.

The bottom floor is made of concrete while the flabove the tanks is made of steel pads.
The supporting structure consists of twelve comcredlumns (section 0.3 x 0.3%m
Building foundations consist of reinforced concrptals (0.7 x 0.7 fnsection) reinforced
concrete strips. The roof is covered by corruggiates. A reinforced concrete structure-
building adjacent to Building D5 (North-easternejids used for gas cylinders storage. The
roof is covered by ACMs corrugated sheets.
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The following construction material volumes havemestimated (Enacon, 2008b):

Table 8.18: Building D5 — Volume of Construction Ma  terials

Material Volume (m ?)
Concrete / Reinforced Concrete 50.2
Masonry 110.7
Asbestos-cement 1.3

[552 =m,

Figure 8.32: Building D5 — Former Storage of Acetyl ene

Figure 8.33: Building D5 (Rear Building)
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8.4.1.19 Structure E1 — Outdoor Storage of Flammables

Ela — Above Ground Storage Tanks

It includes five horizontal aboveground storageksaand two vertical above ground storage
tanks.

Each of the five horizontal tanks is located in anarete platform with berms having
rectangular plan and dimensions depending on tilesize (from 8.3 x 4.3 frto 18.2 x 6.2
m?). The basins consist of concrete slabs of 0.3ttal thickness with concrete berms
having height ranging from 1.0 - 1.3 m. Three g/pésteel reservoirs are present:

e 13.5 mlength x 3.0 m diameter (one tank);

* 7.5 mlength x 3.0 m diameter (three tanks); and
* 5.4 mlength x 2.0 m diameter (one tank).

A steel structure allows the access to the tanks.

The two vertical tanks (6 m height x 2.2 m diametee placed in a basing of rectangular
plan with size of 9.6 x 4.9 The basin consists of a concrete slab of 0.36taf thickness
with concrete berms 1.3 m high. The basin is sttded in two sections by a concrete berm.

The steel tanks have diameter of 2.2 m and heifjBtGlom. A steel structure allows the
access to the tanks.

Figure 8.34: Structure E1la — Above Ground Storage T  anks
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Figure 8.35: Structure Ela — Above Ground Storage T anks

Elb — Outdoor Storage of Flammables/Chemicals

It consists of an uncovered concrete basin of neetiar plan of 27 x 20 f The basin
bottom is made by concrete slabs 30 cm thick. @d=n is 20 cm below ground level. The
structure is fenced and a flowline with sprinkleuas above the basin at a height of approx.
25 m.

Figure 8.36: Structure E1b — Outdoor Storage of Fla mmables
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The following construction material volumes haveiestimated for E1 structures (Enacon,

2008d):

Table 8.19: Structure E1 — Volume of Construction M aterials
Material Volume (m )
Concrete / Reinforced Concrete 570.9
8.4.1.20 Summary of Construction Wastes

The total volumes of construction waste generatethb demolition of the structures and
buildings (including paved areas, concrete bagtes) of the OHIS site are summarized in

Table 8.20.

Table 8.20: Demolition Waste Volume

Volume (m )

Material Sector A Sector C Sector D  Sector E TOTAL
Concrete / Reinforced Concrete 4,463.2 2,132.4 3,880.9 570.9 11,047.6
Masonry 2,402.6 813.6 1,710.2 - 4,926.4
Tar roofing 11.2 1.4 - - 12.6
Asbestos-cement 10.7 1.3 1.3 - 13.3
Ceramic coatings - - 43.7 - 43.7
Asphalt - - 151 - 151

During the monitoring campaign conducted in 200&macon, 34 samples of construction
materials were collected and analyzed to assessotitamination of the former lindane and
organophosphates production and storage buildiBgst¢r A), the monochloroacetic acid
and acetylene production buildings (Sector C) dedautdoor cooled storage of flammables
(Sector E).

Selected samples of construction materials (19 kmnhpvere subjected to leaching tests
(Enacon, 2008d). Results were compared with thdiilis for inert waste, non-hazardous
waste and hazardous waste landfills (Directive 13P&C and Commission Decision
2003/33/EC). None of the nineteen constructionenigt samples tested for leachability
complied with limits for inert waste landfill (mdindue to high sulphate and DOC content).
Several samples (collected in Sectors A and C)tezbgo heavily contaminated by DOC (4
samples), sulphates (1 sample) and heavy metalsaifiple) to exceed the limits for
hazardous waste.

A total of 10400 r of demolition waste were calculated for Sectors@,E (Enacon,
2008d), of which 38% requiring treatment to meetdlceptance criteria of hazardous-waste
landfills.

In addiction, 28 samples of construction materialere collected from the former
electrolysis plant (Enacon, 2008b).

Laboratory analyses found high contents of mergargnasonry and in concrete samples.
Hg concentration exceeded 10 mg/kg in most sametected samples (6) were subjected
to leaching test. Results were compared with tbdimits. Five samples did not comply
with limits for hazardous waste due to high conitn of mercury in water leachate.
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In total, approx. 5600 frof demolition waste was estimated for Sector Dndistling, most
of which (63%) would require a preliminary treatrheén achieve acceptance criteria for
hazardous waste landfills (Enacon, 2008b).

Finally, 13.3 i of asbestos-cement were estimated, correspondimgprox. 2040 mof
asbestos-cement slabs to be removed (consideriagesage thickness of 6.5 mm).

On the basis of the sampling campaign conduct@®@8 (ENACON 2008b and 2008d), the
following preliminary categorization can be consete for the OHIS site buildings to be
demolished. However, it must be noted that thisny a preliminary evaluation, and that
the volumes of different waste categories can ealgulated through the waste stockpiles
composite sampling and analysis.

@ Not Assessed
%9 Non-Hazardous Waste
~ "% Hazardous Waste

=y Waste Reqiring T

Figure 8.37: Preliminary Building Categorization

8.4.2 Demolition Plan
In the following Sections a preliminary summantloé techniques and methodologies which
will be used for OHIS structures demolition is rejpd.

The Pre-demolition investigation and risk assess$maed the Demolition design reports will
be included in the Detail Design, indicating, fach building which undergoes demolition
(described in previous Sections):

» the principal characteristics of the area (e.gs@mee of pits or cavities, presence of
sewages and/or slurry, presence of undergrouritiagiletc.);

» the static characteristics of the structures tddreolished;

» the areas for debris temporary storage and for dbestruction of ramps and
embankments;
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» the site plans and layout;

» the characteristics of the demolition machine taged;
» the debris and dust control systems to be used; and
» the time sequence of events.

Demolition and dismantling operations will be coothd following technical criteria and
rules set in the Macedonian Regulations and TeahiBaidelines and international BAT
Reference Documents. The demolition phase widl Bdslude the preliminary treatment (i.e.
crushing, washing, magnetic separation, etc.), tdraporary stockpiling and the final
recycling/disposal of the demolition materials.

As regards the asbestos-cement, which was fourtikdeosite in not negligible amount, it will
be removed before the beginning of the demolitibage, according to the procedure and
methodologies described in Section 8.4.2.5.

Before the beginning of the operations all wastel amaterials originated from past
productions will be removed from buildings and stawes. Waste originated from the
preliminary site clearance will be stored in promeeas (see Section 8.2.3) either in
containers or in big bags or PE drums, dependintpein nature and hazardousness.

8.4.2.1 Preliminary Dust Protection Measures

After the clearance, preliminarily to its demoliticeach structure will be cleaned from dust
through washing, using, where possible, proper @echl equipments and/or machines.
The water will be collected and sent to the wasttewtreatment plant.

This preventive measure will allow the reductiontbé aerial dispersion of dust during
demolition and the subsequent fallout in nearbasre

8.4.2.2 Process Fluids

Before starting the demolition operations all eguimts will be emptied and process fluids
(which could represent an explosion or fire risiggerly collected.

Depending on the product characteristics, the emptyf the equipments will be carried out
through pumping either with portable pumps or tamkks equipped with pumping systems,
or flushing water and/or steam into the equipmants collecting the fluids in proper drums
or tanks.

The hydraulic oil present in mechanical reduce gaars will be pumped in PVC drums or
collected by tank trucks with automatic pumpingteyss. The same procedure will be used
for fuels.

In case semi-solidified fuel oil will be found imused tanks, it could only be removed after
tank dismantling. Therefore, safe dismantling pohaes like cold cut, shear cutting, etc.
will be followed, and the solid fuel will be collsxl and stored in proper containers and
finally sent to licensed recovery facilities.

If acid storage tanks will be found within the siteefore their demolition they will be

emptied, repeatedly washed and neutralized antlyfithashed with dry air in order to avoid

the hydrogen production inside the tanks. All aamtl caustic products will be stored in
drums with airtight. All drums will be labeled axding to national and/or international
safety rules and guidelines.
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A specific Emergency Response Plan in case of ectatlleakages or spills of contaminated
material from industrial structures/equipments Wil developed and included in the Detail
Design.

8.4.2.3 General Buildings Demolition Methodology

Before starting structures demolition, where nemgssall sections which could potentially
collapse during operations will be reinforced thlgbucribs, metallic structures or
strengthening the whole structure.

The demoalition will be carried out using the folliow equipments:

* high reach: hydraulic excavators equipped with sppelsooms and arms with high
operating heights; and

» hydraulic excavators, with high demolition capasti

Excavators will be equipped with hydraulic jaws,girers, breakers and shears suitable for
concrete, reinforced concrete and steel.

8.4.2.3.1 Demolition of Non-Structural Steel Structures

This phase will be carried out without the use ydraulic excavators and it will include the
dismantling of flowlines, equipments and steel dtrites without bearing functions. The
access to the working areas will be guaranteedytyahlic lifting platforms.

The preferred technique for flowlines and metadlicictures dismantling, if applicable, will
be the thermal cutting. Beside conventional PRierators shall wear protective full-face
respirators with combined filter for dust and vapgwr half-face respirators with same filter
and safety spectacles. The dust abatement syk@dhoperate during the whole duration of
cutting operations. Any deposit or fouling matewdl be collected or isolated using proper
foaming products.

In case of insulated flowlines dismantling, once itsulating material will be identified, the
following protective measures will be adopted:

» use of wetting agents through airless spray pumps;
 static confinement of the working area (see Se@id2.5);

» use of High Efficiency Particulate Arrestor (HEP¥gcuum pumps of suitable capacity
to obtain negative pressure in the enclosures;

* remove and isolate waste into labeled PE bags.

8.4.2.3.2 Demolition of Masonry and Internal Structures

The internal masonry demolition shall proceed inrap@ with metallic structures
dismantling (see Section 8.4.2.3.1). In generaldbmolition will be carried out from the
top to the bottom of the buildings using scaffotgirshould internal floors not be enough to
reach all structures.

For floors demolition, | beams will be taken ofetlwalls and cut with oxyacetylene torch,
while reinforced concrete girders will be demoldheith hammer drill and rebars and
embedded steel cut with oxyacetylene torch. Gérdrmolition will need precautionary
shoring. Girder will then be cut in pieces and oged by cranes.

Reinforced concrete pillars will be secured at tihye and then removed in pieces using
hammer drill (presumably mounted on a small exaayand oxyacetylene torch.
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8.4.2.3.3 External Structures Demolition

The reinforced concrete and metal bearing strustwi# be dismantled using the following
procedure:

» demolition/dismantling using high reach and/or faydic excavators equipped with
hydraulic jaws/crushers for concrete and shearsfgal cutting (see Figure 8.38);

» primary crushing (from blocks of 1-1.5 m to debngh size of 30-40 cm) carried out
through hydraulic excavators equipped with concrptéverisers and loading of
demolition material into truck for transport todtment area (see Section 8.2.2);

» transport of demolition material to treatment afea secondary crushing, magnetic
separation and washing;

» temporary stockpiling of demolition material for edysis and subsequent off site
transport to disposal or reuse;

 reinforcing rods temporary stockpiling, load arahsport to licensed recovery facilities;
and

» dismantling of metal structures, volumetric redoictito suitable size, washing (if
needed), load and transport to licensed recoveiljties.

Figure 8.38: Demolition through Hydraulic Excavator Equipped with Hydraulic
Jaws

The controlled demolition of reinforced concreteustures will be carried out from the top
to the bottom, proceeding in modules and crushimjax pulverizing the concrete in place,
in order to avoid the risk of untimely collapsetioé remaining part of the structures.

The materials resulting from the demolition of ttancrete structures, after the preliminary
(primary) volumetric reduction through hydraulic ceaxators equipped with hydraulic
crushers/pulverizers, will be sent to the treatnagaa to undergo the following operations:

» typology selection, to separate lithologic fractfoom metal;
» secondary crushing; and
» washing.
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8.4.2.3.4 Metallic Structures Demolition

Steel structures will be dismantled in reverse owi¢h respect to their construction. The
parts of the structure will be removed using oxygleae torches and/or flexible
grinding/cutting wheels. The removed parts willdweered using cranes.

8.4.2.4 Dust Control Measures

Using high reach machines, due to the high altitotlehe demolition operations, dust
development needs to be avoided through the seithldt containment systems, such as:

» spraying systems throughout water jets;

» pressure lances operating from elevated platforms;
» fog cannons; and

e spray systems applied on demolition arms.

The washing of structures and debris will be cdroat using the minimum quantities of
water, in order to avoid run-off phenomena.

In case extraordinary atmospheric events with BitEs higher than the maximum
thresholds, the demolition operations will be praicamarily interrupted.

8.4.2.5 Asbestos Containing Materials

The identification and removal of Asbestos Containvaterials (ACMs) will be carried out
prior to demolition commencement on site. The AGHsnantling shall be carried out by
licensed contractors.

The area surrounding the ACMs removal worksite$ vdltemporary fenced and appropriate
warning signals will be placed to restrict accessrtauthorized personnel.

If necessary, to remove insulating ACMs from pipesenfined areas shall be realized
insulating the scaffoldings with PE sheets and eoting the enclosures to extraction fan
equipped with HEPA filtering systems (99.99% abateth

The access to the confined area will be realizeouthh suitable decontamination areas for
both workers and equipments.

Preliminary Encapsulation of Asbestos Cement Sheets

Before their removal, asbestos sheet covers will beated with suitable
wetting/encapsulating agents through low-pressiutesa spray pumps. The operation will
be usually conducted on the exposed (external) sfdthe asbestos sheet cover before
removal. The lower (internal) side will be treateefore piling in elevation or at ground
level.

Asbestos Sheets Dismantling Procedure

The dismantling of the asbestos sheet covers wiltdrried out preferably from the outer
side. If needed, the dismantling could also beiediout from the inner side using hydraulic
platforms. Fasteners, clamps and bolts will beaeed through manual utensils, avoiding
the use of any cutting or demolishing tool. If de@, only tools equipped with extraction
systems with HEPA filtration could be used. Oresténers will be removed, the sheets will
be removed and temporary piled on site.

Macedonian Ministry of Environment and Physical Planning (MEPP), Skopje, Republic of Macedonia Page 96
OHIS Site Remediation Project
Conceptual Design



Doc. No. 09-521-H3
Rev. 0 - June 2010

Sockpiling Procedure

The asbestos cement sheets will be piled eithtveatemoval site or at ground level. The
sheets will be piled with the encapsulated sideedrdownwards in order to allow the
impregnation of the untreated side. Each siddhefpiled sheets will be treated before the
final packing.

The lowering of the asbestos cement sheets or ghilest will be carried out through
hydraulic cranes or platforms.

Packing Methodol ogy

The piled sheets will be placed into suitable pagkinade of PE sheets at least 0.15 mm
thick, sealed with adhesive tape and labeled. drashed ACMs will be collected and
placed into PE bags of suitable thickness.

Packed asbestos sheets piles will be temporaglyepl within containers and sent to licensed
disposal facilities.

Daily Cleanup of the Working Area

During removal operations, all ACM fragments wi bnmediately removed or sucked and
placed in PE bags. At the end of each shift theking site will be cleaned from fragments
and dust through vacuum cleaner equipped with HERAS.

Personal Protective Equipments

Dismantling operators shall wear all PPE for wotkhaight and for accidental objects
impacts. All PPE related to the protection fromMGust shall be wear throughout the
working shift.

In particular, the following PPE represent the minim equipment of each operator:
* helmets;

» safety boots without laces;

» protective gloves;

* RPEs;

» disposable protective overalls; and

» safety belts with energy dissipation systems.

Suitable types of RPE will be selected through citéid Risk assessment which results will
be included in the Detailed Design. The most bldétaequipment for most ACMs
dismantling operations are the power assisted nasps with full face-mask of the highest
protection class (EN 12942 Class TM3). Howevepeteling on the Risk assessment
results, also non-powered or “Negative pressurgdirators, such as disposable or re-usable
half masks, could be used in supporting operatidsgative pressure respirators and filters
must comply with the following standards:

» disposable respirator to standards EN 149;

» half mask respirator to standard EN 140;

» semi-disposable respirator to EN 405;

» patrticle filters and combined filters respectividystandards EN 143 and EN 14387.
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Only the most efficient filtration systems shoulel ised, i.e. FFP3 for disposable respirators
and P3 for filters on re-usable respirators.

Disposable overalls of Type 5 (EN ISO 13982) or dyp (EN 13034) will be used for
ACMs removal operations.

Both used RPEs and overalls will be disposed asség®-containing waste.
Personal decontamination procedures and hygiene facility

Before the lunch break and at the end of each, shétore leaving the working area,
operators will carry out the following decontamioatprocedures.

Mobile hygiene facility is a temporary facility wdhi includes the following three sections:

» clean room;

e airlock;

» showers room; and

» dirty end.

The dirty end will be used by operators to remaV@isible contamination. Before leaving

the working area (or the enclosures) and entetiegdirty end, operators will vacuum off

with Class H vacuum cleaner fitted with brush dttaents RPEs and protective clothes.
Protective overalls, disposable underclothes aadegl will be removed inside the dirty end

and placed in suitable containers for disposabtdetive boots will be removed and stored.
All these operation will be carried out wearing RPE

Operators will then proceed to the shower room,revitieey thoroughly clean hair, body and
facemask. Once completed the cleaning proceddi®EsRvill be removed, switched off and
thoroughly cleaned. Operators will then procedadough the airlock, to the clean room,
where they will dry off, put on clean clothes ansinally inspect RPEs.

The entrance in the working area will be carrietifollowing the same procedure in reverse
order. Underclothes and protective overalls wdllgut on inside the clean unit. RPEs will
be put on, switched on and tested before entehniaglirty end.

ACMs Decontamination Unit

The ACMs decontamination unit is subdivided in ehsections connected only by the waste
bags transit basin the first two and by a flap deitih PE sheets the other two.

Proceeding from the working site (contaminated}h® non-contaminated area, the three
sections are described in the following:

» Washing room. The contaminated operator will thgtdy wash the contaminated bags
containing the ACMs or the used toaols;

» Repacking room. The cleaned bags will proceedhto repacking room through the
connection basin and they will be repacked in nelweled PE bags by a non-
contaminated operator;

e Storing room. The packed ACMs will be temporastpred in the storing room of the
decontamination unit before the final packing ig-bags.

Waste waters from the decontamination unit anddnaifacility will be collected and sent
to the wastewater treatment plant.
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Monitoring of Airborne Asbestos Fibers

During ACMs dismantling operations air monitoringllwbe carried out to assess the
concentration of airborne asbestos fiber levels kfaae been generated by the removal /
remediation process both inside and outside th&ingiarea. Final monitoring will then be
carried out to check that the area is suitableréanccupation on completion of asbestos
work.

To this aim, a measured volume of air will be dratwough a 25 mm-diameter filter. The

breathable fibers on a measured area of the ¥illebe counted using phase contrast optical
microscopy, and the concentration of the fibershim air will be calculated and compared
with regulation thresholds.

Training of Personnel

The ACMs removal Contractor shall use trained dpeseon risks related to asbestos works,
best techniques for dismantling and handling ACMeaning and decontamination
procedures, use of RPES, etc.

As a minimum, the training course shall focus anftillowing arguments:
* types, uses and risks of ACMs

» health hazards of asbestos and legislation

» site set up, maintenance and dismantling

» personal protective equipments

 transit procedures and decontamination

* ACMs dismantling procedures, plant and equipmeat us

» waste management and handling; and

* emergency procedures

8.4.3 Demolition Waste Treatments

8.4.3.1 Crushing and Washing Plant

The debris generated by the demolition operatiatises sent to the secondary crushing (the
primary volume reduction will be carried out thrbugxcavators with concrete pulveriser
jaws in proximity of the demolished structures) avakhing plant which should be able to
produce inert materials reusable for backfillingotrer civil engineering uses.

The plant will have a capacity of 500 ton/day analiil consist of the following sections:
» secondary crushing to reduce size to 7-8 cm;
* magnetic separation for metal and steel parts; and

» washing with industrial water or acid water (ma%o Sulphuric acid) through rotary
drums.

The 7-8 cm-sized material will be sent to temporatgckpiling for the sampling and
verification of conformity.
The fine-grained material collected from the rotainpm will be collected in a settling

basin/thickener or separated through cycloning. e Thastewater will be sent to the
wastewater treatment plant, while sludge will bet $e dehydratation.
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8.5

Considering a total volume of demolition materigtoncrete, reinforced concrete and
masonry) of 16000 Pcorresponding to approx. 24000 tons, a totatrmeat time (working
on a single shift per day) of approx. 50 days {seeted.

The flow chart of the demolition and treatment sxis reported in detail in Drawing 16.

8.4.3.2 Steel Washing/Decontamination

A specific area for the washing and decontaminattbrdismantled steel and metallic
structures and piping will be realized inside tlendlition material treatment platform. It
will consist of a bermed area with separate calgcsystem. Two basins will be realized
inside the area: a first basin for the steel stmast immersion and a second basin for the
rinsing through pressure lances. The metalliccatires moving will be realized through a
wheel loader. All along the perimeter of the wagharea impermeable barrier will be
erected to avoid contamination spreading. The imgspersonnel will be equipped with
impermeable coveralls (Type 6), full-face proteasipprotective gloves and boots.

8.4.3.3 Demolition Waste Decontamination (Optional)

As reported in Section 8.4.1.20, demolition adiagtwill generate a total of 15974° rof
debris (concrete/reinforced concrete and masor§)8% of which possibly requiring
further treatment due to exceedance of the ComomsBiecision 2003/33/EC limits for
hazardous waste landfill. In fact, elevated HCH &lg values were found respectively in
Sector A and Sector D buildings, while exceedarufe3003/33/EC limits were found in
leachate samples for DOC, sulphates, heavy matdisnarcury throughout the site.

The majority of contaminants should mainly adheréine materials and dust, therefore the
preliminary treatment (crushing and washing) shoodd able to decontaminate most of
demolition debris (especially from heavy metals erwiganic contaminants).

However, conservatively adopting past investigatmtimations, 7468 fnof demolition
material will possibly undergo thermal desorptiarich could completely eliminate HCH
and other organic contaminants.

Considering a capacity of the thermal desorberaijrgr 24 hours/day of approx. 300 ton/d a
total treatment time of 38 days is foreseen fonthele soil decontamination.

PHASE 3 — SURFICIAL SOIL EXCAVATION AND TREATME NT

The purpose of this Section is to present the ipialiry design and implementation plan of
excavation activities necessary to meet the clegyugs for the surficial soil identified in
Section 5.3.1.

Drawing 8 and Table 6.1 identify the initial excwa limits and surface individuated using
the cleanup goals summarized in Section 5.3.1.

After removal of soil from the initial excavatiomilits, the status of the excavation will be
evaluated using confirmatory samples. If the gomditory sampling results are higher than
the cleanup goal(s), further excavation will occuntii subsequent confirmation samples
indicate that the cleanup goals have been achieved.

The preliminary flow diagram showing the operatstgps, the possible alternatives and the
estimated capacities and operating times are rghartDrawing 17.

The detailed Excavation plan, indicating the numiifeoperating vehicles and resources to
be used related to the site conditions and effect@pacities, the operating cycles, the
temporary storage, packing and loading proceduiébevincluded in the Detailed Design.
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8.5.1 Equipments and Procedures

Suitable earth moving equipments and operatingclehiwill be selected to conduct soil
excavation, transport and backfilling operatiomdlofving the criteria indicated in the table
below:

Table 8.21: Earth Moving Equipments Use
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Clearing and ripping [ |

Excavation [ | B B

Loading [ | [ | [ |

Earth Movement [ | [ |

Transport [ | [ |

Unloading B B

Backfilling B B [ |

Final Grading [ | [ |

Compaction [ |

Common excavation practices based on groundwatgegiion and side slope stability
criteria will be followed. Among others, the folling criteria will be observed:

* minimum distance from the first aquifer shall beagnteed: the excavation operations
should involve only the unsaturated soils, i.e. bio¢tom of the excavation should lie
above the maximum excursion level of the local wficed aquifer;

* in case of need, dewatering systems or well peititde installed;

» natural impermeable barriers, if present, will sefar as possible preserved and not
excavated; and

 maximum side slope shall guarantee sufficient Btalfa side slope of 45% can be
retained as the limiting value).

8.5.2 Site Clearing and Vegetation Removal

Prior to any excavation, utilities that could béeated by the work will be marked and
verified through joint surveys with OHIS represémes and/or through geophysical surveys
(e.g. pipe locator, ground penetrating radar, ett.needed. If necessary, a specific
emergency response and restoration plan will begpegl in the event that an active utility is
damaged.
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The areas of concern will then be cleared of obstrg objects and debris (if any) and of
vegetation. To this aim, a dozer with ripper Wil used to remove the first 10-20 cm of saill
and to eradicate grass cover and roots.

Removed vegetation and roots will be collected semt to disposal of. Soil will be loaded
on trucks by a wheel loader (bucket capacity’pand sent to the stockpiling/treatment area
(see Section 8.2.3).

8.5.3 Excavation Procedures and Progression

After the completion of site clearing and vegetatiemoval, the first meter of soil will be
excavated through machine open excavation.

The areas of concern (indicated in Drawing 8) Ww#l excavated in homogeneous parcels.
Areas with different possible contamination will lmnoved and stockpiled separately. The
detail of the excavation progression, the temponaayagement area/loading zones shifting
with work and excavation progression, etc. willdsevided in the Excavation plan.

Soil will be excavated with hydraulic excavator andoved to the temporary
stockpiling/treatment area with 12-16-sapacity trucks.

One hydraulic excavator with a bucket of 1.35 aould complete the HCH-contaminated
soil excavation in 39 working days (working on aghé shift). The removal of HCH/Hg-
contaminated soil and Hg-contaminated soil wilkcbenpleted in further 10 days.

Excavated areas will be widened or deepened ifcenifirmation sampling data indicate that
the excavation objective has not been achievedca¥ation will continue until the target
levels set in Table 6.1 will be reached.

Depending on the results of the preliminary pikgting phase, soil will be either loaded on
trucks by one wheel loader (bucket capacity®3 amd sent to the stockpiling/treatment area
(Option 1) or packed on-site (Option 2) and loadedtrucks for the off site transport to
licensed treatment/disposal facilities (e.g. inciters).

8.5.4 Confirmatory Sampling

Soil confirmation samples will be collected to derstvate that soil exceeding cleanup goals
has been entirely removed.

Upon reaching the excavation limits, confirmaticemmples will be collected from soll
parcels which, according to the HHRA results shawdtl be further excavated (see Figure
8.39), and analyzed by licensed laboratory. Tiselte of the confirmation sampling will
direct termination or continuation of the excavatidf additional excavation is conducted, it
will be followed by additional round(s) of confiriien sampling.

As a preliminary concept, it is proposed to colleatomposite soil sample every 625 an
at least one every excavated pit (if smaller th2 8f). The samples will be collected by:

» defining 25 x 25 m regular grid on the bottom; and
» mixing four individual samples (aliquots) randgrdistributed over the grid.

Each sample will be collected from the bottom af #xcavated pit to a depth of 10-15 cm
below the bottom surface. Should the 25 x 25 rd griceed the base area of the excavated
pit, the sample will be collected if at least h#le mesh is within the bottom area (see
following Figure).
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Figure 8.39: Criterion for Perimeter Meshes Samplin g

For side walls, it is proposed to collect a comgosoil sample every 500°rof side wall or

at least one every 100 m of perimeter of the exeavpit. In any case at least one sample
every excavated pit shall be collected if smalleéhe sample will be collected by composing
four individual samples (aliquots) randomly distibd both longitudinally and vertically for
each 500 rsubarea of the sidewalls.

Each composite sample will be tested for the comtamts of concern (HCH/Hg) belonging
to the different remediation areas for which reragdn goals set by the HHRA are
exceeded.

The Confirmatory Sampling Plan (to be includedhe Detail Design) will provide detailed
guidance as to how confirmation sampling will benadocted and to how results will be
interpreted to support a decision whether the exto@v has met the performance standard or
whether additional excavation is needed.

8.5.5 Dust Control Measures

Soils will be managed for dust control as necesbased on air monitoring measurements
and physical conditions. Common dust containmestesns, such as spraying systems
throughout water sprinklers, fog cannons, etc. bd@lused to control dust emission during
excavation and packing activities. If wetting viil insufficient for dust control, soil may be

covered by LDPE sheets.

8.5.6 HCH/Hg-Contaminated Soil Treatment (Option 1)

Similarly to Phase 1, soil treatability will be ted through dedicated off site thermal
desorption pilot tests (especially for Hg and HChH¢bntaminated soils).

Should HCH-contaminated and/or Hg-contaminateds dml successfully decontaminated by
thermal desorption, a mobile/semi-mobile thermadadieer of suitable size (see Section
8.1.2) will be mobilized to OHIS site, and excavhtoil will be sent by trucks to the
temporary stockpiling/treatment area for thermadtment.

Considering a capacity of the thermal desorberaipey 24 hours/day of approx. 105 ton/d,
a total treatment time of 397 days is foreseentlfie HCH-contaminated surficial soil

treatment.

HCH/Hg and Hg-contaminated soil (considering th@edreatment capacity) will require a
further 82+35 days for the complete decontamination
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8.5.7 Soil Packing (Option 2)

In case the final destination of contaminated 86il be the off site treatment (i.e. pilot
testing failure), the waste will be packed in PEnds compliant with international regulation
for carriage of dangerous goods/waste by road ADR 2009, Basel Convention, etc.) and
sent to off site treatment either by trucks or tigto intermodal transport.

As for previous phases, considering the produckgxhen 60-1 PE drums (weight max. 80
kg) and subsequently on Euro pallets, an averagmcdst of 100 t/d is expected,
corresponding to approx. 753 days to complete tGelddontaminated surficial soil removal
and packing, and to approx. 156+23 days for HCHiHg Hg-contaminated soil.

Packed drums will be temporarily stored in a dedisction of the stockpiling area. Drums
storage shall be covered and bermed, in order dwige adequate containment for any
accidental leakage. Alternatively, the existing-A®1 warehouses (see Drawing 14 and
Figure 8.6) could be used for temporary drums gmmraAll buildings shall be carefully
checked to ensure their structural integrity ansisjdy samples shall be taken and analyzed
to avoid any health risk for workers and operators.

8.5.8 Soil Transport

Loaded trucks will move to the temporary stockgjlireatment area (Option 1) or to the
decontamination station (where soil will be remo¥en fenders and tires and the bed will
be covered) and the weighting station (Option 2).

In case of Option 2 selection, ten 25 ton-trucksil@¢otransport all packed HCH-
contaminated soils to an hypothetical treatmenttgtzcated 2000 km from the OHIS site in
more than 1,645 days (considering 9 hours as mawimaily journey), while intermodal
transport (trucks/train) could allow the completié gsite movement in approx. 502 days
(considering an average capacity of 3,000 tons/mortiCH/Hg and Hg-contaminated soils
transport to off site treatment will require funtf80 days considering road transport or 119
days considering intermodal transport.

Each loaded truck will leave the site with a cortgdiemanifest or bill of lading for transport
of soil or other material to the off site treatméattation. Soil loading and off site routes will
be detailed in the Transportation Plan which wdlibcluded in the Detail Design.

8.5.9 Safety and Training of Personnel

Excavation and removal will be performed by a Igeth hazardous substances removal
contractor. Personnel on site will observe OSHAetsa$tandards and follow the approved
Health and Safety Plan (included in the Detail Deji which addresses the safety of
personnel performing or entering excavations fe parposes of surveying and operating
equipment.

8.6 PHASE 4 — DEEP SOIL EXCAVATION AND TREATMENT
The purpose of this Section is to present the ipielry design and implementation plan of
excavation activities necessary to meet the cleajogis for the deep soil identified in
Section 5.3.1.
Drawing 9 and Table 6.1 identify the initial exctiwa limits and surface individuated using
the cleanup goals summarized in Section 5.3.1.
After removal of soil from the initial excavatioimiits, the status of the excavation will be
evaluated using confirmatory samples. If the gomditory sampling results are higher than
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the cleanup goal(s), further excavation will oceuntil subsequent confirmation samples
indicate that the cleanup goals have been achieved.

The preliminary flow diagram showing the operatstgps, the possible alternatives and the
estimated capacities and operating times are mghartDrawing 18.

The detailed Excavation plan, indicating the numitieoperating vehicles and resources to
be used related to the site conditions and effecti@pacities, the operating cycles, the
temporary storage, packing and loading proceduiiébevincluded in the Detailed Design.

8.6.1 HCH-Contaminated Soil In Situ Thermal Desorption (Option 1)

If successful ISTD pilot tests will be performediia OHIS site, a full scale installation will
be set up by the HCH-contaminated deep soil.

At this stage it is not possible to estimate tHedcale capacity of the ISTD process. The
main process parameters will be discussed in thaild®esign, which will also define the
off-gases treatment systems, including the possigdeof the TD off-gas treatment section.

8.6.2 Contaminated Soil Excavation and Treatment (O  ption 2)

The unique alternative to ISTD, in case of pilaitsefailure, will be the excavation of the
deep soil and the subsequent treatment, eitheteorsoff site at licensed facilities.

8.6.2.1 Equipments

Suitable earth moving equipments and operatingclehiwill be selected to conduct soil
excavation, transport and backfilling operatiord|ofving the criteria indicated in Table
8.21.

The access to the excavated areas for trucks agratomy vehicles will be guaranteed by a
ramp with a maximum slope of 8%.

8.6.2.2 Excavation Procedures and Progression

The areas of concern (indicated in Drawing 9) Ww# excavated through machine open
excavation. The detail of the excavation progmssithe temporary management
area/loading zones shifting with work and excavapoogression, etc. will be detailed in the
Excavation plan.

Soil will be excavated with hydraulic excavator armdoved to the temporary
stockpiling/treatment area with 12-16-mapacity trucks.

It is estimated that one hydraulic excavator witbueket of 1.35 rhcould complete the
HCH-contaminated deep soil excavation in 78 worldags (working on a single shift). The
removal of Hg-contaminated soil and Hg-contaminataitiwill be completed in 106 days.

Excavated areas will be widened or deepened ifceoifirmation sampling data indicate that
the excavation objective has not been achievedca¥ation will continue until the target
levels set in Table 6.1 will be reached.

Depending on the results of the preliminary piksting phase, soil will be either loaded on
trucks by one wheel loader (bucket capacity®3 and sent to the stockpiling/treatment area
(Option 1) or packed on-site (Option 2) and loadedtrucks for the off site transport to
licensed treatment/disposal facilities (e.g. inciters).
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8.6.2.3 Confirmatory Sampling

Soil confirmation samples will be collected to dersiwate that soil exceeding cleanup goals
has been entirely removed.

Upon reaching the excavation limits, confirmatiamples will be collected and analyzed by
licensed laboratory. The results of the confirmatsampling will direct termination or
continuation of the excavation. If additional exaion is conducted, it will be followed by
additional round(s) of confirmation sampling.

Similarly to previous Phase, a composite soil samyill be collected every 625 Twr at
least one every excavated pit (if smaller than 825

For side walls, it is proposed to collect a comgosoil sample every 500°rof side wall or
at least one every 100 m of perimeter of the exeavpit. In any case at least one sample
every excavated pit shall be collected if smaller.

Each composite sample will be tested for the comams of concern (HCH/Hg) belonging
to the different remediation areas for which reraddh goals set by the HHRA are
exceeded.

The Confirmatory Sampling Plan (to be includedha Detail Design) will provide detailed
guidance as to how confirmation sampling will benagocted and to how results will be
interpreted to support a decision whether the eati@v has met the performance standard or
whether additional excavation is needed.

8.6.2.4 Dust Control Measures

Soils will be managed for dust control as necesbased on air monitoring measurements
and physical conditions. Common dust containmestesns, such as spraying systems
throughout water sprinklers, fog cannons, etc. bdélused to control dust emission during
excavation and packing activities. If wetting viil insufficient for dust control, soil may be

covered by LDPE sheets.

8.6.2.5 HCH/Hg-Contaminated Soil Treatment (Option 2A)

Should HCH-contaminated and/or Hg-contaminateds dml successfully decontaminated by
thermal desorption, excavated soil will be sent kyicks to the temporary
stockpiling/treatment area for decontamination.

Due to the different physical features of deep @al different grain size and fine particles
content) a capacity of 166°fd can be assumed for the HCH-contaminated soh e
thermal desorber operating 24 hours/day. A totdtment time of 305 days can then be
foreseen for the HCH-contaminated deep soil treatme

For Hg-contaminated soil (due to the different gdis treatment set up), a capacity of 105
m3/d can be conservatively assumed. Thereforthe€u659 days should be considered for
the complete deep soil decontamination.

8.6.2.6 Soil Packing (Option 2B)

In case the final destination of contaminated 86il be the off site treatment (thermal

desorption pilot testing failure), the waste wik Ipacked in PE drums compliant with
international regulation for carriage of dangergasds/waste by road (i.e. ADR 2009, Basel
Convention, etc.) and sent to off site treatmettheei by trucks or through intermodal

transport.
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8.7

As for previous phases, considering the produckgrhen 60-1 PE drums (weight max. 80
kg), an average capacity of 100 t/d is expectedresponding to approx. 914 days to
complete the HCH-contaminated deep soil removal agking, and to approx. 1248 days
for HCH/Hg and Hg-contaminated soil.

Packed drums will be temporarily stored in a dedisction of the stockpiling area. Drums
storage shall be covered and bermed, in order dwige adequate containment for any
accidental leakage. Alternatively, the existing-A®1 warehouses (see Drawing 14 and
Figure 8.6) could be used for temporary drums gmmraAll buildings shall be carefully
checked to ensure their structural integrity ansisggly samples shall be taken and analyzed
to avoid any health risk for workers and operators.

8.6.2.7 Soil Transport

Loaded trucks will move to the temporary stockmgjlineatment area (Option 2A) or to the
decontamination station (where soil will be remo¥ean fenders and tires and the bed will
be covered) and the weighting station (Option 2B).

In case of Option 2B selection, it is estimated ffacked HCH-contaminated soils could be
transported to off site treatment in 1997 daysd#d transport is the selected option, or in
610 days through intermodal transport. Hg-contaueid soils transport to off site treatment
will require further 2727 days considering roadngort or 879 days with intermodal
transport.

Each loaded truck will leave the site with a cortgdiemanifest or bill of lading for transport
of soil or other material to the off site treatméaation. Soil loading and off site routes will
be detailed in the Transportation Plan which wdllibcluded in the Detail Design.

8.6.3 Safety and Training of Personnel

Excavation and removal will be performed by a lgeth hazardous substances removal
contractor. Personnel on site will observe OSHAetyastandards and follow the approved
Health and Safety Plan (included in the Detail Deki which addresses the safety of
personnel performing or entering excavations fe parposes of surveying and operating
equipment.

8.6.4 Shoring and Setbacks

The deep soil excavation will be shored where thpthl of excavation could endanger
nearby structures or site personnel during contsbmnic

Shoring or other measures will be implemented wusnthat the excavation meets OSHA
safety standards for construction personnel. #poand setback requirements will be
described in the Health and Safety Plan.

PHASE 5 - GROUNDWATER TREATMENT

As reported in Section 7.2.5, a traditional apphobased on a pump-and-treat system for
hydraulic confinement of the site and water extomctfollowed by on site treatment of CHC
and HCH contaminated groundwater with activated@as is considered adequate for the
treatment of shallow aquifer below OHIS site.

A pre-treatment for solid removal (i.e. sedimemtati sand filter with backwashing or
flocculation/sedimentation system) can be set uprdmove suspended solids, while
biological reactor can be possibly implemented ratiminary step before activated carbons
(if needed).
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To this aim, the on site waste water treatmenttpfareseen to treat all effluents from
operating sites and equipments can be adequatghadgd to treat extracted groundwater
treatment. The proposed plant configuration il in the following Section.

Once the lacking data will be acquired and pilatt tperformed to evaluate operative
parameters for the full scale application, pump &edt can be considered a cost effective
technology for the site, allowing the removal oé tbontamination plume with consequent
risk elimination for nearby communities.

8.7.1 Waste Water Treatment Plant

A Wastewater Treatment Plant (WWTP) will be set lgfore the beginning of the
remediation activities to decontaminate and reuastewaters coming from the different
operating plants/remediation operations.

The following wastewaters will be received and tiedeby the WWTP:
» preliminary building washing and dust preventior@ions;

» runoff water from stockpiling/treatment platforms;

» washing of demolition material;

» soil washing (if coarse material washing sectiol lvg activated);
* scrubbing; and

» decontamination operations.

Once the hydraulic barrier will be built on sitedastarted, the WWTP will be also used to
treat groundwater extracted from the shallow aquiéneath OHIS site.

The WWTP will be located on the grassy area Noréistwo the Section E (see Drawing 14).
All drainage wells will be connected with the WWTHrough dedicated flowlines running as
far as possible along the site perimeter, in orderavoid any interference with the

remediation activities.

The area will be paved and an adequate secondatgicment system will be provided to
contain tanks’ volume in case of leakage or rupture

Wastewaters from operative sections will be dirgcte an above ground equalization
tank/basin, designed to equalize concentration #od fluctuations of the incoming

wastewater before entering the downstream treatneguipment. The tank will be

continuously stirred, and liquid level and temperatmonitored.

Wastewaters will flow from the equalization tanktte neutralization system (if needed).
The pH of the influent wastewater will be adjusteg the addition of either sodium
hydroxide or sulfuric acid, as required, to efféfoe¢ precipitation of dissolved solids and
metals.

Suspended and dissolved solids separation will dmoraplished through a flocculation
system followed by a clarifier or in an integratfidtation/clarification system (which
consists of a rapid mix chamber, a flocculationnehar and a lamella plate clarifier unit). In
both cases, waters are pumped to a mixing chambegrew coagulant chemicals/
polyelectrolyte solutions are injected into the t@aster with mixing and subsequently the
wastewater flows by gravity into the circular cliadtion system or into the inclined plate
clarifier tank.

The clarified supernatant overflow will be dischedlgto the biologicalffiltering process
while the sludge generated at the bottom of thefidlawill be sent to the sludge treatment
system.
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The sludge treatment system will consist of a #ntkg basin and an automatic filter press.
Solids will be pumped to thickener from the bottofthe clarifier. The sludge will be
subsequently transferred to the filter press anvdatered, forming a solid cake for disposal
of.

If necessary, activated carbons (or multi-medi#@rs will remove remaining contaminants
(e.g. organic constituents) from the clarifier dlaw effluent before the recycling or the

final discharge. Depending on the organic contartiological reactor can be implemented
as intermediate step before activated carbonsifigie

Treated wastewater will finally flow through the stewater discharge monitoring station,
where pH, temperature and flow will be measuredutofatic sampling will be also
conducted at the monitoring station to check tHeeaement of the remedial targets and or
require reuse standards.

The process diagram of the proposed WWTP is regpant®rawing 19.

8.8 ENVIRONMENTAL MONITORING ACTIVITIES

Environmental monitoring activities will be carriegut during the whole remediation
duration to identify (and mitigate) any possibleieonmental impact which may result from
on site operations. Monitoring will have to rarfgem visual inspection of the facilities and
equipments to more extensive ambient emissionstorang.

A detailed Environmental Monitoring Plan (EMP) wik developed in the Detailed Design.

8.8.1 Air Monitoring

During execution of building demolitions, waste aahtaminated soils excavation and final
backfilling activities, the air dust concentratiaml be monitored.

Monitoring will be carried out through suitable antatic air monitoring stations. Intake air
volume will be automatically measured and fine ipbetfilters will be periodically extracted
and analyzed for quantification of total and finesticontent and metals concentration.

For each dust monitoring cycle, a detailed anaytiog will be compiled. Meteorological
data (air temperature, pressure, climatic conditiomind direction, etc.) relevant to the
observation period will be also recorded on each |Monitoring data will be normalized
considering the meteorological conditions and finedcorded in table format.

Four compass sampling stations (N, S, W, E) wilselected at the site borders. Monitoring
station number could be increased, and locatiomgddh based on specific activities and
meteorological conditions (e.g. prevailing windedition).

Field gas measurements using portable instrumdr@®©g O,, CH,, H,S and Total Volatile
Hydrocarbons (TVHSs) or Volatile Organic Compoun®f©(Cs) will be conducted monthly.
More accurate ambient air quality monitoring cargpaiwill be conducted at least quarterly
at four compass monitoring points located at tteetsdrders.

Air monitoring will be performed in accordance witie Air Monitoring Plan included in the
Detail Design.

8.8.2 Noise Monitoring

Noise monitoring will be carried out to verify opéional phase noise levels. Noise levels
will be measured before the beginning of operatifreseline data) and at least every six
months during site operations. According to WdBdnk/IFC General EHS Guidelines,
noise monitoring programs will be designed and cebetl by trained specialists. Typical
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monitoring periods should be sufficient for statiat analysis and may last 48 hours with the
use of noise monitors that should be capable afilggdata continuously over this time
period, or hourly. The type of acoustic indicesorgled depends on the type of noise being
monitored, as established by a noise expert. Monghould be located approximately 1.5
m above the ground and no closer than 3 m to dhectimg surface (e.g., wall).

Four compass sampling points will be selectedasite borders.

8.8.3 Groundwater Monitoring

Groundwater monitoring campaigns will be carried during remediation operations to
identify the water contaminants in groundwater veses by accidental leakages and spills,
upstream and downstream of the remediation siteo thHis aim, groundwater from
monitoring well network installed at the OHIS sifeell selection will depend on the
operations progression) will be sampled and medsgoarterly for parameters detailed in
the EMP.
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9 PRELIMINARY TIME SCHEDULE

Preliminary time schedules for the OHIS site reratdn, respectively considering HCH
treated on site (MCD coupled with TD) or off sitedineration) are provided in Drawing 20
and Drawing 21.

Work organization in three daily shifts of 8 howach (i.e. 24 working hours/day) and 6
working days per week have been considered fatirtteeschedule development.

The total treatment time for the proposed remenhiasitrategy has been estimated based on
the remediation capacities reported in previougi@ex The parallel execution of different
phases has been considered, in order to allow rigimigrinoperative times and consequently
reducing as much as possible the whole remedititian

Off site transport duration has been calculatedicieming as a calculation basis, ten 25 ton-
trucks transporting all packed HCH waste to an liygiical treatment plant located 2000 km
from the OHIS site and considering 9 hours as mamindaily journey. Instead, 3,000
tons/month is the capacity used for intermodalsjpant.

Considering the possible use of mechanochemicalitendealogenation coupled with TD,
the whole remediation activities duration have bestimated in five years and seven
months. Instead, the off site treatment for HCHstwadue to the considerable amount of
soil to be desorbed on site and the mobile planitdtions previously described, will only
lead to a reduction of the total remediation tirhéeav months.
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10 COST ESTIMATION

The economical investment needed for each projéesg implementation has been
estimated using the following sources:

» several quotations received from potential techgwBuppliers in Europe;
» Standard Price Codes in force in Italy;

e current Italian market prices;

» past remediation projects already developed by Popnia; and

» estimations/economic data gathered from local Bestn

All prices (except the direct Companies’ quotati@msl Macedonian current prices) have
been weighted to take into account the differendpcts/manpower cost between Italy and
Macedonia. When not directly obtained, prices weakculated through a detailed price
analysis.

In particular, for the selected technologies, tbkofving unit prices, based on received
guotations, were used:

* unit cost for MCD pilot tests (including chemicadadysis of pesticide content at various
stages and heavy metal content, chemical analisisrochlorinated organic compounds,
pilot test, assessment of frequency of maintenaacd energy requirements and
optimization of post-treatment options) was set3p140 Euro;

 initial investment for full scale MCD on site indion is 4,700,000 Euro (including
start-up);

* MCD operational costs (without post treatment),tqgdan the range of 100-500 Euro/ton,
was set to 175 Euro/ton;

 the unit price for TD lab/pilot test was set toGEY) Euro;

» TD cost, quoted in a range of 70-250 Euro/ton ddpgnon the size of the thermal
desorber, was set to 75 Euro/ton. Mobilizatiorstaitation, demobilization and return
transport costs (ranging from 550,000 to 650,00@Ewas set to 600,000 Euro;

» ISTD pilot testing phase with the configuration clésed in the previous Sections will
cost around 675,000 Euro (not including the experfee the treatment of extracted
gases, drilling of the wells, establishment of posugoply and use of power);

» incineration cost, typically in the range of 4009@0 Euro/ton, was set to 480 Euro/ton,
on the basis of the quotations obtained;

» off site transport cost was set to 85 Euro/tonl(idimg Governmental fees); and
* on site pump and treat pilot test (2 to 4 m3/h} egss set to 40,000 Euro.

Even not explicitly included in the total cost esdition (since a preliminary cost for a pump
and treat system can be quantified only with mgecHic data regarding hydrogeology and
dimensioning of the hydraulic barrier), as a pretany indication, a plant pumping 50 m%h
can have a price ranging between 250,000 and 40@&0O@o, with operating costs ranging
between 60,000 and 120,000 Euro per year.

Table 10.1 and Table 10.2 detail the cost estimfiiedach remediation phase respectively
considering either the possible on site utilizattdriMCD coupled with TD for HCH waste
treatment and TD for all other contaminated masri@@ption 1) or the off site treatment of
HCH waste coupled with on site TD for other contaaed media (Option 2). As already
underlined in previous Sections, it is unlikelytti@ption 2 will be implemented, but it can
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not be excluded a priori, and only pilot testingildoconfirm the applicability of selected
treatment options. Therefore, Option 2 costs hlbgen included for both comparison
purposes and completeness of the present study.

The price analysis carried out for each item noeally obtainable from cited sources is
reported in Table 10.3.

Due to the considerable cost of the whole actisjtihe same phases’ subdivision of the
proposed remediation approach has been maintaonélef cost estimation, in order to allow
possible splitting of future tendering process ftildwing remediation activities.

Prices may be reduced based on outcomes of piicapons (when final treatment rates
will be calibrated), but also based on bottom eatian sampling results (which may result
in lower volume of contamination sources).
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Table 10.1: Cost Estimation for Each Remediation Ph

ase Considering On Site MCD for HCH Waste

BoQ1 HCH Waste Dehalogeantion and Thermal Desorptio n
Item No. |ltem Description ‘ U.M. ‘ Quantity ‘ Unit Price ‘ Total
PILOT TESTING PHASE
1 Dehalogenation pilot test on HCH waste (4 tests x 60 kg each) pcs 4 13,440.00 € 53,760.00
2 Thermal desorption pilot test on soil pcs 3 40,000.00 € 120,000.00
3 Thermal desorption pilot test on dehalogenated waste pcs 3 40,000.00 € 120,000.00
SUM € 293 760.00
WORK SITE INSTALLATION
4 Temporary facilities installation, fences, work site installation pcs 1 78,449.84 € 78,449.84
5 Demolition waste treatment area building m2 5,500 35.80 € 196,909.88
6 Temporary stockpile and soil treatment area building m2 13,500 37.26 € 502,959.24
7 Wastewater treatment area building m2 2,500 35.80 € 89,504.49
8 WWTP mob and installation lump sum - - € 700,000.00
SUM € 1567 823.45
PHASE 1 - DUMPS REMOVAL
HCH DUMPS OVERLYING SOIL REMOVAL AND TREATMENT
9 Thermal desorber mob/demob and installation pcs 1 600,000.00 € 600,000.00
10 Alpha+beta HCH dump overlying soil removal m3 5,200 2.68 € 13,929.07
11 Alpha+beta HCH dump overlying soil thermal desorption ton 9,360 75.00 € 702,000.00
12 Delta HCH dump overlying soil removal m3 2,010 2.68 €5,384.12
13 Delta HCH dump overlying thermal desorption ton 3,618 75.00 € 271,350.00
SUM €1,422,663.19
(OPT 1) HCH DUMPS WASTE REMOVAL AND TREATMENT
14 Mechanochem Dehalogenator building/installation (inside A9-A11 buildings) lump sum - - € 4,700,000.00
15 Delta HCH dump waste removal m3 620 2.68 €1,660.77
16 Delta HCH dump waste dehalogenation ton 589 175.00 € 103,075.00
17 Delta HCH dehalogenated waste thermal desorption ton 589 75.00 € 44,175.00
18 Alpha+Beta HCH dump waste removal m3 15,000 2.68 € 40,180.00
19 Alpha+Beta HCH dump waste dehalogenation ton 28,500 175.00 € 4,987,500.00
20 Dehalogenated HCH waste thermal desorption ton 28,500 75.00 € 2,137,500.00
SUM €12,014,090.77
SUM € 13,606,753.96
PHASE 2 - BUILDINGS DEMOLITION
21 Asbestos removal m2 2,041.5 13.89 € 28,352.35
22 Buildings and structures demolition m3 85,000 23.66 € 2,011,156.67
23 Crushing/Washing/Magnetic separation ton 24,026.5 26.97 €647,994.71
24 Hazardous waste treatment (thermal desorption) ton 11,201.8 75.00 € 840,135.00
25 Wastewater treatment m3 70,000 7.54 € 527,602.80
SUM € 4 055 241.52
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BoQ1 HCH Waste Dehalogeantion and Thermal Desorptio n
Item No. |Iltem Description U.M. ‘ Quantity ‘ Unit Price Total
PHASE 3 - SURFICIAL SOIL REMOVAL AND TREATMENT
26 HCH-contaminated surficial soil excavation m3 41,804.9 2.68 €111,981.39
27 HCH-contaminated soil treatment (thermal desorption) ton 75,248.82 75.00 € 5,643,661.50
28 HCH-Hg-contaminated surficial soil excavation m3 9,903.6 2.68 € 26,528.44
29 HCH-Hg-contaminated soil treatment (thermal desorption) ton 17,826.48 75.00 € 1,336,986.00
SUM €7,119,157.34
IN-SITU THERMAL DESORPTION PILOT TESTING
30 Pilot plant installation lump sum -
31 Pilot testing lump sum - € 732,050.00
SUM € 732,050.00
PHASE 4 - DEEP SOIL REMOVAL AND TREATMENT
(OPT 2) HCH-CONTAMINATED DEEP SOIL REMOVAL AND TR EATMENT
32 HCH-contaminated deep soil excavation m3 50,752.8 2.68 € 135,949.83
33 HCH-contaminated soil treatment (thermal desorption) ton 91,355.04 75.00 € 6,851,628.00
SUM €6,987,577.83
Hg-CONTAMINATED DEEP SOIL REMOVAL AND TREATMENT
34 Hg-contaminated deep soil excavation m3 69,321 2.68 € 185,687.85
35 Hg-contaminated soil treatment (thermal desorption) ton 124,777.8 75.00 € 9,358,335.00
SUM € 9,544,022.85
SUM € 16,531,600.69
PHASE 5 - PUMP&TREAT
36 Pilot testing of P&T system (4 m3/h) lump sum - € 40,000.00
37 WWTP upgrading
38 Wells drilling and piping
39 Groundwater extraction and treatment
SUM € 40,000.00
ANALYSES
40 Demolition monitoring and waste analyses € 600,000.00
41 Confirmatory excavation bottom sampling and analyses € 300,000.00
42 Soil analyses for on site treatments
43 Water analyses € 1,000,000.00
SUM € 1,900,000.00
TOTAL € 45,846,386.96
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Table 10.2: Cost Estimation for Each Remediation Ph

ase Considering Off Site Incineration for HCH Waste

BoQ2 HCH Waste Incineration
Item No. Item Description ‘ U.M. ‘ Quantity ‘ Unit Price ‘ Total
PILOT TESTING PHASE
1 Dehalogenation pilot test on HCH waste (4 tests x 60 kg each) pcs 4 13,440.00 € 53,760.00
2 Thermal desorption pilot test on soil pcs 3 40,000.00 € 120,000.00
3 Thermal desorption pilot test on dehalogenated waste pcs 3 40,000.00 € 120,000.00
SUM € 293,760.00
WORK SITE INSTALLATION
4 Temporary facilities installation, fences, work site installation pcs 1 78,449.84 € 78,449.84
5 Demolition waste treatment area building m2 5,500 35.80 € 196,909.88
6 Temporary stockpile and soil treatment area building m2 13,500 37.26 € 502,959.24
7 Wastewater treatment area building m2 2,500 35.80 € 89,504.49
8 WWTP mob and installation lump sum - - € 700,000.00
SUM € 1,567,823.45
PHASE 1 - DUMPS REMOVAL
HCH DUMPS OVERLYING SOIL REMOVAL AND TREATMENT
9 Thermal desorber mob/demob and installation pcs 1 600,000.00 € 600,000.00
10 Alpha+beta HCH dump overlying soil removal m3 5,200 2.68 € 13,929.07
11 Alpha+beta HCH dump overlying soil thermal desorption ton 9,360 75.00 € 702,000.00
12 Delta HCH dump overlying soil removal m3 2,010 2.68 €5,384.12
13 Delta HCH dump overlying thermal desorption ton 3,618 75.00 € 271,350.00
SUM €1,422,663.19
(OPT 2) HCH DUMPS WASTE REMOVAL AND TREATMENT
14 Delta HCH dump waste removal and packing ton 589 86.85 €51,155.24
15 Delta HCH dump waste off site transport ton 589 85.00 € 50,065.00
16 Delta HCH dump waste off site treatment ton 589 480.00 € 282,720.00
17 Alpha+beta HCH dump waste removal and packing ton 28,500 85.44 € 2,435,073.76
18 Alpha+beta HCH dump waste off site transport ton 28,500 85.00 € 2,422,500.00
19 Alpha+beta HCH dump waste off site treatment ton 28,500 480.00 € 13,680,000.00
SUM € 18,921,514.00
SUM € 20,514,177.19
PHASE 2 - BUILDINGS DEMOLITION
20 Asbestos removal m2 2,0415 13.89 € 28,352.35
21 Buildings and structures demolition m3 85,000 23.66 € 2,011,156.67
22 Crushing/Washing/Magnetic separation ton 24,026.5 26.97 €647,994.71
23 Hazardous waste treatment (thermal desorption) ton 11,201.8 75.00 € 840,135.00
24 Wastewater treatment m3 70,000 7.54 € 527,602.80
SUM € 4,055,241.52
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BoQ2 HCH Waste Incineration
Item No. Item Description U.M. ‘ Quantity ‘ Unit Price Total
PHASE 3 - SURFICIAL SOIL REMOVAL AND TREATMENT
25 HCH-contaminated surficial soil excavation m3 41,804.9 2.68 €111,981.39
26 HCH-contaminated soil treatment (thermal desorption) ton 75,248.82 75.00 € 5,643,661.50
27 HCH-Hg-contaminated surficial soil excavation m3 9,903.6 2.68 € 26,528.44
28 HCH-Hg-contaminated soil treatment (thermal desorption) ton 17,826.48 75.00 € 1,336,986.00
SUM €7119157.34
IN-SITU THERMAL DESORPTION PILOT TESTING
29 Pilot plant installation lump sum -
30 Pilot testing lump sum - € 732 050.00
SUM € 732 050.00
PHASE 4 - DEEP SOIL REMOVAL AND TREATMENT
(OPT 2) HCH-CONTAMINATED DEEP SOIL REMOVAL AND TR EATMENT
31 HCH-contaminated deep soil excavation m3 50,752.8 2.68 € 135,949.83
32 HCH-contaminated soil treatment (thermal desorption) ton 91,355.04 75.00 € 6,851,628.00
SUM € 6,987,577.83
Hg-CONTAMINATED DEEP SOIL REMOVAL AND TREATMENT
33 Hg-contaminated deep soil excavation m3 69,321 2.68 € 185,687.85
34 Hg-contaminated soil treatment (thermal desorption) ton 124,777.8 75.00 € 9,358,335.00
SUM € 9,544,022.85
SUM € 16,531,600.69
PHASE 5 - PUMP&TREAT
35 Pilot testing of P&T system (4 m3/h) lump sum - € 40,000.00
36 WWTP upgrading
37 Wells drilling and piping
38 Groundwater extraction and treatment
SUM € 40,000.00
ANALYSES
39 Demolition monitoring and waste analyses € 600,000.00
40 Confirmatory excavation bottom sampling and analyses € 300,000.00
41 Soil analyses for on site treatments
42 Water analyses € 1,000,000.00
SUM € 1,900,000.00
TOTAL € 52,753,810.19
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Table 10.3: Price Analysis

Item No. Item Description U.M. Unit Price Quantity TOT
BoQl1 [BoQ2
4 4 Temporary facilities installation, fences, work site installation
Metallic galvanized steel fence, 50x50, diam. 2 mm, min. height 2 m, T-shaped metal support
stakes, etc. Euro/m2 19.15 552 10,570.80
Temporary facilities for Offices, Canteen, Toilets, etc. Euro/m2/month 3.00 5,400 16,200.00
Temporary facilities for Lockers, Washrooms/showers Euro/m2/month 2.00 5,400 10,800.00
Temporary facilities for storage Euro/m2/month 1.50 10,800 16,200.00
Temporary facilities for workshops Euro/m2/month 3.00 5,400 16,200.00
Road foundation excavation. Trench machine excavation to a max. depth of 2 m in loose soils | m3 4.06 81 328.54
Granular sub-base and cement bound granular base m3 10.00 81 810.00
Surficial base finishing m2 1.50 405 607.50
Bituminous emulsion m2 0.60 405 243.00
Supply, placing and compacting of bituminous binder m2 6.00 405 2,430.00
Supply and placing of New Jersey m 58.00 70 4,060.00
TOT 78,449.84
Quantity 1
Unit Price 78,449.84
5 5 Demolition waste treatment area building
Trench machine excavation to a max. depth of 2 m in loose soils m3 4.06 1,100 4.461.60
Granular base m2 7.46 5,500 41,052.00
Reinforcing welded wire supply and placing m2 1.11 5,500 6,116.00
Supplying and placing of concrete (class 250 with Rck =25 N/mm4; thickness 20 cm) m2 20.96 5,500 115,280.00
Supply and placing of formwork m2 20.00 210 4,200.00
Vertical rebars supply and placing m2 0.28 210 58.38
Supplying and placing of concrete (class 300 with Rck =30 N/mm4; thickness 20 cm) mc 110.00 52.5 5,775.00
Drain well (6 m3) pcs 829.10 1 829.10
Prefabricated concrete channels (40x36) m 17.84 100 1,784.00
Galvanized steel carriageable wire cover (27x40). m 113.85 100 11,384.80
Sumberged pump pcs 5,969.00 1 5,969.00
TOT 196 909.88
Quantity 5500
Unit Price 35.80
6 6 Temporary stockpile and soil treatment area bui  Iding
Trench machine excavation to a max. depth of 2 m in loose soils m3 4.06 13,500 54,756.00
Granular base m2 7.46 13,500 100,764.00
Supply and placing of impervious HDPE liner thickness 1.5 mm. Including welding. m2 4.73 13,500 63,801.00
Supply and placing of gravel for drainage layer m3 23.83 4,050 96,493.28
Supply and placing of geotextile 220 g/m2 m2 1.96 13,500 26,392.50
Supply and placing of sand/soil for protective layer m3 34.22 4,050 138,595.05
Embankments construction using compacted soil m3 7.90 1,910 15,082.32
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Item No. Item Description U.M. Unit Price Quantity TOT
BoQ1 |BoQ2
HDPE drain wells pcs 86.70 8 693.60
HDPE drainage pipe (diam. 200 mm), double wall, corrugated external surface, smooth
internal surface. Slotted on site. m 6.77 250 1,691.50
Automatic drainage/leachate collection and pumping station pcs 4,690.00 1 4,690.00
TOT 502,959.24
Quantity 13,500
Unit Price 37.26
9 9 Thermal desorber mob/demob and installation
Thermal desorber mob/demob and installation — quotation #1 Euro 550,000.00 1 550,000.00
Thermal desorber mob/demob and installation — quotation #2 Euro 650,000.00 1 650,000.00
Average 600,000.00
TOT 600,000.00
Quantity 1
Unit Price 600,000.00
10 10 Alpha+beta HCH dump overlying soil removal
Open excavation including on-site transport (<1500 m) to temporary stockpile area m3 3.54 5,200 18,387.20
Common excavation m3 1.50 5,200 7,800.00
Open excavation m3 3.00 5,200 15,600.00
Average 13,929.07
TOT 13,929.07
Quantity 5,200
Unit Price 2.68
- 14 Delta HCH dump waste removal and packing
Open excavation (in waste) m3 2.68 620 1,660.77
Supply of 60-L PE Drums ton 15.60 589 9,188.40
Supply of Euro pallets ton 4.00 589 2,356.00
Manpower ton 64.43 589 37,950.07
TOT 51,155.24
Quantity 589
Unit Price 86.85
- 17 Alpha+beta HCH dump waste removal and packing
Open excavation (in waste) m3 2.68 15000 40,180.00
Supply of 60-L PE Drums ton 15.60 28500 444,600.00
Supply of Euro pallets ton 4.00 28500 114,000.00
Manpower ton 64.43 28,500 | 1,836,293.76
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Item No. Item Description U.M. Unit Price Quantity TOT
BoQl |BoQ2
TOT 2,435,073.76
Quantity 28,500
Unit Price 85.44
22 21 Buildings and structures demolition
Controlled demolition including transport m3 17.63 85,000 | 1,498,720.00
Demolition of structures in reinforced concrete m3 20.45 85,000 | 1,738,250.00
Demolition of any kind of building m3 17.90 85,000 | 1,521,500.00
Average 1,586,156.67
Preliminary crushing to max. size of 30 cm m3 85,000 425,000.00
Preliminary structure washing m3
TOT 2,011,156.67
Quantity 85,000
Unit Price 23.66
23 22 Crushing/Washing/Magnetic separation
Secondary crushing to a max. size of 80 mm. Washing and magnetic separation including
water and electricity consumption ton 26.97 24,026.5 647,994.71
TOT 647,994.71
Quantity 24,026.5
Unit Price 26.97
24 25 Wastewater treatment
Manpower (five years plant operation) lump sum 70,000 453,124.80
Polielettrolite (2-4 g/m3) m3 0.01 70,000 938.00
Flocculant (50-100 g/m3) m3 0.02 70,000 1,540.00
Energy (60 kW power consumption) m3 1.03 70,000 72,000.00
(considering a capacity of 70 m3/h)
TOT 527,602.80
Quantity 70,000
Unit Price 7.54

MZ/MNC/EN/GBD/PAR/MGC:mcs
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