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	This report is made on behalf of BRE. By receiving the report and acting on it, the client - or any third party relying on it - accepts that no individual is personally liable in contract, tort or breach of statutory duty (including negligence).


Executive Summary

SUBRIM is a research consortium that is sponsored by EPSRC over the period July 2003 to June 2007.  The consortium addresses a range of brownfield research covering engineering solutions for poor ground to social science issues.  SUBR:IM (www.subrim.org.uk) is part of the EPSRC’s Sustainable Urban Environments (SUE) initiative.  The Building Research Establishment (BRE) is one of the main contract partners involved in the research and is leading Work Package G on Quality in Land Remediation.  This work package has been developed within the consortium in a partnership of BRE and the University of Manchester (UoM).  This work package (WP) will link with all other core work packages, both through the site-specific studies, and as a route to dissemination of good practice.  
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The origins of the quality in land remediation project are concerned with problems in site investigation work.  This was recognised in the setting up of the Scottish Contaminated Land Forum in the mid 1990s and the development of schemes such as CONTEST and Specialists in Land Contamination.  Many of the problems reflected the fact that brownfield issues and contaminated land investigation were immature in terms of scientific and process development.  In addition, it was recognised that there was reluctance on the part of some developers or land owners to spend the necessary sums of money on site investigation.

New developments, guidance, tools and best practice should have resulted in improvements in the quality of land remediation.  However, the extent of the impact of new guidance has remained to be addressed.  This project within the SUBR:IM consortium will address the impact of new guidance on the quality of land remediation.  In terms of land remediation the project is seeking to address issues from site investigation, to remediation and to development of the site.  The site may contain hard/or soft end uses.  The site specific studies will consider either distinct elements of the aspects or where possible all three aspects.

The key output of the work package is an appropriate guidance for improving current practice to provide a developed site that satisfies customer expectation, i.e. it is safe, clean, free from significant risks and provides community amenity and benefits.

This review is the initial output from the project and it covers brownfield issues such as site investigation, remediation work and development.  The review also covers quality issues in a general way as well as specifically for brownfield sites.

Quality is in some ways difficult to define, it has an element of general excellence, but the quality management standards create a formality about quality that implies the use of measurement and monitoring in order to ensure a consistent standard of product or service.  

Of the existing current guidance there is a lack of reference within the guidance to quality issues.  The guidance itself may be viewed as an indicator of quality if it has been followed by individuals and organisations involved in brownfield work.  However, much of the current guidance concentrates on advice on how to carry out certain tasks (e.g. desk studies or borehole sampling), the minimum requirements of those tasks and the expected outcomes.  There is less emphasis on ensuring that the processes that are used are correct and will lead to the correct decision making.

A quality approach would take a holistic view of the remediation process.  Therefore, issues that impact on the technical, social, environmental and economic aspects of site remediation need to be considered.  The project aims to fill the gaps connected with quality in land remediation, in particular to develop appropriate key performance indicators for land remediation, and to develop quality protocols.  

Ultimately, the provision of the guidance, user support and their various components will aim to improve the quality of land remediation in the UK.  The benefits for all are in reduced failures in remediation, greater consistency for clients and all stakeholders and improved decision making.
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1 Introduction

SUBRIM
 is a research consortium that is sponsored by EPSRC
 over the period July 2003 to June 2007.  The consortium addresses a range of brownfield research covering engineering solutions for poor ground to social science issues.  SUBR:IM (www.subrim.org.uk) is part of the EPSRC’s Sustainable Urban Environments (SUE) initiative.

SUBR:IM aims to produce integrated and sustainable solutions for the development of brownfield land in urban areas to promote a better quality of life for all UK citizens.  The objectives, which will lead to this goal are as follows:
· To enhance the robustness of technical solutions and tools for the restoration of brownfield land and its infrastructure in urban areas.

· To increase the knowledge base of investors, developers, planning agencies, local authorities, the public, scientists and other stake holders involved in brownfield development, to integrate their needs within a sustainable framework and seek to encourage investment.

· To establish best environmental practice in the development of brownfield land in urban areas, which will extend existing knowledge, and set international benchmarks and sustainability indicators.

The SUBR:IM project involves nine different organisations working on research that is divided into a number of work packages as shown in table 1.

The research programme focuses on a portfolio of brownfield sites located in the Thames Gateway and Greater Manchester areas. The SUBR:IM programme commenced on 1 July 2003.

Building Research Establishment (BRE) is one of the main contract partners involved in the research and is leading Work Package G on Quality in Land Remediation.  This work package has been developed within the consortium in a partnership of BRE and the University of Manchester (UoM).  

This work package (WP) will link with all other core work packages, both through the site-specific studies, and as a route to dissemination of good practice.  Close working with WPs E and F will gain the maximum amount of technical data from the technical reviews of past projects, while similar working with WPs B and C will deliver optimum information from the ‘softer’ analysis of past projects.  WP D on metrics will link into G to include quality issues in the metrics developed with which to assess future projects.

Figure 1 shows the relationship between the original work packages in the SUBR:IM consortium.
	Work package
	Title
	Lead Organisation

	A
	Project and portfolio management
	University of Sheffield

	B
	The role of the UK development industry in brownfield regeneration
	College of Estate Management

	C
	Multi-level decision making processes, expertise and sustainable urban regeneration
	University of Sheffield

	D
	Metrics for sustainable development of remediation projects
	University of Surrey

	E
	Robust sustainable technical solutions to contaminated brownfield sites
	University of Cambridge

	F
	Integrated urban remediation and greening
	Forest Research

	G
	Quality in land remediation and management
	Building Research Establishment

	H
	Restoration of acid tar lagoons
	Greater Manchester Geological Unit

	I
	Impacts of climate change on pollutant linkages
	University of Cambridge

	Ja
	Property Investment and Brownfield Development in the UK
	University of Reading

	Jb
	The Governance of Sustainable Development and Brownfield Regeneration in the UK
	University of Reading

	K
	Novel special-purpose composts for sustainable remediation of brownfield sites
	University of Surrey

	L
	The use of charcoal for in-situ remediation
	University of Surrey

	M
	Reconceptualising brownfield regeneration: Heritage, conservation and sustainable communities in the UK
	University of Reading

	N
	Design for Deconstruction
	University of Sheffield


Table 1: SUBR:IM consortium projects and research organisations

2 Quality in Land Remediation 
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The origins of the quality in land remediation project are concerned with problems in site investigation work.  This was recognised in the setting up of the Scottish Contaminated Land Forum in the mid 1990s and the development of schemes such as CONTEST and Specialists in Land Contamination.  Many of the problems reflected the fact that brownfield issues and contaminated land investigation were immature in terms of scientific and process development.  In addition, it was recognised that there was reluctance on the part of some developers or land owners to spend the necessary sums of money on site investigation.

In the past ten years there has been significant development in the approach to assessing contamination on sites through site investigation and risk assessment work.  The publication of BS10175 (BSI, 2001) and guidance on risk assessment from Department for Environment, food and rural affairs (Defra) and Environment Agency (EA) (Defra & EA, 2004) are prime examples of available guidance on processes and assessment of land contamination.  The education of the industry has included dedicated courses at universities and a plethora of conferences and seminars.  Research has contributed to the development and improvements in the industry and many new tools are available to the industry.

New developments, guidance, tools and best practice should have resulted in improvements in the quality of land remediation.  However, the extent of the impact of new guidance has remained to be addressed.  This project within the SUBR:IM consortium is intended to address the impact of new guidance on the quality of land remediation.  It will achieve this through reviewing the issues of quality in land remediation, carrying out site specific studies in the SUBR:IM portfolio of sites and linking with the research in other work packages.

In terms of land remediation the project is seeking to address issues from site investigation, to remediation and to redevelopment of the site.  The site may contain hard and/or soft end uses.  The site specific studies will consider either distinct elements of the aspects or where possible all three aspects.

The consequences of having good quality in land remediation as opposed ‘poor’ quality can be gauged by comparing the impact of quality on the issues raised by the various SUBR:IM work packages.  Table 2 summarises this approach and clearly demonstrates the importance of quality in land remediation.

Table 2 seeks to show that quality in land remediation has an impact on many of the important issues involved in investigating and finding solutions to brownfield land.  These issues are not just a concern to SUBR:IM, but to a wide range of stakeholders involved in brownfield regeneration.  

The Quality in Land Remediation project encompasses the many issues involved in the SUBR:IM consortium and will be involved in close liaison with most of the work packages.

The aim of the Quality in Land Remediation research project is to improve the remediation of contaminated land in the urban environment through the development of quality protocols, measures and methods for land remediation.  This will provide greater confidence for those involved in procuring remediation technologies, including site investigation works, remediation contracts and development activities.  

	Relevant SUBR:IM issue and stage in site redevelopment
	Consequences of ‘good’ quality
	Consequences of ‘poor’ quality

	Development industry

All, but specifically during construction of buildings
	· Developer makes a profit

· Clients are satisfied and happy

· Development product is good

· Product has long lifetime, good whole life performance

· Whole life costs can be planned

· H&S risks are low over whole life
	· Developer makes a loss

· Clients unsatisfied, unhappy and possibly loss making

· Product fails

· Whole life costs are high and cannot be planned

· H&S risks are unacceptable

	Property Investment
All, but mainly in development
	· Significant investment in brownfield property

· Investors make profit

· Financiers and insurance buy into brownfield work
	· Reducing investment in brownfield

· Investors make loss

· High insurance costs

· High costs of borrowing

	Decision making processes
All, but mainly in development
	· Correct decisions made

· H&S risks are low

· Financial risks are low
	· Incorrect decisions made based on poor data

· Risks are high

	Metrics 
All, but mainly in

development
	· Measurements are possible
	· Measurements are meaningless

	Technical solutions 
All, but mainly in

development
	· Correct choice of technical solution, it works

· Low risk of failure

· H&S risks are low

· Profit made by contractors and consultants
	· Incorrect choices that don’t work

· High risk of failure

· H&S risks are high

· Loss made by all involved

	In situ remediation
All, but mainly in

development
	· Remediation works

· Risks to H&S, the environment and finance are low
	· Failure of remediation

· High risks that create losses

	Acid tar lagoons
All, but mainly in

development
	· H&S risks are low

· Low risk to the environment
	· Risks are higher than believed resulting in problems

	Pollutant linkages
Site Investigation
	· Pollutant linkages are correctly assessed and risks to receptors fully understood
	· Pollutant linkages not understood resulting in risks or over-engineering of technical solutions

	Urban greening
Remediation and
Development
	· Urban greening is successful

· Performance of greening is good over time

· Whole life costs are low and can be managed

· Clients are satisfied and happy

· Risks are low
	· Urban greening might fail

· Performance questionable over time

· Whole life costs higher than plan and difficult to manage

· Costs of remediation ultimately high

· Clients unhappy 

· Risk are high

	Deconstruction
All, but mainly in

development
	· Safe deconstruction possible

· Contractors and investors in profit
	· H&S risks in deconstruction

· Losses may be encountered by those involved

	Governance
All, but mainly in

development
	· Governing authorities are correctly informed 

· Confidence in low risk developments and regeneration work

· Encouragement for brownfield development and targets set and achieved
	· Incorrectly informed authorities leading to poor decision making

· Regeneration of brownfield viewed as high risk

· Avoidance of brownfield


Table 2: Impact of ‘Quality’ on SUBR:IM issues

The key output of the work package is an appropriate guidance for improving current practice to provide a developed site that satisfies customer expectation, i.e. it is safe, clean, free from significant risks and provides community amenity and benefits.

Despite the plethora of technical guidance, experience has shown that failure in meeting remediation requirements of contaminated land often occurs. This report reviews the potential reason that affect the quality in land remediation.  It is not limited to site investigation activities, but considers the whole development process.  The report is not intended for publication, but can be made available amongst the SUBR:IM consortium and collaborators.  It is intended that the report will be updated occasionally over the course of the research and that the knowledge base gained will be fed into the final guidance.
Thus the objectives of this report are as follows:

· To determine what is seen as quality in land remediation and the indicators of quality at any point in remediating a site.
· The quality issues involved in brownfield and contaminated land.  
The review will concentrate on three aspects, as follows:
· Site investigation and risk assessment for brownfield sites
.
· Remediation of land contamination.
· Site development, including hard and soft end uses.
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3 Brownfield and contaminated land
3.1 Brownfield

In 1998, the United Kingdom (UK) government set a target fort 60% of new housing should be constructed on brownfield site (DETR, 2000). The Environmental Agency (EA) is also committed to bring more land into sustainable use. 

In response to government targets, planning pressures and land availability issues developers are increasingly moving to exploit former industrial land as a resource (Dixon and Doak, 2005).  The development of brownfield land has the benefit of helping to protect greenfield land and reduces the pressure on the countryside (EA, 2003).  Consequently brownfield makes a wider contribution to improving life in towns and cities (POST, 1998). In 2005 the government has further verified that it has exceeded 60% brownfield land target (DETR, 2005).

In the United States, brownfield commonly refers to cities that are laden with former industrial, commercial, and residential properties that are abandoned, vacant or underused (Ackerman, 1996).  Indeed, brownfield sites are not restricted to urban areas and should also be used in rural areas when available and appropriate.  Not all brownfield sites will be suitable for residential use (for example where public transport is absent) and difficulties may be presented such as land contamination and fragmented land ownership (Stevenson and Williams, 2000).  Previously used land may be either vacant or derelict, it is a waste or under-used if it is situated at a prime location.  Brownfield land has potential for conversion to housing, schools, business and amenities that go to creating sustainable communities.  The Environment Agency (EA, 2003) also suggested that development on brownfield sites can help to make the best use of existing services such as transport and waste management (EA,2003).

As a result effective land remediation is crucial to the full range of stakeholders as well as to the land owner to develop a safe and clean site.  This means that developers will deal with contaminants more frequently. However, the economic viability of a brownfield redevelopment project depends on effective project management integrating technical and planning aspects (Grimski, D and Ferber U, 2000).  Stevenson and Williams (2000) recommended the following advantages for the use of brownfield sites:

· It reduces demand for green field land
· It enhances the viability of public transport
· It makes maximum use of existing infrastructure
· It increases overall urban densities and the viability of existing services
· It offers opportunities for high quality residential development in terms of increase access to jobs, shops and other services
· It provides the potential for innovation, such as car free development.
POST(1998) highlighted that brownfield development offers a good opportunity to reduce the loss of greenfield sites.  

3.2 Contaminated land

The contaminated land regime which is set out in Part IIA of the Environmental Protection Act 1990, was introduced in England on 1 April 2000, and on 1 July 2001 in Wales. A similar regime was introduced in Scotland on 14 July 2000. The regime is jointly regulated by local authorities and the Environment Agency (or the Scottish Environment Protection Agency (SEPA) in Scotland). Local authorities are the primary regulators and take the lead role. Part IIA provides a risk based approach to the identification and clean up (known as remediation) of land where contamination poses an unacceptable risk to human health or the environment. 

The legal definition of “contaminated land” is given in section 78A (2) of Part IIA of the Environmental Protection Act 1990, as follows (DETR, 2000):
· “ any land which appears to the local authority in whose area it is situated to be in such a condition, by reason of substances in, on or under the land, that:
· Significant Harm is being caused or there is a significant possibility of such harm being caused; or
· Pollution of controlled waters is being, or is likely to be caused”.
Appropriate remediation is therefore critical to manage a contaminated site for prevention, minimization, or mitigation of damage to human health or the environment (Canadian Council of Ministers of the Environment, 1996). Selection of appropriate remediation techniques greatly rely on the site investigation report. Thus it is crucial to produce a quality report to assist the land remediation for future development.

4 Site investigation and risk assessment
A site investigation aims to obtain information and data in order to identify potential sources of contamination, pathways and receptors (i.e. pollutant linkages) specific to an individual site.  A site investigation may involve any one of a variety of contexts and will often comprise a number of stages for which different methodologies and technologies may be used.
In the early 1990s McEntee (1991) proposed that site investigation consists of the following four basic stages:
· Desk study;
· Identification of (contaminated) material underlying the site;
· Measurement of geotechnical and chemical properties of these materials;
· Recommendations for development of the site. 
At this time it was possible to read conference papers and journals, as well as find consultants that used this approach.  The basic guidance used involved the British Standard Draft for Development BS DD175 and the ICRCL Guidance notes on contaminated land (general), landfill sites, gas works, scrap yards and chemical sites.  This guidance had the advantages that it was straightforward and easy to follow, however it was lacking in the issues that it covered and rather quickly went out of date and became less relevant.

This basic approach can, however, still be recognised in the more sophisticated site investigation guidance and risk assessment based approaches that are used today.  The desk study involved historic research as well as records of site development and uses.

Smith (1996) defined site investigation as all those activities that enable hazards to be identified, a hazard and/or risk assessment carried out, and an informed choice to be made between different remedial strategies.  Before a site investigation is carried out it is necessary to draw up an outline plan, which should include all the necessary activities and work required.  The plan should be drawn up by an experienced geotechnical or analytical professional.  

The only tangible end product of a site investigation is a report.  Its value depends on how others use it, as well as on its own qualities.  At present the site investigation data will feed into conceptual models for a site, the pollutant linkage knowledge and the risk assessment (to humans, the environment, water, buildings, etc).  

The advice and data contained in the site investigation report may or may not be sound, depending not only on the skill and experience of the report writer, but also on all those people who acquired and contributed information.  The issue of quality in site investigations was slow to be addressed with often insufficient consideration being given to the following information:

· Checking the accuracy of historical and background information collected during the investigation.
· The number, location and extent of sampling of soils.
· The manner in which samples are taken, stored and transported to the analysts.
· The methods of analysis of soils.

The consultants involved should be urged to understand the value of an adequate and timely investigation of the site and the underlying ground, in order to judge whether or not the client’s proposed investment is exposed to unacceptable risk and represents value for money (Site Investigation Steering Group, 1993b).

Inadequate site investigation can arise from the following (Site Investigation Steering Group, 1993a, AGS, 2004):
· a lack of awareness of the importance of the ground investigation;
· inadequate amount or focus of finance;
· insufficient time;
· a lack of geotechnical expertise.

Previous case studies (Site Investigation Steering Group, 1993a, 1993b) have reviewed incidents where ground hazards were significant but not detected due to inadequate data being available to decision makers.  Particular issues raised were those of ‘hidden’ data and lack of historical data or knowledge being transferred.  Managing knowledge and data in site investigations greatly impacts on the reliability of the data and therefore its use in future developments.

It can be difficult to determine the quality of the results of chemical analysis provided by test laboratories.  Therefore, steps to minimise the error and increase the accuracy required corporation from every participants from the sampling, testing, analysing and reporting.  A good site investigation should take account of the variety of soil types and particular site conditions, as well as the ranges of contaminants, contaminant species and contaminant mixtures (CLEA, 2002).

It is now recognised that intrusive site investigations need to be properly designed to collect the right quality and quantity of information (Environment Agency, 2004c). The accuracy of a site investigation report is important and an appropriate risk assessment should be undertaken using the site investigation results.  Risk assessments should determine the likely harm that could be caused and the likely nature and extent of the harm caused if the predicted event were to occur.  This would ensure necessary actions are undertaken to mitigate unnecessary risk.  There are many guidance documents and references to good practice that is now available in the industry e.g. CLR11, BS10175, BRE Digest 472 and others.  Thus, awareness of good practice information and proper selection skills are equally important to ensuring the correct information is appropriately supported in the report.

A drawback of too much good practice is that it can confuse those investigating the brownfield site.  In particular to determine which good practice document is the most appropriate.  Concerns over liability for future contamination will add to the complexity of selecting the most appropriate guidance and planning and carrying out a site investigation.  To illustrate the problem for brownfield professionals a compiled table of available references is shown in Appendix A, including the issues covered by the referenced good practice.  There are varying terms used for similar activities in the different good practice that can add to the confusion, e.g. site reconnaissance, field work or walk over survey could all relate to the same site investigation activities.  Table 3 compares some of the terminology used in site investigation work.  A technical report published by the Environment Agency (EA) P5 035/TR/01 discussed risk assessment in detail from desk-based research, existence of pollutant linkage, field investigation to risk assessment. In effect this is not much different from the site investigation good practice published in BS10175, but an assessor may find the differing structures and content confusing as to what should be viewed as necessary and what it desirable but not essential.

The compiled table of good practice in Appendix A shows that there are few good practice documents that cover all aspects of site investigations through to risk assessment.  Assessors must therefore be aware of the state of the art in contaminated land.

The following sections briefly outline the stages of a ‘typical’ site investigation of a brownfield site.

	Activity
	CLR11 (2004)
	BS10175: 2001
	BS5930:1999
	CIRIA SP103 (1995)
	BS DD175:1988
	Other terms

	Collection of historic
	Preliminary risk assessment
	Preliminary investigation:
Desk study
	Preliminary investigation:
Desk study
	Preliminary investigation:
Desk study
	Preliminary investigation:
Desk study
	Site characterisation

	Visit to site
	Preliminary risk assessment
	Site reconnaissance
	Site reconnaissance
	Site reconnaissance
	Site reconnaissance
	Walkover survey, preliminary inspection

	Initial limited on-site investigation
	Generic quantitative risk assessment
	Exploratory investigation
	Not specifically identified
	Exploratory investigation
	Not specifically identified
	

	Full comprehensive on site investigation
	Detailed quantitative risk assessment
	Main investigation
	Field investigation
	Detailed investigation
	On site investigation
	

	Further, more targeted investigation
	Not specifically identified
	Supplementary investigation
	Field test
	Supplementary investigation
	Not specifically identified
	

	Construction Review 
	Option appraisal
	Investigation strategy
	Construction Review
	Investigation for compliance and performance
	Not specifically identified
	


Table 3: Terminology used in site investigation guidance
4.1 Desk study 
As recommended by BS10175 (2001) a desk study should comprise a combination of thorough documentary research and consultations with a range of stakeholders.  The extent of the information obtain at this stage provides the basis for the intrusive site investigation work.  The results of the desk study also provide information for the protection of construction personnel and the future occupiers of a contaminated site (McEntee, 1991).  

Information can be lacking or limited due to a lack of documents from the past.  Often former industrial sites that have lain derelict for a number of years will have no records from the operation of the site, as site owners may have destroyed or disposed of such records.  The lack of records can be augmented by knowledge from those who previously owned or worked on such sites.  

A desk study will contain the essential aspects outlined in table 4, and as further described in Annex A to BS5930 and section 6.2 of BS10175.

	BS10175: 2001 (section 6.2) 
	BS5930: 1999 (annex A)

	· General

· Documentary research

· Site location and historical setting

· Site usage and contamination

· Geology, geochemistry, hydrology and hydrogeology

· Ecology and archaeology


	· General land survey

· Permitted use and restrictions

· Approaches and access

· Ground conditions

· Sources of material for construction

· Drainage and sewage

· Water supply

· Electricity supply

· Gas supply

· Telecommunications

· Heating

· Information related to potential contamination


Table 4: Essential aspects of a desk study
In addition, the following aspects may be included for specific sites (Laidler, et.al 2002):

· Quality assurance and quality control procedures
· Environmental protection
· Relevance of sampling and testing
· Health and safety
· Information presentation
Table 5 shows a responsibility check list for site investigations as developed by the Association of Geotechnical Specialists (AGS, 2005).

	Stage
	Action
	Responsible Person(s)

	1. Proposal
	· Identify Site

· Form Project Team

· Appoint Geotechnical Adviser
	Client

	2. Feasibility
	· Carry out desk study which includes site reconnaissance and prepare a report
	Geotechnical Consultant/G.I. Specialist (Consultant or Contractor under direction of a Geotechnical Adviser)

	 
	· Check historical records/sources of information:
- previous investigations
- previous use
- mining/landfill
- geology/groundwater
- adjacent sites
- services records
	Consultant/G.I. Specialist

	 
	· Carry out hazard identification and risk assessment

· Prepare objectives methodology for Phased G.I.

· Prepare contract documents for G.I. fieldwork

· Prepare CDM pre tender Health & Safety Plan

· Define supervision requirements and organisation

· Evaluate and recommend contractor for fieldwork or advise Term Contractor
	 

	3. Design
Phased Investigation
(repeat as required)
	· Fieldwork

· Laboratory Testing

· Factual Report

· Continuing assessment of ground conditions enhanced by adequate supervision
	Consultant/G.I. Specialist

	Interpretation
	· Interpretative Report
	Consultant/G.I. Specialist

	Preliminary Design
	· Risk Assessment
	Project Team including GA

	Detailed Design
	· Geotechnical Design Summary Reports

· Consider construction activities and temporary works as well as long term maintenance requirements
	Geotechnical Engineer(s) or Engineering Geologist(s) within the Project Design Team

	 
	· Risk Assessment
	Project Design Team including GA

	4. Construction
	· Inspection/Trials/Monitoring
Progressive modifications
	Design Engineer/Main Contractor
(Highly desirable to have member(s) of the Project Design Team involved in these activities)

	 
	· Dispute Resolution
	Client/Main Contractor/Designer

	5. Operation
	· Monitoring

· Inspection

· Maintenance and renewal
	Design Engineer/Main Contractor
Handover required during commissioning to the Client's staff or operating Consortium's staff


Table 5: Responsibility checklist (Source: AGS, 2005)
G.I. Specialist = Ground Investigation specialist = Firms that either operate solely as specialist ground investigation contractors and/or provide specialist consultancy advice.
GA = Geotechnical Advisor
Consultant = Firms that offer specialist geotechnical, geological or geoenvironmental advice.

 The following are key checkpoints that clients should ensure that site investigation adequately covered (Laidler, et.al 2002):
The following are key checkpoints that clients should ensure that site investigation adequately covered (Laidler, et.al 2002):

· Objectives and purpose of the investigation

· Collect site characterisation information

· Defend a position

· Collect design information for site remediation

· Evaluate cost

· Undertake site valuation

· Past activity
· Vicinity of site
· Investigation to be representative
· Combined investigations
· Phasing of investigation
· Quality assurance and quality control procedures
· Environmental protection
· Relevance of sampling and testing
· Health and safety
· Information presentation.

The output from the desk study will be an initial identification of potential hazards on the site and development of potential pollutant linkages.  This can be wrapped into a framework of a conceptual model for hazards and risks at this stage (Defra & EA, 2004).  However, this will be an initial model that should be developed as the site investigation progresses.

4.2 Site reconnaissance 
The site reconnaissance aims to verify the output of the desk study and supplement the information on pollutant linkages obtained from desk based research by confirming (or not) the documentary record, and by gathering additional information about the site and its setting which is not obtainable from desk-based research (EA, 2001).  

Various activities are conducted throughout this stage including soil investigation and testing, including the following (BS10175: 2001, BS5930: 1999):
· Detail inspection;
· Interviews
· Limited ad hoc sampling and field measurements (if appropriate)
· Preparatory (plans and maps; permission to gain access; verification; identified hazards)
· General information (traverse whole area; proposed location of work; inspect, observe and record of relevant information; check –access, water levels, streams and so on) 
· Ground information (study and record surface features; assess and record relevant ground conditions; study and note the nature of vegetation; study embankment, building and other structures in the vicinity) 
· Site inspection for ground investigation (inspect and record location and condition of access to working sites; observe and record obstructions; locate and record activities areas; ascertain and record ownership).

The outcome of the site reconnaissance work will be a development of the desk study work with greater knowledge of the potential hazards, pollutant linkages and development of the conceptual model.  The site reconnaissance should also be used to develop the plan for the intrusive site investigation work.

There may be occasions when the desk study and the site reconnaissance do not indicate that potential hazards, pollutant linkages or risks exist on a site, either in its current condition of during and after redevelopment.  In this case, which may be rare, there may be no need for intrusive site investigations.  However, in most cases the site investigation will progress to the intrusive stage.  

4.3 Intrusive ground investigation 

The intrusive ground investigation is an integral part of the site investigation and risk assessment process.  Reliable estimation and evaluation of risks requires that data is obtained of the right type, and sufficient in quality and quantity.  As soil is only one of the sources of contaminant exposure, and its effect, the cost of dealing with it needs to be kept in proportion with the total exposure to contaminants from all sources (CLEA, 2002).  The intrusive ground investigation may be undertaken in a phased approach as follows:

· Limited (ad-hoc) sampling of soils, possibly during the site reconnaissance work;
· Preliminary intrusive sampling involving targeted areas of the site;
· Full intrusive investigation.
Soil Contamination is usually heterogeneous and may be present in discontinuous lenses in various fill horizons across a site.  Therefore, comprehensive fieldwork and laboratory analysis to allow fully validated and accountable risk analysis are equally important for the quality of the investigation.

The scope of the soil investigation required for brownfield land may include the following (SISG,1993c):

· Site investigation boreholes and/or trial pits, these are almost always used in the intrusive investigation.  Boreholes can be drilled by various means to significant depths into the ground, they are particularly useful when ground water sampling as well as soil sampling is to be carried out.  There is usually a range of borehole diameters available and the depths and methods of construction and choice of permanent lining and instrumentation materials may vary significantly from contractor to contractor. Trial pits are useful for depths of 4 m to 5 m and can be extended into trenches if necessary.  The trial pit allows the make up of the ground to be seen.
· Monitoring and sampling boreholes are used for on-going work involving assessment of the ground water and soil. 
· Gas boreholes are used to test for gas concentrations and flows in the ground and often involves long term monitoring on a site.
It is essential to determine at the pre-contract stage, the specific requirements for each project (SISG, 1993c).  Many sites could use trial pits rather than boreholes if the contamination is considered to be in the top 4 m or so of the surface, however, these issues need to be specified based on the specific site needs.
The main purpose of the ground investigation is to reduce and control ground related risks in the redevelopment of the site.  Information from a properly conducted investigation will provide the basis for economic and safe design, and for meeting tender and construction requirements.  It will also save money by avoiding the following (BRE, 2002):
· redesign during construction on the site;
· over-conservative design of the land remediation processes and the protection necessary for buildings and other structures;
· delays and litigation costs due to unforeseen ground conditions; 
· foundation problems post-construction, over the lifetime of the building.
The purpose of intrusive ground investigation is to collect sufficient information to better characterise actual or potential pollutant linkages at the site.

On completion of the intrusive ground investigation, the assessor should be in a position to decide whether or not any of the pollutant linkages actually do exist and whether or not any could be described as ’significant’.
4.4 Potential problems
Inadequate investigations will often start with inadequate instructions.  These shortcomings lead routinely to the following impacts and problems in site investigation practice (SISG, 1993a):
· Poor planning and design of the site investigation
· Poor execution of the work
· Poor interpretation of the site investigation plans and designs
· Poor communication between the consultants, contractors and client.

A variety of problems can result from poor planning and the ultimate cost is in the consultant or client, or both making a financial loss.  In addition, delays and costs, often far in excess of the price of the original site investigation may result.  

It is vital to manage the quality of a site investigation to achieve a reliable design and specification for the remediation approach and the development activities.  A report acts as a fundamental source of information for the design of a building or facility.

4.5 Necessary actions

Site investigation and land remediation work have been carried out routinely as a requirement of planning conditions. The objectives of an investigation of a project should be clearly defined to enable the decision making process for selection of an appropriate plan and methods. The quality of the site investigation has significant effect on the remediation activities, therefore, selection of satisfactory techniques provides appropriate protective measures for investigation of the site and remediation activities.
Insurance costs are high for those involved in land remediation work and it may reduce the insurance premium by using appropriate quality management systems for site investigation work.  This will provide greater confidence to the insurer that the consultants, contractors and clients involved are knowledgeable and capable of assessing and managing the risks on a brownfield site.
The Contaminated Land Management Act 1997 (EPA, 1997) also highlighted the need of having appropriate information. 
5 Remediation 

A report on the state of soils in England and Wales commented that contaminated land needs to be identified and treated more quickly and soils still need to be protected from fresh contamination (EA, 2004b).  Usually, the result of the remediation is not obvious until later years.  Therefore, appropriate quality measured would be in place to minimise risks to the end users.

It is crucial to rectify a contaminated site with appropriate remedial action in accordance with site-specific target levels for contamination.  Remediation options may include, but are not limited to, direct physical actions, such as treatment, removal, or destruction of contaminants, or other on-site risk management solutions, such as capping or containment of contaminants (Canadian Council of Ministers of the Environment, 1996).  A number of remediation techniques are available and include (Perry, 2004) the following:
· Bioremediation
· Phyto-remediation
· Permeable reactive/ low permeability
· Barriers
· Chemical oxidation
· Soil vapour extraction
· Physical processing
· Off-site disposal
The remediation of contamination in the ground can be thought of in four contexts:

· The removal of contaminated soils to a licensed landfill site;
· Containment of the contamination on site;
· Processing of the contamination to destroy or render harmless the contamination.
· Natural attenuation.

These aspects of remediation will be examined in more detail later in this section.  Some sites may include more than one means of remediation.

Appropriate land remediation activities are essential for the future safe use of the site. The remediation management plan will inevitably affect the quality of the remediation activities. “Remediation" of contaminated land defined in Contaminated Land Management Act 1997- Section 4 includes the following: 
· preparing a long-term management plan (if any) for the land,
· removing, dispersing, destroying, reducing, mitigating or containing the contamination of the land, 
· eliminating or reducing any hazard arising from the contamination of the land (including by preventing the entry of persons or animals on the land). 
Local planning authorities are responsible for ensuring that land contamination is dealt with through the planning system and that remediation takes place where it is required.  Whilst developers are responsible for carrying out the remediation and satisfying the local authority that necessary remediation has been carried out (EA, 2004a). 

Remediation involves the complete removal of all contamination within the affected area.  Often the remediation contractor must ensure that the project specifications are completely followed or the project is destined to fail.  Failure of remediation will often lead to total project failure.  The use of the proper technique as described in the specification is essential.  
5.1 Remediation through landfill

The removal of contaminated soils to a licensed landfill site is commonly known as dig and dump.  This form of remediation has been and continues to be used more than other means of remediation in the UK for contaminated ground.  It ensures that the problems of contamination and possibly poor engineering quality of the ground can be removed once and for all.  The removed soils may need to be replaced by ‘clean’ soils depending on the land remodelling being carried out on the site during development.

Dig and dump can be a way of overcoming the risks from poor quality site investigations as it aims to remove the problem from the site.  Inadequate site investigations may not have detected the full range of contamination on the site, but this may be rendered academic if a sufficient depth and area of contaminated soil is removed.  

There are significant disincentives to use dig and dump as a means of remediation.  The Landfill Directive and related legislation has resulted in increased costs for dig and dump as a lesser number of sites can now be used for landfill for contaminated souls.

The use of dig and dump should also not be an excuse for poor quality in either the site investigation and risk assessment stage, or during the remediation work.  The area of contaminated soil to be dug out and then dumped needs to be carefully assessed during the risk management plan and careful control is required on site to ensure that the correct area and depth of soil is removed.  Failure to achieve the proper preparation of the site or removal of soil will leave risks to users or uses of the site.

5.2 Containment

The term ‘containment’ is used for site remediation that does not involve the removal or change of the pollutant impacting on the site, but isolates the pollutant from the end user, thus avoiding any potential exposure to the pollutant (Failey and Scrivens, 1993).

There are a variety of techniques that are used to contain contamination in-situ on site.  The intention is to restrict the potential for movement through the ground and thus protect potential users and uses of the site.  Containment is the second most common form of site remediation for brownfield sites.

The most common form of containment is the use of cover systems. They are a relatively simple form of containment (Privett, et. al., 1996). The use of cover systems has developed over the years, they can range from simple systems to systems with multiple layers.  Guidance documents and advice on cover system design has been available for a number of years (Smith, 1985; Smith, 1987; Cairney 1993; Fleming, 1991; CIRIA, 1993, Garvin et al 1996, Privett, et. al., 1996).  Recently BRE and others have produced state of the art guidance on cover systems that includes design and construction guidance (BRE, 2004).  This state of the art guidance should be used by those involved in designing, specifying and constructing cover systems and therefore the proper use of the guidance will be an indicator of quality in the remediation work.

The use of slurry cut-off walls as vertical containment from ground contamination is common, the technology was originally used for landfill sites to prevent leachate and gas migration.  In the UK a self setting slurry of cement-bentonite is poured into a trench during continuous excavation.  The depth of the slurry wall can be anything from 5 m to 50 m.  A High Density Polyethylene (HDPE) can be inserted into the trench before setting takes place where gas contamination of highly mobile ground water is a problem.  

Guidance and advice on slurry cut-off walls have been available for a number of years (CIRIA, 1993; BRE 1994; Garvin, et. al., 1996; Jefferis, 1997; ICE, 1997; Garvin and Hayles, 1999; Jefferis et. al., 1999 and ICE& CIRIA& BRE, 1999).  This includes the need for quality control measures.  One of the essential issues concerned with slurry walls is to ensure that the material is consistent and reaches required values of permeability, strength and modulus of elasticity.  Of these the permeability is probably the most important aspect in restricting leachate migration.  Tests on samples cured for 90 days are often used (ICE 1997; Barker 1993; BRE 1994), however, problems can occur when the samples fail to reach the design values after three months or more (Tedd 1999).

In general, the design, construction and materials used for slurry walls are well known and understood and quality control measures have been well documented by the specialist contractors in this area.  At the same time there is still a need to ensure that the site investigation and risk assessment properly inform the selection of a slurry wall.  A long term study of slurry wall durability undertaken at a former gas works site has been undertaken by BRE over the past 10 years.  This study has demonstrated that a well constructed
5.3 Process based remediation 

There is a significant variety of process based remediation available (NATO &CCMS, 1998).  Process based remediation has seen significant growth over the past 20 years as technologies have developed and contractors become experienced in their use.  The increased cost for landfill is pushing those involved in land remediation towards processes as they become more financially viable.  Recent work within the SUBR:IM consortium has shown the increasing interest amongst the development industry in process based remediation (Dixon et al, 2005).  

The major drawback of all processes is that they tend to deal with one type or form of contamination.  Brownfield sites in the UK tend to contain heterogeneous contamination and therefore there is often a restriction on using some forms of process based remediation.  Examples such as bioremediation may only deal with certain types of organic contamination, but will not impact on inorganic contamination.

Process based remediation possibly has the greatest risks of all the forms of remediation and all require significant quality measures.  However, it is difficult to set quality measures that can be applied to all process based remediation.  It has therefore often been necessary for the suppliers or contractors of technologies to develop their own approach to quality.
6 Quality

6.1 Developing quality

The definition of quality may be quality that is used in a general sense is the degree of excellence in any activity.  Quality has a relative nature and often if something is described as being a quality product there is an assumption of general excellence.  Clients may view quality as something different from a supplier.  Matching the expectations of clients with the reality of the product being supplied is essential in any business, including brownfield land redevelopment.
The past 20 years have seen increasing attention to quality within many industries.  The issue of quality in manufacturing or service industries is now well recognised to improve products and services to clients.  The key issue with quality is that it seeks to meet client’s expectations and to ensure that there are no unexpected performance issues with a product or service that is purchased.

Quality systems have been developed and these are formalised in international standards (ISO9000, 2000, ISO 19011, 2002).  The international nature of these standards is quite significant in that manufacturers or service providers will be operating between different countries.  International standards have been used to open up the European market and it is therefore necessary to ensure that products are manufactured to the same standard, including quality standard in whatever country is manufacturing or supplying the product or service.  The relevant definitions within the quality standard are as follows (ISO9000, 2000):

· Quality – degree to which a set of inherent characteristics fulfils requirements.
· Characteristic – distinguishing feature.
· Requirement – need or expectation that is stated, generally implied or obligatory.
· Quality management – co-ordinated activities to direct and control an organisation, with regard to quality.
· Quality management system – management system to direct the supplier and the client.

In the international standards there is a clear emphasis on supplying the needs of the client and managing their expectations.

In an organisational sense it is important to set out a quality policy and put into place a quality management (system).  For specific projects or items of work the key issues are as follows:

· Quality objective

· Quality planning

· Quality control

· Quality assurance

· Quality improvement.
In terms of quality in land remediation then quality approaches are intended to provide a high standard of work on the land.  There could be a number of aspects to quality, for example as follows:

· quality aims to improve the quality of the site investigation and the analysis of contamination.
· the results generated are reliable, practicable and share a true reflection for the future use of the site. 
· the approach to land remediation includes quality measures to ensure the final product (cleaned up land) is to the specification.

· The development of the brownfield site is carried out to a high standard by ensuring compliance with regulations, standards and good practice for construction work, landscaping or greening.

If a brownfield development project adopts a quality approach then this will help to ensure that important strategic, technical or policy decisions for the site are correctly taken.  The quality approach will therefore have a considerable impact on the brownfield remediation activities. The protocols developed in this project would play a crucial role in underpinning the quality of brownfield development in the UK, and possibly in other countries.

One way to test that site investigation procedures, land remediation or development work are properly implemented is to subject them to a quality management system.  Such a system should involve everyone, from client to site driller, and should be part of the quality plan for the whole project, so that the site investigation and remediation activities are not divorced from the design and construction phases of a project.  

The use of appropriate quality assurance programmes are important to ensuring that the results obtained from site investigations are robust and correct (NEP, 1999).  Issues such as the integrity of the samples involved and the transparency and traceability of results are important issues for brownfield development.

6.2 The need for quality

There are many potential reasons why land remediation might fall short of good practice, including the following (SISG, 1993b):
· Technology – the use sub-standard technology or the inappropriate choice of technology for a particular site.  This might be applied to any aspect of site investigation, the remediation or construction activities.
· Information Analysis – insufficient background information or poor interpretation of background information.  This is often the result of an unwillingness of land owners or clients to resource the work sufficiently and the amount of data generated is insufficient from which to make proper decisions.
· Quality - poor quality of specification, workmanship and communication are not appropriate to the site.  This is generally a failure of those involved, i.e. a lack of appropriate skills and knowledge, or failure to achieve proper standards.  
In reality these three aspects are all quality issues, or at least there is an inevitable impact on the quality of the brownfield work if any one of them is deficient.
Various approaches have been proposed to improve current practices such as risk assessment applies not just to devising appropriate technical solutions to contamination problems, but also in ascertaining that the risks are acceptable to implementers, and their underwriters, in meeting the implementation criteria.  Risk assessment should determine the likely harm to humans, the environment, water courses and receptors such as buildings (BRE, 1994, EA, 1999) as well as the likely nature and extent of the harm caused if the predicted event were to occur.  However, the risk assessment requires good data to be generated from the site investigation, this could include data that accurately reflects the site conditions and is accurate in spatial and temporal dimensions.  This requires those involved in the site investigation activities to be sufficiently knowledgeable and qualified.
All parties involved in the remediation of brownfield land must consider whether or not there is a need to embrace quality, from initial site inspection right through to final remediation and re-use.  Failure on behalf of any or all the parties involved to embrace quality will ultimately result in risks to the regeneration of a brownfield site, these risks are recognised as being as follows:

· Risks from the contamination in the ground and groundwater to human health, the natural environment, water courses and the built environment.
· Risks to the financial viability of the regeneration work.
· Risks to the businesses of those involved in the remediation process.
· Risks of failure to involve, engage and keep on board the local community.

People involved in any professional activity involved in brownfield regeneration are ultimately human and therefore not perfect.  They have the capacity to make mistakes or oversights, in fact three matters are ultimately unavoidable, but they can be controlled through appropriate quality measures.  Embracing quality measures aims to minimise uncontrollable mistakes and enhancing the quality of the outcome.  Simple procedures can be adopted by organisations and site projects that can identify and reduce mistakes and identify where the work is not up to the expected standards.  Formal quality management systems have been developed that cover any business, including those involved in brownfield regeneration.  Such systems are reviewed in this section.
All stages and components of land remediation work need adopt a quality approach.  Failure of one component or stage to address quality will put at risk the whole brownfield site redevelopment.  Failure due to poor quality in the early stages will result in incorrect decision making, higher costs and higher risks throughout the remediation project than should be experienced.  Failure due to poor quality in the later stages will result in less risks and costs as the work progresses, but will result in unacceptable risks or high costs in construction work.

All stages of land remediation will require the use of written specifications, which need to be appropriately detailed to minimise risks.  Specifications are usually amended for new projects rather than being appropriately written as required for the particular site and the activities involved.  Outdated information may be removed and ‘state of the art’ information is inserted, but this almost inevitably results in outdated thinking remaining.  In addition, the process is rarely critically evaluated to consider practical implementation but rather becomes a collection of ‘standard form of words’.  This ‘standard’ approach to specifications is inevitably an indicator or poor quality as opposed to good quality.  There are significant risks associated with this poor approach and the consequences can be considerable.
Development of good practice guidance that overcomes the shortfalls of specification writing, site work or decision making is essential.  In short, the quality of a land remediation project may be enhanced by the following:

· Appropriate quality management systems for the organisations involved to a common standard, and quality management systems for the stages and components of a land remediation project.
· Appropriate and updated sources of information and guidance being used, and the use of technology that is understood by those involved in a land remediation project.  
· Proper communication routes between all parties, and proper understanding of information and outcomes of activities.
The issue of quality in land remediation is clearly a complicated matter involving a wide variety of issues, of activities, of professionals and non-professionals and detailed technical issues.  At the same time, as will be examined in the rest of this report, there is a large amount of usable information and guidance that can indicate that land remediation is carried out with quality.  There is a need to develop guidance on quality in land remediation that is usable by a wide range of stakeholders, perhaps especially those involved in specifications, on site activities and the users of site generated data.

This project aims to develop protocols that embraces quality and includes continuous improvement to practice and procedures.  It will address the quality issues and in particular how to improve the quality of land remediation through the incorporation of quality criteria into projects.  This project could also ultimately set the ground work for the development of quality schemes and third party certification in land remediation.

The proposed protocol would not relieve the parties involved of the responsibility to consult the various Acts, Regulations and Standards that are relevant. 

6.3 Quality of information 

It is important to make sure the quality of the information gathered throughout the process is fit for the purpose of producing a safe site. The general parameters that are relevant to assessing quality of information identified in the model procedure CLR11 (Defra & EA, 2004).  The following factors are included:

· Relevance - match the required parameters for use of the generic assessment criteria, in particular any specific contaminant type, characteristics of pathways or receptors, or other parameter such as soil type;

· Sufficiency - appropriate number of samples have been taken to enable comparison with the generic assessment criteria;

· Reliability - data were obtained in accordance with appropriate quality standards (e.g. methods of investigation, sample collection);

· Transparency - data are unambiguous, uncertainty is highlighted and preferably quantified, the provenance of data is clear.

Quality comprises sampling strategies, including type of samples, choice of sampling locations, frequency of sampling and choice of site analyses or testing.  There are many standards available but not many have highlighted the quality and the extent of the investigation that should be conducted.  If a proper documented quality management system has been established and maintained throughout the progress of managing the site the process of confirmation will be easy to carry out.  
6.4 Quality management systems

A quality management system provides a structured system to prevent oversights (SISG, 1993b) and enhance the output quality.  The benefits are not only limited to the clients but the users as well as all the project participants.  It is crucial to develop a proper documented structure for various tasks allowing its appraisal, criticism, refinement and improvement.  It should be capable of confirming the reliability and robustness of the investigation carried out, and the data produced (BS10175, 2001).
The importance of spending sufficient time on evaluation of the quality of information should not be under-estimated. All factual data relevant to a project, and whenever available the interpretative report, should be made available to all parties who place reliance on ground data and who are involved in the planning, design, tendering and construction of the project (SISG, 1993a). 

7 Discussion and conclusions
This initial review of literature and the issues surrounding quality in land remediation has been undertaken by BRE as part of the SUBR:IM research on quality in land remediation.  The review has been undertaken in order to provide an insight into the current state of the art of quality in land remediation as well as the wider issues of quality.

Quality is in some ways difficult to define, it has an element of general excellence, but the quality management standards create a formality about quality that implies the use of measurement and monitoring in order to ensure a consistent standard of product or service.  In ISO 9000: 2000 (ISO, 2000) the emphasis is on suppliers meetings the needs and expectations of clients by using quality management systems.  

In brownfield land remediation it is important that clients can expect a consistent standard of service from service providers.  At present this consistency is difficult to achieve for a variety of reasons, including the following:

· There is a plethora of good practice guidance in brownfield work, although this is not all necessarily up to date or consistent.  Professional service providers should seek to use only up to date guidance.

· The client’s themselves are unwilling to pay sufficiently in order to obtain a quality product.

· The specifier will specify incorrect or inappropriate remediation technologies that do not meet the remediation standard required.

· There is a failure on the part of those involved to carry out work properly or to apply the correct standards of interpretation of data, etc.

Of the existing current guidance there is a lack of reference within the guidance to quality issues.  The guidance itself may be viewed as an indicator of quality if it has been followed by individuals and organisations involved in brownfield work.  However, much of the current guidance concentrates on advice on how to carry out certain tasks (e.g. desk studies or borehole sampling), the minimum requirements of those tasks and the expected outcomes.  There is less emphasis on ensuring that the processes that are used are correct and will lead to the correct decision making.

It is interesting to note that there have been few recorded cases of failures of brownfield land remediation in the UK.  A number of legal disputes have arisen between clients and consultants or contractors, these generally involving a range of issues and not just contamination assessments.  The lack of serious failures indicates that there is a certain level of professionalism that exists in the industry, schemes such as Specialists in Land Contamination will help, but they do not provide the whole answer.  The lack of failures suggests that there are significant safety factors in the design of site investigations, remedial schemes and construction activities.  However, this situation may change as the emphasis shifts from dig and dump approaches to containment technology and process based remediation.  These approaches require greater control than dig and dump in order to ensure successful remediation can take place.

A quality approach would take a holistic view of the remediation process.  Therefore, issues that impact on the technical, social, environmental and economic aspects of site remediation need to be considered.  Figure 2 shows diagrammatically the relationship of quality to client expectations, suppliers and the various stages of the site remediation work.  This approach will be developed within this quality programme.

The project aims to fill the gaps connected with quality in land remediation, in particular to develop appropriate key performance indicators for land remediation, and to develop quality protocols.  The protocols are perhaps simply an agreed set of terms or requirements in a contract.  This is likely to be site specific as brownfield sites vary greatly in size, type and nature.  However, it is possible that protocols can be developed in a general manner and then users can be guided on how to develop specific site protocols that can be agreed between the client and the service providers.

The key performance indicators (KPIs) of quality are integral to the development of the protocols.  These key performance indicators are not yet developed, but will be in the next phase of the project (see Appendix B for further details of the project).  The KPIs could themselves be either qualitative or quantitative, and they may also exist on different levels.  The following examples illustrate the possibilities that could be developed:

· Qualitative KPI – e.g. the project has used good practice guidance (BS10175) for the site investigation, and the use can be appropriately demonstrated through the site investigation report.

· Quantitative KPI – e.g. the project has set out a clear measure of the number of boreholes required in a site investigation, and the site investigation report clearly demonstrates that this has been achieved.

The KPIs may be developed on different levels, i.e. both qualitative and quantitative, or KPIs related to technical, economic, social and environmental aspects of the work.  The possibilities will be examined in the research and the KPIs, protocols and associated guidance developed.  In addition, to the guidance it is planned to produce user support through worked examples and a presentation pack.  This will be made available via the SUBR:IM and BRE web sites.

Ultimately, the provision of the guidance, user support and their various components will aim to improve the quality of land remediation in the UK.  The benefits for all are in reduced failures in remediation, greater consistency for clients and all stakeholders and improved decision making.
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Figure 1: Projects and their relationship in SUBR:IM
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Figure 2: Quality issues in land remediation
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Appendix A – Current guidance in land remediation 
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SUBR:IM

Sustainable urban brownfield regeneration:

integrated management

Work package G: Project Implementation Plan

Revised April 2005
Introduction

This document sets out the arrangements for carrying out part of the SUBR:IM research project.  The document is subsidiary to the Consortium Agreement.  It sets out the organisations involved in a subset of the work packages, the allocation of tasks, milestone schedules, fees and the management arrangements.

SUBRIM is a research consortium that is sponsored by EPSRC over the period July 2003 to June 2007.  BRE is one of the main contract partners involved in the research and is leading Work Package G on Quality in Land Remediation.  This work package has been developed within the consortium in a partnership of BRE and the University of Manchester.  BRE and the university are committed to working together on this project.  A detailed subcontract package has been agreed with the university.

Of the projects involved in the SUBR:IM consortium there is a mix of science, engineering and social science research.  This quality programme is seen as cross cutting research in the SUBR:IM consortium.  Quality impinges on all the projects as it impacts on technical challenges and decision making by stakeholders.  The project team therefore undertakes collaboration with all other work packages and seeks to integrate with the other research groupings.

Work Package Description

The description of work package G – Quality in Land Remediation and Management is appended. 
Organisations and tasks
	Institutions
	Principal Investigators ‘ Researchers
	Overview of tasks

	BRE
	Dr S L Garvin (PI) / Dr Cindy Cheong (researcher)
	· Collation of information.

· Review of current practices.

· Selection of sites.

· Collaboration with other work package teams – particularly other core projects to further the research objectives.

· Data collection and analysis.

· Stakeholder surveys.

· Development guidance and best practice.

· Reporting to consortium executive.

· Dissemination.

· Project Steering Group Management

	University of Manchester

(under subcontract to BRE)
	Professor Ian Douglas (PI)

Nigel Lawson (researcher)
	· Collation of information.

· Site selection and data management.

· Data collection.

· Stakeholder surveys.

· Facilitation tasks.

· Development of guidance and best practice.

· Dissemination.


Costs

The following costs are agreed between BRE and the university.
	
	Year
	

	Institution
	1
	2
	3
	Total

	BRE
	23,000
	40,000
	18,000
	81,000

	UoM
	-
	20,250
	13,750
	34,000

	Total
	23,000
	60,250
	31,750
	115,000


Note: 
Year 1 – 1 July 2004 to 31 March 2005


Year 2 – 1 April 2005 to 31 March 2006


Year 3 – 1 April 2006 to 31 December 2006.

The start date for the research was initially intended to be 1 April 2004 and the end date 30 September 2006.  However, a change of staff at BRE resulted in the start date being put back to 1 July 2004.  The subcontract with the university will extend from 1 April 2005 to 30 September 2006.

Quarterly invoicing for the contract is forwarded to the University of Sheffield for payment from March 2005 to March 2007.

Programme and milestones

Programme

The following programme forms the work of the whole contract, including the BRE and UoM components (see EMC subcontract for details of University of Manchester programme):

Work Item 1: Literature Review

A literature review will be undertaken of the quality issues involved in contaminated land.  The literature review will concentrate on three aspects, as follows:

Site investigation and risk assessment for brownfield sites.

Remediation of contamination, including all mechanisms of cleaning-up contamination.

Site development, including hard and soft end uses.

The literature review will determine what is seen as quality within these various activities of remediating brownfield land and the indicators of quality at any point in remediating a site.  The literature review will include a historic perspective to remediation of contaminated sites, but it will primarily concentrate on developments in the last five years, as this area is moving on quickly and recent developments are more significant to the research.  The review will include an international dimension, as well as national concentration. 
This work item will be undertaken over months 1 to 9 of the project (July 2004 to March 2005).  

The output from the research will be a draft literature review (month 9). The intention of the review is that it will not be published as such, but that it will continue to be developed over the period of the research and this will include new references, information and data as that becomes available.  The literature review will also be used in the development of guidance documents and other outcomes of the project.

Work Item 2: Data Requirements

This work item will concentrate on the data requirements for the project.  The work item will involve a number of tasks.  The tasks involve the provision of information of sites in the SUBR:IM portfolio.  It is anticipated that up to 20 sites will be considered, with an aim for a minimum of 10 sites.  These sites are concerned with site investigation, remediation and/or site development.

Task 2.1: Survey of SUBR:IM work packages

A survey form will be circulated to other researchers within the consortium in order to determine the other sites being used in other projects.  The data requirements relate to both technical and social aspects.  What we really require here is the provision of data.  In addition, it is important that the use made of the data in other projects is understood.  Therefore these issues will be covered by the survey.  The survey form has been designed in order to ensure that the full range of sites researched in the SUBR:IM portfolio is understood and that the data and information used for these researches is understood by the quality project team.

The survey form itself is seen as the start of a process to engage fully with other work packages.  Following on from the survey the project team will undertake phone discussions and face to face meetings with other researchers.  This will include where possible wider liaison with site owners already acquainted with the SUBR:IM research.

This survey will be undertaken in April 2005.

Task 2.2: Requirements and Key Performance Indicators (KPIs)

BRE will use the findings of the literature review, reinforced by the survey results, to develop key performance indicators of quality in land remediation.  The key performance indicators will be based on essential indicators for the various stages of the site investigation, remediation and development activities.  Issues such as adherence to the use of best practice documents and protocols available may be seen as key performance indicators, however, there may also be measurements, metrics and minimum requirements that would form one or more layers of quality indicators.  

The use of quality systems will also be determined in the work carried out on particular site specific studies.

This task will be undertaken over the period April 2005 to May 2005.  The outcome will be a list and report on the KPIs.

Task 2.3 – Site specific studies - data gathering

It is expected that the sites used in the study will be at different stages of development.  This will be acceptable to the study and will allow comparison of different stages of redeveloping the site.

This task will concentrate on the gathering of data from site specific studies in order to investigate the quality issues (using the SUBR:IM consortium sites).  It is anticipated that information will be required on at least 10 sites and up to 20.  It is intended that they will all be within the Manchester and the Thames Gateway areas and preferably sites used by others in the consortium.  

This task will largely be a desk based exercise and will not necessarily involve site work or visits.  Contact will be made with site owners in order to obtain the necessary data, most likely contained within site related reports.  The site specific data will then be reviewed and summarized.

This task will be undertaken over the period May 2005 to June 2005.

The output will be a report on site specific study.

Task 2.4 – Review and analysis of site quality information

A thorough review and analysis will be undertaken of the site quality information from the site specific studies.  The site information will be benchmarked and compared against quality KPIs that will be developed by the project team.  A proforma/framework will be made available the university from BRE to undertake this task.  

The timescales for this task is July 2005 to November 2005, with a minimum of 7 sites specific studies by September 2005.

The output from this task will be a report and database on the site information and the extent of quality within each of the assessed projects.  The report will detail and develop the KPIs for quality in land remediation.

Work Item 3 – Development of quality protocols

In this task the university and BRE will develop the quality protocols.  

Task 3.1 – Professionals questionnaire

A questionnaire survey will also be undertaken of those professionally involved in quality issues in site investigation and remediation.  The project team will draft, pilot and finalise the questionnaire.  A list of up to 500 stakeholders to receive the questionnaire.  The questionnaire will seek to gather existing information on quality approaches and developments that could be made in the future.

This task will be undertaken over the period September 2005 to October 2005.

The outcome will be a report on the questionnaire survey.

Task 3.2 – Development of the protocols

A protocol is essentially the terms of agreement between two or more parties used as the basis of a formal contract.  Protocols can take a number of forms depending on the industry involved and the nature of the agreement.  In terms of the quality in land remediation the quality protocols will be the aspects of the work, whether site investigation, remediation or construction, that impact on quality.  Two parties may sign up to achieving certain standards or to undertaking certain processes as their agreement.  The quality protocols will possibly involve a model type prescriptive set of quality standards or a more non-prescriptive guidance based approach.

The task will be undertaken over the period October 2005 to March 2006.

The outcomes will be a draft report on protocols for December 2006 and the finalized report by March 2006.

Task 3.3 – Professionals workshop

The project team will also organise a workshop, to be held at the University of Manchester within the period of this task to discuss, disseminate and develop the protocols.  The workshop attendees will number at least 15, drawn from SUBR:IM researchers, stakeholders and other relevant parties.  The intention will be to involve those involved on a daily basis on brownfield redevelopment, including consultants, contractors, developers and regulators.

The workshop will be organized and held by January 2006.

The outcome will be a report on the workshop.

After the workshop further development of the quality protocols will be undertaken, between the university and BRE.  The university will concentrate on developing issues raised at the workshop and through the questionnaire.  

Work Item 4 – Development of guidance, user support and dissemination

The guidance on quality in land remediation will be developed in this task.  A draft will be developed by 30 June 2006 and this will be circulated to a range of stakeholders (based on the earlier workshop).  A second project workshop will be held by 31 July 2006, which will be organized, hosted and facilitated by the university.

The guidance document will be completed over the period 1 July 2006 to 30 November 2006, so that it can be put forward for publication.

In support of the guidance the project team will develop a user support framework.  This will involve a guide to how to develop quality protocols for site specific work, a series of examples will be prepared that will provide the right level of protocol development for different sizes and types of sites.  The user support will be reinforced by a presentation that will be a guide to all types and levels of users.  Both the worked examples and the presentation will be put onto the SUBR:IM and BRE web sites and will be directly accessed by users from these sources.  In addition, the guidance will be produced as a BRE report.  The web based information will reference how to obtain the guidance, it will also contain an ‘interactive’ question and answer opportunity.

Two conference/journal papers on the project results will be submitted to the publishers no later than September 2006.

The following outputs will be produced in this period:

· A draft guidance document, by 30 June 2006.
· A workshop report by August 2006.
· Journal and conference papers by October 2006.
· A final guidance document by 30 November 2006, this will be produced as a BRE report and thus widely available to those in the land remediation industry.
The project outcomes for Work Package G have recently been addressed and a document is appended.

Management arrangements

BRE will manage the research project directly.  A research steering group will be formed from BRE staff, UoM staff, a member of the SUBR:IM Executive Committee, the SUBR:IM Project Manager and at least three stakeholders.  Minutes of each meeting will be taken and circulated to all members.  The steering group membership is shown in the table below.
The principal investigators are Dr S L Garvin of BRE and Professor I Douglas of the university.  BRE’s researcher is Dr Cindy Cheong of BRE Scotland and the university researcher is Mr Nigel Lawson.
Appendix: Description of Work Package G: Quality in Land Remediation

Background and research issues

Despite a plethora of technical guidance, experience has shown that failure in meeting remediation requirements of contaminated land often occurs. There are many potential reasons why remediation falls short of good practice, including the following:

Technology – sub-standard technology or the inappropriate choice of technology for a particular site.

Information Analysis - Insufficient background information or poor interpretation of background information.

Quality - poor quality of specification, workmanship and communication.

Risk assessment applies not just in devising technical solutions to contamination problems, but also in ascertaining risks acceptable to implementers, and their underwriters, in meeting the implementation criteria.  As technologies evolve, specifications are usually amended for new projects rather than being appropriately written.  At best, outdated information is withdrawn and ‘state of the art’ information is inserted, but outdated thinking often remains.  In addition, the process is rarely critically evaluated to consider practical implementation but rather becomes a collection of ‘standard form of words’.  Projects must develop that embrace quality and included in this is continuous improvement to maintain good practice.  This project will address the quality issues and in particular how to improve the quality of land remediation and the incorporation of quality criteria into projects.  This project can also set the ground work for the development of quality schemes and third party certification in land remediation.

Objectives

The aim of this research is to improve the remediation of contaminated land in the urban environment through the development of quality protocols, measures and methods for land remediation; and so provide greater confidence for those involved in procuring remediation technologies.  The specific objectives of the work package are as follows:

To review the current approach to quality, undertake studies on quality in site remediation and management and determine the protocols for quality in future land remediation processes.

· To produce appropriate guidance and research reports, and develop a series of publications for the whole consortium based around quality in land remediation and management.
Methodology and project plan

The methodology of the research is to review quality in land remediation and management thereby establishing the state of the art.  The work tasks to be completed are: 

· Review of quality schemes, especially those in land remediation (months 1-9). The initial task will be to determine the range of existing quality schemes and those specifically applicable to land remediation projects.  It will be undertaken through desk based study of published sources of information.  In addition, the current use of quality and quality schemes by the industry will be determined through questionnaire surveys of clients, consultants and contractors.
· Investigation of quality through experimental site studies (months 9-24). We will use a number of completed contracts in the portfolio. The contracts will have been completed 1-10 years previously.  Contracts for a number of live remediation projects will also be reviewed, considering factors such as the type/method of remediation and the longevity of the remediation. This will allow the research team to begin to develop new quality criteria indicators and to integrate these into either new or existing quality control schemes.  The intention is to develop a quality control system that is both indicative and improvement orientated and that continuously evolves throughout a project rather than being static.  This may include the use of techniques such as benchmarking and value engineering.
· Development of Best Practice Guidance. Means of introducing quality into land remediation will be written into draft best practice (months 25-30).  Quality will be presented as a continuous improvement tool, together with minimum requirements for quality in land remediation. Issues such as communication between specifiers and contractors will be included in the protocols.
· Development and publication of guidance (by month 30).
Relation to core and plus projects

This work package will link with all other core work packages, both through the site-specific studies, and as a route to dissemination of good practice.  Close working with WPs E and F will gain the maximum amount of technical data from the technical reviews of past projects, while similar working with WPs B and C will deliver optimum information from the ‘softer’ analysis of past projects.  WP D on metrics will link into G to include quality issues in the metrics developed with which to assess future projects.

Participants and roles  

This core work package will integrate and overarch all other core work packages. The project will be directed by Dr Stephen Garvin of BRE, the project manager will be Frank Nuttall with input from Manchester University and other science and social science input from other consortium partners.

SUBR:IM Expected Outputs (April 2005)

Work package: G

· Title: Quality in Land Remediation

· Names of PIs and researchers: Dr Stephen L Garvin (PI – BRE), Dr Cindy Cheong (Researcher – BRE), Nigel Lawson (Researcher - University of Manchester)

Short Outline of Project

· When did your project start and when does it end?: Started July 2004, ends December 2006.

· What is you project researching  (very briefly!): The aim of the Quality in Land Remediation research project is to improve the remediation of contaminated land in the urban environment through the development of quality protocols, measures and methods for land remediation.  This will provide greater confidence for those involved in procuring remediation technologies, including site investigation works, remediation contracts and development activities.  

Thus the objectives of this report are as follows:

· to determine what is seen as quality in land remediation and the indicators of quality at any point in remediating a site.

· the quality issues involved in contaminated land.  

[image: image9.png]


The origins of the project are concerned with problems in site investigation work.  This was recognised in the setting up of the Scottish Contaminated Land Forum in the mid 1990s and the development of schemes such as CONTEST and Specialists in Land Contamination.  Many of the problems reflected the fact that brownfield issues and contaminated land investigation were immature in terms of scientific and process development.  In addition, it was recognised that there was a reluctance on the part of some developers or land owners to spend the necessary sums of money on site investigation.

In recent years there has been significant development in the approach to assessing contamination on sites through site investigation and risk assessment work.  The publication of BS10175 and guidance on risk assessment from DEFRA and EA are prime examples of available guidance on processes and assessment of land contamination.  New developments, guidance, tools and best practice should have resulted in improvements in the quality of land remediation.  However, the extent of the impact of new guidance has remained to be addressed.  This project within the SUBR:IM consortium is intended to address the impact of new guidance on the quality of land remediation.  

In terms of land remediation the project is seeking to address issues from site investigation, to remediation and to redevelopment of the site.  The site may contain hard and/or soft end uses.

The Quality in Land Remediation project encompasses the many issues involved in the SUBR:IM consortium and will be involved in close liaison with most of the work packages.
Expected Results and Output.

· What have you done to date?: The research has to date focussed on a review of brownfield land remediation and the quality issues involved in this process.  It has sought to identify the key guidance currently being used in land remediation and where and how this guidance is applied.  The research has also begun a process of developing performance indicators of quality in land remediation projects.  A revised project plan has been produced and this is available to the steering group (from 11/4/05).

What results have you had so far?: Despite the plethora of technical guidance, experience has shown that failure in meeting remediation requirements of contaminated land often occurs. A review report has been prepared that assesses the key issues in quality in land remediation.  It is not limited to site investigation activities, but considers the whole development process.  Results to date have been concentrated around the findings of the review.  At present there is little attention paid to quality in guidance, although much of the state of the art guidance may be considered indicators of quality.  The report is not intended for publication, but can be made available amongst the SUBR:IM consortium, steering group(s) and collaborators.  It is intended that the report will be updated over the course of the research and that the knowledge base gained will be fed into the final guidance.

What do you expect to have achieved at the end of your project?: The key output of the work package is an appropriate guidance for improving current practice through improved quality.  It will provide a developed site that satisfies customer expectation, i.e. it is safe, clean, free from significant risks and provides community amenity and benefits.

· What audience are you targeting your work towards? What is its utility?: It is intended that the outputs from the work will include a range of stakeholders.  The main target audience will be those professionals working in brownfield land remediation, consultants and contractors in particular.  However, there is a secondary level of interest from clients, local authorities, insurers and financiers that will be users of the guidance, but perhaps more to influence the work of others.  There is scope for a simple guide to be produced that will also be useful to these secondary range of stakeholders.

· How are you going to disseminate your research findings?: The intention is to produce the guidance as a BRE publication.  Over 4000 professionals involved in the construction industry directly subscribe to BRE publications and will receive the information on the report and depending on its type will receive it as part of their subscription.  BRE publications are also available as part of Barbour Index and therefore many thousands more will have access to the publication.  In addition, BRE and UoM intend to target seminars, conferences and brownfield networks to publicise the research and the guidance.  The project also has its own steering group that will be used to disseminate the findings to key stakeholder groups in industry and the public sector.  BRE’s extensive contacts with groups such as English Partnerships, Environment Agency, industry and international contacts will be used to publicise the research and its outputs.  Direct mailshots will be used once the guidance is published.  Throughout the project we will be running workshops and carrying out industry surveys that will build up a wider interest group in the project.
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