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Introduction to Volume III of the Guidance document for
assessment and remediation of contaminated sites in India

This document encloses Volume II of the Guidance document for assessment and
remediation of contaminated sites in India.
In this Guidance document the technical aspects of 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 II.1 below.

Figure II.1 The fourteen Steps in the site assessment and remediation process

This Guidance document is organised as a set of documents, arranged in three
Volumes:
Volume I Methodologies and guidance
Volume II Standards and checklists
Volume III Tools and manuals

Volume I 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
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mechanisms. Wherever relevant, the guidance includes references to Volume II and
III and to websites and documents. Volume I 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 II contains reference data in various forms. Engineers dealing with
contaminated sites may use Volume II 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 I.

This Volume III contains more extensive data like technical manuals. Examples of
manuals presented in Volume III 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 III is intended for day to day reference by engineers dealing with
contaminated sites.
This Volume III document should be used in conjunction with the other two Volumes.
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1 Introduction and Objective  
The current Report provides �W�K�H���³�6�L�W�H���,�Q�Y�H�V�W�L�J�D�W�L�R�Q���3�U�R�W�R�F�R�O�´ for the project 
Inventory and Mapping of Probably Contaminated Sites In India, which was 
awarded by the Ministry of Environment and Forest to a Consortium consisting of 
COWI as lead partner in association with KADAM, Witteveen+Bos and Tauw as 
sub-consultants. The Project is funded by the World Bank (WB). Our work is 
coordinated with the other two assignments of the National Programme for 
Rehabilitation of Polluted Sites (NPRPS); Assignment 2: the Development of 
Methodologies for NPRPS and Assignment 3: Development of National 
Programme for Rehabilitation of Polluted Sites. 

The site inspection is a field visit to observe the site and the potential sources of 
contamination (on-site reconnaissance) and to undertake a perimeter survey of the 
facility 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 information is verified. 

The Site Inspecton Protocol is a part of Task 2 in the project and has been used at 
100 inspected sites in Task 4 of this assignment, see the relation between the 
tasks shown in the figure below. 
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The 14 step  In the National Program for Rehabilitation of Polluted Sites (NPRPS) of 
Assignment 3 and the Guidance Document for Assessment and Remediation of 
Contaminated Sites in India (Assignment 2), the entire process of intervention on a 
contaminated site, from its earliest identification to post remediation measures, is 
described in a sequence of 14 distinct steps. This set of steps covers all activities 
that are performed in dealing with such a site. Wherever applicable, this Site 
Inspection Protocol refers to these 14 steps. 

The 14 steps are visualised in Figure 1-1. A more detailed description of the 14 
steps is presented in our Task 2 Report. 

Identification Planning Implementation Post remediation 

�¾ Step 1:  
Identification of probably 
contaminated sites 

�¾ Step 2:  
Preliminary Investigation  

�¾ Step 3: 
Notification of polluted site 

�¾ Step 4: 
Priority list addition 

�¾ Step 5: 
Remediation Investigation 

�¾ Step 6: 
Remediation Design, DPR 

�¾ Step 7: 
DPR approval and 
financing 

�¾ Step 8: 
Implementation of 
remediation 

�¾ Step 9: 
Approval of remediation 
completion 

�¾ Step 10: 
Post remediation plan 

�¾ Step 11: 
Post remediation action 

�¾ Step 12: 
Cost recovery 

�¾ Step 13: 
Priority list deletion 

�¾ Step 14: 
Site reuse 

Figure 1-1 The 14 steps  

 
Step 2  The purpose of the Preliminary Investigation (Step 2) is to establish whether or not 

a site should be regarded as a contaminated site. This Step 2 is divided into two 
Steps: Preliminary Site Assessment (Step 2.1) and Preliminary Site Investigation 
(Step 2.2).  

The objective of the Preliminary Site Assessment (Step 2.1) is to focus, as quickly 
as possible, on imminent threats to human health and/or the environment, to verify 
if the site is a contaminated site. Step 2.1 includes a desk top study, a site 
inspection with limited sampling and a brief reporting. Step 2.1 builds on 
information obtained in Step 1 Identification of probably contaminated site, for the 
specific sites assessed in Step 2.1. 

The objective of the Preliminary Site Investigation (Step 2.2) is to identify all 
sources of contamination and the relevant pathways linking them to the receptors 
of concern. Step 2.2 includes planning of the investigation strategy, fieldwork with 
soil and water sampling and analysis, and reporting. Step 2.2 builds on information 
obtained in Step 2.1 Preliminary Site Assessment. 

This Site Inspection Protocol is a guidance document for how to conduct Step 2.1 
(Preliminary assessment). With reference to the 14 steps process for identification 
and assessment of contaminated sites, the frame for Step 2.1 can be illustrated as 
in Figure 1-2. 
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Figure 1-2 Structured process 

 

Site inspection A site inspection is carried out to verify the information of the desk study including 
a field visit to visually observe the site and its environs and to collect additional 
information to supplement the initial assessment under Task 1 (Step 1). 

The overall approach for the Site Inspection is to gather information to set up a 
Conceptual Site Model (CSM). Such a model is developed by integrating as much 
relevant information on the contaminant situation as possible. This helps to 
understand the mechanics of the site, and may result in an image like the one in 
Figure 1-3.  
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Figure 1-3 Conceptual site model 

�7�K�H���&�6�0���L�V���E�D�V�H�G���R�Q���W�K�H���µ�6�R�X�U�F�H���± Pathway �± �5�H�F�H�S�W�R�U�¶���D�S�S�U�R�D�F�K (SPR), see 
definition below. 

Source �± Pathway �± Receptor 

Source:  
An area where a hazardous substance may have been deposited, stored, disposed, or placed. Also, 
soil that may have become contaminated as a result of hazardous substance migration. In general, 
however, the volumes of air, groundwater, surface water, and surface water sediments that may have 
become contaminated through migration are not considered sources. 

Pathway:  
The environmental medium through which a hazardous substance may threaten receptors. The 
migration and threat potential through the groundwater, surface water, air, and soil exposure 
pathways is assessed. 

Receptor:  
A physical or environmental receptor that is within the receptor distance limit for a particular pathway. 
Receptors may include wells and surface water intakes supplying drinking water, fisheries, sensitive 
environments, and resources. 

 

The site investigation includes:  

�¾ On-site reconnaissance: This gives the opportunity to visually observe the site 
and the sources. 

�¾ Off-site reconnaissance: An off-site reconnaissance typically includes a 
perimeter survey of the facility and a local site environs survey. 
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�¾ Limited sampling: at the locations where main sources of contamination and 
relevant pathways to possible affected receptors are expected, limited 
sampling and testing is carried out. 

�¾ The results are compared with the Screening and Response levels and a 
conclusion is drawn as to whether or not the site should be regarded as a 
contaminated site. Recommendations on the necessity to carry out preliminary 
site investigation (Step 2.2) and specific aims of that investigation are 
presented. 

�¾ Reporting of results of the preliminary site assessment and review of the 
report.  

Responsible Parties This activity is typically carried out by technical specialists from 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 
competent 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 
geological maps and reports. 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 laboratory.  

The guidance for conducting a Site Inspection is described in the following 
chapters. 
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2 Preparation before site inspection 
Before visiting a site the following preparations must be made. 

Step 1 Arrange access  

Coordinate your site visit with the project coordinator to make sure access to the 
site is arranged. Identify a local contact or guide. Discuss any potential health and 
safety issues with regard to the site. 

Step 2 Make arrangement with important stakeholders 

Try to make arrangement with important stakeholders (e.g. Site owner/operater, 
Key State/Municipal officials, Key NGO Agency, Local Health Facility Director). 

Step 3 Review the site and make a work plan 

To prepare for the site reconnaissance, review what is known about the site and 
what remains unknown according to the Data Sheet in Task 1 (see example of 
completed Data Sheet in Appendix E).  

Review the results of the desk study which is carried out in Step 1 of the 14 steps 
as described in Section 1 in the Guidance Document of the Assignment 2, 
Methodologies for the NPRPS, Volume Volume II-1-a  (Petition format) and in 
Volume II-1-b (Checklist).  

Of special interest is information about previous investigations at the site to see if 
there are available and reliable data available, primary data which can be used in 
the assessment of the site. Sampling points (on site/off site) should be marked on 
a map and primary data should be illustrated in a table. The below points should be 
considered when assessing existing primary data: 

�¾ Determine what data are available; 
�¾ Evaluate purpose and scope of previous investigations; 
�¾ Review sampling locations, dates, depths, and sample descriptions; 
�¾ Evaluate the sampling results and hazardous substance concentrations; 
�¾ Review field preparation and collection techniques for previous samples; 
�¾ Review available laboratory documentation; 
�¾ Assess usability of previous primary data. 
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The available reviewed information and the newly collected information can be 
summarised in a table, and information gaps should be indicated before the site 
inspection is carried out (reference to Appendix F in the SIP and Appendix E 
Section 2 SIP Form: Overall assessment of data and data gaps). 

Examine available maps, such as from Google Maps, Google Earth, Bing Maps or 
government sources, to familiarize yourself with the area and key features such as 
the locations of roads, residential areas, industrial or mining areas and water 
bodies. Look for sampling data from other research projects. 

Based on all the compiled information, a work plan should be made 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. 

Step 4 Prepare your equipment 

The following equipment is required: 
�¾ Camera (check batteries); 
�¾ Notepad, site review questionnaire and pen. Please take detailed notes; 
�¾ Map of the site (printed from Google Maps, Google Earth, Bing Maps or a 

local map); 
�¾ GPS device; 
�¾ Personal protective equipment. If you need to purchase protective equipment, 

please contact the coordinator of the survey team. Safety is very important. Be 
careful and avoid potentially dangerous situations. See the Health and Safety 
section for further information. 

Step 5 Prepare sampling equipment 

The following equipment is required: 
�¾ Something to collect samples (auger or shovel, spoon and bottle); 
�¾ Storage containers for samples (jars for soil, preserved bottles for water); 
�¾ A permanent pen to mark samples; 
�¾ A water pump with clean sampling hose or (disposable) bailers; 
�¾ Cool box to store samples. 

Follow the sample protocol in Appendix A. 

The samples should be tested in a laboratory to assess the levels of 
contamination. Laboratories should operate in accordance with specific 
accreditation criteria (refer to Checklist prequalification for site investigation, 
Development of Methodologies for NPRPS, Guidance Document, Volume II-2.1-a). 
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3 Health and safety guidelines 

3.1 Introduction 
This Chapter provides an overview of the health and safety guidelines which 
should be followed before, during and after the site visits by people involved. 

Before each site visit the coordinator of the team must:   
�¾ evaluate potential health and safety hazards; 
�¾ identify appropriate controls and precautions to eliminate or reduce risks;  
�¾ brief other involved parties coming to the site on general and any specific 

health and safety requirements. 

3.2 Risk screening 
Before conducting a site visit, the coordinator and the team itself must identify the 
potential hazards that they may encounter at the site. The different types of 
potential hazards are included in Table 3-1. 

Table 3-1 Potential hazards 

Type of hazard Examples Notes 

Chemical hazard Chemical pollutants 
present at the site 

Awareness of the presence of hazardous waste and 
pollutants is very important. Review previous studies or 
publications related the area, identify potential sources 

Physical hazard Noise, slips, falls, climate 
conditions, sharps and 
needles from hospital 
wastes 

Take into account the layout and state of the site, 
particularly any holes, excavations, buildings etc. Attention 
should be paid to expected local weather 

Biological hazard Bacteria, viruses, 
parasites, animal bites, 
hospital waste (blood and 
other body fluids, 
bandages, etc.) 

Awareness of the presence of dangerous animals (e.g. 
snakes, scorpions) is very important. Sewage water and 
dead animals are a source for pathogens and bacteria 
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Once hazards have been identified, the coordinator of the team must estimate the 
probability that the expected extent of exposure to the identified hazards will put 
the inspection team at significant risk. The principal pathways of exposure at 
contaminated sites are normally ingestion, inhalation and direct contact, but other 
possible exposures should be considered. 

In addition, the coordinator of the team must determine what measures the team 
must take to reduce the probability that the exposure to these hazards will cause 
injury or endanger wellbeing (such as wearing personal protective equipment, etc.). 

N.B. Sites with radioactive waste or possible radiation exposures  are excluded 
from site visits because these sites require specific health and safety measures. 

3.3 Personal protection equipment (PPE)   
The inspection team must have access to essential personal protective equipment 
(PPE). The coordinator of the team must identify and check the correct use of 
appropriate PPE during site visits.  

Basic equipment includes: 

�¾ Boots (closed shoes are required �± open toe shoes are not allowed); Its 
recommendated to use footwear (shoes, boots, wellingtons) according to e.g. 
European S3 standard (200 joule toe cap protection, fully enclosed heel, 
antistatic properties, energy absorption of seat region, water penetration and 
water absorption resistance, sole penetration resistance, cleated outsole, 
http://en.wikipedia.org/wiki/Steel-toe_boot) . Especially on waste dumpsites, 
mining tips and scrapyards, sole penetration resistance is essential. Also, 
boots above ankle height reduce snake bite risk by approximately 90%; 

�¾ Protective clothing such as pants with long legs and long-sleeved shirts are 
required; 

�¾ Dust mask must be worn whenever there is potential exposure to (hazardous) 
dust; Reference to suitable mask types, e.g. as published by Draeger (see 1 
e.g. 
http://www.draeger.ae/media/10/03/67/10036736/filter_selection_guide_br_90
46529_en.pdf , p. 6). 

�¾ Goggles or safety glasses must be worn whenever there is the presence of 
particles in the air that may damage the eyes (for example, significant 
amounts of dust) or when there is the risk of splash or splatter of 
contaminated substances; 

�¾ Gloves, if touching, picking up or sampling of any material, soil or water. 

Other PPE may be identified as relevant to a specific site. PPE should be 
inspected before every site visit and be cleaned, repaired or replaced if needed. 
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3.4 Site visit 
Before starting each new day of site inspections, a toolbox meeting is given by the 
coordinator of the team. During these toolbox meetings, safety procedures will be 
explained to each member of the field team. 

During the site visit the team must: 

�¾ Wear appropriate PPE (see above); 
�¾ Wash hands before eating anything (even if gloves are worn during the visit); 
�¾ Not enter confined areas. These are areas large enough for a person to enter, 

but with limited ventilation and/or limited or restricted means of entry or exit; 
�¾ Be cautious in areas that may be slippery due to water, mud, steep slopes, 

etc.; 
�¾ Be cautious if using ladders or stairways that may be unsafe; 
�¾ Be cautious in elevated areas; 
�¾ Be aware that hazardous material and toxic contamination may look harmless. 

Allways, take precautions. 

Touching or any contact with human and animal fluids and waste, or dead animals, 
should be avoided during site visits. Bacteria, viruses, parasites can be present in 
human and animal fluids and waste such as blood, faeces and urine. 

After the site visit the team must: 

�¾ Wash hands and face before eating anything; 

�¾ Change from working clothes and shoes. Take showers before entering into 
close contact with other people, particularly pregnant women and/or children; 

�¾ Clean shoes to remove any mud or soil on them, wear gloves during the 
cleaning and make sure that the removed soil is collected and disposed of 
properly or is left at the site; 

�¾ Wash clothing before wearing again. 

Communicate lessons learned during the site visits to the coordinators from the 
other teams to prevent future incidents. 
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4 Existing and general information 
Before you start your site investigation, first complete the Data Sheet in Appendix F 
as well as possible by conducting a desk research..  

Make use of internet, Google Earth, the Black Smith Institute inventory (if available) 
and other sources. 

Based on this desk study establish: 

�¾ Evaluation of existing data e.g. existing primary data (see Appendix F); 

�¾ Assessment of important data gaps which must be obtained in the Site 
Inspection; 

�¾ Assessment of CosC and which contaminants to analyse (based on industry 
type and available information); 

�¾ Initial assessment of samples to be taken, e.g. samples in a known source 
area or from a drinking water tube/surface water body; 

�¾ Identify focus points for Site Inspection e.g. drinking water wells, 
hydrogeology, population at risc, interview with specific stakeholder etc. 

Fill in the following table before your site visit. Use and verify the information 
available in the Data Sheet. 

Data 

sheet 

no. # 

 

 

1. General Site Information 

1.0 State Name  

1.1 ID number (State-district-xx)  

1.2 Site Name   

1.3 Address  (Street, Street number, postal code)  

1.4 GPS coordinates /and elevation  (x, y coordinates of the corners 

of perimeter) - (The coordinates should be written in Geographic 

latitude and longitude (North and East) for use in India 

Location of coordinates is shown on map in section 6 
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Data 

sheet 

no. # 

 

 

throughout the report) (add more points if required) 

1.4.1/ 

1.4.2 

1 X: 

Y: 

2 X: 

Y: 

3 X: 

Y: 

4 X: 

Y: 

1.4.3 Altitude (m above sea level)  

1.6.1 Who is the current owner (name and address)  

1.6.2 Who was the previous owner (name and address)  

1.6.3 What is the current status of contact with owner  

1=Owner known and in communication with regulator; 

2=Owner known but not available/communicating; 

3=Owner not known 

 Site Access (yes/no, any restrictions?). Will the Consultant have 

access to the site for field investigations 

 

 

 Contact person  

 

 Phone number  

 

 What are the available dates / hours to visit the site?  

 Are safety measures required by the owner of the site? If so, 

which safety measures? Are there any known dangers which a 

visitor should be aware of like unstable buildings and structures, 

toxic liquids, holes etc.). 

 

 Is there a permission to visit / investigate the whole site?  

1.10 

+ 

1.11 

Historical review and overall Site description 

Describe historical information about the site (industrial activities, 

including maps of features of these sites e.g., production area, 

storage area, underground storage tanks, information on 

reported spills/dumping etc. 

 

Give an overall description of the site including a clear description 

of the type of site e.g.:  

i) is the site a point site with former or ongoing industrial 

activities on the site;  

ii) is the site an industrial area (with cluster of industries = Area 

Site) with no clear source of contamination); 

iii) is the site an area (e.g. waste land/water body/habitation 

area) where contamination has been spread via effluent or 

dumping of waste from an industry (or number of industries) 

which is placed outside the site boundary.  

Specify if there are any uncertainties with the Site Definition. 

 

1.16 Extend of data available (if any).  

 

A=Almost no information; B=Desk top study performed but 

no primary data; C=Site investigations performed an 
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Data 

sheet 

no. # 

 

 

primary data available; D=Ongoing remediation; E=Other 

(specify). 

1.17 Previous or ongoing remediation activities (if any)  

2. Source of contamination and waste characteristics 

2.7.1 Give a brief summary of previous investigations performed at the 

site and in the vicinity (if any). Describe results of soil, air, 

groundwater and surface water on/off the site (if any). Analysis 

results should be included. For soil analysis max concentrations in 

should be reported if possible distinguish between top soil and 

deeper soil contamination. Depth must always be specified. For 

groundwater data depth of sample should be reported.  

 

2.7.2 Compare primary data with SSLs and Response Levels. 

Calculate the over standard ratio of the maximum concentration 

level compared to the screening value. 

 

3. Groundwater use and characteristics 

3.1 Geology at the site. Give an overall description.  

Broad description of the typical stratigraphical sequences 

from topsoil to deepest aquifer. Based on earlier studies 

and / or general knowledge. 

3.2.1 Hydrogeology - Overall description.  

Describe the depth of aquifers which is relevant for 

migration of contamination and drinking water/irrigation. 

The aquifers can be secondary/shallow aquifers and deeper 

aquifers (primary aquifers).  Also, describe soil type of 

aquifers (sand, clay, bedrock, other) based on earlier 

studies and / or general knowledge. 

3.2.2 Hydrogeology - Groundwater flow direction   

Describe direction for each aquifer(if any information). 

10. Overall Location and site description 

#: refer to category in Data Sheet 

 

 

 



  
20 Inventory and mapping of probably contaminated sites in India 

http://projects.cowiportal.com/ps/A019251/Documents/3 Project documents/Reports/Task 2 Approaches-Methodologies/Site Inspection Protocol SIP/Final 23 January 2015/IND56-1 SIP Final 23 
January 2015.doc 

 

4.1 Overall assessment of data and data gaps 
(assessed before Site Inspection) 

Item  

Assessment of available data (e.g. analytical results). 

Can existing data be used to assess present 

contamination at the site? 

  

What are the Chemicals of Concern (CoCs)?   

What are the data gaps? 

(Description of site, location of site, etc.) 

 

Give an initial assessment of the samples to be 

taken  (soil, groundwater, surface water, other?) 

 

What are the focus points during the Site 

inspection? 

 

Identify important stakeholders who should 

participate in the Site Inspection  
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5 On site reconnaissance 
Fill in the following table during your site visit based on interview of the contact 
person and own observations. Verify the information as is available in the 
Database. 

Take photographs of all relevant observations. In some cases, a photograph is 
obligatory. 

Provide any obtained additional relevant information which cannot be filled into the 
table with site ID and data number corresponding with the table. 

Date and time of site visit  

... 

Site investigation conducted by 

 

 

... 

 

.... 

Spoken with  

... 

 

... 

Weather conditions during visit  

 

... 

 

Data 

sheet 

no. 

 

1. # General site information 

1.15 Operational status  

1 = Active/ongoing; 2 = Closed; 3 = Abandoned; 4 = Other (specify) 

1.5.1 What is the current land use?  �Y 

1.5.2 What was the previous land �Y 
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Data 

sheet 

no. 

 

use?  

1.5.3 What is the future land use 

(planned) 

�Y 

1 = Agricultural land; 2 = Waste land; 3 = Water bodies; 4 = Forests; 5 = Habitation settlement 

(Residential/School/Kindergarten); 6 = Commercial; 7 = Industrial, 8 = Mixed (to be specified for 

each case) and 9 = Other (to be specified in each case) 

1.7 Name(s) of polluter(s)  

E.g. Name and address of industry, institution or person who caused the contamination 

1.8 Approximate area of site (m2) �Y 

 

m2  

 Built-up area (m2 or 

percentage of total) 

�Y %  

 Paved area (m2 or percentage 

of total) 

�Y %  

 Non-paved area (m2 or 

percentage of total) 

�Y %  

1.9 Topography  

1 = Water; 2 = Plains; 3 = Mountains; 4 = Hills; 5 = Any other (specify) 

1.10 Type of site  

�í���A���^�W�}�]�v�š�_�•�]�š�����~�•�]�v�P�o�����]�v���µ�•�š�Œ�Ç�l���µ�u�‰�•�]�š���•�V���î���A���_���Œ�����_�•�]�š���~�/�v���µ�•�š�Œ�]���o�����Œ�������}�Œ�����•�š���š�����~���o�µ�•�š���Œ�•�V���ï���A��

Any other (specify) 

1.12 Industry type (which have 

caused contamination) 

... 

(select from Basetable 4 of the Data sheet in Annex F) 

1.13 Period of 

operation/contamination 

(year) 

�Y 

Enter period of operation (from �t to)  

Period of contamination (from �t to) based on available information 

1.14 Is the site classified before or 

after the development of HW 

rules in 1989 (Before / After) 

 

2. Source of contamination and waste characteristics 
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Data 

sheet 

no. 

 

 Are there dump sites present? 

Describe  

yes / no �Y�X 

 

2.1.1 Physically state of waste as 

deposited 

 

  1 = Solid, 2 = Sludge, 3 = Powder, 4 = Liquid, 5 = Gas, 6 = unknown, 7 = Any other (specify)  

2.1.2 Origin of the deposit   

1 = dump, 2 = leakage, 3 = fluviatile deposit (sediment), 4 = areal deposit, 5 = storage, 6 = Effluent 

(wastewater) 7 = Any other (specify) 

2.1.3 Position in soil/effluent  

1 = On the surface; 2 = In the soil; 3 = In effluent (wastewater); 4 = Any other (specify) 

2.1.4 Is there visual contamination   

Describe visual contamination in soil; groundwater; surface water; effluent 

2.1.5 

Is there vegetation stress 

 

Describe any sign of vegetation stress 

2.1.6 

Area of contaminated soil 

 

Area of the above source or area of HW deposited 

2.1.7 

Volumen of contaminated soil 

 

m3 / mt (source in soil or HW deposited)  

2.1.8 Is the source area delineated  

2.1.9 
Area of contaminated 

groundwater 

 

If plume is delineated assess the area of the plume (lengt (m), widht (m) area (m2) 

2.2 Type of contamination 

according to definition from 

MoeF 

 

1 = Effluent; 2 = Air; 3 = Municipal Solid Waste; 4 = Bio-medical Waste; 5 = Hazardous Waste; 6 = 

Ship Break Waste; 7 = Any other (specify) 

2.3 "Industrial processes" which 

caused the contamination 

(According to Base table 5 of 

the Data sheet in Annex F) 

... 
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Data 

sheet 

no. 

 

2.4 

Type of hazardous waste  

 

According to Hazardous Wastes (Management, Handling and Transboundary Movement) Rules, 

2008.)  - select from Basetable 6 of the Data sheet in Annex F 

2.5 Hazardous Waste Constituents   

According to Hazardous Wastes (Management, Handling and Transboundary Movement) Rules, 

2008.)  - select from Basetable 7 4 of the Data sheet in Annex F 

2.6 What are the COC's?  

(use UBI Appendix C) 

... 

 

 What potential sources of 

contamination are present? 

Quantify as much as possible 

(area and/or volume) Describe 

�Y�X 

 Are there storage tanks 

present at the site? Specify 

number, sub surface or on 

surface, content (chemical) 

(If specification is available, 

please add) 

yes / no ... (number) sub surface / on 

surface / both 

content 

 Is there visible soil 

contamination present? 

yes / no  Take 1 to 2 samples of most 

contaminated sites 

 What is the level (intensity) of 

visible soil contamination? 

low / medium / high impact  Take photo 

 What is the scale of visible soil 

contamination? (percentage of 

total site size) 

< 10% / 10 - 50% / >50%   

 Are the buildings visibly 

contaminated? 

yes / no / NA   

 What is the level (intensity) of 

the building/ infrastructure 

visible contamination? 

low / medium / high impact 

/ NA 

 Take photo 

 What is the scale of the visible 

building/ infrastructure 

contamination? (percentage of 

total buildings/ infrastructure) 

< 10% / 10 - 50% / >50% / 

NA 
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Data 

sheet 

no. 

 

 Are there materials present 

which might contain asbestos? 

(corrugated roofing panels 

  

 Is the present contamination 

local (hot spot) or diffuse? 

hot spot / diffuse / both / none 

3. Groundwater use and characteristics 

3.2.3 Hydrogeology - Depth to water 

table (m below subsurface, 

use wet season estimate). 

 

Describe the depth to the water table for each aquifer. Based on local knowledge or information 

from Ground water Authorities or data from Site Inspection 

3.3 Current and future expected 

use of any aquifer for 

groundwater use 

 

Describe current and future planned use of any aquifer 

3.4 Is the site within a 

groundwater recharge zone 

 

 

1 = Area with special drinking water interest (i.e. major aquifer/potable water supply) 

2 = Areas with drinking water interest (aquifer with major aquifer potential) 

3 = Areas with borderline drinking water interest (minor aquifer/ non potable water 

 Are there groundwater wells 

present on site? If so what use 

(consumption / domestic / 

industrial), what yield? 

yes / no consumption / domestic / industrial Take photo 

 Are there indications of 

groundwater pollution; e.g. 

smelling wells. 

If yes, what is the level 

(intensity) of groundwater 

contamination (if noticeable)? 

yes / no / NA ... Take sample 

4. Surface water use and characteristics 

4.1 Any drainage system (run off 

system) on site 

�Y 

General description of (drain, trenches, streams) or streams at the site which can transport the 

contamination outside the premise to surface water bodies 

4.3   Type of Surface water Body  

 

 

1 = Pond (less than 1 hectare), 2 =   

Small lake (1-10 hectares), 3 = Large lake (more than 10 hectares), 4 = Small river/stream, 5 = 
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Data 

sheet 

no. 

 

Large river, 6 = Wetland, 7 = Other (specify if possible) 

4.4 Any sensitive use of surface 

water  

 

 

1 = Drinking Water, 2 = Irrigation, 3 =  Use in commercial food production, 4 = Water recreational 

area (e.g. bathing, marina), 5 = Fishing, 6 = Other (specify if possible) 

4.6 Are there signs of flooding? 

Describe 

yes / no �Y 

 

 If so, what is the water table 

to the surrounding surface? (m 

below ssl) 

...  m - ssl  

 Is there any discharge to the 

surface water visible? Describe 

yes / no / NA �Y 

 

Take photo 

Take sample 

 Is the surface water visibly 

contaminated? Describe 

yes / no / NA �Y 

 

Take photo 

5. Soil exposure characteristics 

5.1.1 Access to the site from local 

communities 

 

1 = Site secured and access controlled 2 = Site not secured but access limited 3 = Open site with 

regular public activity, 4 = Other (specify) 

5.1.2 Is there inhabitation on the 

site? If so how many people? 

How many children? 

yes / no �Y�����~�v�µ�u�����Œ�• �Y���~�v�µ�u�����Œ�• 

5.1.3 How many workers are 

working on site? (Number) 

... Remarks: .. 

5.1.4 Specify other activities if any �Y 

 Is there agricultural use at the 

site (crop growing / keeping of 

domestic stock)? Describe 

yes / no �Y 

6. Air exposure characteristics 

6.1 What are the prevailing wind 

directions? 

N / NE / E / SE / S / SW / W / NW / unknown 

 Is there a noticeable (smell) 

/bad air quality at the site? 

yes / no �Y 
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Data 

sheet 

no. 

 

Dust visible? Describe 

#: refer to category in Data Sheet 
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6 Off site reconnaissance 
After the site visit ,make a tour around the site to assess the environmental impact 
on the surroundings. Fill in the table below based on your observations and 
possible interviews with local people.  

Verify the information as is available in the Database. 

Take photographs of all striking and relevant observations. In some cases, a 
photograph is obligatory. 

Provide any obtained additional information which cannot be filled into the table 
with site ID and data number corresponding with the table. 

Data 

sheet 

No # 

 

3. Groundwater use and characteristics 

 Are there groundwater wells 

present? If so what use 

(consumption / domestic / 

industrial).  

yes / no 

 

consumption / domestic use / industrial Take photo 

Take sample if notice-

able pollution is present 

3.5.1 Private wells (distances  to 

nearest well and approximate 

number of wells within 1 km 

from the site) 

... meters ... (number)  

3.5.2 Public wells (distances  to 

nearest well and number of 

wells within 1 km from the 

site) 

... meters ... (number)  

4. Surface water use and characteristics 
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4.1 Any drainage system (run off 

system) outside the site 

�Y 

General description of (drain, trenches, streams) or streams at the site which can transport the 

contamination outside the premises to surface water bodies 

4.2 Name and distance to nearest 

surface water body (m) 

 

4.3  Type of Surface water Body   

1 = Pond (less than 1 hectare), 2 =  Small lake (1-10 hectares), 3 = Large lake (more than 10 

hectares), 4 = Small river/stream, 5 = Large river, 6 = Wetland, 7 = Other (specify if possible) 

4.4 Any sensitive use of surface 

water  

 

 

1 = Drinking Water, 2 = Irrigation, 3 =  Use in commercial food production, 4 = Water recreational 

area (e.g. bathing, marina), 5 = Fishing, 6 = Other (specify if possible) 

 Is there surface water directly 

next to the site? If so, what 

type 

yes / no �Y 

 

 What distance is the water 

table to the surrounding 

surface? (m below ssl) 

... m - ssl  

 Is there visible discharge from 

the site visible? (Describe) 

yes / no / NA ... 

 

Take photo 

Take sample 

 Is the surface water visibly 

contaminated? (Describe) 

yes / no / NA ... 

 

Take photo and take 

sample 

4.5 What is the distance to 

sensitive environments and 

Wetlands (m)? (Describe) 

... meters ... 

 

5. Soil exposure characteristics 

5.2.1 What is the land use in the 

vicinity of the site? 

1 = Agricultural land; 2 = Waste land; 3 = Water bodies; 4 = Forests; 5 = Habitation settlement 

(Residential/School/Kindergarten0; 6 = Commercial; 7 = Industrial, 8 = Mixed (to be specified for 

each case) and 9 = Other (to be specified in each case) 

North ... 

East ... 

South ... 

West ... 
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 Are there crops grown next to 

the site? (Describe) 

yes / no ... 

 

Take photo 

 Is there domestic stock 

present next to the site? 

yes / no ... 

 

Take photo 

5.2.2 What is the distance to the 

nearest habitation? 

(Describe) 

�Y���u���š���Œ�• ... 

 

Take photo 

 Approximate number of 

people living within 100 

meter 

... (number) 

5.2.3 Approximate number of 

people living within 1 km 

... (number) 

5.2.4 What is the distance to other 

sensitive activities e.g. 

schools, nursery, allotments 

(m)? (Describe) 

... meters ... 

 

7. Socio economic aspects 

7.1 Describe general socio 

economic conditions  

 

 

E.g. employment rate, in-come, rate woman/man, rate in age, population density, occupation,  

alphabetise, religion, value of site/buildings, possibilities of temporary site clearance, social 

sensibility land user(s),  

7.2 Drinking water source �Y 

Describe drinking water source (e.g. public water supply based on groundwater) for the population 

in he vicinity of the site (within 1 km) 

#: refer to category in Data Sheet 
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7 Miscellaneous 
1.18 Complaints: List any other pending complaints, claims, liabilities, non-compliances, conversations with site 

personnel or neighbours, and other relevant matters related to soil and groundwater pollution aspects 

  

 

 

 

 

 Data gaps: List major (if any) data gaps or uncertainties which still occur after the conducted Site Inspections 

(e.g. insufficient information about geology/hydrogeology) 

  

 

 

 

 

 Emergency response considerations: List observed conditions that may warrant immediate or emergency 

action (e.g. heavely contaminated groundwater/surface water used for drinking water, unrestricted public 

access to exposed hazardous substances etc.) 
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8 SITE map  
�3�U�R�Y�L�G�H���D���V�N�H�W�F�K���R�I���W�K�H���V�L�W�H�¶�V���O�D�\-out (include at least main occurrences and main 
sources and pathways of pollution): 
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9 Sampling 
To make a first assessment of the present contamination, samples will be taken 
during the site visit. This sampling concentrates on the source of contamination 
and the water as a pathway. This sampling is meant as a first assessment of the 
site based on actual concentration levels. 

Sampling of source area: 

�¾ Samples of soil will be taken at places where contamination is 
visible/noticeable on the surface or (if no contamination is visible) at the 
�O�R�F�D�W�L�R�Q�V���Z�K�H�U�H���³�V�R�X�U�F�H�V�´���D�U�H���P�R�V�W���O�L�N�H�O�\�����J�L�Y�H�Q���W�K�H�����I�R�U�P�H�U�����D�F�W�L�Y�L�W�L�H�V���R�Q���W�K�H��
site. In case of surface water, this can also be a sample of the top sediment; 

�¾ If a discharge is present, an effluent sample will be taken; 

�¾ Surface water samples will be taken if there is clearly a surface water 
contamination noticeable. 

Sampling of pathways: 

�¾ Groundwater samples will be taken from tube wells if they are present on the 
site or in its vicinity. 

QC sampling: 

�¾ For reasons of quality assurance, a fraction of the samples will be taken in 
duplicate and sent to a other laboratory (see Section 13.2); 

�¾ The sampling procedure should also include the use of trip blank, field blank 
and equipment blank samples. 

Describe the samples taken in the table below. For the sampling protocol, see 
Appendix A. 

Always use the uniform sample coding as described in Appendix A.  
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The objective of the quantitative analyses is to obtain a first assessment of levels 
of contamination at the site.  

When taking samples, customization of the sampling program (locations and type) 
is important and must be determined by the expert in the field. Some important 
considerations are: 

�¾ Sample the most visible contaminated media (soil / sediment / water), 
because this gives a first impression of the levels of contamination; 

�¾ If possible, sample areas that can be accessed by humans, exposure of 
humans is be possible (see Appendix A); 

�¾ If present, always take a water sample from (drinking) water wells (if many 
drinking water wells, give priority to drinking water wells in downstreams 
areas); 

�¾ If it is probable that larger areas of soil are contaminated by non-volatile 
compounds like metals, TPH and/or PAH, make at least 1 composite sample 
of the most sensitive area (residential area, playground, agricultural fields) 
according the protocol in Appendix A. 

Other possible locations for sampling of sources and pathways: 

�¾ Visual indication of cause of pollution such as the presence of (former) 
industrial process equipment, storage tanks, broken pipelines, etc; 

�¾ Visual evidence of hazardous material by means of colour or odour or the 
composition of material, or uneven ground surface; 

�¾ Reported location with confirmed high concentration levels in previous 
sampling results; 

�¾ Where an incident (spill / uncontrolled release) has occurred identified by a 
former employee of a company; 

�¾ Areas which can easily be accessed by humans and areas of sensitive use 
(residential, playground, agriculture); 

�¾ Drinking water wells downstream of the site (collect groundwater samples to 
assess if this pathway is contaminated); 

�¾ Surface water at or near the site if expected to be contaminated by hazardous 
waste material; 

�¾ At discharge points with noticeable contamination an effluent sample should 
be taken; 

�¾ In �F�D�V�H�V���R�I���V�L�W�H�V���Z�L�W�K���H�I�I�O�X�H�Q�W���G�L�V�F�K�D�U�J�H�V���D���µ�V�R�X�U�F�H���V�D�P�S�O�H�¶���V�K�R�X�O�G���D�O�V�R��
include a sample of the sediment. 
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Site ID + number soil / water Date for 
sampling 

Targeted or 
composite 

Location (description 
and GPS coordinates 
if available) 

Parameters 
analysed 

Motivation of sampling * 

1.  
 
 
 
 
 

     

2.  
 
 
 
 
 

     

3.  
 
 
 
 
 

     

4.  
 
 
 
 
 

     

*: Motivation (e.g. visible contamination, source area). Must also include information about landuse 

(only soil) and location of sample (inside/outside the site) 
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10 Overall assessment of pathways, 
exposure, impacts and contamination 

The initial conclusions from the Site Inspections should be filled into the table 
below: 

Data sheet 

No # 

 

8. Pathways, exposure impacts and risc from contamination 

8.1 Potential/observed pathways for spreading of 

contaminants at the site 

 

1 = Groundwater pathway, 2 = Surface Water pathway, 3 = Soil exposure 

pathway, 4 = Air pathway 5 = Any other (specify) 

8.2 Potential/observed exposure to contaminants  

1 = Direct human contact, 2 = Ingestion (soil, food) 3 = Groundwater use 

(Drinking water, Irrigation), 4 =  Inhalation of polluted air/dust,  5 = Surface 

water use (drinking water, bathing, fishing), 6 = Sensitive environments, 7 = 

Other (specify) 

8.3 Describe observed impacts (if any)  

E.g. observed impacts on humans, animals, flora, fauna 

8.4 Estimation of population at risk (see Appendix B) 

<1000 

1.000 �t 5.000 

5.000 �t 10.000 

10.000 �t 20.000 

20.000 �t 50.000 

50.000 �t 100.000 

100.000 �t 200.000 

200.000 �t 500.000 

Specify 
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Data sheet 

No # 

 

>500.000 

9.1/ 

9.2/ 

9.3 

Typology of contaminated site according to standard, 

see Appendix D (Note that more than one typology 

can be applicable):  

S-1 Soil phase contaminations (land bound site): 

(Subdivided into S1 �t a;  S1 �t b; S1 �t c; S1 �t d; S1 �t e; 

S1 �t f) 

S-2 (Solid phase contaminations (water bound site) 

L-1 (Liquid phase contaminations) 

(Subdivided into L1 �t a; L1 �t b; L1 �t c; 1 �t d) 

P-1 Liquid phase related 

(Subdivided into P1 �t a; P1 �t b) 

P-2 Groundwater contamination (Leached or 

dissolved contaminants) 

Specify overall typology and, if possible, also 

subdivision of typology 

 

 Assessment of contamination from Site Inspection  

(based on analytical results from Site Inspection �t see 

Section 11 and 12) 

(Specify most critical contaminants, specify if 

concentrations exceed SSLs and Response Levels) 

If lack of data, include results from previous 

investigations (if any) 

 

Soil: 

 

Groundwater: 

 

Surface water: 
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Data sheet 

No # 

 

 Conclusion and recommendations:  

Assess whether or not the site meets the definition 

of contaminated site. Describe recommendation for 

the next step in the assessment and remediation 

process. If the information is too insuffiecient to 

draw a conclusion, a recommendation for further 

investigation should be provided. 

 

 

 

 

#: refer to category in Data Sheet 

 

The laboratory testing will result in a list of concentration levels for various 
parameters/substances. These concentration levels have to be compared with the 
Screening Levels and the Response Levels, refer to Appendix G.  

The outcome of the comparison will determine whether or not the site should be 
regarded as a contaminated site. The following situations can occur: 

�¾ If the contaminants exist at or below Screening Levels, the site cannot directly 
�E�H���U�H�J�D�U�G�H�G���D�V���µ�Q�R�W���D���S�U�R�E�D�E�O�\���F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�¶�����7�K�L�V, 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. 

�¾ If the contaminants exist at or above Screening Levels but at or below 
Response Levels, the site may be determined as 'probably contaminated site'. 
Then, a 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 locations on the site where higher concentration of 
contaminants occur. 

�¾ If the contaminants exist at or above 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 have actually 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 from 
these points, no preliminary site investigation is necessary. In that case, the 
site may be notified directly as 'a contaminated site' and prioritisation can take 
place (Step 3 and Step 4 of the assessment and remediation process, see 
Section 1). 

Comparing testing 
results with standard 
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11 Draft Conceptual Site Model (CSM) 
A Conceptual Site Model is a simple, schematized description and/or visualisation 
of the (assumed) situation of contamination (source, nature and levels of 
contamination, distribution), the physical system (geology), processes which 
influence the spreading of contaminants (geochemistry and (geo)hydrology) and 
receptors of contaminants (land use, threatened objects). The CSM should at least 
provide understanding of the relevant source - pathways - receptors at the site. 

The Guidance Document of the Development of Methodologies for NPRPS, 
Volume I: Methodologies and Guidance (Assignment 2) further describes how to 
develop a Conceptual Site Model and its role in the assessment and remediation of 
sites. Developing a CSM is an iterative process and acts as baseline for the next 
step in the investigation chain. 

�%�D�V�H�G���R�Q���W�K�H���D�Y�D�L�O�D�E�O�H���L�Q�I�R�U�P�D�W�L�R�Q���S�U�R�Y�L�G�H���D���V�N�H�W�F�K���R�I���W�K�H���V�L�W�H�¶�V���&�R�Q�F�H�S�W�X�D�O���6�L�W�H��
Model: 

 
 
 
 
 
 
 
 
 
 

 

Sketch a 2D cross section, and try to include as much of the following items: 

�¾ Source areas 

�¾ Plume 

�¾ Pathways (groundwater, surface water, soil, air) 
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�¾ Receptors: Presence of people, physical resources (drinking water wells or 
surface water intakes), and environmental resources (sensitive environments, 
fisheries) that might be threatened by release of a hazardous substance from 
the site.  

�¾ Geology 

�¾ (Geo) hydrology 

�¾ Data gaps. 

Example of CSM: 
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12 Photographic record 
Please include several photos that best illustrate the soil and groundwater quality 
related aspects and issues: 

Number Description Location 
 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 

Mark the point of view and number on a printout of Google Earth, Google maps or 
Bing Maps. 
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13 Quality assurance and quality control 

13.1 Reporting the site visit 
After each site visit, the team makes a Site Investigation Form, according to 
Appendix E. 

It is very important that the form is filled in completely, consistently and elaborately. 

Draft Forms must be checked by a technical specialists with relevant experience 
within this field. After processing the comments, the final draft and final version 
must be checked  by a senior specialist by signing the document. 

13.2 Laboratory analyses 
The laboratory work has to be carried out by an accredited laboratory. Before 
sampling, it must be ensured that the detection limit is below the screening levels, 
preferable a factor 10 below the screening level. 

If there is doubt about the quality of the analyses, cross-checking of 5% of the 
samples by a second laboratory can be conducted. Sites for these cross-checks 
are determined by the project leader. Samples from these sites are taken in duplo 
and analysed by both laboratories. The results from both laboratories will be 
presented and possible differences will be discussed. 



  
Inventory and mapping of probably contaminated sites in India 

http://projects.cowiportal.com/ps/A019251/Documents/3 Project documents/Reports/Task 2 Approaches-Methodologies/Site Inspection Protocol SIP/Final 23 January 2015/IND56-1 SIP Final 23 
January 2015.doc 

 

Appendix A Sample protocol 
This section provides technical guidance for the field staff in order to ensure quality 
of sampling, ensure uniformity and to allow for effective assessment of fieldwork 
quality. 

0. Sampling strategy 

Soil sampling: 
probable distribution of 
contamination 

Examples sampling strategy 

Spot spills, confined contaminated areas, 
storage tanks e.g. 

take 1 to 2 topsoil samples from the most visible 
contaminated areas 

Diffuse embankments, larger areas covered with 
contaminated materials, like dumpsites 
storage areas e.g. 

make a composite sample from 3 to 5 parts from 
the topsoil with comparable characteristics.  

 

Make sure that the soil samples are taken from 1) areas with highest concentration 
(to compare with SSLs and Response Levels) and 2) areas with the most sensitive 
landuse. 

Groundwater sampling: 

Take 1 to 2 groundwater samples from tube wells in anticipated downstream 
direction on site and/or in the direct vicinity of the site. Select the tube wells with 
the most sensitive use, used for drinking water purpose, used by a school, e.g. 

Surface water sampling: 

If it is clear that the source of contamination is caused by surface water based on 
unnatural colours, smell and/or visible contamination like a floating layer, a sample 
of the surface water is taken. 

1. Drilling 

�¾ Use an auger or shovel depending on soil type; 
�¾ Use HDPE or PE foil to lay down soil; 
�¾ Make a picture/drawing of the position of the drilling and its surrounding and 

make a picture/drawing of the soil profile; 
�¾ Restore all boreholes and surface level with soil after sampling; 
�¾ Clean the drilling equipment with water; 
�¾ Mark the position of the drilling on the map and record the position with GPS. 

2. Soil profile description 

A bore log is recorded on a bore log form. The following data (where applicable) 
must be reported in such a log in the proper place: 

�¾ Project number; 
�¾ Project title; 
�¾ Name of driller; 
�¾ Date of execution; 
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�¾ Number of sampling points; 
�¾ Number of samples taken and sampling sections with depth; 
�¾ Groundwater level (in meters in relation to ground level); 
�¾ Depths of the bottom of the various soil layers; 
�¾ Texture of the various soil layers; 
�¾ Details on the various soil layers, including the estimated quantities; 
�¾ Odours given off by the various soil layers; 
�¾ Colours of the various soil layers. The colour can be determined either 

individually or using Munsell Soil Colour Charts ( http://munsell.com/color-
products/color-communications-products/environmental-color-
communication/munsell-soil-color-charts/ ), which can be considered 
international standard 

�¾ Boring system used. 

3. Soil sampling 

�¾ Wear gloves during sampling to prevent contaminated soil from coming into 
contact with your hands; 

�¾ Sampling must occur per type of soil (based on texture and organic matter 
content) and per degree of contamination (based on sensory observations), 
and normally at most 50 cm of excavated material may be collected per 
sampling jar. 

Instructions for filling a sampling jar: 

�¾ Collect the least "smeared" soil by using a spoon or the cap of the sampling 
jar. Scrape the soil to be sampled into the sampling jar using the inside (be-
cause of the ink) of the sampling jar's cap; 
The cap should not be used for filling the jar, as soil and gravel will make it 
difficult to close the cap. Use of a trowel or spatula should be preferred. 

�¾ For technical reasons, clay and loam usually need to be sampled by breaking 
off pieces of clay by hand (wear clean latex gloves!) or by cutting with a clean 
spatula or spoon; 

�¾ Make sure that the mass of soil in a sampling jar is representative of the 
section from which it has been taken by ensuring that the locations of the 
subsamples are proportionally distributed over that section; 

�¾ Each sampling jar must be filled to the limit. Clean the screw thread of the jar 
and of the cap and screw the cap on tightly to lower the chance of conta-
minants evaporating. The soil in the jar should be compressed to the 
maximum to reduce pore space and headspace, to reduce loss of volatile 
substances. 

4. Groundwater sampling 

�¾ Measure groundwater level in relation to the top of the well and surface level if 
possible;  
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�¾ Purging a monitoring well before sampling is important and enhances the 
quality and representativeness of a groundwater sample. Rinse until at least 3 
x the volume of the well's waterbearing part has been removed. 
 
Air bubbles in the water samples should be avoided, as volatiles may escape 
from the water and the air oxygen may cause degradation or oxidation of 
contaminants. Bottles and vials should be filled above maximum forming a 
meniscus, screw on the cap carefully, turn the bottle upside-down to check for 
air. If an air bubble is visible, open again, use the cap to fill the bottle up to the 
meniscus, etc. 

�¾ Measure pH and temperature of the groundwater; 

�¾ Code the (preserved) sampling bottle (see coding of samples); 

�¾ If analysis on heavy metals is required, the sampled groundwater needs to be 
filtered through a 0.45 µm filter in the field; 

�¾ To minimize turbulence during the sampling, run the pump at low capacity, tilt 
the bottle and lead the water along the bottle's wall; 

�¾ The sample volume, packaging and preservation method must be in 
agreement with the analytical requirements; 

�¾ Immediately store the samples at a low temperature.  
Storage of samples at low temperatures should be extended with the advice 
that samples should reach the laboratory asap, and that laboratories offer 
information about maximum storage time before analysis will be affected.  
Also, it should be kept in mind that sampling is the biggest source of errors in 
environmental assessments, not the precision of the machines in the lab. 

The following should be reported: 

�¾ Well number (see coding of samples); 
�¾ Groundwater level in relation to the well's top and surface level; 
�¾ The well's depth in relation to its top and surface level; 
�¾ pH and temperature 
�¾ Purged volume; 
�¾ Date of execution; 
�¾ Name of sampler. 

5. Labelling of samples 

In the field, the following is marked on the jar or bottle with an indelible felt-tip pen: 

�¾ Site identification number; 
�¾ Sample code (see coding of samples); 
�¾ Sample or well depth; 
�¾ Date of sampling. 
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6. Coding of drillings and samples 

Following coding of drillings and samples will be used:  

type of drilling and sampling activity code 
shallow drilling and soil sampling S1, S2, etc. 
(deep)well and groundwater sampling DW1, DW2 etc. 
sediment sampling SS1, SS2 etc. 
surface water sampling SW1, SW2 etc. 
composite sample soil CS1, CS2 etc.  
composite sample sediment CSS1, CSS2 etc. 

 

For example, two soil samples and one groundwater sample taken at a site in the 
State Andhra Pradesh with ID number AP-500-1 will get the following codes: 
�¾ AP-500-1 S1 
�¾ AP-500-1 S2 
�¾ AP-500-1 DW1 

And one soil sample and one groundwater sample taken at a site in the State Bihar 
with ID number BR-851-1 will get the following codes: 
�¾ BR-851-1 S1 
�¾ BR-851-1 DW1 

7. Amount of samples 

It has to be stated that sampling in general only include limited samples of soil and 
water samples (typically groundwater and surface water). Normally, no deeper soil 
sampling will be conducted (samples will be taken with shovel or hand auger). 
Groundwater samples will normally be taken from existing borings on-site and/or  
off site (if any). For certain type of sites (e.g. spill from underground storage tanks), 
it can be necessary to use machine driven borings equipment to reach the 
necessary depth for taking out soil samples. The requested number of samples will 
depend of the site specific conditions. 1-3 soil samples from source areas and 1-2 
water samples from existing wells or surface water is the minimum number of 
samples. In case for example different sources are present at one site, more 
samples can be taken. It has to be stated that the objective of the sampling is not 
to have complete understanding of sources or the spreading of the contamination. 
This more detailed sampling will be performed in Step 2.2 (Preliminary 
investigation) and in Step 5 (Remediation Investigation).    

8. Storage and shipment of soil samples 

Sampling jars and bottles filled with soil and groundwater must be stored at a lo-
cation which is as cool as possible (approximately 2 - 4 degrees Celsius) and 
protected from sunlight during the remainder of the field work. After the field work, 
the soil samples must be transported to the laboratory as soon as possible. 

9. Field logbook 

A field logbook is intended to provide data and observations required for 
participants to reconstruct events that occurred during the field work. 
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The field logbook should contain the following information per site: 

�¾ Personal data on team members, site contact person(s); 
�¾ Times of arrival and departure of team members; 
�¾ Summary of all discussions and agreements made with team members and 

site owners/stakeholders; 
�¾ Explanations of all deviations from the original field sampling plan; 
�¾ Descriptions of problems which occurred at the site, noting when and how it 

occurred, and how it is being addressed; 
�¾ Personal protective measures taken; 
�¾ Drilling and sampling information: identification number of boreholes, borehole 

logs, samples etc.; 
�¾ Groundwater purging: amount of groundwater purged and yield of well, pH 

and EC measurement; 
�¾ Monitoring well information: identification number, depth of well, samples etc. 
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Appendix B Estimation of people at risk 
Estimated Population at Risk (methodology according to Blacksmith Institute Toxic 
Site Identification Program �± Investigator Handbook):  

Population at risk - one of the most important input parameter to the prioritization of 
probably contaminated sites and should be calculated for all sites. 

This is your estimate of the number of people that could be exposed to this 
pollution at a level (dose) that could impair their health. The ISS should identify 
both the likely number of people impacted and the total number that might be 
impacted in a worst case. For example the likely population at risk could be: 

�¾ the local residents in a neighbourhood with contaminated soil; or 
�¾ the number of school children and residents in the immediate vicinity of a lead 

smelter or other toxic air pollution source; or 
�¾ the population drinking contaminated groundwater. 

A worst case impacted population at risk estimate would include a larger number 
than the number of people who could be exposed to the toxic pollution. Examples 
might be: 

�¾ the total population in a 1 kilometre radius of a lead smelter or other air 
pollution source; or 

�¾ the entire population of a town in which a large industrial estate is located; or 
�¾ the entire population of an area relying on a contaminated aquifer or surface 

water source (as opposed to just the population relying on wells sampled and 
found to be contaminated). 

Good professional judgment should be used in developing population estimates, 
using available information from maps, government sources (regarding such things 
as town population and water sources) and your own observations. An 
approximate estimate of the Population At Risk is OK. You may round off to the 
nearest thousand. For example, if 750 people are exposed, then round up to 1,000. 
�.�H�H�S���L�Q���P�L�Q�G���W�K�D�W���L�W���L�V���Q�R�W���X�Q�F�R�P�P�R�Q���W�R���K�D�Y�H���H�[�S�R�V�H�G���S�R�S�X�O�D�W�L�R�Q�V���L�Q���W�K�H�������¶�V���R�I��
thousands. 

Please note that contaminant migration and pathways define the population at risk. 
Once a pollutant has been shown to be above the standard, consider the aerial 
extent of the contamination and how it gets inside of humans. Are people 
absorbing it by drinking it, breathing the air, inhaling or accidentally ingesting dust, 
eating food? This pathway will help you to ask the right questions and determine 
the population at risk. There are often multiple pathways at a given site. Soil that 
contains lead can contaminate barefoot children through dermal contact or 
ingestion, though it can also be inhaled as dust by local community members. 
Similarly, dust containing arsenic can be inhaled or ingested, and can also migrate 
to drinking water supplies and be ingested. Multiple pathways must be considered 
when reviewing a site. The total Population At Risk is therefore the total number of 
people when considering all pathways at a site. 
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Consider the chart below: 

 

 

Note that a single person may be put at risk by more than one pathway, though 
they can only be counted once in the total Population At Risk. The box above 
illustrates that while multiple pathways can impact the same group, each group can 
only be counted once. 

Finally, remember that you are only expected to estimate Population At Risk within 
a reasonable range. Make an educated guess by using your screening information 
and tools such as local maps or census data, or Google Earth to estimate the 
number of nearby housing units. 
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Appendix C Universal source categorisation 
(UBI) and tracers  

UBI code 

After more than 20 years of soil investigation and remediation in the Netherlands, a 
legislative change resulted in a more risk based remediation approach of 
contaminated sites. In line with these legislative changes, it was also concluded 
that the national remediation program should end within approximately 20 years. 
Given these changes there was a need for a national inventory to classify and 
prioritise contaminated sites and to assess the volume of the national remediation 
program. For this the UBI (Uniforme Bedrijfs Informatie) approach was developed. 

The UBI approach consists of a UBI-code and a UBI-class. A long list of historical 
activities has been identified for the Dutch situation. The different identified 
activities have then been assigned a unique UBI-code. For all the unique activities, 
representative tracer components have been identified which are typically used in 
regard to the identified activity. The UBI-code can thus be used as a preliminary 
method to identify tracer components, which are regularly used for the identified 
activity. The tracer components can be seen as components of concern (CoC). 

If there is existing information about contaminants from previous investigations, this 
information should be used to select tracers to be analysed. It has to be stated that 
not all the listed tracers necessarily has 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. 

The UBI-codes has been used as a preliminary approach for assessing chemical 
tracers for various industry types. �,�Q���D�Q���,�Q�G�L�D�Q���F�R�Q�W�H�[�W���W�K�H���+�:�5���6�F�K�H�G�X�O�H���,���³�/�L�V�W���R�I��
�S�U�R�F�H�V�V�H�V���J�H�Q�H�U�D�W�L�Q�J���K�D�]�D�U�G�R�X�V���Z�D�V�W�H�V�´���F�R�X�O�G���S�U�R�E�D�E�O�\���E�H���X�V�H�G�����D�O�W�K�R�X�J�K���L�W���Z�L�O�O��
require some effort to point out chemical tracers for the various processes (in total 
36 overall processes). It is our recommendation that a similar approach for 
assessing tracer compounds should be developed based on the above HWR 
Schedule I. Until this is developed,we recommend using the below list of UBI-
tracer. 

Source Industry UBI-code UBI-description UBI -tracers 
Aluminium Smelting 2742 aluminium plant copper (Cu) 

lead (Pb) 
Trichloroethane 
Trichloroethene 
Vinylchloride 
Xylene 
zinc (Zn) 

Chemical Manufacturing 24 chemical industry black box 
Chemical works: Fertiliser 
manufacturing works 

2415 fertilizer industry Asbestos 
cadmium (Cd) 
Calciumfluoride 
chromium (Cr) 
copper (Cu) 
zinc (Zn) 

Chemical works: Inorganic 
chemicals manufacturing works 

2413 inorganic chemical raw 
material factory 

Asbestos 
black box 
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Source Industry UBI-code UBI-description UBI -tracers 
Chemical works: Organic 
chemical manufacturing works 

24142 organic chemical raw 
material factory 

Asbestos 
black box 

Chemical works: Pesticides 
manufacturing works 

2420 agrochemical industry 1,3-dichloorpropeen 
3,4-dichlooralinine 
Asbestos 
DDT 
Dimethoaat 
Endosulfan 
Lindaan 
Mcpa 
Methylbromide 
Parathion 
Simazin 
Zineb 

Chemical works: Pharmaceutical 
manufacturing works 

2442 pharmaceutical products  
factory 

Asbestos 
Chloroform 
Dichloromethane 
Toluene 
Trichloroethene 
Vinylchloride 

Dye Industry 2412 paint and dye industry Asbestos 
Benzene 
Benzidine 
chromium (Cr) 
Phenol 
lead (Pb) 
Toluene 
trichloroethene 
vinylchloride 
zinc (Zn) 

Electrical & electronic 
equipment and clothing 
manufacturing works 

2971 electrical household 
appliance factory 

asbestos 
copper (Cu) 
lead (Pb) 
o-cresol 
tin (Sn) 
trichloroethane 
trichloroethene 
vinylchloride 

18 clothing industry fluoranthene 
xylene 

General manufacturing   black box 
Heavy Industry (casting, rolling, 
stamping) 

2710 pig iron and steel industry cyanide 
fluoranthene 
copper (Cu) 
lead (Pb) 
trichloroethane 
zinc (Zn) 

Heavy Industry (casting, rolling, 
stamping) i.e. 

2710 pig iron and steel industry cyanide 
fluoranthene 
copper (Cu) 
lead (Pb) 
trichloroethane 
zinc (Zn) 

Industrial dumpsite 900038 dumpsite industrial waste 
on land 

fill 
black box 

Industrial/Municipal dumpsite 900038 dumpsite industrial waste 
on land 

fill 
black box 

900052 dumpsite domestic waste fill 
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Source Industry UBI-code UBI-description UBI -tracers 
on land 

Lead smelting (with ingot 
production) 

275407 plumbing factory arsenic (As) 
asbestos 
cadmium (Cd) 
fluoranthene 
copper (Cu) 
lead (Pb) 
tin (Sn) 
zinc (Zn) 

Lead-Battery Recycling 314002 accu recycling factory antimony (Sb) 
asbestos 
cadmium (Cd) 
lead (Pb) 
nickel (Ni) 
pcb's 
Trichloroethane 
 
 

Metal manufacturing: Iron and 
steelworks 

27102 steel factory Cyanide 
Fluoranthene 
copper (Cu) 
lead (Pb) 
Trichloroethane 
zinc (Zn) 

Mining and Ore processing 631111 ore and mineral processing 
industry 

arsenic (As) 
Asbestos 
copper (Cu) 
nickel (Ni) 
zinc (Zn) 

Mixed (electronic, equipment, 
clothing industries) 

2971 electrical household 
appliance factory 

Asbestos 
copper (Cu) 
lead (Pb) 
o-cresol 
tin (Sn) 
Trichloroethane 
Trichloroethene 
Vinylchloride 

18 clothing industry Fluoranthene 
Xylene 
black box 

Oil refineries & bulk storage of 
crude oil and petroleum 
products 

232 oil processing industry Anthracene 
Asbestos 
Benzene 
benzo(a)pyrene 
Fluoranthene 
copper (Cu) 
n-decane 
n-octane 
o-cresol 
Toluene 
Xylene 
zinc (Zn) 

Others   black box 
Power Plant (coal or oil) & 
Tanneries 

400021 power plant arsenic (As) 
Asbestos 
benzo(a)pyrene 
Fluoranthene 
copper (Cu) 
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Source Industry UBI-code UBI-description UBI -tracers 
lead (Pb) 
n-octane 
nickel (Ni) 
PCB's 
Xylene 
zinc (Zn) 

Product Manufacturing 
(electronics, equipment, 
clothing) 

2971 electrical household 
appliance factory 

asbestos 
copper (Cu) 
lead (Pb) 
o-cresol 
tin (Sn) 
trichloroethane 
trichloroethene 
vinylchloride 

18 clothing industry fluoranthene 
xylene 
black box 
 
 
 

Pulp and paper manufacturing 
works 

211 paper, pulp and cardboard 
industry 

barium (Ba) 
dichloorbenzene 
pentachloorphenol 
trichloroethane 
trichloormethane 
zinc (Zn) 

Tannery industry 1910 leather industry 3,4,5-trihydroxybenzoic acid 
arsenic (As) 
chromium (Cr) 
phenol 

Vitamin C-Sorbitol 
manufacturing unit 

2442 pharmaceutical products  
factory 

asbestos 
chloroform 
dichloromethane 
toluene 
trichloroethene 
vinylchloride 

No information obtained   black box 
    

black box - no specific CoC can be determined, wide range analyses / screening is needed 
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Appendix D Typology at contaminated sites  
The typology of contaminated sites offers important elements when developing a 
site assessment strategy and remediation options in a manageable way. These 
elements are activities leading to contamination, geometry and type of 
contamination. Combined with site specific information on chemical substances 
and soil characteristics, this typology is useful to get an insight in realistic 
remediation options to facilitate the process of remediation option appraisal. The 
typology is described in The Guidance Document of the Development of 
Methodologies for NPRPS, Volume I and is attached in this Appendix D. 
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Annex to the Glossary

Explanation of Typology of contaminated sites

1 Introduction

The typology of contaminated sites offers important elements when developing a site
assessment strategy and remediation options in a manageable way. These elements are
activities leading to contamination, geometry and type of contamination. Combined with site
specific information on chemical substances and soil characteristics this typology is useful to get
insight in realistic remediation options to facilitate the process of remediation option appraisal.

2 Typology

Table T1 presents an overview of the typology, by showing all activities leading to contaminated
soil and types of spreading. These activities are regardless of the party causing the
contamination. E.g. liquid phase contaminations are not necessary focused only to industrial
activities. On the other hand it is expected that most of this type of contaminations can be found
in industrial areas. The following main types of contaminated sites are distinguished using this
approach:

Source related:
�x Type S1:  Land bound solid phase contamination;
�x Type S2:  Water bound sediments solid phase contamination;
�x Type L:  Land bound liquid phase contamination. The source of this type of

contaminations is connected to human activities or infrastructure.

Pathway related:
�x Type P1:  NAPL contaminants in soil (Non Aqueous Phase Liquids);
�x Type P2:  Groundwater contaminations.

Note 1: Although elements in the typology are based on the ‘source-pathway-receptor’
approach, it is not primary ‘receptor’ (risk) based. The typology is not based on risks (risks to
human health, ecological risks, spreading or vaporizing). This is because site assessment and
soil remediation options appraisal, for which this typology is developed, is not limited to the
assessment of unacceptable risks, but needs to give insight in a contaminated site as a whole.

Note 2: depending on a specific situation:
�x a combination of these types may be found on one site. Example: a land bound storage of

Chromium containing hazardous waste (type S1), leaching Chromium to groundwater and
leading to a contaminated groundwater plume (type P2). This combination of types on one
single site could result in multiple site assessment strategies and multiple remedial options,
each assessing the different types of contaminants (both the site assessment and
remediation approach can be combined for practical reasons);

�x multiple sites can form a cluster of contaminated sites of a specific type or combination of
types. A combination of sites of a specific type in a single cluster or a combination of types
on a single site can be recognized. These situations could be indicated as a “cluster-site”
with a wide variety of scales. In general, the applicability of remediation techniques will not
depend on this setting, but correct balancing of remediation techniques per type of site in a
cluster will lead stakeholders to the best applicable remediation option.

Note 3: Both in type L as in type P1 liquid phase contaminants are involved. Type P1 is
distinguished from type L by the specific type of contaminant, Non-Aqueous Phase Liquids
(NAPL’s), which have a characteristic spreading pattern on or in the groundwater aquifer. This
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characteristic leads to different site assessment strategies, spreading mechanisms, risk profiles
and remediation approaches for type P1 sites, as compared to type L sites. A type L site may,
due to further spreading of the contaminant plume, develop over time into a type P1 site.

The main types listed above are based on normative characteristics, which play a role in
determining the basics for remediation options. Side characteristics may do so as well, but their
influence will in certain cases be restricted to the finer points (mostly technical details) in the
selection of remediation options or to the planning or implementation of remediation actions.
Thus subtypes come into perspective when remediation option appraisal is going into the
second step of option appraisal, the detailed engineering phase. In this detailed engineering
phase aspects have to be included related to contaminant specific specifications of remediation
techniques, assessment of specific social aspects of the remediation actions or site use specific
technical requirements.
Case example. The first step of a site specific remediation option appraisal, based on normative
characteristics only, has shown that the remediation should be implemented within a period of
less than two months and should result in a removal of all contaminants. In this case only then
the site will meet the specific needs for planned reconstruction works. At this point it is already
clear that only excavating techniques will be applicable, rendering the assessment of in situ
techniques obsolete. This saves gathering and analysing detailed information on the
performance of these techniques (e.g. contaminant related performance of in situ techniques)
as this will not meet any purpose.

Subtypes can be distinguished based on the following secondary criteria:

�x Type S1 and L  related subtypes are defined, based on the activity causing the
contamination. HW-Schedule I (listing processes generating hazardous wastes) may help to
focus on possible activities.
In Table T1 these subtypes are coded ‘a’ through ‘f’ (type S) and ‘a’ through ‘d´ (type L).
These subtypes are distinguished to support the site assessment.

�x Type P1 related subtypes are defined, based on the bulk density of a NAPL (non aqueous
phase liquids, dense and light).
In Table T1 these subtypes are coded ‘a’ and ‘b’ (type P1).
These subtypes are distinguished to support the site assessment.

The typology is aimed to support the remediation options appraisal. Some examples to illustrate
this point. A site assessment plan for a S1-f type contaminated site (deposition by flooding or
washing) will focus on the boundaries of the flooded areas of a river system, easily recognizable
on maps or areal pictures. Once the pattern of flooding is known an extensive sampling plan
can be carried out to validate the flooding pattern and to validate the hypothesis on the
spreading of the contamination with field data. By contrast, a site assessment plan for a S1-c
type of contaminated site (storage of contaminated material) will focus on a relatively small area
where human activities such as incineration have taken place.

The total volume of the removal of contaminated material, which accounts for the major part of
remediation costs, will be smaller for a S1-e type of contaminated site (atmospheric deposition)
than for a S1-a type (soil mixed with contaminated material). Therefore, it is more likely that the
best applicable remediation option on a S1-e type site will be a complete removal of all
contaminants, where for a S1-a type site a capping option is more likely to come into
perspective.
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Table T1 Typology

Type Description or activity Typical field characteristics of the site
/ examples

Icon with typical field
situation (cross-section)

S-1 Solid phase contamination (land bound site)
S1-a
*

Mixing the soil with contaminated material or
materials containing contamination, not
including agricultural activities.

Well defined body below surface level defined
by boundaries of soil where soil is mixed with
contaminants.

S1-b
**

Embankment, filling of pits or depressions,
filling of surface waters with contaminated
material or materials containing
contamination.

Well defined body of non-mixed contaminants .
E.g. storage of tailings.

S1-c

**

(Bulk) storage of contaminated material or
materials containing contamination.

(Industrial) activities in which contaminated
solids are used.

‘Leftovers’ of incineration and burning of
material.

Irregular shaped layer of contaminated material,
recognizable as such. The shape of the
contaminated site is related to the activity
leading to the contamination

S1-d

*

Adding material containing contamination
through agricultural activities (e.g. pesticides,
fertilizers or additives to animal feed).

Agricultural site bound contaminations found up
to a depth to which the soil is treated by ploughs
and other agricultural tools.

S1-e

*

Atmospheric deposition (roads, railway,
industries) of emissions or windblown dust.

Thin layered contaminations found over large
areas with the highest concentrations close to
the source following the prevailing wind
direction.

S1-f
*

Deposition by flooding or washing. Contaminations found in areas flooded by water
systems or in downstream areas of flooding
areas.
The shape of the contaminated site is
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Type Description or activity Typical field characteristics of the site
/ examples

Icon with typical field
situation (cross-section)

determined by the flooding of flow of a water
system.

S-2 Solid phase contaminations (water bound
site)

S-2
**

Contaminated open water sediments. Solid phase contaminants sedimented from
surface water. The shape of the contaminates
site corresponds to the shape of the water
system itself.
Contaminants may be bound to clay or organic
compounds of sediments.
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Type Description or activity Typical field characteristics of
the site / examples

Icon with typical field situation
(cross-section)

L-1 Liquid phase contaminations
L1-a
*

(Business) activities involving fluids e.g.
solvents, lubricants, paint, etc.

Liquid contamination in soil situated near
a potential source of the contamination.

L1-b
*

Storage of liquids that contain contaminations
in tanks or barrels (either storage on surface or
subsurface).

Liquid contamination in soil situated at
any place at a liquids storage site.

L1-c
*

Transfer and transport of fluids through linear
infrastructure. Weak points are couplings,
pressure regulators, valves, breakpoints and
the passage through foundations / buildings.

Liquid contamination in soil situated at
any place along a transport piping system
or drains.

L1-d Spills or leaks of liquids.
(either on surface or in rivers/lakes)
Note. Possibly leading to type S2 or P2.

Liquid contamination in soil situated at the
end of a transport piping or drain system.

*) caused by multiple sources or situation where source cannot be attributed.
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Type Description or activity Typical field characteristics of the site /
examples

Icon with typical field situation
(cross-section)

P-1 Liquid phase related
P1-
a

Dense Non-Aqueous Phase Liquid
(DNAPL a) ) in permeable soil.
(bulk density > water)

Spreading of liquids due to gravity flow
resulting in a characteristic spreading
pattern.
The DNAPL’s laying of the botom of an
aquiffer can result in a ‘secondary source’
of spreading of type P-2)

P1-b Light Non-Aqueous Phase Liquid (LNAPL b) ) in
permeable soil.
(bulk density < water)

Spreading of liquids in a characteristic
spreading pattern of floating layers.
The LNAPL’s laying at the top of a water
table can result in a ‘secondary source’ of
spreading of type P-2)

P-2 Leached or dissolved contaminants
P-2 Groundwater contamination Due to spreading of leachate or mobile

dissolved contaminants in a permeable
soil

a)  A dense non-aqueous phase liquid or DNAPL is a liquid that is both denser than water and is immiscible in or does not dissolve in water.
The term DNAPL is used primarily by environmental engineers and hydro geologists to describe contaminants in groundwater, surface
water and sediments. DNAPLs tend to sink below the water table when spilled in significant quantities and only stop when they reach
impermeable bedrock. Their penetration into an aquifer makes them difficult to locate and remediate. Examples of materials that are
DNAPLs when spilled include chlorinated solvents or creosote.

b)  Light Non-Aqueous Phase Liquid (LNAPL) is a groundwater contaminant that is not soluble and has a lower bulk density than water,
which is the opposite of DNAPL. Once LNAPL infiltrates through the soil, it will stop at the water table. The effort to locate and remove



Guidance document forassessmentand remediation of
contaminated sites in India

Volume I– 0 –
Glossary

Page16of 16

LNAPL is relatively cheaper and easier than DNAPL because LNAPL will float on top of the water in the underground water table.
Examples of LNAPLs are gasoline and other hydrocarbons.

Table T2 Key to icons in table T1

Icon Key
Solid waste or solid waste mixed with soil (all solid phase). Varying in shape,
thickness and extent, depending on local conditions.

Groundwater table

Base of aquifer / top of impermeable layer.
Liquid waste. Pure or mixed with soil.

Leaching / spreading of contaminants to soil / groundwater. Depending on
permeability of the soil.

Contaminated groundwater plume. Depending on permeability of the soil.

DNALP or LNAPL.

Spill / leakage.

Not soil related human activity / construction e.g. industrial process, storage,
bulk transfer.

?
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1 Existing and general information (to be filled in 
before Site Inspection)  

Data 

sheet 

no. # 

 

 

1. General Site Information 

1.0 State Name  

1.1 ID number (State-district-xx)  

1.2 Site Name   

1.3 Address  (Street, Street number, postal code)  

1.4 GPS coordinates /and elevation  (x, y coordinates of the corners 

of perimeter) - (The coordinates should be written in Geographic 

latitude and longitude (North and East) for use in India 

throughout the report) (add more points if required) 

Location of coordinates is shown on map in section 6 

1.4.1/ 

1.4.2 

1 X: 

Y: 

2 X: 

Y: 

3 X: 

Y: 

4 X: 

Y: 

1.4.3 Altitude (m above sea level)  

1.6.1 Who is the current owner (name and address)  

1.6.2 Who was the previous owner (name and address)  

1.6.3 What is the current status of contact with owner  

1=Owner known and in communication with regulator; 

2=Owner known but not available/communicating; 

3=Owner not known 

 Site Access (yes/no, any restrictions?). Will the Consultant have 

access to the site for field investigations 

 

 

 Contact person  

 

 Phone number  

 

 What are the available dates / hours to visit the site?  

 Are safety measures required by the owner of the site? If so, 

which safety measures? Are there any known dangers which a 

visitor should be aware of like unstable buildings and structures, 

toxic liquids, holes etc.). 

 

 Is there a permission to visit / investigate the whole site?  

1.10 

+ 

1.11 

Historical review and overall Site description 

Describe historical information about the site (industrial activities, 

including maps of features of these sites e.g., production area, 

storage area, underground storage tanks, information on 

reported spills/dumping etc. 

 

Give an overall description of the site including a clear description 
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Data 

sheet 

no. # 

 

 

of the type of site e.g.:  

i) is the site a point site with former or ongoing industrial 

activities on the site;  

ii) is the site an industrial area (with cluster of industries = Area 

Site) with no clear source of contamination); 

iii) is the site an area (e.g. waste land/water body/habitation 

area) where contamination has been spread via effluent or 

dumping of waste from an industry (or number of industries) 

which is placed outside the site boundary.  

Specify if there are any uncertainties with the Site Definition. 

1.16 Extend of data available (if any).  

 

A=Almost no information; B=Desk top study performed but 

no primary data; C=Site investigations performed an 

primary data available; D=Ongoing remediation; E=Other 

(specify). 

1.17 Previous or ongoing remediation activities (if any)  

2. Source of contamination and waste characteristics 

2.7.1 Give a brief summary of previous investigations performed at the 

site and in the vicinity (if any). Describe results of soil, air, 

groundwater and surface water on/off the site (if any). Analysis 

results should be included. For soil analysis max concentrations in 

should be reported if possible distinguish between top soil and 

deeper soil contamination. Depth must always be specified. For 

groundwater data depth of sample should be reported.  

 

2.7.2 Compare primary data with SSLs and Response Levels. 

Calculate the over standard ratio of the maximum concentration 

level compared to the screening value. 

 

3. Groundwater use and characteristics 

3.1 Geology at the site. Give an overall description.  

Broad description of the typical stratigraphical sequences 

from topsoil to deepest aquifer. Based on earlier studies 

and / or general knowledge. 

3.2.1 Hydrogeology - Overall description.  

Describe the depth of aquifers which is relevant for 

migration of contamination and drinking water/irrigation. 

The aquifers can be secondary/shallow aquifers and deeper 

aquifers (primary aquifers).  Also, describe soil type of 

aquifers (sand, clay, bedrock, other) based on earlier 

studies and / or general knowledge. 
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Data 

sheet 

no. # 

 

 

3.2.2 Hydrogeology - Groundwater flow direction   

Describe direction for each aquifer(if any information). 

10. Overall Location and site description 

#: refer to category in Data Sheet 

 

2 Overall assessment of data and data gaps (assessed 
before Site Inspection  based on desktop study )  

 
Item  

Assessment of available data (e.g. analytical results). 

Can existing data be used to assess present 

contamination at the site? 

  

What are the Chemicals of Concern (CoCs)?   

What are the data gaps? 

(Description of site, location of site, etc.) 

 

Give an initial assessment of the samples to be 

taken  (soil, groundwater, surface water, other?) 

 

What are the focus points during the Site 

inspection? 

 

Identify important stakeholders who should 

participate in the Site Inspection  
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3 On site Reconnaissance  

Date and time of site visit  

... 

Site investigation conducted by 

 

 

... 

 

.... 

Spoken with  

... 

 

... 

Weather conditions during visit  

 

... 

 

Data 

sheet 

no. 

 

1. # General site information 

1.15 Operational status  

1 = Active/ongoing; 2 = Closed; 3 = Abandoned; 4 = Other (specify) 

1.5.1 What is the current land use?  �Y 

1.5.2 What was the previous land 

use?  

�Y 

1.5.3 What is the future land use 

(planned) 

�Y 

1 = Agricultural land; 2 = Waste land; 3 = Water bodies; 4 = Forests; 5 = Habitation settlement 

(Residential/School/Kindergarten); 6 = Commercial; 7 = Industrial, 8 = Mixed (to be specified for 

each case) and 9 = Other (to be specified in each case) 

1.7 Name(s) of polluter(s)  

E.g. Name and address of industry, institution or person who caused the contamination 

1.8 Approximate area of site (m2) �Y 

 

m2  

 Built-up area (m2 or 

percentage of total) 

�Y %  

 Paved area (m2 or percentage 

of total) 

�Y %  

 Non-paved area (m2 or 

percentage of total) 

�Y %  
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Data 

sheet 

no. 

 

1.9 Topography  

1 = Water; 2 = Plains; 3 = Mountains; 4 = Hills; 5 = Any other (specify) 

1.10 Type of site  

1 = �^�W�}�]�v�š�_�•�]�š�����~�•�]�v�P�o�����]�v���µ�•�š�Œ�Ç�l���µ�u�‰�•�]�š���•�V���î = �_���Œ�����_�•�]�š���~�/�v���µ�•�š�Œ�]���o�����Œ�������}�Œ�����•�š���š�����~���o�µ�•�š���Œ�•�V���ï = 

Any other (specify) 

1.12 Industry type (which have 

caused contamination) 

... 

(select from Basetable 4 of the Data sheet in Annex F) 

1.13 Period of 

operation/contamination 

(year) 

�Y 

Enter period of operation (from �t to)  

Period of contamination (from �t to) based on available information 

1.14 Is the site classified before or 

after the development of HW 

rules in 1989 (Before / After) 

 

2. Source of contamination and waste characteristics 

 Are there dump sites present? 

Describe  

yes / no �Y�X 

 

2.1.1 Physically state of waste as 

deposited 

 

  1 = Solid, 2 = Sludge, 3 = Powder, 4 = Liquid, 5 = Gas, 6 = unknown, 7 = Any other (specify)  

2.1.2 Origin of the deposit   

1 = dump, 2 = leakage, 3 = fluviatile deposit (sediment), 4 = areal deposit, 5 = storage, 6 = Effluent 

(wastewater) 7 = Any other (specify) 

2.1.3 Position in soil/effluent  

1 = On the surface; 2 = In the soil; 3 = In effluent (wastewater); 4 = Any other (specify) 

2.1.4 Is there visual contamination   

Describe visual contamination in soil; groundwater; surface water; effluent 

2.1.5 Is there vegetation stress  
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Data 

sheet 

no. 

 

Describe any sign of vegetation stress 

2.1.6 

Area of contaminated soil 

 

Area of the above source or area of HW deposited 

2.1.7 

Volumen of contaminated soil 

 

m3 / mt (source in soil or HW deposited)  

2.1.8 Is the source area delineated  

2.1.9 
Area of contaminated 

groundwater 

 

If plume is delineated assess the area of the plume (lengt (m), widht (m) area (m2) 

2.2 Type of contamination 

according to definition from 

MoeF 

 

1 = Effluent; 2 = Air; 3 = Municipal Solid Waste; 4 = Bio-medical Waste; 5 = Hazardous Waste; 6 = 

Ship Break Waste; 7 = Any other (specify) 

2.3 "Industrial processes" which 

caused the contamination 

(According to Base table 5 of 

the Data sheet in Annex F) 

... 

2.4 

Type of hazardous waste  

 

According to Hazardous Wastes (Management, Handling and Transboundary Movement) Rules, 

2008.)  - select from Basetable 6 of the Data sheet in Annex F 

2.5 Hazardous Waste Constituents   

According to Hazardous Wastes (Management, Handling and Transboundary Movement) Rules, 

2008.)  - select from Basetable 7 4 of the Data sheet in Annex F 

2.6 What are the COC's?  

(use UBI Appendix C) 

... 

 

 What potential sources of 

contamination are present? 

Quantify as much as possible 

(area and/or volume) Describe 

�Y�X 

 Are there storage tanks 

present at the site? Specify 

number, sub surface or on 

yes / no ... (number) sub surface / on 

surface / both 

content 
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Data 

sheet 

no. 

 

surface, content (chemical) 

(If specification is available, 

please add) 

 Is there visible soil 

contamination present? 

yes / no  Take 1 to 2 samples of most 

contaminated sites 

 What is the level (intensity) of 

visible soil contamination? 

low / medium / high impact  Take photo 

 What is the scale of visible soil 

contamination? (percentage of 

total site size) 

< 10% / 10 - 50% / >50%   

 Are the buildings visibly 

contaminated? 

yes / no / NA   

 What is the level (intensity) of 

the building/ infrastructure 

visible contamination? 

low / medium / high impact 

/ NA 

 Take photo 

 What is the scale of the visible 

building/ infrastructure 

contamination? (percentage of 

total buildings/ infrastructure) 

< 10% / 10 - 50% / >50% / 

NA 

  

 Are there materials present 

which might contain asbestos? 

(corrugated roofing panels 

  

 Is the present contamination 

local (hot spot) or diffuse? 

hot spot / diffuse / both / none 

3. Groundwater use and characteristics 

3.2.3 Hydrogeology - Depth to water 

table (m below subsurface, 

use wet season estimate). 

 

Describe the depth to the water table for each aquifer. Based on local knowledge or information 

from Ground water Authorities or data from Site Inspection 

3.3 Current and future expected 

use of any aquifer for 

groundwater use 

 

Describe current and future planned use of any aquifer 

3.4 Is the site within a 

groundwater recharge zone 

 

1 = Area with special drinking water interest (i.e. major aquifer/potable water supply) 
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Data 

sheet 

no. 

 

 2 = Areas with drinking water interest (aquifer with major aquifer potential) 

3 = Areas with borderline drinking water interest (minor aquifer/ non potable water 

 Are there groundwater wells 

present on site? If so what use 

(consumption / domestic / 

industrial), what yield? 

yes / no consumption / domestic / industrial Take photo 

 Are there indications of 

groundwater pollution; e.g. 

smelling wells. 

If yes, what is the level 

(intensity) of groundwater 

contamination (if noticeable)? 

yes / no / NA ... Take sample 

4. Surface water use and characteristics 

4.1 Any drainage system (run off 

system) on site 

�Y 

General description of (drain, trenches, streams) or streams at the site which can transport the 

contamination outside the premise to surface water bodies 

4.3   Type of Surface water Body  

 

 

1 = Pond (less than 1 hectare), 2 =   

Small lake (1-10 hectares), 3 = Large lake (more than 10 hectares), 4 = Small river/stream, 5 = 

Large river, 6 = Wetland, 7 = Other (specify if possible) 

4.4 Any sensitive use of surface 

water  

 

 

1 = Drinking Water, 2 = Irrigation, 3 =  Use in commercial food production, 4 = Water recreational 

area (e.g. bathing, marina), 5 = Fishing, 6 = Other (specify if possible) 

4.6 Are there signs of flooding? 

Describe 

yes / no �Y 

 

 If so, what is the water table 

to the surrounding surface? (m 

below ssl) 

...  m - ssl  

 Is there any discharge to the 

surface water visible? Describe 

yes / no / NA �Y 

 

Take photo 

Take sample 

 Is the surface water visibly 

contaminated? Describe 

yes / no / NA �Y 

 

Take photo 
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Data 

sheet 

no. 

 

5. Soil exposure characteristics 

5.1.1 Access to the site from local 

communities 

 

1 = Site secured and access controlled 2 = Site not secured but access limited 3 = Open site with 

regular public activity, 4 = Other (specify) 

5.1.2 Is there inhabitation on the 

site? If so how many people? 

How many children? 

yes / no �Y�����~�v�µ�u�����Œ�• �Y���~�v�µ�u�����Œ�• 

5.1.3 How many workers are 

working on site? (Number) 

... Remarks: .. 

5.1.4 Specify other activities if any �Y 

 Is there agricultural use at the 

site (crop growing / keeping of 

domestic stock)? Describe 

yes / no �Y 

6. Air exposure characteristics 

6.1 What are the prevailing wind 

directions? 

N / NE / E / SE / S / SW / W / NW / unknown 

 Is there a noticeable (smell) 

/bad air quality at the site? 

Dust visible? Describe 

yes / no �Y 

#: refer to category in Data Sheet 
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4 Off site Reconnaissance  

Data 

sheet 

No # 

 

3. Groundwater use and characteristics 

 Are there groundwater wells 

present? If so what use 

(consumption / domestic / 

industrial).  

yes / no 

 

consumption / domestic use / industrial Take photo 

Take sample if notice-

able pollution is present 

3.5.1 Private wells (distances  to 

nearest well and approximate 

number of wells within 1 km 

from the site) 

... meters ... (number)  

3.5.2 Public wells (distances  to 

nearest well and number of 

wells within 1 km from the 

site) 

... meters ... (number)  

4. Surface water use and characteristics 

4.1 Any drainage system (run off 

system) outside the site 

�Y 

General description of (drain, trenches, streams) or streams at the site which can transport the 

contamination outside the premises to surface water bodies 

4.2 Name and distance to nearest 

surface water body (m) 

 

4.3  Type of Surface water Body   

1 = Pond (less than 1 hectare), 2 =  Small lake (1-10 hectares), 3 = Large lake (more than 10 

hectares), 4 = Small river/stream, 5 = Large river, 6 = Wetland, 7 = Other (specify if possible) 

4.4 Any sensitive use of surface 

water  

 

 

1 = Drinking Water, 2 = Irrigation, 3 =  Use in commercial food production, 4 = Water recreational 

area (e.g. bathing, marina), 5 = Fishing, 6 = Other (specify if possible) 

 Is there surface water directly 

next to the site? If so, what 

type 

yes / no �Y 

 

 What distance is the water 

table to the surrounding 

surface? (m below ssl) 

... m - ssl  

 Is there visible discharge from yes / no / NA ... Take photo 
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the site visible? (Describe)  Take sample 

 Is the surface water visibly 

contaminated? (Describe) 

yes / no / NA ... 

 

Take photo and take 

sample 

4.5 What is the distance to 

sensitive environments and 

Wetlands (m)? (Describe) 

... meters ... 

 

5. Soil exposure characteristics 

5.2.1 What is the land use in the 

vicinity of the site? 

1 = Agricultural land; 2 = Waste land; 3 = Water bodies; 4 = Forests; 5 = Habitation settlement 

(Residential/School/Kindergarten0; 6 = Commercial; 7 = Industrial, 8 = Mixed (to be specified for 

each case) and 9 = Other (to be specified in each case) 

North ... 

East ... 

South ... 

West ... 

 Are there crops grown next to 

the site? (Describe) 

yes / no ... 

 

Take photo 

 Is there domestic stock 

present next to the site? 

yes / no ... 

 

Take photo 

5.2.2 What is the distance to the 

nearest habitation? 

(Describe) 

�Y���u���š���Œ�• ... 

 

Take photo 

 Approximate number of 

people living within 100 

meter 

... (number) 

5.2.3 Approximate number of 

people living within 1 km 

... (number) 

5.2.4 What is the distance to other 

sensitive activities e.g. 

schools, nursery, allotments 

(m)? (Describe) 

... meters ... 

 

7. Socio economic aspects 

7.1 Describe general socio 

economic conditions  

 

E.g. employment rate, in-come, rate woman/man, rate in age, population density, occupation,  
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 alphabetise, religion, value of site/buildings, possibilities of temporary site clearance, social 

sensibility land user(s),  

7.2 Drinking water source �Y 

Describe drinking water source (e.g. public water supply based on groundwater) for the population 

in he vicinity of the site (within 1 km) 

#: refer to category in Data Sheet 
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5 Miscellaneous  

1.18 Complaints: List any other pending complaints, claims, liabilities, non-compliances, conversations with site 

personnel or neighbours and other relevant matters related to soil and groundwater pollution aspects 

  

 

 

 

 

 

 

 

 

 

 

 

 

 Data gaps: List major (if any) data gaps or uncertainties which still occur after the conducted Site Inspections 

(e.g. insufficient information about geology/hydrogeology) 

  

 

 

 

 

 

 

 

 

 

 

 

 Emergency response considerations: List observed conditions that may warrant immediate or emergency 

action (e.g. heavely contaminated groundwater/surface water used for drinking water, unrestricted public 

access to exposed hazardous substances etc.). 
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6 SITE map  

 
 
Requested information on the site map. If necessary more than one maps can be shown in various 

scaling: 

 

�e Site boundary 

�e Point with GPS coordinates (with same ID as in section 1.4) 

�e Sampling location for all samples 

�e Land use (at the site and in the vicinity of the site) 

�e Location of observed "Source areas" 

�e Location of points of interests e.g. groundwater wells, surface water bodies 

�e Photos taken (if possible) 

�e Scale of map (use scaling bar) 

�e North arrow 
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7 Sampling  

Site ID + number soil / water Date for 
sampling 

Targeted or 
composite 

Location (description 
and GPS coordinates 
if available) 

Parameters 
analysed 

Motivation of sampling *  

1.  
 
 
 
 
 

     

2.  
 
 
 
 
 

     

3.  
 
 
 
 
 

     

4.  
 
 
 
 
 

     

*: Motivation (e.g. visible contamination, source area). Must also include information about landuse 

(only soil) and location of sample (inside/outside the site) 

 

  



  
18 / 29  SITE INSPECTION FORM -  TEMPLATE 

C: \ Projekter \ Inventory \ Final 23 January 2015 \ Annex \ SIP form template_rev 23 -1-2015 final.docx  

8 Draft Conceptual site model (CSM)  

�����•�������}�v���š�Z�������À���]�o�����o�����]�v�(�}�Œ�u���š�]�}�v���‰�Œ�}�À�]�����������•�l���š���Z���}�(���š�Z�����•�]�š���[�•�����}�v�����‰�š�µ���o���^�]�š�����D�}�����o�W 
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9 Photographic  Record  

Number Description Location 
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10  Overview of analysis results from sampling  

 
Soil samples  (template �± to be modified for the specific 
analysis programme)  

Sample ID xx xx xx 
Detectio

n Limit 

Screening Level (soil) 

 Response 

level (soil) Agricul-

tural 

Residential

/parkland 

Commer-

cial 

Industrial 

Depth  m bgs          

Date for sampling 

(day-month-year) 

         

Arsenic mg/kg     12 12 12 12 50 

Cadmium mg/kg     1,4 10 22 22 13 (22#) 

Chromium 

(VI) 

mg/kg     0,4 0,4 1,4 1,4 50 

Chromium 

�t total 

mg/kg     64 64 87 87 180 

Cyanide mg/kg     0,9 0,9 8 8 50 

Lead mg/kg     70 140 260 600 530 (600#) 

Mercury mg/kg     6,6 6,6 24 50 36 (50#) 

xx mg/kg     xx xx xx xx xx 

#: If Screening Level for the current land use exceeds the Response level then the Screening level should be used  

Bold: Concentration exceeds Screening values for the current land use at the site 

Bold and underline: Concentration exceeds Response Level 

na: Not analyzed 
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Groundwater samples  (template �± to be modified for the 
specific analysis programme)  

Sample ID xx xx xx 
Detection 

Limit 

Drinking water standards 

Indian  

Standard for  

Drinking  

Water ¤ 

 

Guidelines for  

Canadian 

Drinking  Water  

Quality  

WHO guidelines  

for Drinking  

water 

Depth of sample  m bgs        

Depth to water table m bgs        

Date for sampling (day-month-

year) 

       

Arsenic mg/l     0,01   

Cadmium mg/l     0,003   

Chromium (VI) mg/l     0,05 - - 

Chromium �t total mg/l     - 0,05 0,05 

Cyanide mg/l     0,05   

Lead mg/l     0,01   

Mercury mg/l     0,001   

xx mg/l     xx xx xx 

¤:  (IS: 10500:2012) Maximum acceptable concentration) 

Bold: Concentration exceeds Drinking water standards 

na: Not analyzed 
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Surface water samples  (template �± to be modified for the 
specific analysis programme)  

Sample ID xx xx 
Detecti

on 

Limit 

 

Surface water Quality Standards (Screening levels) 

The Environment (Protection) Rules, 1986 Schedule 

VI. General standards for discharge of environmental  

pollutants 

Canadian 

Water  

Quality  

Guidelines for  

the 

Protection  

of Aquatic 

Life 

Canadian 

Water  

Quality  

Guidelines for  

the 

protection  

of Agriculture 

Inland 

surface 

water 

Public 

sewers 

Land for 

irregatio

n 

Marine 

coastal 

areas 

Longterm in 

Freshwater 

Irrigation/-

Livestock 

 

Date for sampling 

(day-month-year) 

  

Arsenic mg/l    0,2 0,2 0,2 0,2 0,005 0,1/0,025 

Cadmium mg/l    2 1 - 2 Equation 0,0051/0,08 

Chromium 

(VI) 

mg/l    0,1 2 - 1 0,001 0,008/0,05 

Chromium 

�t total 

mg/l    2 2 - 2 0,0089 0,0049/0,05 

Cyanide mg/l    0,2 2 0,2 0,2 0,005 (free 

CN) 

-/ - 

Lead mg/l    0,1 1 - 2 Equation 0,2/0,1 

Mercury mg/l    0,01 0,01 - 0,01 0,026 -/ - 

xx mg/l    xx xx xx xx xx xx 

xx mg/l    xx xx xx xx xx xx 

Bold: Concentration exceeds Surface Water Quality Standards 

na: Not analyzed 
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11  Overall assessment of pathways, exposure, impacts 
and contamination , site classification  

Data sheet 

No # 

 

8. Pathways, exposure impacts and risk from contamination 

8.1 Potential/observed pathways for spreading of 

contaminants at the site 

 

1 = Groundwater pathway, 2 = Surface Water pathway, 3 = Soil exposure 

pathway, 4 = Air pathway 5 = Any other (specify) 

8.2 Potential/observed exposure to contaminants  

1 = Direct human contact, 2 = Ingestion (soil, food) 3 = Groundwater use 

(Drinking water, Irrigation), 4 =  Inhalation of polluted air/dust,  5 = Surface 

water use (drinking water, bathing, fishing), 6 = Sensitive environments, 7 = 

Other (specify) 

8.3 Describe observed impacts (if any)  

E.g. observed impacts on humans, animals, flora, fauna 

8.4 Estimation of population at risk (see Appendix B) 

<1000 

1.000 �t 5.000 

5.000 �t 10.000 

10.000 �t 20.000 

20.000 �t 50.000 

50.000 �t 100.000 

100.000 �t 200.000 

200.000 �t 500.000 

>500.000 

Specify 
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Data sheet 

No # 

 

9.1/ 

9.2/ 

9.3 

Typology of contaminated site according to standard, 

see Appendix D (Note that more than one typology 

can be applicable):  

S-1 Soil Phase contamination (land bound site): 

(Subdivided into S1 �t a;  S1 �t b; S1 �t c; S1 �t d; S1 �t e; 

S1 �t f) 

S-2 (Solid Phase contaminations (water bound site) 

L-1 (Liquid phase contaminations) 

(Subdivided into L1 �t a; L1 �t b; L1 �t c; 1 �t d) 

P-1 Liquid phase related 

(Subdivided into P1 �t a; P1 �t b) 

P-2 Groundwater contamination (Leached or 

dissolved contaminants) 

Specify overall typology, and if possible also 

subdivision of typology 

 

 Assessment of contamination from Site Inspection  

(based on analytical results from Site Inspection �t see 

Section 10 and 12) 

(Specify most critical contaminants, specify if 

concentrations exceeds SSLs and Response Levels) 

If lack of data, include results from  previous 

investigations (if any) 

 

Soil: 

 

Groundwater: 

 

Surface water: 

 

 Conclusion and recommendations:  

Assess whether or not the site meets the definition 

of contaminated site. Describe recommendation for 

the next step in the assessment and remediation 

process. If the information is to insufficient to draw a 

conclusion a recommendation for further 

investigation should be provided. 

 

 

 

 

#: refer to category in Data Sheet 
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12  Analytical Test Report  
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13  Field logbook from sampling  
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Appendix F Data sheet - template 



Overall Topic No Explanation Actual description

1.0

1.1

1.2

1.3 Street, Street number, Postal code, City

1.4.1 Latitude (enter as decimal)
1.4.2 Longitude (enter as decimal)
1.4.3 Altitude (m above selevel)

1.5.1 Current landuse

1.5.3 Future landuse (planned)

1.6.1

1.6.3 Contact with owner

1 = Owner known and in communication with regulator 2 =  Owner known but not 
available/communicating 3 = Owner not known

1.7
E.g. Name and adress of Industry, Institution or person who caused the 
contamination

1.8

1.9 1 = Water, 2 = Plains, 3 = Mountains, 4 = Hills, 5 = Any other (specify)

1.10
1 = "Point" site (Single industrial site/dump site), 2 = "Area" site Industrial area or 
estate (cluster) 3 = Any other (specify) (Basetable 2)

1.11
Describe historical information about the site (Industrial activities, including maps 
of features of thes site e.g. production area, storage area, underground storage 
tanks, information about reported spills / dumping, etc. 

1.12

Select from Basetable 4 :
The list is by no means exhaustive and is provided as a guide only.  Where one or 
more of the activities on the list has been undertaken at the site, the site is not 
necessarily contaminated but there is an increased risk of contamination being 
present)

1.13 Enter beginning year and end year e.g. 1988 - 1995 

1.14

1.15 1 = Active/ongoing, 2 = Closed, 3 = Abandoned, 4 = Other

1.16
A = almost no informations, B = Desk top study performed but no primary data , C 
= Site investigations performed and primary data avaliable, D = Ongoing 
Remediation, E = Other (specify)

1.17 Specify activities and references

1.18 Specify any complaints from e.g. site owner, neighbours, NGOs e.t.c. 

2.1.1
Physically state of waste as 
deposited

1 = Solid, 2 = Sludge, 3 = Powder, 4 = Liquid, 5 = Gas, 6 = unknown, 7 = Any 
other (specify) 

2.1.2 Origin of the deposit 
1 = dump, 2 = leakage, 3 = fluviatile deposit (sediment), 4 = areal deposit, 5 = 
storage, 6 = Effluent (wastewater) 7 = Any other (specify)

2.1.3 Position in soil/effluent
1 = On the surface, 2 = In the soil, 3 = In effluent (wastewater), 4 = Any other 
(specify)

2.1.4 Is there visual contamination Describe visual contamination in soil, groundwater, surface water, effluent

2.1.5 Is there vegatation stress Describe any sign of vegatation stress

2.1.6 Area of contaminated soil Area of the above source or area of HW deposited

2.1.7 Volumen of contaminated soil m3 / mt (source in soil or HW deposited) 

2.1.8 Is the source area deliniated?

2.1.9
Area of contaminated 
groundwater If plume is deliniated assess the area of the plume (lengt (m), widht (m) area (m 2 )

2.2
1 = Effluent, 2 = Air, 3 = Municipal Solid Waste, 4 = Bio-medical Waste, 5 = 
Hazardous Waste, 6 = Ship Break Waste, 7 = Any other (specify) (Basetable 3)

2.3
According to schedule 1 - Hazardous Wastes (Management, Handling and 
Transboundary Movement) Rules, 2008) - select from basetable 5

2.4
According to Hazardous Wastes (Management, Handling and Transboundary 
Movement) Rules, 2008.)  - select from basetable 6

2.5
According to Hazardous Wastes (Management, Handling and Transboundary 
Movement) Rules, 2008.)  - select from basetable 7

2.6 Multiple contaminants can be selected). Select from Basetable 8

2.7.1
Give a brief summary of previous investigations  performed at the site and in 
the vicunity (if any). Describe results in soil, air, groundwater and surfacewater 
on/off the site (if any). Analysis results should be included. 


2.7.2
Primary data from the site should be compared to Screening Levels (SSLs) and 
Response Levels (RL) for the most critical chemical constituent (e.g. Cr(VI)

2. Source of 
contamination  and 
waste characteristics

Type of contamination according to definition 
from MoeF

"Industrial processes" which caused the 
contamination

Type of hazardous waste 

Hazardous Waste Constituents 

Contaminants of concern - CoC - (chemical 
name(s)

Information on previous sampling and analysis 
(Primary data)

Operational status

Extent of data avaliable

Previous or ongoing remediation activities (if any) 

Any complaints regarding the contamination 

2. Source of 
contamination  and 
waste characteristics

Source 
characteristic

1. Generel site 
information

Current owner (name and adress)

Is the site classified before or after the 
development of HW rules in 1989

X, Y and Z coordinates in center of the site)

Land use

1 = Agriculture land, 2= Waste land, 3 = Water bodies, 4 = Forests, 5. Habitation 
settlement (Residential/School/Kindergarten), 6 = Commercial, 7 = Industrial, 8 = 
Mixed (to be specified for each case) and 9 =. Other (to be specified in each case)  
 (Basetable 1)

Owner

Name(s) of Polluter(s) 

Approximate area of site (m2)

GPS coordinates 
/and elevation  

Topography

Type of Site ("Point" site or "Area" site)

Historical review 

Industry Type (which have caused contamnation)

Period of operation/contaminating  

Topic

State name

ID number  (State-district-xx)

Site Name 

Adress  



Overall Topic No Explanation Actual description

1. Generel site 
information

Topic

State name

3.1 Geology at the site Overall description
Broad description of the typical stratigraphical sequences from topsoil to deepest 
aquifer. Based on earlier studies and / or general knowledge). 

3.2.1 Overall description

Describe the depht of aquifers which is relevant for migration of contamination and 
drinking water/irregation. The aquifers can be secondary/shallow aquifers and 
deeper aquifers (primary aquifers). 
Also describe soil type of aquifers (sand, clay, bedrock, other) based on earlier 
studies and / or general knowledge)

3.2.2 Groundwater flow direction Describe direction for each aquifer(if any information)

3.2.3
Depth to water table (m below 
subsurface).

Describe the depht to the water table for each aquifer. Based on local knowledge 
or information from Ground water Authorities or data from Site Inspection

3.3 Describe current and future planned use of any aquifer

3.4

1 = Major use of groundwater for drinking water purpose 
2 = Moderate use of groundwater for drinking water purpose
3 = No use of groundwater for drinking water purpose
4 = No information
Select from Basetable 9

3.5.1 Private wells 
Specify distances  to nearest well and approximate number of wells within 1 km 
from the site)

3.5.2 Public Wells Specify distances  to nearest well and number of wells within 1 km from the site

4.1
Genereal description of (drain, trenches, streams) or streams at the site which 
can transport the contamination outsite the premice to surface water bodies

4.2

4.3

1 = Pond (less than 1 hectare), 2 =  
Small lake (1-10 hectares), 3 = Large lake (more than 10 hectares), 4 = Small 
river/stream, 5 = Large river, 6 = Wetland, 7 = Other (specify if possible)
Select from Basetable 10

4.4

1 = Drinking Water. 2 = Irrigation, 3 =  Use in commercial food production, 4 = 
Water recreational area (e.g. bathing, marina), 5 = Fishing, 6 = Other (specify if 
posible)
Select from Basetable 11

1 = Major use of surface water for sensitive use (use for Drinking Water,  
Irrigation, Livestock, Commercial food production, Water recreational, Fishing
2 = Moderate use for sensitive purpose
3 = No use for sensitive purpose
4 = No information Pick from Base Table 12

4.5 E.g. Reserves, wetland

4.6 If any flooding describe frequency and type

5 Soil Exposure 
Characteristics

5.1.1
Access to the site from local 
communities

1 = Site secured and access controlled 2 = Site not secured but access limited 3 
= Open site with regular public activity, 4 = Other (specify) Select from 
Basetable 13

5.1.2

5.1.3

5.1.4 Other Activities (if any)

5.2.1
Land use in the vicinity of the 
site 

Use Land Use categorisation from section 1. Desribe any relevant Industrial 
faclitities close to the site which also may cause contamination

5.2.2. Distance to nearest habitation Distance in m

5.2.3
Approximate Population within 
1 km from the site

5.2.4
Distance to other sensitive 
activities (m)

E.g. Schools, parkland, agriculture

6. Socio economic 
aspects

6.1
E.g. employment rate, in-come, rate woman/man, rate in age, alphabetisme, 
religion, value of site/buildings, possibilities of temporary site clearence, social 
sensibility land user(s)

Current activities 
on the site/access

Activity in the 
vicinity of the site ? 

Describe general socio economic conditions 

People living on the site (yes/no) (if yes how many people)

Workers on facility (yes/no) (if yes how many workers at the site)

4 Surface water use 
and characteristics

Name and distance to nearest surface water body 
(m)

  Type of Surface water Body 

Any sensitive use of surface water 

Distance to Sensitive Ecological areas (m)

Any flooding (yes/no)

Any sensitive use of surface water within 1 km

Any drainage system (run off system) on/outside 
the site

3 Groundwater use 
and characteristic

Hydrogeology at 
the site 

Current and future expected use of any aquifer 
for groundwater use

Is the groundwater used for drinking water

Drinking water 
intakes 



Overall Topic No Explanation Actual description

1. Generel site 
information

Topic

State name
7.1

1 = Groundwater pathway, 2 = Surface Water pathway, 3 = Soil exposure 
pathway, 4 = Air pathway 5 = Any other (specify)

7.2
1 = Direct human contact, 2 = Ingestion (soil, food) 3 = Groundwater use (Drinking 
water, Irregation), 4 =  Inhalation of polluted air/dust,  5 = Surface water use 
(drinking water, bathing, fishing), 6 = Sensitive environments, 7 = other (specify)

7.3 E.g. observed impacts on humans, animals, flora, fauna

7.4 According to approach describe din Site Inspection Protocol

7.5 Enter BI risc score (if included in the BI database)

8.1
Source Related: 
Type S1 and Type S2

8.2 Source related: Type L

8.3
Pathway related: 
Type P1 and Type P2

9. Overall description 9.1
For BI sites enter "Abstract" and part of  "Location and site description" and/or 
"abstact". For other sites use summary from existing reports (if any)

10.1
(Specify contactperson for this partiular site: e.g. Goverment Environmental 
Agency, Municipal Authority, NGO/community Agency, Local Health Facility 
Director, Busines/Coorporate Agency, other Agencies)

10.2

Based on our datacollection in Task 1. Point out Institution(s) (E.g. SPCBs, 
CPCB, BI, NGOs etc) and contact person

10.3

10.4

10.5

11.Risc 11.1

10.6

12.1 According to "List of references"

12.2 Enter BI site ID (if included in BI database)

Select from note 6.
S1 = Solid phase contamination (land bound site)
S2 = Solid phase contaminations (water bound site) 
L = Liquid phase contaminations
P1 = Liquid phase related
P2 = Leached or dissolved contaminants
Notice that a site may fit into more than one of these types). If possible specify 
subtypes as defined in Basetable 14

Overall Location and site description

Site Stakeholders 

Reasons on why the site has been appointed as 
contaminated /probably contaminated site

Comments of SPCBs on the information that thes 
site is appointed as a probably contaminated site

Confirmed by SPCB, CPCB as a probably 
contaminated sites or SI has been performed by 
COWI

Name of institution which appointed the site as a 
"potentially" contaminated"

Specify references that describe previous studies 
performed at the site 

Site ID from Blacksmith Institute

7.  Pathways, 
exposure, impacts 
and risc from  
contamination 

Potential/observed pathways for spreading of 
contamination at the site

Potential/observed exposure to contaminants

Describe observed impacts (if any) 

Total population at risk 

Risc Score from Blacksmit Insitute

8. Typology Specify typology 

10. Site Stakeholders 
and arguments for 
identifying the site as 
a probably 
contaminated site

12. References

Total population at risc 

Blacksmith Institute  Risc score 



  
 Inventory and mapping of probably contaminated sites in India 

http://projects.cowiportal.com/ps/A019251/Documents/3 Project documents/Reports/Task 2 Approaches-Methodologies/Site Inspection Protocol SIP/Final 23 January 2015/IND56-1 SIP Final 23 
January 2015.doc 

Appendix G Draft Screening and Response 
Levels 

The laboratory testing will result in a list of concentration levels for various 
parameters / substances. These concentration levels have to be compared with the 
Screening Levels and the Response Levels 

A complete List of Screening Levels and Response Levels are shown in Appendix 
G.  

Screening and Response Levels are important to assess the level of 
contamination. 

�¾ Screening Levels are generic concentrations of hazardous substances in soil, 
sediment, 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;  

�¾ Response Levels are generic concentrations of hazardous substances in soil 
and sediments, at or above which, it is very likely there is an imminent threat 
to human health or the environment. At or above this level some form of 
response is required to provide an adequate level of safety to protect public 
health and the environment.  

Below, in Appendix Figure 1, the levels are schematically shown indicating the risk 
they represent and related actions to be taken. 

Assessment Level of risk / Actions to be taken 

Hazardous substances exist at levels which 

may pose existing or imminent risk to human 

and environment 

Unacceptable risk. 

Further site actions required (investigation, 

remediation or precautionary measures) 

Response Level 

Hazardous substances exist at levels where 

existing or imminent risk to human and 

environment is not likely to occur (related to 

a certain type of land use) 

Acceptable risk at current land use. 

Further investigation needed 

Screening Level 

Hazardous substances have not been 

detected or exist at levels where risk for 

human and environment are likely to be 

negligible (related to a certain type of land 

use) 

No risk at current land use. 

No action at current land use 
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Appendix Figure 1 Overview of Screening and Response Levels related to risk and actions 

 

Risk levels versus site categorization according to the definition is schematically 
shown in the figure below. The relation between the definitions of (probably) 
contaminated sites and the determination of specific Screening/Response Levels 
can be deducted as follows: 

 

Risk levels and site categorization  

Screening Levels 

In India, there are no specific levels for assessing soil contamination. The 
Canadian CCME Environmental Quality Guidelines will be used as preliminary 
screening levels in the Indian situation. Four categories of land use are 
distinguished:  

�¾ Agricultural 
�¾ Residential/Parkland 
�¾ Industrial  
�¾ Commercial. 

In the table below, we show how to correlate the form of land use from the 
Canadian Environmental Quality Guidelines with the land uses referred to by the 
MoEF. 

Land use India 
(Referred to by the MoEF) 

Land use in the Canadian Environemtal Quality 
Guidelines 

Agricultural land Agricultural (including water quality guidelines for 
agriculture) 

Waste land Industrial 

Water bodies For soil depending on land use  

Forests Residential/Parkland 

Habitation settlements Residential/Parkland 

Industrial Industrial, commercial 

Mixed Choose the most vulnerable land use 

Other Choose the most vulnerable land use 

Assessing soil 
contamination 
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Background levels In most cases, Screening Levels are well above the natural background levels. The 
natural background levels of metals and other inorganic chemicals can vary widely, 
and this should be taken into account when applying the assessment 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 level may be influenced by historic mining and/or waste disposal 
activities. Note that for certain contaminants such as Persistent Organic Pollutants, 
no background values should be used, as there is no natural background for these 
substances. 

Assessi ng groundwater contamination  
For groundwater, first the intended use (at present or in future) of the groundwater 
has to be established. Is it to be used for drinking water for humans, for drinking 
water for animals, for irrigation of crops, or for water in industrial processes? 
Depending on this, different screening levels can be set up. In India, there are no 
specific standards for groundwater levels beneath contaminated sites. However, 
there are specified standards for e.g. drinking water and water used for irrigation.   

As Screening Levels for groundwater used for drinking water, the Indian drinking 
water values considered are as per IS 10500:2012 - (Second Revision) will be 
used. For contaminants not listed in this document, suggested screening values 
are taken from Canadian Standards. Where Canadian values are also unavailable, 
those from WHO are used.  

As Screening Levels for groundwater used for irrigation, the current Indian 
Standard�����³�7�K�H���(�Q�Y�L�U�R�Q�P�H�Q�W�����3�U�R�W�H�F�W�L�R�Q�����5�X�O�H�V���������������6�F�K�H�G�X�O�H���9�,���*�H�Q�H�U�D�O��
�V�W�D�Q�G�D�U�G�V���I�R�U���G�L�V�F�K�D�U�J�H���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�R�O�O�X�W�D�Q�W�V�´���Z�L�O�O���E�H���X�V�H�G�����,�I���W�K�H�U�H���D�U�H���Q�R��
Indian standards for a specific compound, the Canadian Water Quality Guidelines 
for the Protection of Agriculture will be used, see Appendix B.  

Assessing surface water contamination  
As Screening Levels for assessing surface water impact from contaminated sites 
�G�L�V�F�K�D�U�J�L�Q�J���Z�D�V�W�H���Z�D�W�H�U���W�R���V�X�U�I�D�F�H���Z�D�W�H�U���E�R�G�L�H�V�����W�K�H���,�Q�G�L�D�Q���V�W�D�Q�G�D�U�G�V�����³�7�K�H��
Environment (Protection) Rules, 1986 Schedule VI, General standards for 
�G�L�V�F�K�D�U�J�H���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�R�O�O�X�W�D�Q�W�V�´��will be used. The values are divided into 4 
categories: 1) Inland/surface 2) Public sewers 3) Land for irrigation and 4) Marine 
coastal. In general, these values are very high compared to international standards 
e.g. the Canadian Water Quality Guidelines for the protection of Aquatic Life. 

If there are no Indian standards for a specific compound, the Canadian Water 
Quality Guidelines for the Protection of Aquatic Life will be used as Screening 
Levels, see Appendix C. 

Groundwater used 
for drinking water 

Groundwater used 
for irrigation 
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Response Levels 

India has no specific levels for assessing soil contamination. Because of that, the 
Dutch intervention values, which are widely accepted worldwide, is used as 
response levels. Compared to the Canadian soil screening levels, the Dutch 
standards are in general a factor 3-10 higher (for sensitive land use e.g. 
agricultural and residential). However, it can be seen from the list in Appendix G 
that for some chemical substances the Dutch intervention values are lower that the 
Canadian screening levels. This is especial true, when comparing with screening 
values for non-sensitive land use (e.g. Industrial and Commercial land use). To 
overcome this issue, the response levels should always be the highest specified 
level in Appendix E. In one important case, the Dutch Intervention Value is higher 
than the level in the Hazardous Waste Rules, namely for hexavalent Chromium, 
and in this case the Response Level will correspond to the level in the Hazardous 
Waste Rule (50 mg/kg). 
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Volume III-2.2-i
Manual Conceptual Site Model and identifying the Source-Pathway-
Receptor

1 Introduction

This information is most relevant for Steps 2, 5 and 6.
This Section presents two internationally widely used concepts in site assessment,
the Source-Pathway-Receptor (SPR) approach and the Conceptual Site Model
(CSM). These two concepts are closely connected.

Using a CSM it is possible to characterize the physical, biological, and chemical
systems existing at a site. The processes that determine contaminant releases,
contaminant migration, and environmental receptor exposure to contaminants are
described and integrated in a conceptual site model.
The conceptual site model should be used to enable experts from all disciplines to
communicate effectively with one another, resolve issues concerning the site, and
facilitate the decision-making process.

This section explains how to assist in the development of a CSM. At the end of this
section reference is made to background information. Because the ASTM-1689-
guideline provides clear information this guideline is mostly referred to in the below
text.

2 The Source-Pathway-Receptor approach
The Source-Pathway-Receptor approach is used in site investigation and risk
assessment to identify the source of any contamination, what the source may affect
(receptor) and how the source may reach the receptor (pathway). The SPR concept
is a fundamental and internationally widely accepted approach to assess
contaminated sites and develop remediation options.

The three elements of this SPR concept are:
�x Source (S): The cause or potential source of the contamination is identified and

investigated. These sources might include all activities described in the Typology.
Contaminants of concern as well as their concentrations in the various media on
site require full characterization to understand the extent and potential for
migration.

�x Pathway (P): The pathway is the route by which the compounds of the
contaminants are migrating from the source to the receptor. Pathways include air,
water, soil, animals, vegetables and eco-systems. Potential migration pathways for
the identified and characterized contaminants to receptors are then identified and
evaluated to assess exposure risks. If direct contact of the Receptor with the
source is present, the pathway is part of the source.

�x Receptor (R): If contamination is to cause harm, it must reach a receptor. A
receptor is a person, animal, plant, eco-system, property or a controlled (ground or
surface) water. Each receptor must be identified and their sensitivity to the
contaminant must be established. Consideration should be given to on-site as well
as off-site receptors. An example of an off-site receptor are individuals who
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receive exposure via consumption of drinking water which is obtained from a
location down gradient of the contaminated source.

For one site several SPR-combinations can be applicable. Each SPR-combination
can be subject to remediation. The risk assessment will define if remediation of a
specific SPR-combination is needed. Without a SPR-combination, no risks can be
identified, even if contaminations in soil, groundwater, surface water, sediment or air
are present above certain levels. The analysis of the SPR-combination is therefore
essential for the risk assessment.

3 The Conceptual Site Model (CSM)
Conceptual site models are commonly used to implement a structured and efficient
investigation. Preparation and use of the conceptual site model is an iterative process
throughout the lifecycle of the remediation project. It starts with the generic typology
of the contaminated site during the preliminary investigation which will be extended
with information of a specific site (see Glossary for an explanation on typology). As
new data become available during the detailed site investigation and the risk
assessment, the conceptual site model is modified to continually evaluate the
connection between sources of contaminants, migration pathways, and receptors.
Evaluation of these three components through the use of the conceptual site model
in conjunction with initial preparation and subsequent revisions ensures receptors are
identified and addressed. The CSM enables integration of all site information,
identification of data needs and guiding of data collection activities. Possible
uncertainties in the CSM should be mentioned clearly in order to decide if additional
data should be collected.

Where the CSM is used to develop remediation options, the remediation techniques
can be designed in such a way that the effects meet an optimum by balancing the
intensity of a technique over the three elements of a specific site. The CSM can even
be used during the site remediation when reporting on the results and on the
achievement of the remediation objectives.

The site for which a CSM is developed should be able to be delineated clearly from
other contaminated sites. If individual contaminated sites are in the proximity to one
another and individual sources cannot be determined sites may be aggregated in that
case and a conceptual model should then be developed for the aggregate.

Following activities have to be carried out in development of a CSM:
�x Assembling Information by desk study and site visit: Assemble historical and

current site-related information on topography, land use, hydrology and
(hydro)geology from maps, aerial images, cross sections, environmental data,
records, reports, studies, and other information sources. These activities are
described in the Site Inspection Protocol (Volume III-2.1-i). This information should
comprise the current and future use of the site.

�x Identifying contaminating substances in the soil, groundwater, surface water,
sediments, biota, and air. Provide description of the characteristics (a.o. density,
solubility, volatility, biodegradability) and behavior in media.

�x Establishing Background Concentrations of Contaminants: This is important for
the following reasons:
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a. to establish the range of concentrations of certain parameters present at the
site due to natural occurence;

b. to help establish the extent to which contamination exceeds background levels
and the area where this occurs.

�x Identifying and characterizing Source: the following source characteristics should
be measured or estimated for a site, the level of detail depends on the position in
the process of assessment and remediation. During detailed site assessment
these elements should be considered more detailed compared to the CSM during
preliminary site assessment:
o Source location(s), boundaries, and volume(s);
o The potentially hazardous constituents and their concentrations in media at

the source;
o The time of initiation, duration, and rate of contaminant release from the

source.
�x Identifying Pathways: Potential migration pathways by which contaminants are

migrating through groundwater, surface water, air, soils, sediments, and biota
should be identi�¿ed for each source. A diagram of exposure pathways for all
source types at a site may help to structure and illustrate the collected information
(see the description of task 5.2 in Volume I).

�x Identifying Receptors: Identify receptors currently or potentially exposed to site
contaminants. This includes humans and other organisms that are in direct contact
with the source of contamination, potentially present along the migration
pathways, or located in the vicinity of the site.

The results of the CSM can be described, summarized in a table and/or illustrated in
2D or 3D pictures. Some examples are provided below a.o. for the Ranipet site near
Chennai, Tamil Nadu:

References to more detailed information on SPR and CSM
�x Guide to Good Practice for the Development of Conceptual Models and the

Selection and Application of Mathematical Models of Contaminant Transport
Processes in the Subsurface:
http://www.google.nl/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rj
a&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.sepa.org.uk%2Fland%2Fidoc.as
hx%3Fdocid%3D348518fc-6662-4699-8e7a-4b28d5cd64c9%26version%3D-
1&ei=Sy7YUJa1LoLRhAfwuoGIBQ&usg=AFQjCNGbsmFOnTvTZBOPwZDfqS7t8
HCxnA

�x ASTM E1689 - 95(2008) Standard Guide for Developing Conceptual Site Models
for Contaminated Sites: http://www.astm.org/Standards/E1689.htm (not freely
accessible data).

�x Environmental Cleanup Best Management Practices: Effective Use of the Project
Life Cycle Conceptual Site Model: EPA 542-F-11-011 July 2011

�x Public Health Assessment Guidance Manual, Agency for Toxic Substances and
Disease Registry, January 2005,
http://www.atsdr.cdc.gov/hac/PHAManual/PDFs/PHAGM_final1-27-05.pdf
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Example of Preliminary CSM Representation from US EPA July 2011

Example of 2-D Characterization CSM
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Example of 2-D Characterization CSM

Example of a schematic exposure pathway in a Conceptual Site Model (source: Public Health
Assessment Guidance Manual, Agency for Toxic Substances and Disease Registry, 2005)
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Example of collection information and development of CSM w.r.t. Ranipet Site:

List of references for soil / subsurface data needed in site, risk and
remediation option assessment

Type of data
needed

Comments Example
elements in

the site
assessment
the data is
used for

Data sources
available

Quality of
data

Scale of
data

Soft soil subsurface
Composition *) e.g. clay, sand spreading of

contaminants:
pathway layout
risk assessment

General Soil Map
India,
1:20.000.000,
Indian Minister of
Agriculture, 1998

Highly detailed
study based
on recent field
measurements
and laboratory
analyses
giving the
standardized
reference of
soil quality
and
composition

Not
applicable
on site-scale
but very
useful for a
general
picture of the
site and its
surroundings

Alfisol :
Haplustalfs,
Paleustalfs,
Rhodustalfs

reddish brown
gravelly
clay/sandy soil
Riverine Land
Form;
Alluvium/Laterite
(RECENT /
PLEISTOCENE)

Spreading of
Hexavalent
Chromium from
Chromium Ore
Processing
Residue to
subsurface and
leaching to
ground water
due during rains

Soil Map of India;
Scale
1:6,000,000; Map
Ref: INDI 5; All
India Soil and
Land Use Survey;
Indiana
Agricultural
Research
Institute; Govt. of
India, 1971 and
Soil Regions,
Southern India
Plate 203,
National Atlas of
India; Scale
1:2,000,000;
Dept. of Science
& Technology;
Govt. of India,
1981 and
Tamil Nadu Soils,
Sheet 1 and 2;
Scale 1:500,000;
Survey of India
Map; Govt. of
India, 1996.

High Quality
Maps of Govt.
of India
Map
Reference is
also given to:
ISRIC,
Wageningen,
The
Netherlands

Not
applicable
on site-scale
but very
useful for a
general
picture of the
site and its
surroundings

% organic
matter *)

spreading of
contaminants:
adsorption of
organic
contaminants
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capacity of NA
% clay minerals
*)

spreading of
contaminants:
retardation of
heavy metal
(adsorption)

Permeability *) if possible in
m/day

spreading of
contaminants:
speed of
spreading and
assessment of
pump and treat
options

High
permeability
Type of
sedimentary
deposition

e.g. river delta
deposit, river
plain deposit. If
possible a
detailed
description.

spreading of
contaminants:
pathway layout
design of in situ
options

Layering Vertical
variations in soil
composition

spreading of
contaminants:
pathway layout
design of in situ
options

Depth of
soil/bedrock
transition

spreading of
contaminants:
pathway layout

1m NGRI Report
October 2008

High Quality Applicable to
site

Horizontal
discontinuities

Horizontal
variations in soil
composition

spreading of
contaminants:
pathway layout

Bedrock subsurface
Type of rock spreading of

contaminants:
pathway layout

Achaean
Granite with
highly
metamorphosed
gneissic
complex
basement
Alluvium,
granite,
gneisses
and charnockite

Secondary
structures like
joints and
fractures due to
tectonic activity
and intrusion of
dolerite dykes
and quartz
Veins

Compacted
Chromium upto
2m depth

NGRI Report
October 2008 and
DISTRICT
GROUNDWATER
BROCHURE
VELLORE
DISTRICT,
TAMIL NADU-
Technical Report
Series, Central
Ground Water
Board, South
Eastern Coastal
Region, Chennai,
January 2009

High Quality Applicable to
site and also
very useful
for a general
picture of the
site and its
surroundings

Permeability spreading of
contaminants:
pathway layout

Highly Chromium NGRI Report High Quality Applicable to
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permeable concentration
decreases from
average
200mg/kg at 1m
depth to less
than 50mg/kg at
5m depth

October 2008 site

Porosity spreading of
contaminants:
pathway layout

Weathering:
thickness of
weathered layer

spreading of
contaminants:
pathway layout

10 to 15m Weathered
Granite gneiss

Chromium NGRI Report
October 2008

High Quality Applicable to
site

degree of
weathering

spreading of
contaminants:
pathway layout

22.50% Weathered
Granite gneiss

NGRI Report
October 2008

High Quality Applicable to
site

Layering Vertical
variations in
type of rock

spreading of
contaminants:
pathway layout

Horizontal
discontinuities

Horizontal
variations in
type of rock

spreading of
contaminants:
pathway layout

Dolerite Dyke
from 2 to 5m
below ground
level

NE to SE in the
dumpsite

Subsurface
barrier for
groundwater
movement and
Chromium
leaching

NGRI Report
October 2008

High Quality Applicable to
site

Groundwater
Head *) Water table risk

assessment,
pathway layout

3 to 4 meter
below ground
level

Fracture
granites,
gneisses and
charnockites

NGRI Report
October 2008 and
DISTRICT
GROUNDWATER
BROCHURE #)

High Quality Applicable to
site and also
very useful
for a general
picture of the
site and its
surroundings

Groundwater
flow  *)
Direction spreading

direction
contaminants

North to South Follows
topography

NGRI Report
October 2008

High Quality Applicable to
site

Velocity speed of
spreading
contaminants

8.11m/year Effective
porosity value of
22.5%

NGRI Report
October 2008

High Quality Applicable to
site
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Chemical
composition *)

general
components like
salts, O2 etc.

Risk
assessment,
capacity of NA
of groundwater

Total Hardness
as CaCO3

Chlorides

Nitrates

More than
permissible limit

Contamination
of Chromium

DISTRICT
GROUNDWATER
BROCHURE #)

High Quality

Not
applicable
on site-scale
but very
useful for a
general
picture of the
site and its
surroundings

Pre Monsoon
Water Level, m
below ground
level

Post Monsoon
Water Level, m
below ground
level

Long Term
Water Level
Trend in 10
years, m/year

1.18 to 18.86

1 to 18.45

Annual Rise:
min. 0.0025,
max. 0.5264
Annual Fall:
min. 0.0568,
max. 2.3958

DISTRICT
GROUNDWATER
BROCHURE #)

High Quality Not
applicable
on site-scale
but very
useful for a
general
picture of the
site and its
surroundings

Site use:
Secured former
industrial site

7.41 acres Site visit 2012 High Quality Applicable to
site

To south: 500 m distance:
small village and
pasture with
cattle;
4.5 m distance:
river Palar

North, West,
East:

Industrial
premises (still
active)

Pathways:
Groundwater Seepage of rain

through waste
material into
underlying soil;
transport of
contamination
through
groundwater in
horizontal
direction to
south;

Surface water runoff of rainfall
with
contaminated
particles to
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drainage ditches
air Possibly dust

from not
covered waste
material

Receptors:
Residents
village

Groundwater
presently
doesn’t seem to
be used

Site visit 2012

Cattle related to
community

Drinking surface
water

Site visit 2012

River Palar Transport
contaminated
groundwater
towards river

Report

Plants and
animals

Direct contact
with
contaminated
soil,
groundwater or
surface water
(outside
industrial
premises)

Site visit 2012

Explanation:
*) if possible specified for each individual layer
#) DISTRICT GROUNDWATER BROCHURE, VELLORE DISTRICT, TAMIL NADU-Technical Report
Series, Central Ground Water Board, South Eastern Coastal Region, Chennai, January 2009

Sketch of CSM from above data:
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Volume III-2.2-ii
Overview of techniques for site investigation

1 Introduction
This Section is most relevant for Task 2.2, Preliminary site investigation, and
Task 5.1, Detailed site investigation.

This Section provides a first overview of techniques, which are widely used.
Screening techniques (Section 2) as well as sampling collection techniques
(Section 3) are described.
For more detailed information on  sample collection, extraction and testing site
investigation tools the user may refer to more detailed data such as:
�x Field Sampling and Analysis Technologies Matrix and Reference Guide,

Prepared by the Naval Facilities Engineering Command and the U.S.
Environmental Protection Agency:
http://www.frtr.gov/site/toc.html

�x Dutch directive on restoration and management of soil, groundwater and
sediment, provides information on 130 techniques for investigation:
http://www.bodemrichtlijn.nl/Tools/bodemonderzoekstechnieken/applicatie-
zoeken-naar-onderzoekstechnieken (English translation is provided on this
internet page)

Depending on the situation the field investigation team must use personnel
protection equipment. Basic equipment includes: boots, protective clothing, dust
masks, goggles or safety glasses and gloves.

2 Technical screening equipment
This Section shows an overview of technical screening equipment for
preliminary site investigation (see table III-2.2-ii-1). These techniques are
typically used in a first step in a Preliminary site investigation, in cases where
the location of the source or the pathway or both is not known. These
techniques provide a ‘quick and dirty’ approach to assess a rough delineation of
the source or pathway or both, needed to make a next step in the preliminary
site investigation, which involves sampling and testing.

The table is to be used as a first overview to all techniques. For more detailed
information on sample collection, extraction and testing site investigation tools
reference may be made to the above mentioned websites.

Some of the techniques show accurate on site contaminant concentration
levels. The techniques are described for typical situations based on best
practices and expert judgment.

The selection of techniques should be well considered to avoid inefficiency. For
example, seismic methods can be used to determine the groundwater table.
This information is regarded as ‘secondary data’ gained from this technique as
the technique is primarily used for stratigraphy assessment. Therefore,if only
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the groundwater table has to be measured seismic techniques are not
recommended.

Some techniques are indicated to be able to measure contaminations.
Depending on the technique this can be either quantitatively of qualitatively.
The XRF for instance is able to provide parameter specific ppm data while
magnetic field methods will provide quantitative spatial information, e.g. the
outlines of a dump site. The latter techniques provide the opportunity to
distinguish between pristine soil layers and layers possibly contaminated.

Table III-2.2-ii-1 only shows categories of techniques. A wide variety of
subtechniques is available. These techniques either are commercially linked to
one specific supplier or are generic techniques available, regardless of the
supplier (e.g. auger sampler or cone penetration test).

For each technique spatial representation is indicated with ‘point/line/3D’,
indicating if data is collected on a discrete point, along a vertical or horizontal
line or gives a 3D image of the matrix. Some notes should be made to this
point:
�x Multiple points can build up to line data and multiple lines can build up to a

3D image;
�x Some techniques may give point information but the data generated may

represent a large volume of soil, sediment or air. For example, a gas
detection reading is based on a volume of air which is pumped through the
tube. The spatial representation of this measurement depends on the volume
of air and area where it is extracted from.
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Table III-2.2-ii-1: preliminary site investigation survey techniques for quick screening of sites: basic characteristics and
typical application

Electro

magnetic

methods

Geo-electric

and

Self Potential

methods

Magnetic field

measurement

Ground

penetrating

radar (GPR)

Radiometric

measurement

Seismics

(sonar)

Penetration

test cones

XRF

X-Ray

Fluorescence

NIR

Near IR

luminescence

PID

Photo-

Ionisation

Detector

Gas detection

tubes

Basic characteristics

Parameter Electrical soil

resistivity

Electrical soil

resistivity

Magnetic

susceptibility

Dielectric

constant

Gamma ray

radiation

Acoustic

impedance

Various Concentration

(heavy metals)

Concentration

(heavy metals /

some organic

compounds)

Concentration

of

contaminations

in the air

Concentration

(parameter

sensitive

reagent)

Unit �
 /m �
 /m Gauss F/m Bequerel ms or kgm2 Various ppm ppm ppm ppm

Property of

investigation

Electro

magnetic

induction

Galvanic

resistivity

Magnetic field Reflection/refra

ction electro-

magnetic field

Radio active

radiation

Reflection/refra

ction of sound

waves

Various wavelengths of

the emitted

X-Rays

Near IR

luminescence

Ionisation of

charged

molecules

Speed of

chemical

reaction

Typical field specification

Range of depth 0 – 25 m 0 – 100 m 0 – 10 0 – 25 0.1 m (in situ)

> 0.1 m

(samples)

1 – 100 m 0 – 50 m 0.1 m (in situ)

> 0.1 m

(samples)

0.1 m (in situ)

> 0.1 m

(samples)

NA

> 0.1 m

(samples)

NA

> 0.1 m

(samples)

Soil/water/air/

sediment

Soil/sediment Soil Soil/sediment Soil Soil/water/air/

sediment

Soil/sediment Soil/sediment Soil/water/air/

sediment

Soil/sediment Air (sample) Air (sample)

Resolution 1 – 25 m 1 – 100 m 1 – 5 m 0.5 – 2.5 m 0.1 m 0.5 – 5 m 0.1 m 0.1 m 0.1 m 1 m 1 m

Point/line/3D point point point line point line/3D line (vertical) point point point point

Survey type (Survey technique is (+) highly suitable; (0) suitable with restrictions; (-) not suitable)

Stratigraphy + + 0 + 0 + + - - - -

Contamination + + 0 0 + - + + + + +

Objects 0 - + + - 0 0 - - - -

Groundwater

level

0 0 - + - + + - - - -
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Electro

magnetic

methods

Geo-electric

and

Self Potential

methods

Magnetic field

measurement

Ground

penetrating

radar (GPR)

Radiometric

measurement

Seismics

(sonar)

Penetration

test cones

XRF

X-Ray

Fluorescence

NIR

Near IR

luminescence

PID

Photo-

Ionisation

Detector

Gas detection

tubes

Practical aspects

Field personnel (# of field operators)

1-2 1-2 1 1 1 >2 1 1 1 1 1

Investigation time needed  ((+) quick survey technique; (0) moderate time consuming technique; (-)time consuming survey technique)

+ 0 + + + - 0 + 0 + +

Costs (Survey technique is (+)  expensive; (0) moderately expensive; (-) low cost)

+ 0 + + + - 0 + + + +

Much used (Survey technique is (+) used on daily basis; (0) now and then used; (-) seldom used)

+ + 0 + + - + + - + +

Typical type of

field survey

Groundwater

plume and

source recon-

naissance /

delineation

Groundwater

plume and

source recon-

naissance /

delineation

Source and

object (drums)

reconnaissan-

ce / delineation

Stratigraphy,

source and

object recon-

naissance /

delineation

Source recon-

naissance /

delineation

Stratigraphy Stratigraphy

and plume re-

connaissance /

delineation

Source recon-

naissance /

delineation

Source and

pathway recon-

naissance /

delineation

Source and

pathway recon-

naissance /

delineation

Source and

pathway recon-

naissance /

delineation
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Pictures of some of the screening techniques described in Table III-2.2-ii.1

Figure III-2.2-ii.1a and 1b: Example of Ground
Penetrating Radar

Figure III-2.2-ii.2: Example of PID Photo-Ionisation Detector

Figure III-2.2-ii.3: Example of XRF X-Ray Fluorescence
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Figure III-2.2-ii.4b Example of trial pit
excavated with shovel

3. Sampling techniques

3.1 Soil sampling collection tools

For the sampling of soil material different types of drills can be used depending
on the soil type and type and level of contaminating substances. Some widely
used types of drills are described below:

�x Hand held techniques:
�q Scoops, spoons, and shovels
�q Augers
�q Tube
�q Gouge
�q Thin-walled core samplers
�q Hand pulse

�x Power driven drill techniques
�q Screw drilling system: hollow auger drill
�q Screw drilling system: auger drill
�q Displacement drilling system
�q Cased auger/pulse drill

Hand held techniques

Scoops, spoons, and shovels
Hand-held scoops (10- to 100-gram capacity), spoons (typically 300- to 2,000-
gram capacity), and shovels are used for exploratory holes, test pits and
sampling near surface soils.
Accurate, representative samples can be collected depending on the care and
precision demonstrated by the sample team member. The use of a flat, pointed
mason trowel to cut a block of the desired soil can be helpful when undisturbed
profiles are required. Care should be exercised to avoid use of devices plated
with chrome or other materials. Volatiles may be lost during sample collection.

Figure III-2.2-ii.4a Example of soil sampling with shovel
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Figure III-2.2-ii.5b Example of augers. From
left to right: Riverside (gravel, debris), auger
(sand), Edelman auger

Augers
Augers are commonly used to collect near surface samples and, in combination
with tube samplers, to collect undisturbed samples. Examples of augers:
Edelman-drill, “riverside” drill, gravel drill.
This auger is used for drilling up boreholes to the groundwater level. It can also
be used in cohesive soils. Smearing can be prevented by using an increasingly
smaller diameter or by using a (lost) casing. The “riverside” and gravel drill have
more disturbed samples than the Edelman-drill, but samples never cover more
than 10 to 15 cm in height.

Figure III-2.2-ii.5a Example of augers (left) and
handles (right)

Figure III-2.2-ii.5c and 5d: Examples of
soil sampling with Edelman auger
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Figure III-2.2-ii.2 Example of soil sampling using
gouge

Tube
Tube drills are used in (relatively) cohesive soils to obtain almost undisturbed
samples. They provide fast and simple information on the (shallow) soil
structure. Samples have a small volume but are useful for profile descriptions.
The maximum reach depth is between 5 and 10 m below ground surface level.
Like augers, tubes can utilize a variety of tips depending on soil type. Tubes are
considered better than augers for sampling VOCs. Tubes are similar to augers
except that a tube with a cutting tip is attached to the drill rod. Instead of being
rotated, the tube is pushed into the soil.

Often augers are used to drill the hole
and tubes are used to collect the sample.
Tubes are not suitable for rocky, dry,
loose, or granular material or very wet
soil. A variety of tube samplers are
available. Some tubes can be driven into
the soil by a demolition hammer. This
system is often used when debris in the
subsurface occurs. There are also fully
closed tubes/gouges with liners or with a
foil in which the sample is entered.

Gouge
Similarly to tubes, gouge drills are
used to collect undisturbed samples

generally from soft and wet soils.
Gouges are long, semi cylindrical
chambers made of tapered stainless
steel, that are pushed into the soil,
twisted and recovered to display a
full profile of the soil. Gouges are
usually used to collect small
samples, e.g. to determine soil water
content by mass.

Figure III-2.2-ii.1. Example of soil sampling with
tube
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Thin-walled core samplers
Thin-walled core samplers are most commonly used for collection of
undisturbed core samples in cohesive soils, silt, and sand above the water
table. Sample collection procedures are similar to split-spoon sampling except
that the tube is pushed into the soil, using the weight of the drill rig, rather than
driven (Shelby tube or Continuous tube).

To avoid volatile components to disappear from the soil samples after
excavation a method has been developed to prevent this evaporation. A small
tube is filled with soil material and methanol is added in the same amount.

Figure III-2.2-ii.8c and 8d Illustration of adding methanol to soil sampling material

Figure III-2.2-i.3a Examples of thin-walled core
samplers

Figure III-2.2-ii.8b Example of sampling with thin-
walled core samplers
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Hand pulse
The hand pulse drill is used in non- or little-cohesive soils, below the water
table. The borehole will be protected against collapsing by a casing made of
steel or plastic. The soil material just below the casing is loosened with the help
of the pulse and removed. Mechanical pulse installations are used for drilling
from 10 m below ground surface level. When a hard clay layer or a strongly
contaminated zone (for example a layer of purely contaminated substance) is
penetrated, an additional casing with a smaller diameter is used.

Figure III-2.2-ii.9a Example of hand pulsing, using
tripod and steel casing

Figure III-2.2-ii.9b Example of hand pulsing
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Power driven drill techniques

Screw drilling system: hollow auger drill
Consists of a hollow central shaft with a
removable sheet or valve structure at the

bottom end. Due to the unfavorable spiral
width diameter ratio the soil material is
strongly displaced and hard to interpret,
because it is smeared. Two types of hollow
auger drills: in the simple system the soil is
sampled without disturbing it parallelly, and in
the more complex system a non-rotating
sampling tube is pressed down and collects
the sample in the hollow central part, while the
surrounding soil is being drilled up through the
space surrounding the central part.

Screw drilling system: auger drill
With an auger, cohesive soils can be drilled up to 30 m below ground surface
level above the water table. The jacked ground is mixed, which increases with
depth. Indicative sampling or profile description is only possible when the drill is
screwed into the soil like a corkscrew (lowering speed is equal to the rate of the
windings) and then not turned when it
is pulled up.

Figure III-2.2-ii 4. Hollow auger drill

Figure III-2.2-ii.11a Auger drill

Figure III-2.2-ii.11b Machine driven auger drill
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Displacement drilling system
There are two ways to take samples with this method. First method is a
relatively thin tube provided with a lost point that is pressed into the soil to the
desired depth. Inside this tube a very thin monitoring well is lowered. Then the
casing is pulled up after which the filter remains. Second method is a sounding
tube with an integrated filter that is pressed down until the desired depth is
reached. Then the groundwater samples are taken immediately.

Figure III-2.2-ii.12a and 12b: Examples of power driven displacement drilling system

Figure III-2.2-ii.12c and 12d: Examples of sonic displacement drilling system
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Cased auger/pulse drill
The auger is used to drill to the wet sand layer. With contaminated soil the
casing can be inserted through rotation to limit smearing when it is pulled up.
After this it can be pulsed. Within or below
the casing samples may be taken. In this
method, there is a minimum of smearing and
wells with a large diameter are applied.

Figure III-2.2-ii.13a, 13b and 13c: Examples of cased
auger/pulse drill
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In case of rock or paving, material has to be crushed when drilling bore holes,
special equipment has to be used.

Figure III-2.2-ii.13d-h: Examples of cased auger/pulse drill required for Hard ground and rock
drilling
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3.2 Groundwater sampling collection tools
Groundwater samples can be collected through several types of pumps
depending on the groundwater level, the sampling of volatile compounds, etc.

The following widely used types of pumps are described below as well as
filtering of groundwater samples is described:
�x suction lift pump
�x pressure pump
�x bailer sampler
�x ball valve pump

Suction lift pump
These peristaltic pumps are frequently
used for shallow ground water sampling.
Suction lift pumps apply a vacuum to
either the well casing or to tubing that runs
from the pump to the desired sampling
depth. Most are easily controlled to
provide continuous and variable flow rate.
Peristaltic pumps utilize a self priming or
power operated vacuum pump. This pump
can be used to a maximum groundwater
level of 9,5 m below ground surface level.
It can be used for the sampling of
groundwater for chemical testing of
volatile compounds, provided the suction
height is not over 6 m.
For each sample a disposable filter should
be used. Filtering the water before
bringing it into the sampling bottle is
required.

Figure III-2.2-ii.14. Suction lift pump
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Pressure pump
This pump, also known as Submersible centrifugal pump, is used for well
purging and ground water sample collection. This pump is universally applicable
for sampling for chemical testing of volatile compounds, provided the speed of
the pump is variable to sampling rate. Submersible centrifugal pumps use an
electrically-driven rotating impeller that accelerates inside the pump body,
building up pressure and forcing the sample up the discharge line. Commonly
constructed of stainless steel, teflon, rubber, and brass, most can also provide a
continuous and variable flow rate. Small diameter submersible centrifugal
pumps are available that can be used in 2-inch diameter wells and can be
operated at both high flow rates for purging and low flow rates for sampling.
Maximum depth for sampling is about 70 m below ground surface level. The risk
of contamination is very large, so much attention should be paid to the materials
and the cleaning of the pump.

Figure III-2.2-ii.15a and 15b: Examples of pressure pump

Bailer sampler
Bailer samplers are the most widely used sampling method, due to their low
cost. However, other devices like bladder, helical-rotor, and gear pumps
generally provide better results when sensitive constituents such as VOCs are
present. A bailer is a hollow tube with a check valve at the base (open bailer) or
a double valve (point source bailer). The bailer is attached to a line (generally
either a polypropylene or nylon rope, or stainless steel or Teflon coated wire)
and lowered into the water. The bailer is pulled up when the desired depth is
reached, with the weight of the water closing the check valve. Open bailers
provide an integrated sample of the water column. Point source bailers use: (1)
balls or (2) valves (operated by cables from the surface) to prevent additional
water from entering the bailer so that a sample can be collected at a specific
point. Maximum depth for sampling is about 70 m below ground surface level.
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Ball valve pump
The ball valve pump is used to push water upward. The pump is connected to
the end of a sampling hose or tube. By moving the tube and pump down, the
ball is moving up and it will let water enter into the tube. By pushing the tube
and pump up, the ball is closing, so the water goes up with the tube and pump.
The moving can be done by hand or by a machine. It uses the gravity and
slowness of the mass of the water column. The ball valve pump is available in
different diameters for different tube sizes. The pump is small, relatively cheap
and it can be used to clean a monitoring well by pumping water and sediment
after placement, as well as for sampling monitoring wells.

Figure III-2.2-ii.16a and 16b: Examples of ball valve pump
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Filtering of groundwater samples
If testing of a groundwater sample on heavy metals is required, the turbidity in
the sample should be as low as possible. Therefore, the sampled groundwater
needs to be filtered through a 0,45 µm filter to remove the sediment that causes
the turbidity. There are two types of filters for this:
�x Filtering by “in line” filtration: the disposable filter is placed directly in between

the monitoring well and the sampling bottle. The filter can also be placed at
the end of the discharge of a anaerobic acting pump like a peristaltic pump
(e.g. ball valve pump). The materials that have contact with the sample
should be made from physically and chemically inert material. For every well
a new filter must be used.

�x Filter machine for pressure filtration under a vacuous gas: this machine
should be completely removable to clean it. In case it is expected that the
filter clogged because of the presence of floating materials, a double filter is
used. In the first filter holder the prefilter is placed. This method requires use
of gas tanks, quite a lot of detergent and demineralised water to clean the
filter holders in between the sampling of different wells. It also requires more
skills from the person executing the sampling and filtering, compared to the
filtering process described above.

Figure III-2.2-ii.17a and 17b: Examples of filtering groundwater samples




























































































































































































































