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0 Introduction

0.1 Objectives and scope of this Guidance document

Key objective

The key objective of this Guidance document is to provide different agencies, both
Government and non-government, involved in the assessment and remediation of
contaminated sites in India with methodologies. These methodologies mainly cover
[i] the process for selecting and implementing preferred remediation options and

[ii] the technical guidelines and standards that can be applied.

The Guidance document has been developed so that the agencies involved in the
assessment, investigation and remediation of contaminated sites on a day to day
basis will find it to be a practical manual for years to come.

Scope

This Guidance document is arranged in three Volumes as
follows:

e Volume I|: Methodologies and Guidance;

¢ Volume II: Standards and Checklists;

e Volume lll: Tools and Manuals.

Volume | guides the user through every step of the
assessment and remediation process by providing relevant
information, flowcharts, practical guidance and considerations.
For standards and checklists the user is referred to Volume II,
and for more detailed technical manuals to Volume lll. The
Guidance document is designed as a standalone reference
manual and can therefore be considered to either include or
refer to all information relevant for dealing effectively with
contaminated sites.

It should be noted that the contaminated site remediation industry in Europe, USA
and similar countries has accumulated its knowledge and experience over a period of
more than 35 years. It is therefore not intended to capture all that in this Guidance
document. By contrast, the Guidance document aims to provide a judicious mix of
general overviews and detailed specifications to encapsulate the global practical
knowledge and theoretical basis, international industry practices and above all, the
great wealth of practical experience around the world for an experienced and trained
technical manager in India to take up the next steps of the National Program for
Remediation of Polluted Sites (NPRPS).

The document was developed while keeping in mind factors such as [i] the nascent
phase the site remediation industry in India is in, [ii] the wide ranging variety and
complexity of individual sites and their particular characteristics, [iii] the capacity gaps
at different levels, and [iv] the particular interrelation between technical and non
technical (legislative, legal, financial) factors typical for India.

Guidance document for assessment and remediation of Volume I -0 Page 1 of 18
contaminated sites in India




Content

The Guidance document covers the entire gamut of technical aspects stakeholders
need to address while dealing with a contaminated site in India. Each aspect is dealt
with the appropriate degree of general descriptions and specific details. The
document presents the complete process of dealing with a contaminated site, from
identification through assessment and remediation to delisting, in a sequence of
fourteen steps, explains their interrelations, and provides detailed presentation of
each of the steps. While the focus is on practical, technical, aspects, wherever
relevant reference is made to institutional, legal and financial aspects.

Targeted users: technical and non-technical

The aim of the Guidance document is to provide practical guidance to various types
of users by providing references to technical issues they face on a day to day basis.
While all professionally involved stakeholders may find the information useful, the
Guidance document is mainly aimed at the competent authorities and/or agencies
assigned to implement any part of site remediation works.

The Guidance document can be used by a non-industry professional, policymaker or
manager, or as a technical manual by those more directly involved in site remediation
in India. While the general reader does not need to know anything about site
remediation, a degree of familiarity with basic remediation issues is expected from
the technical user wishing to explore the details.

The level and complexity of technical details included assumes that the user is
trained as an engineer or manager, is dealing with contaminated sites on a day to
day basis, and has a background in the fields of one or more of: [i] civil engineering,
[ii] chemical engineering, [iii] geology, [iv] hydrology or [v] environmental (waste)
management. However, the document is set up in such a way that it is also useful for
decision makers and those persons supporting the engineers.

For providing technical guidance and supervision

With the help of the Guidance document a trained engineer should be able to give
technical direction to the approach of the assessment and the remediation of a
contaminated site. The document will guide such a reader through every step of the
assessment and remediation process by providing, among other information,
flowcharts, data, checklists, and considerations. Detailed information is included, e.g.
in the form of data overviews, checklists and technical manuals. For additional
detailed information, e.g. on methods, equipment and models, the Guidance
document refers to websites and other documents.

For dealing with contamination, not its prevention

Experience in many countries has led to international consensus that dealing with
existing contamination on a site is very different from preventing such contamination
in the first place. It is well accepted that the key in prevention is a thorough
environmental awareness. For example, at sites where potentially contaminating
activities take place, technical measures to prevent hazardous substances from
penetrating into soil, groundwater or surface water are necessary. One of the better
known of these measures is providing the site with an impermeable floor.

Guidance document for assessment and remediation of Volume I -0 Page 2 of 18
contaminated sites in India




This Guidance document primarily deals with issues concerning assessment and
remediation of already contaminated sites. Any technical measures for the protection
of soil, groundwater and surface water or for the prevention of further contamination
are covered only in passing, where appropriate.

For training and technical capacity building

An equally important intended use of the Guidance document is for initial training and
technical capacity building among various stakeholders and agencies involved in the
Indian site decontamination industry. While it is impractical to capture in one
document many hundreds of man years of global site decontamination experience,
the emphasis in the Guidance document is on providing practical knowledge and,
quite literally, guidance, to a person involved in the Indian site decontamination
Industry.

A non-technical person, for example a policy decision maker, a finance professional
or a project manager, may use relevant sections of this document to familiarise him-
or herself with the process of identification, assessment and remediation of
contaminated sites and how it affects the non-technical decision parameters.

For a technical professional involved in a specific aspect of carrying out, supervising
or regulating site decontamination, both organised overviews, adequately
contextualised, and sufficient details on those aspects are provided. It is intended
that after digesting the specific information provided in the Guidance document, the
technical professional may seek further details in the wide ranging references the
Guidance document provides.

Terms and definitions — the Glossary
For terms and definitions please refer to the Glossary,
presented at the end of Volume |.

0.2 Introduction to contaminated sites

Generally, around the world, it is an accepted practice to describe contaminated sites
as areas in which toxic and hazardous substances exist at levels and in conditions
which pose existing or imminent threats to human health or the near and surrounding
environment (see Glossary for the formal definition of a contaminated site).

Such sites often pose multi-faceted health and environmental problems to society.
They can adversely impact any or all parts of the surrounding environment,
particularly surface waters, soils, and groundwater and can result in people being
knowingly or unknowingly exposed to toxic substances. Contaminated sites may
include production areas, landfills, dumps, waste storage and treatment sites, mine
tailings sites, spill sites, chemical waste handler and storage sites. These sites may
be located in residential, commercial, agricultural, recreational, industrial, rural,
urban, or wilderness areas. This situation is also applicable in India. This document is
aimed at dealing with a broad range of types of contaminated sites occurring in India.
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However under NPRPS bio-medical wastes, mining wastes and radioactive wastes
have not been considered as these are dealt separately under the relevant Acts and
the rules made thereunder. Various elements of the process and content of
assessment and remediation, as described in this Guidance Document, can be used
for remediation of other types of waste as well.

While it is recognised that legal aspects of the origin of a contaminated site may or
may not be clear, the technical issues concerning disposal or dumping remain the
same for legal or illegal contamination.

More specifically, the types of sites addressed in this Guidance document are:

e “Point” sites, such as dumps of waste or individual contaminated facilities (an
example is shown in figure 1-0.1 below);

e “Area’” sites, a site within a broader area of ongoing and legacy contamination
where the site of concern needs to be addressed in this wider context. An
example of this is an individual dump within an industrial area, where there are
also other sources of pollution (an example is shown in figure [-0.2 below);

e Municipal dumps, often with an unclear history, which may contain hazardous
substances dumped before the municipality gained effective control (an
example is shown in figure 1-0.3 below);

e Brownfields, which may, or may not, have clear ownership and which have
development potential if the contamination problems can be successfully
resolved.

Figure I-0.1 Waste material at Ranipet
site, typical “point” site

Figure 1-0.2 Contaminated land near
Eloor, typical “area” site
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Waste versus soil contamination

A by product of almost every human activity anywhere is waste, which can manifest
itself in countless different forms. Not all waste automatically leads to soil
contamination. In fact, when waste is effectively reused, it can actually avert soil
contamination. Waste does lead to soil contamination when it negatively affects soil
or groundwater or other environmental features. Most often, this is due to
uncontrolled dumping or lack of timely suitable remediation measures.

The soil comprises three phases

“Soil” is one of the most universally used every day terms in all societies and often
means the same to all users, except maybe in very specific contexts. In this document,
soil is considered to comprise three phases, including the organisms living in these
phases:

e Solid phase, consisting of the sand, loam, and clay particles, but also including the
organic solid elements, like decomposing leaves;

e Liquid phase, consisting of the groundwater;

e Gaseous phase, consisting of the air trapped among the soil particles.

Underwater soil is usually referred to as ‘sediment’, and also comprises three phases,
albeit that the gaseous phase is very small.

Soil contamination can occur in any of these three phases or in any combination
thereof. Contamination of the solid phase may be visible, e.g. when hazardous waste
has been dumped on top of the soil, or not visible, e.g. when dumped waste was
covered. However, contamination of the liquid and gaseous phase is often not clearly
visible, and almost always entails specific, sometimes far greater, risks. This is
because local soil contamination often spreads relatively easily, thereby
contaminating ever larger volumes of soil, groundwater or air.

Figure 1-0.3 Municipal Waste dump site of Dhapa
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0.3 General description of contaminated sites in India

At the time of writing this edition of the Guidance document the availability of formal
data on contaminated sites in India was still relatively limited. An analysis of available
data at the time showed that in the sites already formally identified, only a relatively
small number of contaminants were present, i.e. mainly heavy metals, pesticides and
fluoride. However, it is felt by experts and generally agreed in India that when a
comprehensive inventory of contaminated sites is carried out over longer periods of
time, the extent of the contaminated sites, the range of contaminants and types of
sites can increase substantially. This is the conclusion when considering the size of
the country, the extent and diversity of its economy and industry, the industrial and
non-industrial processes adopted (which are usually comparable to international
processes) and the current practices of handling contamination in different sectors.

Keeping this in mind and taking cues from global practices, a system has been
developed for the generic classification of types of contaminated sites in India. All
sites identified in India at the time of writing this document could be assigned to a
type within this classification system, except in cases where contamination is limited
to surface water.

Contaminated site classification system
The proposed classification system distinguishes the following main types of
contaminated sites:

e Source related:

o Type S1: Land bound solid phase contamination
o Type S2: Water bound sediments solid phase contamination
o TypelL: Land bound liquid phase contamination

e Pathway related:
o Type P1: NAPL contaminants in soil (Non Aqueous Phase Liquids)
o Type P2: Groundwater contaminations

Depending on the specific situation, a site may fit into more than one of these types.
Subtypes are defined where necessary to enable the system to absorb additional
specific site characteristics.

This system is, in our view, fully suitable to typify and classify the large number of
contaminated sites that may be added to the current inventory in future. The
complete classification system is outlined in the explanation of the typology in the
Glossary.

0.4 Introduction to the concept of Risks and Intervention

When contaminated sites require intervention: the concept of risks
Contaminated sites can cause risks to human health and to the environment. The
extent of risk and the impact of contamination depends on many factors, but key is
the probability of contact between the contamination and the surroundings. In case
there is no contact between the contamination and humans or the environment the
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contamination carries no risk. This is, in all its simplicity, a conceptually important
point to keep in mind.

International experience shows that not all soil contamination requires intervention. In
the Netherlands, for example, the soil decontamination industry has evolved over the
last 35 years and the expertise developed indicates that an optimum exists between
the two extremes of decontaminating all contamination at all sites, so as to eliminate
all potential risks, or decontaminating only to a certain acceptable level of risk at
selected sites. Such an optimum is specific to a country or region and is influenced
by many factors, such as the site inventory, characteristics of sites, geography,
hydrology, as well as social, cultural, financial and political factors. For India too such
an optimum needs to be found. This will involve taking into account considerations
specific for India. Experience from other countries is a useful guide in reaching such
an optimum balance.

The perception of a “risk” associated with an event or situation depends on a
multitude of complex factors. Among these are the context, the observer,
environmental factors, time factors, the historical record, the human factor. In view of
this, the international site remediation efforts over the years have developed tools
and approaches for quantitative assessment of risks associated with a particular
contaminated site. These tools and approaches are applicable in India and it is
recommended they should be applied.

Risk assessment: the Source-Pathway-Receptor approach

In this context, it is internationally agreed that it is vital to determine the chance that
either humans or the environment will get in contact with the contamination. The
widely accepted approach for this risk assessment is the ‘Source — Pathway —
Receptor’ (SPR) approach. Within this approach, the source is the contamination,
e.g. a leaking oil tank or a layer of pure oil in the topsoil. The pathway is the route
between the source and the receptor, and the receptor is a human, animal, plant,
ecosystem, property or a controlled water that may be affected by the contamination.
An example of the three is shown in figure 1-0.4 below. The generally accepted
principle is that adverse effects of contamination are only considered to occur when
contamination actually threatens humans or resources, i.e. puts them at some
substantial risk. This happens only when all of the three elements (source, pathway
and receptor) are present.

Figure 1-0.4 Source

Receptor
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Risk from contamination?

An amount of waste is stored on an industrial site (source). Water containing hazardous
elements leaches into the soil and into the groundwater, which takes it further
downstream (pathway). The contaminated groundwater reaches a well that is used for
drinking water by the local community (receptor) = YES, in this situation there is a risk
that the contamination causes adverse effects on human health. Assessment should be
aimed at establishing whether that risk may be substantial, in which case there may be a
need for intervention.

In the situation described above the waste is stored in an enclosed space and the water
that leaches out is captured and removed in a controlled way to be treated elsewhere
(there is no pathway, so the hazardous elements cannot reach any receptor > NO, in
this situation there is no substantial risk that the contamination causes adverse effects on
human health.

At any given site the exact situation with respect to each of these three elements and
their interconnectivities determine [i] the need to intervene, [ii] the points of
intervention (start and end), as well as [iii] the focus and the potential types of
remediation options. Site assessment should show whether contamination puts
human health or the environment at substantial risk. Only in case these risks are
deemed unacceptable by the prevailing law or by the stakeholders the need for
intervention arises. Only then a process of selection of intervention (remediation)
measures needs to be initiated, eventually leading to remediation action.

In various risk assessment methodologies, the contamination (source) is clearly
identified, as well as what that source may affect (receptor) and through what route
the source may reach the receptor (pathway). It is important to note that receptors
may be located on-site as well as off-site, and also that while in a current situation
there may be no pathway, this can still develop over time (sometimes long periods),
by diffusion through groundwater, surface water, sediment or air.

Most of the available risk assessment methodologies use a tiered approach, which
starts with a relatively quick qualitative assessment. If needed this may be followed
by a more elaborate semi-quantitative assessment, based on model calculations,
and, again if needed, a comprehensive quantitative assessment. A quantitative
approach involves actual measurements in contact media, such as indoor air,
vegetables or drinking water.

Information for risk assessment: the Conceptual Site Model

No matter what approach is used, input of site data will be needed. Conceptual Site
Models (CSM) are commonly used to implement a structured and efficient
investigation for risk assessment. Such a model is developed by integrating as much
relevant information on the contaminant situation as possible. This helps to
understand the mechanics at the site, and may result in an image like the one in
Figure 1.0.5 below. Volume 111-2.2-i presents guidance on how to develop a CSM and
its role in the assessment and remediation of sites.
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Figure 1.0.5 Conceptual model of landfill exposure sources and environmental
pathways
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Source: Petts, J. and G. Edulgee. Environmental Impact Assessment for Waste Treatment and Disposal
Facilities, p. 229. John Wiley and Sons, Chichester, 1994

Socio-economic issues

In addition to the adverse effects to human health and the environment, a
contaminated site and its remediation process can cause lesser or greater social and
economic disturbance in local and regional surroundings. International experience
gives some pointers, which are also applicable to India.

Pollution during remediation

During remediation works, impacts of air and noise pollution on the local communities
depend on the duration of the project activities. For example, if the transportation
distance for waste from the site to say a landfill site is short the air pollution impact
will be less. Higher air pollution impact can be anticipated if a lot of loading and
unloading is required for site development. Noise pollution may be due to excavation
activity, loading and unloading of waste, transport vehicle movement. Spillage of
wastes during transportation may cause negative impacts on the community.
However, if proper measures to stabilise the waste are taken this impact will get
reduced.

Potential accidents
Transportation by road may cause accidents. This risk increases with increasing
transportation frequency and distance.
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Land value

Research has found that the public perception of the value of contaminated land is
often not in line with reality. The general public usually perceives contaminated land
to have hardly any value. In many cases, this perception has created a significant
obstacle for redevelopment plans involving contaminated sites. In reality, when
redevelopment and remediation plans are integrated from the start, costs for
remediation often turn out to be much lower than the value of the land, even prior to
remediation. Communication and awareness building may help to reverse this
perception.

Business activity, income and employment

Remediating a site may have both positive and negative effects on income and
employment of individuals or a group. The larger the remediation action the more
positive the long term impact on employment opportunities is likely to be.
Development of a site for storage and disposal of waste also generates employment
opportunities. In extreme cases of contamination remediation may induce positive
health effects. The reduction of the (unpaid) sick leave days may in turn lead to
increased income for the local community.

Remediation action may also negatively impact business activity and endanger the
livelihood of the local community or part thereof at and near a contaminated site. As a
general rule, the impact of long term remediation action is usually significantly higher
than the impact of short term remediation action. An example of negative impact of
remediation is a clean capping layer, applied as a remediation measure, that renders
impossible existing use of a landfill by the local community. In this situation support
for the remediation option is likely to be impacted negatively by of the effect on the
existing situation. In such a case a proposed solution should include a livelihood for
the affected part of the local community.

Socio-economic impact may be direct, indirect and cumulative, depending on the site
and remediation characteristics.

Assessment of the socio-economic issues

In each specific case, these and other potential social-economic issues should be
assessed through a formal and structured effort. The aim of this effort should be to
determine the level of significance of any given issue and a quantification, as far as
possible, of the socio-economic costs and benefits. This process entails

[i] identification of the socio-economic issues of the nearby areas, including the type
of settlements, and [ii] assessment of the significance of the impact of each issue,
either quantified or in qualitative terms like low, medium, or high.

The need for community involvement

It is generally accepted that the community affected by any economic activity,
including remediation of a site, has a legitimate right to understand and to be
involved in decisions that may affect them. Therefore, close interaction with the
affected community, e.g. by public consultation meetings like the one in figure 1-0.6
below, is recommended and may also prevent undue concerns about the risks during
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remediation or site testing work. Community involvement and consultation is most
effective when initiated at an early stage of any remediation project.

Assessment of the impact of socio-economic issues is an integrated part of any site
assessment and remediation process. Views of the stakeholders, including the local
community, are needed for designing any successful remediation project. The
consultation process helps in making the project responsive to social development
concerns, and increases the chances of reaching options that enhance benefits for
the community while mitigating risk and adverse impacts.

Figure 1-0.6 Public Consultation Meeting
(picture by Andra Pradesh Pollution Control Board)

0.5 Guiding principles for decision making

Programme level

A number of guiding principles serve as reference points for international
policymakers and programme managers when developing site assessment and
remediation programmes. These principles are commonly applied, regardless of
geographic, social, cultural and economic contexts. Therefore, these principles can
be, with proper review and adaptation to Indian conditions, considered for use as a
reference framework for India, at Central as well as State level.

Strategic principles at programme level

Pollution by itself does not usually incite action, it is when risks become apparent that
wheels are set in motion. The main guiding principle is always the elimination of or
minimizing the risks for human health caused by pollution, with the prevention of risks
for the environment following closely. With drinking water being the strategic asset
that it is, a guiding principle is the protection of the groundwater quality in aquifers for
drinking water storage or with drinking water storage potential.
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Typically, the capacity required to assess and remediate the listed sites exceeds the
available capacity. In that case, the guiding principle of site prioritisation is applied. A
guiding principle of a different nature is the one that states that the notification of
sites should be a solid procedure. The reason for this is that notification of a site
usually incites stakeholders, including operators, owners, the local community,
developers, NGO’s and local authorities, to expect that remediation may be
implemented in the near future.

Typical strategic principles for a remediation programme

¢ Elimination of or minimizing the risks to human health and to the environment caused
by contaminated sites;

e Protection of groundwater quality in aquifers for drinking water storage or with drinking
water storage potential;

¢ Prioritisation of sites for remediation action, in case the capacity required to assess
and remediate the listed sites exceeds the available capacity;

o Development and implementation of a solid procedure for the notification of
contaminated sites.

Typical operational principles for a remediation programme

The operational principles for a remediation programme are largely based on the
strategic principles. Because the prevention of risks is key, any site assessment and
remediation programme will be based on the assessment of risks. The information
such assessment yields is needed to establish the risks, to prioritise the sites and to
direct remediation action towards the reduction of those risks.

e Assessment of risks and potential risks caused by contaminated sites and by
probably contaminated sites;

e Application of the Source-Pathway-Receptor approach, including standard target
values for remediation, coupled with risk-based action;

¢ Implementation of capacity building, e.g. by offering a structure for the systematic
acquisition of knowledge and hands on experience;

e Reconnaissance and notification of newly discovered probably contaminated sites.

Individual Site level
Guiding principles are also available for those dealing with an individual
contaminated site.

Typical strategic principles for a site specific approach

e Appraisal of remediation objectives, including prevention of further contamination,
using generic and site specific criteria (environmental results, technical
feasibility/risks, costs, impact of works, available time, spatial planning, social
aspects);

e Application of simple, robust and validated site assessment and remediation solutions.
Innovative technologies might be considered if these have been successfully applied
in well-documented field trials;

¢ Prioritisation of the reduction of human health risks, as opposed to ecological risks,
unless highly valued ecosystems are under threat.
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Figure I-0.7 Prevention of actual contaminating activities is important before
starting remediation activities

-

Typical operational principles for a site specific approach

e Whenever possible, application of an integrated approach, i.e. a combination of
remediation with reconstruction or redevelopment of the site and/or its surrounding
area. In practice, this will usually mean that the remediation design is integrated in
the redevelopment plan. In some cases it can be the other way around, when land
use planning needs to be adapted to the contamination situation.

An example of a situation that may call for adapting intended land
use to the contamination situation is intended redevelopment of a
former dumpsite for toxic waste. Remediation towards a situation
that renders the site fit for agricultural or residential use would
require high costs, whereas it may be more cost effective to aim the
remediation at use of the site as an industrial area.

e Whenever final remediation objectives can be reached in the longer run but not at
once, application of a stepwise approach for improvement of the site situation.
This under the condition that the most important risks can be brought under
control (figure 1-0.7) and temporary safety measures are in place where
necessary;

o Design and implementation of an iterative sequence of activities for the
assessment of contamination and the selection of the most appropriate
remediation option. Review of and discussion on intermediate data, results and
designs at several stages often leads to the most effective and efficient
remediation solutions;

e Focus on assessment activities that provide useful information for the selection of
a remediation option and re-use of the site.

Guidance document for assessment and remediation of Volume I -0 Page 13 of 18
contaminated sites in India




0.6 Legal, institutional and financial aspects

At the time of writing this edition of the Guidance document which public institutions
should become the competent authorities on the assessment and remediation of
contaminated sites was still under discussion. The options under consideration were
broadly to either grant this responsibility to the State and Territorial Governments or
to establish a new Remediation of Polluted Sites Authority at the central
government level by the Ministry of Environment and Forests. In the latter case,
the role of the competent authority on dealing with polluted sites would be vested in
this Authority and the Environment Restoration Fund would be managed by the
National Environment Restoration Fund..

In general terms and in either case, the Central Pollution Control Board (CPCB)
coordinates site assessment and the compilation of data on contaminated sites, and
provides conditions for effective dealing with contaminated sites, like training
facilities. On state or union territory level the remediation of sites and their reuse is
facilitated by the State or Union Territory Government, while site assessment and
data management lies with the State Pollution Control Board (SPCB) or the
Pollution Control Committee (PCC).

The performance of site assessment is usually commissioned to an independent third
party site investigator, while site remediation is usually performed by a third party
remediation contractor. Post remediation monitoring can be performed by either a
site investigator or a remediation contractor. All are likely to engage an independent
accredited laboratory, either third party or part of CPCB or SPCB, for the analysis
and testing of soil, sediment, groundwater and surface water samples, collected
during site assessment or remediation.

This Guidance document could serve as a knowledge base for the technical aspects
that are important for all stakeholders mentioned above. The legal, institutional and
financial aspects are set out in more detail in the Task-4 report of Assignment 3,
‘National Program for Remediation of Polluted Sites’.

0.7 Steps in the site assessment and remediation process

In this Guidance document the entire process of intervention in a contaminated site,
from its earliest identification to post remediation measures, is described in a
sequence of fourteen distinct Steps. This set of Steps covers all activities that are
performed in dealing with such a site. Wherever applicable, this Guidance document
refers to these fourteen Steps. The same Steps, with identical descriptions, are also
used in correlation with the non technical aspects, i.e. legal, financial and
institutional, of dealing with polluted sites.

The fourteen Steps are visualised in figure 1.0.8 and outlined in table 1.0.1 below.
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Figure 1.0.8 The fourteen Steps in the site assessment and remediation process
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Table 1.0.1 The fourteen Steps in the site assessment and remediation process

Step |Title | Concise description

Identification

1 Identification of probably | A structured procedure for the identification of polluted

contaminated sites sites, the collection and systematic computerised storage
of data serving that purpose.

2 Preliminary investigation | A preliminary site assessment is performed in a desk
study and a site inspection, to confirm types of
contaminants present.

In case the results of the preliminary site assessment
warrant this, a preliminary site investigation is performed.
This involves investigation to assess if the site may pose
threat to human health and environment.

3 Notification of polluted Notification of a contaminated site as 'polluted site' to

site restrict activities pending final remediation, trace liable
parties.

4 Priority list addition The programme managing activities to rank sites based on
the threat to human health and environment.

Planning

5 Remediation Detailed site assessment, including risk assessment, is

investigation commissioned to provide information for inventorying and
designing multiple options for rehabilitation. For each
option the (post) remediation target and the recommended
approach are described. The potential options will be
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Step |Title Concise description
assessed using a set of criteria, and as a result of this
assessment the optimum option will be selected.
6 Remediation design, The selected remediation option is designed in greater
Detailed Project Report | detail, detailed costing and planning is carried out and
responsibilities are analysed in a Detailed Project Report
(DPR).
7 DPR approval and The competent authority would approve the DPR.
funding Furthermore, the process of raising funds, maintaining
funds and disbursing funds for remediation activities.
Implementation
8 Implementation of Preparation, commissioning and implementation of
remediation remediation works. Supervision and validation
investigation during implementation.
9 Approval of remediation | Evaluation of the remediation works and approval of the

completion

results by the competent authority.

Post remediation

10

Post Remediation Plan

In case residual contamination remains at the site, post
remediation measures are designed to ensure end goals
of remediation will be reached. The measures are
described in a plan including long term review.

11

Post Remediation Action

The site is monitored periodically to ensure pollution limits
are within the values as determined by the end goals of
final clean up report and that the land is being used for the
purpose as permitted by the end results. If necessary
active maintenance measures are taking place.

12

Cost recovery

Any costs, fees and penalty that have not been paid in
advance or recovered from responsible person would be
recovered either by enforcing financial security or through
the recovery process of arrears of land revenue or public
demand.

13

Priority list deletion

Upon completion of remediation activities, the site is
marked in the database as 'remediated'. If necessary
monitoring activities may continue.

14

Site reuse

Reuse of the site after approval of remediation results.

Guidance document for assessment and remediation of
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0.8 How to use this Guidance document

Document structure
This Guidance document is organised as a set of documents, arranged in three
Volumes:

Volume | Methodologies and guidance
Volume I Standards and checklists
Volume Il Tools and manuals

This Volume | is the core of the Guidance document set. It presents guidance and
instructions as to how to perform each of the fourteen Steps in the site assessment
and remediation process. The correlation among the Steps is shown, to enable the
user to see what happened before the Step he is involved in and what should happen
after completion of that Step. Centred around a concise description of actions to
perform the Step the user is involved in, the guidance details aspects for an effective
performance, like data needed and where these may be found, and control
mechanisms. Wherever relevant, the guidance includes references to Volume Il and
[l and to websites and documents. Volume | is set up in such a way that it may be
used in capacity building. It also includes an introduction for aimed at decision
makers.

Volume Il contains reference data in various forms. Engineers dealing with
contaminated sites may use Volume Il on a day to day basis to refer to data,
standards, criteria and checklists. Every one of these is linked by a reference to one
or more descriptions of Steps in Volume |. Therefore this Volume | document should
be used in conjunction with the other two Volumes.

Volume lll contains more extensive data like technical manuals. Examples of
manuals presented in Volume Ill include a Site Inspection Protocol, points of
attention for fieldwork and laboratory testing, an overview of available remediation
techniques, and methods for the evaluation of remediation options. Like Volume II,
Volume lll is intended for day to day reference by engineers dealing with
contaminated sites.

Effective use of this document

In Volume | the user will find guidance on the performance of every one of the
fourteen Steps in the site assessment and remediation process. The structure of the
document seeks to aid the user to quickly familiarise himself with the essence of
every Step, after which he may refer to the guidance on the activities to be
performed.

Each of the next Chapters presents guidance to a single Step. For quick and easy
reference the numbering of the Steps corresponds with the Chapter numbering. For
example, Step 5, Remediation investigation, is presented in Section 5. More complex
Steps have been subdivided in Tasks, presented in Subsections. For example, Step
5 consists of five Tasks, presented in Subsections 5.1 through 5.5. This means the
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user may find guidance on the performance of Task 5.3, Setting remediation
objectives, in Subsection 5.3, and so on.

The user who wishes to quickly grasp the sequence of steps may refer to the
Overview of the Guidance document, on the fold out page at the end of this Volume.
Should he wish some more detail on the different steps he may combine this with the
introduction to every Step, invariably presented in the first part of every Section. For
example: the introduction to Task 5.3 may be found in Subsection 5.3.1, the
introduction to Task 5.4 in Subsection 5.4.1, and so on.

The user who wishes to be guided in the performance of a particular Step may refer
to the Section describing that Step. Every Section is invariably structured as shown
below.

Presentation of description of Steps and Tasks in Volume | of Guidance document
e Section 1: Introduction to and scope of Step

° Brief summary of the Step;

° Flowchart showing the position of the step in the process;

° List of the activities to be performed within the scope of the Step;

° Brief reference to the parties responsible for performance of the activities.

e Section 2: Guidance for performing the activities of Step

° Description of the activities to be performed;

° References to Volume Il for standards and checklists, to Volume Ill for manuals and
tools, and to external sources for more detailed information supporting performance
of the activities;

e Section 3: Step output
° brief summary of the output the Step should result in.

For guidance on a particular Task the user may refer to the outline above, while reading
‘Subsection’ for ‘Section’.
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Step 1: Identification of probably contaminated sites

1.1 Introduction to and scope of Step 1

General description and connection to other Steps

Step 1 concerns the identification of probably contaminated sites as defined in Box I-
1.1. In this Step 1 a decision can be made whether or not a site may be regarded as
a probably contaminated site requiring further investigation.

This is the first step in the process of assessment and possible remediation of a con-
taminated site. The figure below shows how this step is connected to the preceding
and subsequent steps within the sequence of site assessment and remediation.

| Start process I - 1. Identification of probahly contaminated sites v S nz‘i
reliminary
investigation
Activities

Within this step the following activities are to be performed:
1) The collection of information on probably contaminated sites (for example any
existing site investigation reports, regulatory records, petitions, or complaints);
2) The verification and evaluation of the information obtained. This may also re-
quire a site visit.

Box 1-1.1 Definition of a probably contaminated site

A probably contaminated site is an area (whether or not delineated) where the
presence of contaminants is suspected but not conclusively determined or
where contaminants exceed specified standards but the threat to health, safe-
ty, welfare, comfort or life of human beings, other living species, water quality
or the environment in general or to property with regard to present or future
land use and site activity is not conclusively established.

A probably contaminated site may require further investigation to establish
whether it is a contaminated site that requires remediation.

The area may consist of aggregation of contamination sources, the areas
between contamination sources, and areas that may contain contaminants
due to migration from contamination sources.

Responsible Parties

The activities in this step are typically carried out by technical specialists within the
competent authority for the assessment and remediation process. If a specialized
agency/consultant is appointed to review the information this should be supervised
by the competent authority.

The team involved should demonstrate in-depth knowledge and experience of haz-
ardous waste production associated with industrial processes, and of the environ-
mental fate, transport and degradation characteristics of contaminants (e.g. mobility,
biodegradability).
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1.2 Guidance for performing the activities of Step 1

This section presents concise guidance for the performance of the activities within Step 1. It is in-
tended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume Il of the Guidance Document as well as in other sources.

Activity 1 — Data Collection

Information regarding probably contaminated sites may be derived from reactive or
proactive processes.

In a reactive process of Data Collection the competent authority may receive peti-
tions, reports, complaints etc. from local or state level agencies, government agen-
cies, the general public and NGOs. Some examples to illustrate which information
may be received:

e Reports on the production, treatment, transport and disposal of hazardous waste,
by private parties, including operators and land owners, members of the public or
government agencies.

e Petitions or complaints on the suspicion of presence of hazardous materials or
substances at a site, by the public or local government agencies. This may include
reports on nuisance caused by odour or dust, or visual evidence of the presence
of waste material.

e Complaints, through various governmental organisations. These complaints
should be forwarded to the competent authority.

Figure I-1.1: coloured tap water, indication of contam

\ + TR -

inated ground water

The use of a standardised petition format will improve the completeness and quality
of the information necessary for submission of a well-founded petition (refer Example
Petition format for identification of probably contaminated sites, Volume II-1-a).

In a proactive process of Data Collection the data are gathered through a structured
process for systematic information collection by the competent authority. This kind of

information may be obtained following reviews of:
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e hazardous waste registers regarding generation, transport, treatment and disposal
of hazardous waste;

the locations of municipal solid waste dumps;

records of government agencies that own or control land;

regional plans and development plans regarding spatial planning;

industries regarding change of land use.

Activity 2 — Data verification and evaluation

The data obtained during the Data Collection should be verified and evaluated. The
initial step is to establish whether the data contains sufficient information to warrant
any further investigation of the site or not. The data needed to make this decision is
described in the Checklist relevant data for identification of probably contaminated
sites, Volume II-1-b. In the event there is insufficient data, or data of insufficient qual-
ity, to make the decision, then more data should be collected.

Verification of data can be done by collecting information independently from the per-
son or organisation responsible for submitting the original petition, report or com-
plaint. Often, a brief site visit may be beneficial to enable a visual verification of the
situation by the reviewing team. Interviewing relevant stakeholders usually yields in-
formation that will at the very least provide colouring to the previously collected data.
In addition, information by stakeholders will prove useful in the verification of these
data. At this stage, interviews can generally be limited to local stakeholders, whom
may be interviewed during the site visit.

Stakeholder Interview objective Level

Site owner collect information, verify data site

Site operator collect information, verify data site

Local businesses and residents collect information, verify data site and direct vicinity

Figure 1-1.2: Site visit
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Once the appropriate data has been obtained and verified an evaluation assessment
of whether or not the site qualifies as a ‘probably contaminated site’ may be under-
taken. This evaluation comprises answering the following questions:

1. Has the site been subject to any industry type (number 1.12 of Checklist relevant
data for identification of probably contaminated sites, Volume II-1-b), industrial
processes (Checklist, number 2.3) or hazardous waste generation (Checklist,
number 2.4), which are in accordance with Schedule | of Hazardous Wastes
(Management, Handling and Transboundary Movement) Rules, 20087

2. Have there been on the site any other industrial processes (Checklist, number
2.3), considered as a risk of harm to human health and/or to the environment?

3. Have there been on the site any other contaminants of anthropogenic nature
(Checklist, numbers 2.2 and 2.6), according to Schedule Il of Hazardous Waste
Rules 2008, considered as a risk of harm to human health and/or to the environ-
ment?

4. Have there been on the site any other contaminants, or combinations of contami-
nants, of anthropogenic nature (Checklist, number 2.6), considered as risk of harm
to human health and/or to the environment?

If either one or more than one of these four questions is answered by ‘yes’ the site

should be regarded as a ‘probably contaminated site’. If all of these four questions

are answered by ‘no’, and there is no actual indication of significant contamination at
the site, the site should not be regarded as a ‘probably contaminated site’.

The evaluation is visualised in the flowchart below.
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Figure 1-1.3: Flowchart for evaluation of probably contaminated site in Step 1

1. Has the site been subject to any industry type, industrial processes or
hazardous waste generation, which are in accordance with Schedule | of
HWR2008?

YES

NO

2. Have there been on the site any other industrial processes,
considered as a risk of harm to human health and/or to the
environment?

NO

3. Have there been onthe site any other contaminants of anthropogenic
nature, according to HWR 2008 Schedule 11, considered as a risk of harm

YES to human health and/or to the environment?
NO
4, Have there been onthe site any other contaminants, or combinations
VES of contaminants, of anthropoegenic nature, considered as risk of harm to

human health and/or to the environment?

NO
Site should be regarded asa Site should not be regarded asa
probably contaminated site probably contaminated site

1.3 Step 1 output

The output of this Step is the decision record for the conclusion as to whether or not
the site is regarded as a probably contaminated site. If yes, further assessment may
be undertaken. This assessment is described in the following Section, on Step 2,
Preliminary investigation. The data on the site and the decision record should be in-
cluded in the database of contaminated sites.

If the site does not qualify as a probably contaminated site it is not necessary to con-
tinue the assessment process in Step 2. The data on the site and the decision record

can be submitted into the archives.
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Step 2: Preliminary investigation

Task 2.1: Preliminary site assessment

2.1.1 Introduction to and scope of Task 2.1

General description and connection to other Steps

Step 2 concerns the preliminary investigation of individual sites which have been
recognised as probably contaminated sites during the previous Step 1. The purpose
of the preliminary investigation is to establish whether or not a site should be re-
garded as a contaminated site as defined in Box |-2.1.1.

Box 1-2.1.1 Definition of a contaminated site

A contaminated site is a delineated area consisting of aggregation of contam-
ination sources, the areas between contamination sources, and areas that
may contain contaminants due to migration from contamination sources.

If on the basis of preliminary site assessment or preliminary site investigation
or detailed site investigation, the constituents and characteristics of contami-
nants discharged or otherwise come to be located at the site, exist at or
above Response levels and in conditions including possible combination of
contaminants and interaction between contaminants and/or environmental
constituents which pose existing or imminent threat to health, safety, welfare,
comfort or life of human beings, other living species, water quality or the envi-
ronment in general or to property with regard to present or future land use
and site activity, in such case the site may be determined as contaminated
site.

This is the second step in the process of assessment and (possible) remediation of a
site that could be a contaminated site. Step 2 is divided into two tasks: preliminary
site assessment (Task 2.1) and preliminary site investigation (Task 2.2).

The objective of Task 2.1 preliminary site assessment is to focus as quickly as possi-
ble on imminent threats to human health and/or the environment to verify if the site is
a contaminated site.

The figure below shows how this Task 2.1 is connected to the preceding and subse-
quent steps and tasks within the sequence of site assessment and remediation.

L g 2. Preliminary investigation Eis 3.
Identification Natification
of prabably [ 2.1 Prefiminary site assessment " 2.2 Preliminary site investigation I of polluted
contaminated site
sitas
Activities

Within this task the following activities are to be performed:
1) A desk study is carried out on the available information of the site. Information
in reports and petitions is assessed and new information is inventoried.
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2) A site inspection is carried out to verify the information of the desk study and
to prepare a plan for sampling and testing.

3) At the locations where main sources of contamination and relevant pathways
to possible affected receptors are expected limited sampling and testing is car-
ried out.

4) The results are compared with the Screening and Response levels and a con-
clusion is drawn as to whether or not the site should be regarded as a con-
taminated site. Recommendations on the necessity to carry out preliminary
site investigation (Task 2.2) and specific aims of that investigation are pre-
sented.

5) Reporting of results of the preliminary site assessment and review of the re-
port.

Responsible Parties

This activity is typically carried out by technical specialists of the specialized
agency/consultant appointed to carry out the preliminary investigation. The work
should be supervised by a senior colleague, and close cooperation with the compe-
tent authority is necessary to collect important information during the desk study and
to prepare the site inspection and sampling.

The team involved should demonstrate in-depth knowledge and experience in the
assessment of contaminated sites, including interpretation of topographic and geo-
logical maps and reports. The field work team should have relevant expertise, ex-
perience and skills for the site inspection and sampling. The laboratory work has to
be carried out by an accredited lab.

2.1.2 Guidance for performing the activities of Task 2.1

This section presents concise guidance for the performance of the activities within Task 2.1. Itis
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume Il of the Guidance Document as well as in other sources.

The detailed information on the execution of the preliminary site assessment can be

found in section Volume 111-2.1-i of this Guidance Document. This section comprises

the Site Inspection Protocol (SIP) which contains several elements:

¢ General introduction on the use of the SIP;

o Checklists and manuals for execution of the individual activities;

e« Recommendations for proper health and safety measures during the site visit and
for reporting the results.

The SIP is related to the information inventoried and summarized in the database of
contaminated sites. The information in this database enables the prioritization of sites
in a program for remediation of polluted sites.

Guidance document for assessment and remediation of Volume I -2.1 Page 2 of 9
contaminated sites in India




Activity 1 — Desk study

A review of the site information within reports, petitions and complaints obtained at
Step 1 is performed (refer Box 1-2.1.2 below). It is necessary to have as much infor-
mation as possible concerning the history and land use both on site and off site (rep-
resenting the surrounding area). This information indicates the possibility of the pres-
ence of contamination at the site.

Box 1-2.1.2 Practical tip: Importance of desk study

It is very important to focus attention on the desk study at this stage of the
process of assessment and remediation. If sources of contamination are not
recognised it can lead to under-estimation of the extent of potential contami-
nation and potential risks to receptors may not be recognized.

Furthermore, this can lead to unexpected problems during future site activities
e.g. when reconstruction or reuse of the site will necessitate digging in subsoil
or extraction of groundwater.

In addition an incomplete inventory of contamination sources and exposure
pathways can lead to ineffective remediation plans. There are many examples
of projects where, unfortunately, remediation activities had to be re-designed,
causing exceedance of budgets and in some instances the remediation objec-
tives previously agreed were not achieved.

The points below should be considered when assessing existing primary data:
o determine what data are available;

e evaluate purpose and scope of previous investigations;

e review sampling locations, dates, depths and sample descriptions;

e evaluate the sampling results and hazardous substance concentrations;

e review field preparation and collection techniques for previous samples;

e review available laboratory documentation;

e assess usability of previous primary data.

The data review may identify gaps in the available data. Additional information can
be obtained from maps, data bases or governmental information.

The available reviewed information and the newly collected information can be sum-
marised in a table and information gaps should be indicated before the site inspec-
tion is carried out (refer Volume I11-2.1-i SIP, Appendix E, table 1 Existing and gen-
eral information and table 2 Overall assessment of data and data gaps).

Based on all the compiled information a work plan should be devised prior to the site
inspection. This work plan should include all reconnaissance activities and identify
the specific information to be collected e.g. sampling from drinking water wells, noting
the local hydrogeology, estimating the population at risk, interviews with specific
stakeholders (such as occupants, current or former owners, neighbours, manager,
employees and government officials) etc.
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On completion of the desk study a review should be carried out to confirm whether
there is any indication of contaminating activities at the site. If it is established that
there is no such indication it should be concluded that the information from step 1 is
incorrect. The site should be classified as ‘not a probably contaminated site’ and the
database should be revised accordingly. Further investigation activities should not be
regarded necessary for the site.

Activity 2 — Site inspection

The site inspection is a field visit to observe the site and the potential sources of con-
tamination (on-site reconnaissance) and to undertake a perimeter survey of the facil-
ity as well as a survey of the local site environs (off-site reconnaissance). During this
site inspection information is obtained to fill the gaps and the existing available infor-
mation is verified. If possible photographs should also be taken.

The site inspection needs to be prepared by arranging access to the site and in con-
sultation with important stakeholders. Furthermore, equipment, e.g. for sampling,
needs to be prepared. Interviewing relevant stakeholders is an integrated part of the
preliminary site assessment. Whether or not to include interviews with stakeholders
at district, state and national level may involve the weighing of economic aspects. As
a result, this may only be applicable to large scale sites.

Stakeholder Interview objective Level

Site owner collect information, verify data site

Site operator’s health facility director collect information, verify data site

Local businesses, residents and collect information, verify data site and direct vicinity

NGO’s

Municipal authorities, including Water | collect information local

Supply and Sanitation

District administrator collect information, e.g. on land | district
ownership

State authorities, including SPCB and | collect information state

Groundwater Authority

During the site inspection health and safety guidelines have to be taken into account
(refer Volume 111-2.1-i SIP, section 3).

The information gathered during the site inspection should be summarized in tables
(refer Volume I1I-2.1-i SIP, section 5 —on-site- and 6 —off-site-) and a sketch map
should be drawn showing the principal recorded occurrences and expected sources
of contamination the main exposure and migration pathways of pollutants and the
locations of receptors.

Activity 3 — Limited sampling and testing

An initial assessment of the contamination present at the site may be ascertained
from samples taken during the site inspection. These samples should be obtained
from locations where the main sources of pollution are expected, and at locations
within migration pathways. Because only a limited number of samples are obtained,
the sample locations should be well chosen, and guidance is provided in Box 1-2.1.3
below.
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The sampling should be carried out according to the Sample Protocol (refer Volume
I11-2.1-i SIP, Appendix A).

The samples should be tested in a laboratory to assess the levels of contamination
present. Laboratories should operate in accordance with specific accreditation criteria
(refer Checklist prequalification for site investigation, Volume II-2.1-a).

Box 1-2.1.3 Practical tip: Possible locations for sampling

Possible locations for sampling of sources and pathways:

e visual indication of cause of pollution such as the presence of (former)
industrial process equipment, storage tanks, broken pipelines, etc;

e visual evidence of hazardous material by means of colour or odour or the
composition of material, or uneven ground surface;

e reported location with confirmed high concentration levels in previous
sampling results;

e where an incident (spill / uncontrolled release) has occurred identified by a
former employee of a company;

e areas which can easily be accessed by humans and areas of sensitive use
(residential, playground, agriculture);

e drinking water wells downstream of the site (to collect groundwater sam-
ples to assess if this pathway is contaminated);

e surface water at or near the site if expected to be contaminated by hazard-
ous waste material;

e at discharge points with noticeable contamination an effluent sample
should be taken;

e in cases of sites with effluent discharges a ‘source sample’ should also
include a sample of the sediment.

The parameters for determination within each sample scheduled for analysis will de-
pend on the hazardous waste material potentially present (refer Volume I1I-2.1-i SIP,
Appendix C). For the various activities representative tracer components have been
described. The tracer components can be seen as components of concern. If there is
existing information about contaminants from previous investigations, this information
should be used to select tracers. It has to be stated that not all the listed tracers nec-
essarily have to be analysed at a site, but the list can be used as a starting point for
the assessing analysis program at a specific site.
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Figure 1-2.1.1a and 1b: Sampling of soil and groundwater (pictures by COWI, Kadam)

Activity 4 — Comparing testing results with standards

The laboratory testing will result in a list of concentration levels for various parame-
ters / substances. These concentration levels have to be compared with the Screen-
ing levels and the Response levels (refer Volume 11-2.1-b). A brief explanation on
these levels is provided in Box I-2.1.4.

Box 1-2.1.4 Explanation: Screening levels and Response
levels

Screening levels are generic concentrations of hazardous substances in soil
and sediments, groundwater and surface water at or below which potential
risks to human health or the environment are not likely to occur and where no
further investigation and assessment is needed. These Screening levels are
distinguished for land use.

Response levels are generic concentrations of hazardous substances in soll
and sediments at or above which it is very likely there is threat to human
health or the environment, that may be imminent. At or above this level some
form of response is required to provide an adequate level of safety to protect
public health and/or the environment.

- contaminated site
N actian required for Further lnvestigation
| |
| | | i
| | | o
Background Screening levels Response levels

cancentration

Note that that for certain contaminants such as Persistent Organic Pollutants,
no background concentrations should be used, as there is no natural back-
ground for these substances.
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The outcome of the comparison will determine whether or not the site should be re-
garded as a contaminated site (refer to definition in Box 1-2.1.1). The following situa-
tions can occur:

o If the concentration level of one or multiple contaminants exist at or below Screen-
ing levels the site cannot directly be regarded as ‘not a probably contaminated
site’. This because of the fact that only a limited number of samples were taken.
Further investigation is necessary to assess if there are any further sources of
contamination at the site which may cause a risk to present or future land use.
This can be done by a preliminary site investigation.

e If one or multiple contaminants exceed Screening levels but at or below Re-
sponse levels the site may be determined as probably contaminated site. Then
preliminary site investigation should be carried out as well. This is because of the
fact that only a limited number of samples were taken and there may be other lo-
cations at the site where higher concentration of contaminants occur;

e If one or multiple contaminants exceed Response levels the site can be classified
as a contaminated site. Often it is not clear if all sources and pathways have been
identified and samples may not have been taken. In that case a preliminary site
investigation is necessary. If it is clear that all sources and relevant pathways have
been identified and samples were taken at these points, no preliminary site inves-
tigation is necessary. In that case the site may be notified directly as a contami-
nated site and prioritisation can take place (Step 3 and Step 4 of the assessment
and remediation process).

All these situations are illustrated in the below result flowchart for the comparison of
concentration levels with Screening and Response levels.
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Figure 1-2.1.3: Preliminary site assessment result flowchart in Task 2.1

Desk study

There have been conm NO Not a probably contaminated

Wthe site / site

YES No further soil investigation

Limited sampling at locations where the
main source of contamination are expected

Probably contaminated site
levels

Concentration Ievelsm NO

YES NO

Preliminary site investigation

Concentration levels exceed Response
levels

T : ' YES

Contaminated site

Preliminary site investigation

Activity 5 — Reporting and review

The activities carried out, the methods used and the results of the preliminary site
assessment should be described in the report. The chapters of the report are struc-
tured in accordance with the stages of the investigation itself (refer Checklist for pre-
liminary site assessment report, Volume 11-2.1-c).

Finally, a conclusion should be drawn as to whether or not the site meets the defini-
tion of contaminated site. Recommendations should also be provided for the next
step in the assessment and remediation process. If there is not enough information to
draw a conclusion a recommendation for further investigation should be provided.

It is important that this document contains copies of the original sources of informa-
tion in databases, previous reports and other sources. This is because at later stages
of the assessment and remediation process, it is often necessary to revert to the
original information when interpreting newly collected data.
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2.1.3 Task 2.1 output

The output of this task 2.1 is the conclusion whether the site should be regarded as a
contaminated site. If so, or if there is not enough information, further investigation is
necessary to obtain more information.

If the site is not regarded as a contaminated site, it is not necessary to continue the
process of assessment and remediation of the site. The site information and the de-
cision should be registered on the database.
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Step 2: Preliminary investigation

Task 2.2: Preliminary site investigation

2.2.1 Introduction to and scope of Task 2.2

General description and connection to other Steps

Step 2 concerns the preliminary investigation of individual sites which have been
recognised as probably contaminated sites during the previous step 1. The purpose
of the preliminary investigation is to establish whether or not a site should be
regarded as a contaminated site as defined in Box 1-2.2.1.

Box 1-2.2.1 Definition of a contaminated site

A contaminated site is a delineated area consisting of aggregation of
contamination sources, the areas between contamination sources, and areas
that may contain contaminants due to migration from contamination sources.

If on the basis of preliminary site assessment or preliminary site investigation
or detailed site investigation, the constituents and characteristics of
contaminants discharged or otherwise come to be located at the site, exist at
or above Response levels and in conditions including possible combination of
contaminants and interaction between contaminants and/or environmental
constituents which pose existing or imminent threat to health, safety, welfare,
comfort or life of human beings, other living species, water quality or the
environment in general or to property with regard to present or future land use
and site activity, in such case the site may be determined as contaminated
site.

This is the second step in the process of assessment and (possible) remediation of a
site that could be a contaminated site. Step 2 is divided into two tasks: preliminary
site assessment (Task 2.1) and preliminary site investigation (Task 2.2). The
objective of the preliminary site investigation is to identify all sources of contamination
and the relevant pathways linking them to the receptors of concern.

The figure below shows how this Task 2.2 is connected to the preceding and
subsequent steps and tasks within the sequence of site assessment and
remediation.

1. P 2. Preliminary Investigation 2 s
Identification Notification
of probably [ 2.1 Prefiminary site assessment I I 2.2 Prefiminary site Ihvestigation l of polluted
contaminated site
sites
Activities

Within this task the following activities are performed:
1) Design of the investigation and testing strategy
2) Fieldwork and laboratory testing
3) Comparison of the test results with standards
4) Reporting of the preliminary site investigation and review of the report.
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Responsible parties

This activity is typically carried out by technical specialists of the specialized
agency/consultant appointed to carry out the preliminary investigation. The work
should be supervised by a senior colleague. Cooperation with the site owner and
competent authority is necessary to prepare the field work and to grant access to the
site.

The team involved should demonstrate in-depth knowledge and experience in the
assessment of contaminated sites and interpretation of information obtained from
reports and maps on the topography and geology of a site. The field work team
should have relevant expertise, experience and skills for the site inspection and
sampling. The laboratory work has to be carried out by an accredited lab.

2.2.2 Guidance for performing the activities of Task 2.2

This section presents concise guidance for the performance of the activities within Task 2.2. Itis
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume Il of the Guidance Document as well as in other sources.

Because the preliminary site investigation is a follow up of the preliminary site

assessment a lot of information on the execution of the preliminary site investigation

can be found in the Site Inspection Protocol (SIP) (ref. Volume 11I-2.1-i). This SIP

comprises:

e General introduction on the use of the SIP;

e Checklists and manuals for preparation and execution of the individual activities;

¢ Recommendations for proper health and safety measures during the site visit and
for reporting the results.

The SIP is related to the information inventoried for a database on probably
contaminated sites. The information held in this database enables the prioritisation of
sites in a program for remediation of polluted sites.

Activity 1 — Investigation strateqy

The starting point of the preliminary site investigation is a review of the output from
the preliminary site assessment. The desk study information within the preliminary
site assessment should already provide a detailed history of the site use.

The potential sources, pathways and receptors of concern should be established
based on previous reports or petitions, maps, records, aerial photographs and
interviews with owners or other informed parties. If there is doubt on the results of the
desk study during the preliminary site assessment or if the report cannot be regarded
as valid anymore, parts of the desk study should be carried out again. Depending on
the land use and changes in land use, a period of 5 years can be used as a rule of
thumb as the period for carrying out a new desk study.
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During the preliminary site assessment the activities of the fieldwork have been
focussed on locations where the highest contaminant concentrations were expected
and the locations of the most sensitive land use. For the preliminary site investigation
it is necessary to verify all potential sources, pathways and receptors at the site.

The investigation strategy to achieve this objective efficiently starts with the typology
of the contaminated site (see Box |-2.2.2 for a short explanation of typology of
contaminated sites. For a more detailed explanation we refer to the Glossary in the
Annex of this Volume I). For each type of contamination a different investigation
strategy is provided and from that points of attention for the fieldwork and laboratory
work are specified in the Checklist investigation strategy preliminary site investigation
(ref. Volume 1I-2.2-a).

Note: at any contaminated site more than one type of contamination can occur. For
each type of contamination and for each source a separate investigation strategy can
be developed.

Box 1-2.2.2 Explanation: Typology of contaminated sites

Contaminated sites are delineated areas in which toxic and hazardous
substances exist at levels and in conditions which pose existing or imminent
threats to human health or the environment. These sites often pose multi-
faceted health and environmental problems. They can impact all components
of the environment, particularly surface waters, soils, and groundwater and
can result in people being knowingly or unknowingly exposed to toxic
substances. Contaminated sites may include production areas, landfills,
dumps, waste storage and treatment sites, mine tailings sites, spill sites,
chemical waste handler and storage sites. These sites may be located in
residential, commercial, industrial, rural, urban, or wilderness areas. All these
elements are combined in a typology of contaminated sites. This typology is
of importance for the assessment and design process of remediation.

The following main types of contaminated sites are distinguished based on
the causing activity and pathway of spreading of contamination:

Source related:
e Type S1: Land bound solid phase contamination

e Type S2: Water bound sediments solid phase contamination
e TypelL: Land bound liquid phase contamination

Pathway related:
e Type P1: NAPL contaminants in soil (Non Aqueous Phase Liquids)

e Type P2: Groundwater contaminations

Note: depending on a specific situation, a combination of these types may be
possible. Example: a land bound storage of chromium containing hazardous
waste (type S1), causing leachate of chromium to groundwater and leading
to a contaminated groundwater plume (type P2).

Further explanation on the typology is provided in the Glossary.

If additional site specific information is available the general type can be made more
site-specific by developing a Conceptual Site Model (CSM). The CSM supports the
investigator to visualize the possible sources, pathways and receptors relevant at the
site. See Box 1-2.2.3 for a short explanation of the Conceptual Site Model. For more
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detailed information how to apply the CSM refer to Manual Conceptual Site Model an
identifying the Source-Pathway-Receptor, Volume IlI-2.1-i.

Box 1-2.2.3 Explanation: Conceptual Site model

The Conceptual Site Model is a representation of the characteristics of the
site in diagrammatic or written form that shows the possible relationships
between contaminants, pathways and receptors. It crystallises understanding
of what needs to be done to achieve the investigation of contaminated sites,
the assessment of risks and from this point appropriate remediation
techniques to achieve remediation objectives.

Site Model (source: Public Health Assessment Guidance Manual, Agency for
Toxic Substances and Disease Registry, 2005)

Based on the investigation strategy an investigation protocol is prepared, regarding
assessment of the contamination levels of the source and identification of the major
pathways and receptors of concern. This protocol should pay attention to the

following elements:

e Screening and sampling technical equipment;

e Sampling pattern and depth of samples, number of samples, use of composite

samples;

e Analytical test parameters / determinants required;

¢ QA/QC procedures such as use of field blanks/trips blanks, procedures to avoid

cross contamination by sampling equipment etc.

Technical equipment for site assessment

Generally two ways of carrying out field investigation are distinguished: screening
methods which provide an area-wide information and sampling methods at specific

locations.
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There are several screening methods that provide qualitative information from which
the possible presence of contamination can be concluded. Some examples are
illustrated in Box 1-2.2.4 below. An overview of screening techniques is provided in
the Overview of techniques for site investigation, Volume IlI-2.2-ii. This approach can
help to provide a first rough indication of the source of contamination and delineation
of a contaminated site.

Box 1-2.2.4 Example Site screening methods

For recognition of the presence of heavy metals in soil or waste material an
XRF device can be used. This equipment detects increased levels of heavy
metals in samples.

For volatile organic components the use of a soil vapour survey technique can
be helpful. A portable Photo-ionization Detector can detect these components
in a soil or water sample.

For hydrocarbon site investigations a Cone Penetration Test (CPT) mounted
UV fluorescence screening tool can be used for a quick reconnaissance of a
site for hydro carbon contaminations.

Note.

Screening methods are often sensitive to side-effects caused by naturally
occurring substances, the indirect type of measurement or the calibration
shifting during the use of the screening tool. For instance i- the fluorescence
sensor may deliver false positives in cases of high proportions of peat and
other naturally occurring organic carbon or ii- a clay layer or saline
groundwater body may be mistaken for a contaminated plume by a
electromagnetic mapping (EM).

Verification and calibration procedures are tool or supplier specific.

It is especially necessary to align screening values with other data such as
laboratory analyses and typically cannot be used as the only tool for data
acquisition.

Based on the outcome of such screening methods additional sampling and testing is
always necessary to provide quantitative results of the concentration levels of
components in the soil, sediment, groundwater or surface water.

For groundwater sampling existing groundwater wells can be used, but sometimes it
is not clear how the installations have been designed, and which stratum the
groundwater is derived from. To obtain accurate information for a specific level new
dedicated monitoring wells should be installed.

An overview of possible technical equipment for collection of samples (soil, sediment,
surface water, groundwater) is provided in the Overview of techniques for site
investigation, Volume IlI-2.2-ii.

Sampling pattern, number of samples and depth of samples

Knowledge of the possible location of contamination sources is important for defining
the sampling pattern. Small areas where contaminated material is concentrated in
one place (point source contamination) can be investigated during the preliminary
site investigation by a few representative samples collected from one or two
exploratory excavations. In case contaminated material is spread over a large area it
is necessary to use a pattern of samples to collect representative information of the
contaminated site. The Checklist investigation strategy preliminary site investigation
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Volume 1I-2.2-a provides a first indication of the sampling pattern and number of
samples.

There are some additional aspects that should be taken into account when

developing a sampling strategy for a specific site:

¢ Restrictions for investigation such as buildings, subsurface infrastructure and site
boundaries;

e If possible some samples should be obtained for identification of background
quality of soil, groundwater, sediment or surface water which has not been
influenced by this particular contamination;

e Samples of groundwater may be obtained from selected existing observation wells
in the aquifer beneath the surface of the site, for monitoring water level elevation
and water quality at appropriate locations. The depth of the well and the filter (if
any) should be known. If there is data from previous sampling or level
measurements it is important to know the frequency and period relating to the
hydrological environs (influence of monsoon).

Parameters for laboratory testing:

The parameters important for the investigation can be selected based on:

¢ Previous industrial operation processes or waste generation, discharges or
disposal activities. The type of industry determines the parameters involved (ref.
Volume I1I-2.1-i SIP, Appendix C).

e Specific observations during site inspection and field work of signs which indicate
contamination not related to the above mentioned activities.

e Characteristics of the components regarding mobility or retardation. For
assessment of groundwater quality the most mobile tracers are interesting to focus
on. For sediments, components with high binding capacity are important to focus
on when investigating a surface water body near to a former point of discharge.

e Itis always recommended to test samples for a broad spectrum of parameters.
This because it is possible that there may have been polluting activities at the site
that are either unknown or not documented in databases. These activities may
possibly have caused contamination with different characteristics compared to the
known activities.

Activity 2 — Fieldwork and laboratory testing

The fieldwork needs to be prepared by arranging access to the site and in
consultation with important stakeholders. Furthermore, sampling equipment needs to
be prepared.

The stakeholder consultation is needed, both to inform them on the fieldwork plan
and to secure their support for the plan. The consultation may also yield information
that can be useful in the final design of the fieldwork plan. Whether or not to include
interviews with stakeholders at district, state and national level may involve the
weighing of economic aspects. As a result, this may only be applicable to large scale
sites.

Guidance document for assessment and remediation of Volume | —2.2 Page 6 of 12
contaminated sites in India




Stakeholder Interview objective Level

Site owner provide information, secure site
support
Site operator’s health facility director provide information, secure site
support
Local businesses, residents and provide information, secure site and direct vicinity
NGO'’s support
Municipal authorities. In case the provide information, secure local
potential contamination may include support

groundwater or surface water,
including Water Supply and Sanitation

State authorities, including SPCB and, | provide information, secure state

in case the potential contamination support

may include groundwater,

Groundwater Authority

For large scale site: national collect information national

authorities, including Surveyor of India
and Central Ground Water Board

During the site inspection health and safety guidelines have to be taken into account
by the field team (ref. Volume 11I-2.1-i SIP, section 3).

The activities in the field should be described in a logbook of the field investigator.

Detailed descriptions of each source and of relevant pathways and receptors should

include:

e Regarding source: type, location, dimensions, sensory perceptions/observations of
possible pollution (form or colour or smell or stressed vegetation);

¢ Samples should be taken of the material assumed to be most contaminated based
on visual / olfactory evidence of contamination;

e Regarding pathway: depth of groundwater, presence of surface water and
possible overland flow route from source to the nearest surface water body;

e Regarding receptors: dwellings, schools/playgrounds, use of groundwater wells,
crops or cattle, other sensitive environments, land use in the vicinity.

Furthermore, the activities carried should be accurately described for inclusion in the
report.

The descriptions should be accompanied by sketches of the site (location of sources,
dimensions, distances to receptors, significant site features, with marking of north
and scale. The locations of exploratory holes should preferably be indicated by XYZ-
coordinates, using GPS.

Note: Always be flexible on fieldwork activities to maintain efficiency. Based on the
initial field work results additional samples and testing may be appropriate in case of
unexpected indications of pollution.

The sampling should be carried out according to the Sample Protocol (ref. Volume IlI-
2.1-i SIP, Appendix A).

The samples should be tested in a laboratory to assess the levels of contamination in
the sample. Laboratories should operate in accordance with specific accreditation
criteria (ref. Volume 1I-2.1-a).

The parameters for determination within each sample scheduled for analysis will
depend on the hazardous waste material potentially present (refer Volume 111-2.1-i
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SIP, Appendix C). For the various activities representative tracer components have
been described. The tracer components can be seen as components of concern. If
there is existing information about contaminants from previous investigations, this
information should be used to select tracers. It has to be stated that not all the listed
tracers necessarily have to be analysed at a site, but the list can be used as a
starting point for the assessing analysis program at a specific site.

Figure 1-2.2.2a and 2b: Sampling of soil and groundwater (pictures by COWI, Kadam)

Activity 3 — Comparison of testing results with standards

The laboratory test results should be tabulated and recorded in terms of
concentration levels for each parameter / substance per sample. These concentration
levels are compared with the Screening levels and the Response levels (ref. Volume
Il -2.1-b). A short explanation on these levels is provided in Box 1-2.2.5 below.
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Box 1-2.1.4 Explanation: Screening levels and Response levels

Screening levels are generic concentrations of hazardous substances in soil and
sediments, groundwater and surface water at or below which potential risks to
human health or the environment are not likely to occur and where no further
investigation and assessment is needed. These Screening levels are
distinguished for land use.

Response levels are generic concentrations of hazardous substances in soil and
sediments at or above which it is very likely there is threat to human health or the
environment, that may be imminent. At or above this level some form of response
is required to provide an adequate level of safety to protect public health and/or
the environment.

given any form of land-use needoed
- - ' e - \
Background Screening levels Response levels

concentration

Note that that for certain contaminants such as Persistent Organic Pollutants, no
background concentrations should be used, as there is no natural background for
these substances.

The outcome of the comparison will define if the site should be regarded as a
contaminated site (refer to definition in Box 1-2.2.1). The following situations can
occur:

If concentration levels of contaminants in all samples do not exceed Screening
levels it can be concluded that there is no imminent threat to human health and/or
the environment and the site can directly be regarded as ‘investigated site’ which
has not proven to be contaminated. There has been sufficient investigation
undertaken and further investigation or assessment of the site is not necessary.

If concentration levels exceed the Screening levels but are lower than Response
levels it is not directly possible to determine the site as a ‘contaminated site’ or as
‘not a contaminated site’. If the outcome of the preliminary site investigation is not
clear further investigation using elements of the detailed site investigation (Task
5.1) may be recommended.

If concentration levels exceed Response levels it can be concluded that imminent
threats to human health and/or the environment may occur and the site may be
classified as a contaminated site. The site should be notified and prioritisation
should be carried out (Step 3 and Step 4 of the assessment and remediation
process).

All these situations are illustrated in the below result flowchart for the comparison of
concentration levels with Screening and Response levels.

In some areas the natural background levels may be higher compared to the
Screening levels, e.g. the natural background levels of metals and other inorganic
chemicals can vary widely and this should be taken into account when applying the
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Screening levels. Where it can be demonstrated that natural background
concentrations are elevated (e.g. heavy metal concentrations in mineralised areas), it
would be appropriate to develop less stringent assessment criteria. However care
needs to be taken when establishing the level of the natural background and its
natural variation as the local background may be influenced by historic mining and/or
waste disposal activities.

For some contaminants such as Persistent Organic Pollutants, no background values
should be used, as there is no natural background for these substances.

Figure I-2.2.3: Preliminary site investigation result flowchart in Task 2.2

Sampling at all identified sourcesand
pathways

Concentration levels excead m NO R

levels
\
YES No further investigation or
assessment
A 4
o \ NO / UNCLEAR
e peharhets T 2pe3% Probably contaminatad site

ievels

Extended |nvestigation

YES
Contaminated site
Natification and priority list
addition (steps 3 and 4)
Guidance document for assessment and remediation of Volume | - 2.2 Page 10 of 12

contaminated sites in India




Activity 4 — Reporting and review

Details of all activities carried out, the equipment and methods used and the results
of the preliminary site investigation should be included in the site investigation report.
The chapters of the report should be arranged in the same sequence of the
investigation activities (ref. Checklist for preliminary site investigation report, Volume
11-2.2-b). The topics in this checklist may be used as elements in Terms of Reference
for the investigation of a specific site.

The relevant elements of the previous report of the preliminary site assessment can
be incorporated in the report of the preliminary site investigation, if still valid.

In the preliminary site investigation report all major sources, pathways and receptors
of concern should be identified. It is very important to recognize if there are
indications of ongoing hazardous waste generation or fresh waste disposal or
discharge on the site. If that is the case the first step must be to prevent these
activities from occurring before proceeding with the remediation investigation.

Furthermore the initial Conceptual Site Model should be reviewed and probably
adjusted based on the results of the preliminary site investigation.

If enough data is available groundwater level contour maps may be developed in
order to indicate the groundwater flow direction.

When interpreting the results of groundwater quality the possible influence of
seasons should be taken into account, see Box |-2.2.6.

Box I-2.2.6 Practical tip: Seasonal Influences

Groundwater levels may vary due to the influence of rainfall or flooding
causing replenishment of the shallow groundwater level. There can be an
influence from surface water level changes on the groundwater level near
water bodies. Rising surface water in monsoon periods will cause an increase
of the groundwater level. Changes in groundwater level can impact
contamination distribution and concentration in soil and groundwater.
Constituents bound to soil particles may be released and may be dissolved
into groundwater causing increasing concentration levels. After a while
equilibrium will be restored with a new balance between bound and dissolved
particles so the concentration level remains the same until further changes in
groundwater level occur. Groundwater level varying over the season in this
way may cause periodical increasing and decreasing contamination
concentration levels. They as well may have an effect on light non-aqueous
phase liquids (LNAPL) on the groundwater surface which tend to reduce in
thickness or disappear when water levels rise.

Although the primary purpose of a preliminary site investigation has not been to
delineate the contamination it is often possible to provide a rough estimate of the
extent of and boundaries of the contamination. When interpreting the data it may
appear that several zones of distinct contamination may be present within the single
contaminated sites. Each may be sufficiently distinguished to represent a
contaminated site in it's own right. This is important for the legal notification of the
contaminated site (step 3).
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Finally a conclusion has to be drawn if the site has to be regarded as a contaminated
site or not. Recommendations should be provided for the next step in the remediation
process. If there is not enough information to draw a conclusion a recommendation
for further investigation should be provided. The report has to contain as much as
possible verifiable information meaning that copies of all original data from desk
study, site inspection, field work and laboratory testing should be provided in
annexes.

The investigating agency should ensure appropriate quality assurance protocols and
systems have been adhered to including prescribed protocols, the calibration of field
instruments, proper sampling and collection techniques and by providing records of
responsibility, non-conformity events, corrective measures and data deficiencies.

The report is then reviewed by the competent authority regarding contaminated sites,
ref. Checklist review and approval preliminary site investigation reports, Volume II-
2.2-b.

2.2.3 Task 2.2 output

The output of this task is the conclusion whether or not the site should be regarded
as a contaminated site. If so, the next steps of the process of assessment and
remediation, Step 3 notification and Step 4 prioritization should follow in succession.
After that the remediation investigation (Step 5) can proceed.

If the site is not regarded as contaminated site it is not necessary to continue the
process of assessment and remediation of the site. The site information and the
decision should be registered by submitting it into the database.
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Step 3: Notification of polluted site

3.1 Introduction to and scope of Step 3

General description and connection to other Steps

Step 3 concerns the notification of a contaminated site by the competent authority as
a ‘polluted site’ as defined in Box I-3.1 which requires remediation. Furthermore this
notification has the effect of restricting further on-going activities at the site,
depending upon the threats caused by the contamination.

Parallel to the above activities, parties responsible for contamination need to be
identified and liability for the remediation and for paying the cost of remediation and
rehabilitation of the affected environment and community needs to be assigned to
them.

Box I-3.1 Definition of a polluted site

A polluted site means areas where hazardous substances exist at levels and
in conditions which may pose existing or imminent threat to health, safety,
welfare, comfort or life of human beings, other living creatures, plants, micro-
organisms, property, water quality or the environment in general, determined
in the manner prescribed.

This is the third step in the process of assessment and remediation of a
contaminated site.

The figure below shows how this Step is connected to the preceding and subsequent
steps within the sequence of site assessment and remediation. Step 4 Priority list
addition can be carried out parallel to this Step 3.

2 > 3. Notification of polluted site | 4,
Preliminary Priority list
investigation addition
Activities

Within this step there are a number of activities to be performed. Most of these
activities are on institutional, legal and financial aspects. For guidance on those
activities we refer to the National Program for Remediation of Polluted Sites (Final
Task 4 report, PWC June 2014). Here, the guidance focuses on the technical
aspects, and hence on the following activities:

1) Delineate the site;

2) Impose site use restrictions and temporary safety measures.

Responsible Parties

The activities in this step are typically carried out by technical, legal, financial and
social specialists within the competent authority for the assessment and remediation
process. The team involved should be able to interpret the technical information and
recommendations of preliminary site investigation reports, and to link these properly
to institutional, legal and financial consequences. Review is typically performed by
senior staff members, to prepare the regulatory decision by the appropriate official.
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3.2 Guidance for performing the activities of Step 3

This section presents concise guidance for the performance of the activities within Step 3. It is
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume |l of the Guidance Document as well as in other sources.

Activity 1 — Delineate the contaminated site

In order to notify a contaminated site as polluted site the boundaries of this site need
to be established. Based on the preliminary site investigation report an overview of
the contamination of a site is provided. All relevant sources, pathways and receptors
of concern have been identified, described and preferably marked on a map.
Although a preliminary site investigation is not intended for delineation of the
contamination the collected information should provide a first indication of the
contaminated area. This indicative information should be used to delineate the site.
As these data will be used to notify a site, a decision with potentially far reaching
consequences, proper care should be applied while performing this activity. When
assessing the preliminary site investigation report it should be confirmed that the
report contains at least the following elements:

o Sufficient data, both from historical sources as well as from the field, on the
contamination situation in soil and sediment and, if applicable, in groundwater and
surface water. These data should comprise at least the location of all samples
and, if applicable, monitoring wells, a description of the stratigraphy and
composition of the soil, the depth of the groundwater table, relevant observations
from site inspection, and results of laboratory testing;

e Proper interpretation of all data and clear summary of the results;

e Conclusions, which can be related to the results.

Box [-3.2 provides some practical tips for the delineation of a contaminated site.

The data collected from official sources need to be verified through consultation of
officials concerned with land matters.

Stakeholder Interview objective Level
Local authorities, including Patwari, collect and verify information local
Kotwal, Revenue Department

District Collector collect and verify information district

When interpreting the data it may appear that the situation involves not one
contaminated site, but several. In such a case, all identified contaminated sites need
to be distinguished and assessed separately before notification can take place.

During the remediation investigation, Step 5 in the sequence of steps of assessment
and remediation, further information will be developed so that more detailed
delineation of the contaminated site from the surrounding area can be made.
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Box 1-3.2 Practical tip: How to delineate a contaminated site

The possibility for delineation of the contaminated site and the level of detail
involved depends on the quality of the available information. It is always
important to combine different pieces of information such as:

e The information collected during the desk study provides an indication of
the situation of the presumed contamination at the site:

o the industrial activities and the location of specific activities may
indicate where typical waste material may be located and what will be
the chemicals of concern;

o the geological and hydrological characteristics may indicate the
pathways of the contamination and where spreading of contamination
is expected. Information about the time since polluting activities started
and the permeability of the soil and the direction and speed of the
groundwater flow may provide a first indication of the distance to where
contamination might have spread. For contaminated sediment
information of surface water flow is necessary to have an indication of
the distance to where contamination might have spread;

o the previous and current land use may indicate activities through which
contaminated material can be moved or covered. This may have
caused a totally different situation of the contaminated site than initially
caused by the polluting activities.

e Maybe previous investigations already provide some information about the
boundaries of the contamination.

o During site inspection sensory observation of contaminated material or
information of effects of the contamination may indicate the presence of
this material. If a presumed source of contamination is detected the
surrounding area should be searched to find out where there is no
indication of this material anymore. This can e.g. be the color of material
lying at the surface, the shape and differences in height of the surface
level or differences in vegetation. Combined with the results of the desk
study a first rough conceptual site model (CSM) can be developed. In this
CSM the area where contamination may be indicated.

e The preliminary site investigation report provides concentration levels of
samples (soil, sediment, groundwater or surface water) which may indicate
the locations where contaminated material is present and other locations
where the levels do not exceed background concentration values. Possibly
the sources of contamination presumed from the desk study can be
confirmed.

e These results can support or contradict the conceptual site model, so this
model can be updated incorporating the new information.

Activity 2 — Impose site use restrictions and temporary safety measures

Once a site has been notified this automatically sets in motion the next steps in the
assessment and remediation process. It should be noted that often this sequence
can take a lot of time, due to multiple reasons, e.g. the further investigation of the site
and the preparation of the remediation may be technically complex or it may be
necessary to carefully study remediation options before selecting the most effective
and efficient option. Also, funding of the further assessment and remediation steps
can take time. Furthermore, plans for redevelopment of the site or the surrounding
area may define the moment when remediation works should start.
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It may be that threats to human health or to the environment are assessed to be very
severe, resulting in the need to rapidly respond to these threats. This can be the case
if e.g. a clear relation can be made between the contamination of the site and current
health problems of people living at or near the site (or in case this kind of threats is
likely to occur in the very near future). If remediation works cannot start at short
notice restrictions to the current site use should be considered. An example of a site
use restriction is to prohibit use of the site for habitation.

By applying temporary safety measures the imminent risks caused by the
contamination can be managed. An example of a temporary safety measure is to
place fencing thereby implementing the site use restriction of prohibiting access.

If this leads to the necessity to make special arrangements for water and food supply
the State Government may need to be involved.

A comprehensive overview of potential site use restrictions and temporary safety
measures is presented in the Checkilist restrictions to site use and temporary safety
measures, Volume [/-3-a.

Two examples of temporary safety measures are illustrated in the figures below.

Figure 1-3.1: Example of fencing Figure I-3.2: Example of temporary safety

of a contaminated site measure to prevent new contamination from spill.
The clamp is applied to stop a leak on a
leaky pipe header running

3.3 Step 3 output

The output of this step is the site being notified based on the delineation and the
conclusion whether there are site use restrictions which require the need of
temporary safety measures. Further result of this step is information which relate to
former contaminating activities and possible responsible parties.

Step 4 Priority list addition can be carried out parallel to this step 3. After that the
remediation investigation (Step 5) can start.

If there is not enough information to delineate the site and as a result of that
notification is found not be possible more detailed investigation should be
considered.
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Step 4 Priority list addition

4.1 Introduction

General description and connection to other steps

Step 4 concerns the ranking of contaminated sites according to the priority their
further investigation and remediation warrants, in comparison to other contaminated
sites. This priority is related to the threat to human health and environment. A
computerized database of priority sites with ranking features will be maintained and
updated by the competent authority.

This section will discuss the technical aspects of this listing process, i.e. the
application of prioritisation criteria to the parameters of a specific contaminated site.
Step 4 commences with the assessment of relevant data on the site and ends with
the presentation of a priority score for the site.

The figure below shows how this Step is connected to preceding and following Steps
within the sequence of site assessment and remediation. It should be noted that this
Step may be performed in parallel with Step 3 Notification of polluted site.

3. > 4. Priority list addition g 5.
Notification Remedlation
of polluted investigation

site
Activities

A number of activities are performed in Step 4. In this document only the technical
aspects to these are discussed:

1) Assess available data on the contaminated site;

2) Apply prioritisation algorithm to obtain priority score.

For detailed guidance on the prioritisation algorithm we refer to the Report of
Prioritization of sites (part of NPRPS-Inventory and mapping of contaminated sites,
COWI, Feb. 2015). The mentioned report includes explanation on two stages of
prioritization. In this section we refer only to Stage Il prioritization which is relevant for
sites where a preliminary investigation has been carried out.

Responsible parties

The activities in this step are typically carried out by the competent authority for the
assessment and remediation process. The team involved should demonstrate ability
to interpret the information and recommendations of preliminary site investigation
reports. This requires in-depth knowledge of and experience with the characteristics
of contaminations (e.g. mobility, biodegradability) and its potential effects on humans
and the environment.
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4.2 Guidance for performing the activities of Step 4

This section presents concise guidance for the performance of the activities within Step 4. It is
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume |l of the Guidance Document as well as in other sources.

Activity 1 — Assess available data on the site

The first activity is to assess the available relevant data required for the prioritization
system. Relevant parameters are listed in Table 1.4.1 below. This table also indicates
from which data sources these data may be retrieved.

Table 1.4.1

Parameters relevant for prioritisation system

Parameter

| Data source

On the source

source concentration

site inspection or site investigation report

quantity of source

site inspection or desktop study

toxicity factor

Geoenviron Data Base

mobility factor

Geoenviron Data Base

On the pathway

containment (access to contaminant)

technical judgement based on site access

attenuation reflecting directness of path to
receptor

US reference values

On the receptor

land use

site inspection

population at risk

desktop study, site inspection

sensitivity of receptor

site inspection

groundwater system at risk

Central Groundwater Boards, site inspection

surface water at risk

State Governments for Rivers, site
inspection

sensitive ecosystems

site inspection

The data collected from official sources need to be verified through consultation of

officials concerned with land matters.

Stakeholder Interview objective Level
District Collector collect and verify information district
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Activity 2 — Apply prioritisation algorithm to obtain priority score

In this activity the available data on the parameters listed in Table 1.4.1 are processed
in the prioritisation algorithm. To enable this, the data need to be converted into

numerical values eligible to process the algorithm. Basic guidance for this is provided
by table 1.4.2 below.

Table 1.4.2 Parameter values for prioritisation system

Code | Parameter Scoring basis Scoring
range
On the source
C Source concentration Marks as Low, Medium, High or 1-10
ratio to Screening Level
Q Quantity of source Volume, or Low, Medium, High 1-10
T Toxicity factor A list of chemicals 0-10
M Mobility factor List of chemical characteristics 0-10
On the pathway
F Pathway Factor = 1-1.2
containment * access to source 1-0.1
attenuation directness to source 1-0.1
On the receptor
L Land use at the site Low, Medium, High risk 1-10
P Population at risk log(pop) within 1 km radius or 1-10
Low, Medium, High
S Sensitivity of receptor Low, Medium, High 0-10
G Groundwater system at risk Low, Medium, High 0-10
(use/importance of aquifer)
SW Surface Water at risk Low, Medium, High 0-10
(use/importance of surface water)
E Sensitive ecosystems Distance to designated reserves, | 0 —10
etc.: Low, Medium, High

Once the data on the parameters have been converted into a score within the scoring

range these scores can be applied into the following prioritisation algorithm:

Priority score=[C+Q+ T+ M](F)+[L+P+S + G+ SW + E]

The Checklist information for application prioritization system Volume Il-4-a provides
additional guidance on the parameters needed to effectively use the prioritisation
system.
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Figure 1-4.1: Example of contaminated Figure I-4.2: Example of possible
material at the surface receptors at contaminated site

4.3 Step 4 output

The output of this Step 4 is a priority score for the contaminated site at hand, which
should be used to prioritize the site in relation to other contaminated sites and
subsequently to include the site at the Priority list.
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Step 5: Remediation investigation

Task 5.1: Detailed Site Investigation

5.1.1: Introduction to and scope of Task 5.1

General description and connection to other Steps and Tasks

Task 5.1, Detailed Site Investigation, concerns the identification of the nature, extent
and concentrations of the substances at the contaminated site and of the site
conditions. The results provide key information for risk assessment and the
development of remediation options.

The figure below illustrates how this task 5.1 is connected to the preceding and
following Steps and Tasks in the sequence of site assessment and remediation. The
risk assessment may be developed sequential to the detailed site investigation and
the results may be combined in one report.

4 g 5. Remediation investigation o 5

Priority list - Remediation
addition I 51 5.2 5.3 5.4 5.5 design, DPR

Detalled site Risk Setting Dovelop- Sweiection of

Investigation || assessment || remediation ment of remediation

objectives remediation option
options
Activities

The following activities are performed in Task 5.1:
1) Investigation strategy
2) Fieldwork and laboratory testing
3) Analysis and interpretation of exploratory data
4) Reporting detailed site investigation

Responsible Parties

This activity is typically carried out by technical specialists of the specialized
agency/consultant appointed to carry out the site investigation. The work should be
supervised by a senior colleague. Cooperation with the site owner and competent
authorities is necessary to prepare the field work and to grant access to the site.

The team involved should demonstrate in-depth knowledge and experience in the
investigation of contaminated sites and interpretation of exploratory results in relation
to information obtained from reports and maps on the topography and geology of a
site. It may be required to involve experts on modelling groundwater flow and
subsurface transport of contamination.

The field work team should have relevant expertise, experience and skills for the site
inspection and sampling. The laboratory work has to be carried out by an accredited
lab.

For complex issues regarding the interpretation of exploratory results research
institutes may be involved.
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5.1.2 Guidance for performing the activities of Task 5.1

This section presents concise guidance for the performance of the activities within Task 5.1. It is
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume |l of the Guidance Document as well as in other sources.

Activity 1 — Investigation strateqy

The starting point of the detailed site investigation is to define the scope for the
investigation and to establish the required information. The detailed site investigation
is generally aimed at:

e Providing comprehensive information on the nature, extent and concentrations of
the substances at the contaminated site:

° delineation of the area of the identified contaminating substances in soil,
groundwater, sediment or surface water, related to the sources of contamination
at the notified contaminated site (Step 3);

° |location and contours of concentration levels of the contamination;

° assess contaminant dispersal in soil, groundwater, surface water, sediments, air
and dust, direction and speed of spreading

¢ Providing information on the site conditions to identify and assess all contaminant
pathways with respect to assess risks (refer to Task 5.2 for Risk assessment)
such as a comprehensive geological and hydrogeological assessment;

e Providing information on site conditions to assess possible options for remediation
(refer to Task 5.4 for Development of remediation options), e.g. permeability of
stratigraphic subsurface layers, density of soil material, or concentration of general
parameters in groundwater (iron, related to groundwater abstraction techniques).

Information of the contaminated site already has been obtained by a preliminary site
investigation which provides a detailed history of the site use and an identification of
all major sources, pathways and receptors of concern. Although the primary purpose
of a preliminary site investigation has not been to delineate the contamination an

indication of the extent of and boundaries to the contamination should be described.

The Conceptual Site Model is a key element during this detailed site assessment.
The CSM enables the investigator to visualize the possible sources, pathways and
receptors and focus on the areas for investigation relevant at the site, refer Volume
111-2.1-i, Manual Conceptual Site Model and identifying the Source-Pathway-
Receptor, on how to apply the CSM.

In the preliminary site investigation (Task 2.2) the CSM already has been developed.

If there is doubt on the results of the preliminary site investigation or if the report
cannot be regarded as valid anymore, parts of the desk study or identification of
sources, pathways and receptors should be carried out again in the detailed site
investigation phase. Depending on the land use and changes and the contaminated
substances involved, a period of 5 years can be used as a rule of thumb as the
period for carrying out an update of the preliminary site investigation.
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Detailed site assessment is always a site specific exercise for which a specific
investigation protocol should be developed. An example of the development of an
investigation strategy is included in Example investigation strategy detailed site
investigation, Volume I11-5.1-i.

Based on the investigation strategy a detailed investigation protocol is prepared,
regarding assessment of the contamination levels of the source and identification of
the major pathways and receptors of concern. This protocol should pay attention to
the following elements:

¢ Required information and data gaps;

e Screening and sampling technical equipment (refer Overview of techniques for site
remediation (Volume 1lI-2.2-i), an example is illustrated in figure 1-5.1.1 below;

e Sampling rationale and design (media, locations, pattern and depth of samples)
and the required level of detail of information), refer to Box I-5.1.1 below for an
example;

¢ Number of samples;

e Screening of observations wells or necessity for drilling new wells;

¢ Necessity for multisampling events;

e Methods for establishing stratigraphy and characteristics of subsurface layers;

o Analytical test parameters for determination required. Based on the chemicals of
concern as reported in the preliminary site investigation. In addition parameters
referring to risk assessment or the applicability of remediation techniques may be
tested (e.g. inorganic chemistry to describe redox conditions and potential for
natural degradation, macro ions for assessing water treatment, bacterial analyzes,
etc.).;

o Restrictions for investigation such as buildings, subsurface infrastructure and site
boundaries;

e Quality assurance and quality control procedures such as use of field blanks/trips
blanks, procedures to avoid cross contamination by sampling equipment etc.

Box I-5.1.1 Example for sampling design

The spacing and number of sampling points depends very much on the
situation of the contaminated site. Based on experience the knowledge has
gained that no generic sampling designs should be applied during the detailed
site investigation phase.

To explain the differences in design for two totally different situations of

contamination an indication on the number of sampling points are mentioned:

e Top layer of soil contaminated with heavy metals on a site of 1 ha: to
achieve a representative impression of the actual situation about 10
boreholes may be drilled and for every distinct soil layer (at least every 50
centimetres) a sample will be taken;

e Volatile hydrogen chloride contamination has infiltrated the soil into the
base of the aquifer: applying a CSM is of major importance to understand
how the contamination may be located in soil and groundwater. The
number of sampling points is not simply related to the surface of the above
example of a contaminated top layer. Maybe tens or even hundreds of
samples may be necessary to delineate the contamination. Apart from the
primary contaminant parameters other parameters are required to obtain
information of the macro chemical and biological situation of the aquifer.
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Figure 1-5.1.1: example of field work: tripod for drilling boreholes and placing water
wells

Elements for Terms of Reference for the detailed investigation of a specific site may
be selected from the topics in the Checklist for detailed site investigation report,
Volume 11-5.1-a.

Activity 2 - Fieldwork and laboratory testing

The field work may be assigned to third parties. Samples should be tested in a
laboratory to assess the levels of contamination in the sample. Laboratories should
operate in accordance with required accreditation criteria.

For the selection of third parties the Checklist prequalification for site investigation,
Volume 11-2.1-a may be used.

The fieldwork needs to be prepared by arranging access to the site and in
consultation with important stakeholders. Furthermore, sampling equipment needs to
be prepared.

The stakeholder consultation is needed, both to inform them on the fieldwork plan
and to secure their support for the plan. The consultation may also yield information
that can be useful in the final design of the fieldwork plan. Whether or not to include
interviews with stakeholders at district, state and national level may involve the
weighing of economic aspects. As a result, this may for the state and national levels
only be applicable to large scale sites.
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Stakeholder Interview objective Level

Site owner exchange information, secure site
support
Site operator’s health facility director exchange information, secure site
support
Local businesses, residents and exchange information, secure site and direct vicinity
NGO’s support
Municipal authorities. In case the exchange information, secure local
potential contamination may include support

groundwater or surface water,
including Water Supply and Sanitation

State authorities, including SPCB and, | exchange information, secure state
in case the potential contamination support
may include groundwater,
Groundwater Authority

For large scale site: national exchange information, secure national
authorities, including CPCB, Surveyor | support
of India and Central Ground Water
Board

During the site investigation health and safety guidelines have to be taken into
account by the field work team (refer Volume I1I-2.1-i SIP, section 3).

The sampling should be carried out by using the Sample Protocol (refer Volume IlI-
2.1-i SIP, Appendix A).

The activities in the field should be described in a logbook of the field work team. The
activities carried out should be accurately described for inclusion in the report.

The descriptions should be accompanied by sketches and pictures of the site
(location of sources, dimensions, distances to receptors, significant site features, with
marking of north arrow and scale. The locations of exploratory holes, wells or other
observation points should preferably be indicated by XYZ-coordinates, using GPS.
Possible deviations from the original investigation protocol should be described in
detail (refer Box 1-5.1.2 below).

Box 1-5.1.2 Practical tip: flexibility during field work

During field work activities certain observations may lead to considerations for
deviation of the original investigation protocol. Therefore it is required to
maintain flexible on fieldwork activities to achieve good results in an efficient
manner. Based on the initial field work results additional samples and testing
may be appropriate in case of unexpected indications of pollution. Multiple
sampling events have to be taken into account and an iterative approach of
detailed site assessment may be considered for efficiency reasons.

Activity 3 - Analysis and interpretation of exploratory data

Interpretation laboratory testing results against Screening and Response levels
The laboratory test results should be tabulated and recorded in terms of
concentration levels for each parameter / substance per sample. These concentration
levels are compared with the appropriate Screening levels and the Response levels,
Volume Il -2.1-b.
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In some areas the natural background levels may be higher compared to the
Screening levels, e.g. the natural background levels of metals and other inorganic
chemicals can vary widely and this should be taken into account when applying the
screening levels. Where it can be demonstrated that natural background
concentrations are elevated (e.g. heavy metal concentrations in mineralised areas), it
would be appropriate to develop less stringent assessment criteria. However care
needs to be taken when establishing the level of the natural background and its
natural variation as the local background may be influenced by historic mining and/or
waste disposal activities.

Preparation of groundwater level contour maps

The results of measuring groundwater levels in observation wells should be outlined
in a contour map. This should be combined with interpretation of the geological,
hydrological and hydrogeological features of the site to estimate groundwater flow
direction and speed.

For complex situations it may be required to carry out modelling of groundwater flow
and contaminant transport and information on general geochemical parameters
should be collected during fieldwork (refer Tools for risk assessment,

Volume I1I-5.2-i).

Activity 4 — Reporting detailed site investigation

Details of all activities carried out, the equipment and methods used and the results
of the detailed site investigation should be included in the site investigation report.
The chapters of the report should be arranged in the same sequence of the
investigation activities (refer Checklist for detailed site investigation report, Volume II-
5.1-a).

The relevant elements of the previous report of the preliminary site investigation
should be incorporated in the report of the preliminary site investigation.

The Conceptual Site Model should be reviewed and adjusted based on the results of
the detailed site investigation.

The extent and amount of contaminated material and the manner it has been
migrated should be described and outlined trough maps. Concentration levels and
delineation of contaminated soil, groundwater and sediment can be explained clearly
in this way. More than one map and use of colors for different categories of
concentration levels may be required for optimal result. If there are uncertainties they
should be indicated clearly. It may be not necessary to fill all data gaps because the
decision on the remediation may not be depending on it.
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Figure I-5.1.2.a-c: example drawings of contamination situation
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When interpreting the data it may appear that several zones of distinct contamination

can be present within the single contaminated sites. Each may be sufficiently
distinguished to represent a contaminated site in it's own right. This is important
regarding the confirmation of legal notification of the contaminated site which has
taken place in Step 3.

Finally, a conclusion should be drawn regarding the predefined scope of the
investigation. Recommendations should be provided for the next step in the
remediation investigation process. If there is not enough information to draw a
conclusion a recommendation for further investigation should be provided.

The report has to contain as much as possible verifiable information meaning that

copies of all original data from desk study, site inspection, exploratory field work and

laboratory testing and modelling should be provided in annexes.

The investigating organisation should ensure appropriate quality assurance protocols

and systems have been adhered to including prescribed protocols, the calibration of
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field instruments, proper sampling and collection techniques and by providing records
of responsibility, non-conformity events, corrective measures and data deficiencies.

Before proceeding to the risk assessment and further steps in the preparation of
remediation it is useful to discuss the results with the competent authority regarding
contaminated sites.

5.1.3 Task 5.1 output

The output of this Task 5.1 provides clear information on the nature, extent and
concentrations of the substances at the contaminated site and on the site conditions.
A checklist of elements a detailed investigation report may contain is presented in
Volume 11-5.1-a.

The competent authority responsible for reviewing the risk assessment report may
refer to the checklist mentioned above. First, it needs to be determined which of
these elements are relevant for the situation at hand. The competent authority may
then proceed by assessing whether the report contains all these relevant elements.
Data in the report should be complete and presented clearly. Most importantly, the
report should show that the data and other information underpin the conclusions and
provide enough information for risk assessment and development of remediation
options.
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Step 5: Remediation investigation

Task 5.2: Risk Assessment

5.2.1 Introduction to and scope of task 5.2

General description and connection to other Steps and Tasks

Task 5.2, “Risk Assessment”, concerns the assessment of the risks caused by the
contamination as investigated during Task 5.1 Detailed site investigation. Risk
assessment is the process of identifying, assessing and evaluating the risks that may
be associated with a threat to human health and/or the environment at a
contaminated site. The result of the risk assessment provides information to
determine if remediation is warranted and if so, to provide input for the selection of
remediation objectives and the development of remediation options. This way, the
remediation objectives established in Task 5.3 and the remediation options
developed in Task 5.4 are aligned with the identified risks.

The figure below illustrates how this Task 5.2 is connected to the preceding and
following Steps and Tasks in the sequence of site assessment and remediation.

4. -? 5, Remediation investigation > €

Priority list Remediation
addition 51 52 53 5.4 8.5 design, DPR

Detallod vite Rink | Setting Pevelop- Selection of

investigation || assessment | | remediation ment of remediation

objectives remediation option
optons
Activities

The following activities are performed in Task 5.2:

Assess contaminant concentration levels;

Identify applicable source-pathway-receptor-combinations for human health;
Perform a generic quantitative risk assessment for human health;

If necessary, perform a more detailed quantitative risk assessment for human
health;

5. If necessary, perform a risk assessment for the environment.

PN

This sequence of activities provides a tiered approach to achieve a sound and
efficient decision on whether the contamination leads to risks for human health and/or
the environment in the current situation at the site. This is visualised in figure 1-5.2.1

Responsible Parties
The activities in this step are typically carried out by technical specialists within the
competent authority for the remediation process, or the appointed consultant.

The team involved should demonstrate in-depth knowledge and experience in the
risk assessment of contaminated sites. For complex risk assessment studies
research institutes may be involved.
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Figure 1-5.2.1 Flowchart tiered approach for risk assessment
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5.2.2 Guidance for performing the activities of Task 5.2

This section presents concise guidance for the performance of the activities within Task 5.2. It is
intended to enable the user to quickly gain an understanding of the necessary activities while at the
same time keeping an overview of the sequence of activities.

Wherever relevant, reference is made to more detailed information, both in Volume Il and
Volume |l of the Guidance Document as well as in other sources.

Activity 1 — Assess contaminant concentration levels

The aim of this activity is to draw a preliminary conclusion on whether the pollution
may cause risks. This is done by comparing the contaminant concentration levels
described in previous investigation reports with general key values for soil, sediment
and groundwater quality (refer Screening and Response levels, Volume 1I-2.1-b).
This activity may have been performed during the preliminary or detailed site
investigation. In that case the results of the activity should have been incorporated in
the respective site investigation reports.

In cases where the contaminant concentration levels are below the Screening levels
it can be concluded that there are no relevant risks to human health or the
environment. Based on this the competent authority may decide to remove the site
from the Priority list of contaminated sites and determine as investigated site.

In case contaminant concentration levels exceed the Response levels there may be
risks involved. This means further risk assessment is required, which would typically
commence by proceeding to activity 2.

Activity 2 — Identify applicable source-pathway-receptor combinations for
human health

The occurrence of risks depends on three components: source, pathway and
receptor. It is important to note that all three of these components must be present for
risks to occur. This is illustrated in figure 1-5.2.2. In a situation where for example high
concentrations of chemicals occur in a source but there are no receptors that can
come into contact with these chemicals then risks cannot occur. It has to be
emphasized that in future the situation of the site may change and contact with
chemicals may become a possibility.

e Source: the location from which a contaminant(s) has entered or may enter a
physical system. A primary source, such as a location at which drums have leaked
onto surface soils, may produce a secondary source, such as contaminated soils;.
Sources may hence be primary or secondary

e Pathway: the course through which contaminants in the environment may move
away from the source(s) to potential environmental receptors.

¢ Receptor: humans and other living organisms potentially exposed to and
adversely affected by contaminants because they are present at the source(s) or
along contaminant migration pathways.
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Figure I-5.2.2-a and b

Risks occur only if source, pathway and receptor are all
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Therefore, to assess whether the contamination may pose risks to human health
and/or the environment it should first be established if all three components are
present. This is typically done by identifying which combinations occur of the source
from which contaminants are released, the transport medium that carries the
contaminants to the receptors and the receptors that may come into contact with the
contaminants. This is the qualitative phase of the risk assessment process. A
diagram may be used to visualise the combinations that occur at the site. Such a
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diagram clearly shows the exposure routes (refer Tools for risk assessment, Volume
111-5.2-i for an example). The resulting diagram serves as a basis for the
quantification of risks, as in that phase attention should be paid only to the potential
source-pathway-receptor-combinations.

The source-pathway-receptor-combinations applicable to assess human risks
depend on the structure and use of the contaminated site and its vicinity. The source-
pathway-receptor combinations resulting in the most threatening exposure are:

e Contact of human with contamination through:

° Direct contact with contaminated soil or groundwater (ingestion of soil or
groundwater, inhalation of dust, dermal uptake of contaminants from the soil or
from the groundwater) (figure 1.5.2.3 below);

° Ingestion of cultivated crops grown on the contaminated site;

° Ingestion of fish from contaminated water;

° Ingestion of drinking water from contaminated groundwater;

° Inhalation of indoor air influenced by contaminated soil or groundwater.

e For ecology:
° Uptake of contaminants from the top layer of the soil;
° The leaching of contaminants to surface water.

Figure 1.5.2.3-a and b Examples of direct contact of human with contaminated
soil and groundwater

Activity 3 — Perform a generic quantitative risk assessment for human health

In case relevant source-pathway-receptor-combinations are identified a generic
quantitative risk assessment for human may be carried out in order to quantify the
risks the contamination may pose to human health. This is done by applying a
generic risk assessment model. Internationally, different generic models for risk
assessment are applied. These models show varying degrees of complexity in
investigation and many are related specifically to the local legislative

requirements. Each has a slightly different emphasis, depending on the focus of the
agency and the types of sites expected to be encountered. Examples of risk
assessment models are presented in Volume 111-5.2-i Tools for risk assessment.

Guidance document for assessment and remediation of Volume | -5.2 Page 5 of 7
contaminated sites in India




For effective use of any of these models data from the detailed site investigation
report are required as input. Otherwise, for this activity no specific measurements are
performed.

Most of the models calculate the intake of contamination by humans, expressed in
mg contaminant per kg bodyweight. To determine whether or not there are risks to
human health, the intake of a contaminant needs to be compared to a certain critical
exposure value. When this level is exceeded for one or more of the contaminants this
implies the presence of an unacceptable risk for human health.

In case it is concluded that the results from this activity satisfactorily express the risks
in the given situation the assessment of risks for human health may be concluded.
However, most of the available generic models for risk assessment are
‘conservative’. This means that the default parameters used and the calculation of
the level of risk will tend to overestimate this level. This is an important drawback,
because it should be avoided that model calculations indicate that there are no risks
while in practice there are actual risks. Due to this conservative approach the model
calculations may indicate risks to human health where in the actual situation there
are no risks. If it is suspected that this situation occurs, the risk assessment can be
refined by performing activity 4. Typically, the results of the risk assessment so far
are discussed with the competent authority, to reach a shared conclusion on whether
to perform Activity 4 or not.

Stakeholder Interview objective Level
Competent authority provide information and discuss | level of competent
conclusion authority

Activity 4 — Perform a more detailed quantitative risk assessment for human
health

In this activity more detailed information is collected for a more refined site specific
risk assessment. If so desired, this activity can also be carried out to support the
result of the generic model calculation.

The site specific risk assessment is carried out by collecting additional relevant
information, e.g. by measuring the concentration of substances in contact media such
as indoor or outdoor air samples, drinking water samples, crop samples or dust
samples. Care should be taken to measure in these samples the same contaminants
that have been identified in the soil samples during the site investigation.
Subsequently, the risk assessment model calculated concentrations in e.g. indoor air
or crops can be replaced by measured concentrations. Because the results of these
measurements are more reliable than the results of modelling, a final site specific
conclusion based on measurements in contact media can be drawn.

Activity 5 — Perform a risk assessment for the environment

If the contaminated site is situated in an area with high ecological value (land use:
forests and other natural area), it may be required to assess the risks the
contamination poses to the environment. The decision on whether this requirement
applies to the site at hand or not is usually discussed with the competent authority.
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Stakeholder Interview objective Level

Competent authority provide information and discuss | level of competent
conclusion authority

For such an assessment a tiered approach is also applicable. An example of an
available method is the Soil Quality Triad. This method of Dutch origin combines the
results of three types of assessment: chemical analysis, toxicity tests and ecological
field surveys. Based on integration of the results of these three surveys the
assessment provides a sound basis for a decision on remediation.

5.2.3 Task 5.2 output

The output of Task 5.2 provides clear information whether the contamination causes
unacceptable risks for human health and/or the environment or not. If risks are
present, the assessment provides insight which part of the contamination causes
risks and by which pathways. This is useful information for the development of
remediation options.

The result of extensive detailed risk study might indicate there are no unacceptable
risks involved for current and future land use. In that case the notification as
contaminated site may be reconsidered. If risk assessment indicates there are no
unacceptable risks for current land use but there may be unacceptable risks after
change of land use the priority for remediation measures may be reconsidered and
monitoring of the land use may be implemented.

The checklist of elements for a risk assessment report is presented in Volume 11-5.2-
a. The competent authority charged with reviewing the risk assessment report may
refer to this checklist. First, it needs to be determined which of these elements are
relevant for the situation at hand. The competent authority may then proceed by
assessing whether the report contains all these relevant elements. Da