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1.
INTRODUCTION

1.1. Perspective and Objectives 

The proposed development, and the planning process that has so far taken place, are very interesting. I have found it interesting because the relevant information involves large changes of perspective. The scale of perspective ranges from, the wide view necessary to take in the international gas industry and European market constraints, down to, for example, a detailed focus on the sub millimetre size of pore spaces in a textile used in engineering. In between there is consideration of sophisticated gas technology and the consequences of a serious accident, and the novel engineering challenge of placing and controlling broken up wet peat on a, sometimes, rain sodden slope in Mayo. All of the above components are essentially scientific, but amidst all the science and technology there is the proper consideration of people on all sides; their perceptions their confidence and their knowledge. The planning process has been hard for all concerned, primarily because of the range of information that needed to be gathered, assessed, integrated, interpreted and understood in the time available. It would seem as if almost endless time has been spent on this development, but I have sensed that all parties have continued to learn important things in the process, and up to the last. 

The challenge for me in compiling my report for Inspector Moore and the Board is to explain the relevance of the detail within the larger picture without at the same time swamping the reader in the detail. I have been into this detail, and the number of maps, figures, appendix tables, report text pages and transcript that need to be open at the same time, in order to cross correlate information, is remarkable. There are thousands of pages of transcript, hundreds of pages of raw data tables, and over 100 large maps and plans. I have not read Inspector Moore’s reports but I understand that he has described the information available. I will not repeat this description except in so far as a summary description is relevant. 

I have attempted to reproduce several of the drawings, cross sections and plans in a smaller A4 -A3 format in my report. I have done this in order to try to make information more accessible to the Board. I have also prepared and presented some original drawings for the Board. These drawings are based upon the information presented, and I have striven to maintain accuracy, even at a small scale. I have presented these drawings because they enable me to shorten the descriptive text and provide a clearer illustration of a relevant point. I have placed the drawings in the body of the text next to the relevant text, rather than in an appendix. I recognise that it is difficult to read detailed text and simultaneously look at detail in a figure when they are in widely separated positions in a report. 

1.2. Overview

The proposed development is in essence simple even though it may appear to be highly technical and complex. There are also some problems associated with it, that again may seem to be very technical, yet can be appreciated with common sense.

A natural gas field has been found some distance off the shore of northwest Mayo. The several owners of this resource have decided to exploit the commercial opportunities of this find, and for several reasons have decided to bring the gas ashore for treatment. 

The gas needs to have certain natural and introduced components removed before it can be distributed to customers. A site has been chosen for a facility to both remove these components and also control the flow of gas from the gas field and onwards into a distribution system. 

The land on the site is owned by a semi state body, and was previously used over many years as a peatland research station. 

The chosen site is located on a low hill covered with blanket bog peat. 

A gas treatment facility consists of many pipes with precision engineered joints working sometimes under extreme pressures and containing inflammable and explosive mixtures. It is obviously important and prudent that these pipes and connections are not stressed by flexing or subsiding supports. It is therefore important that the pipes, and also heavy tanks full of inflammable liquid, and other large installations are placed on a stable foundation. 

Saturated, blanket bog peat will not provide a stable foundation for a heavy gas treatment facility, ideally laid out over a large, horizontal area. Peat will not provide a stable foundation, because, as is well known, heavy objects placed on saturated peat in its natural state inevitably sink, into the peat. Peat in this state is mostly composed of water.

There is, therefore, a quite simple and obvious problem with the proposed development on this particular site. The problem is that the soil and subsoil to a varying depth naturally does not provide a suitable foundation for the proposed development. 

The load bearing characteristics of soil and subsoil are engineering problems on many development sites. Therefore to have unsuitable soil and subsoil is common. It is all a matter of degree.

Theoretically, it would be possible to ignore the unsuitable soil and build a flat terminal area on numerous rigid pilings that are founded on the firm bedrock below the peat and other soft materials. In other words it is theoretically possible to leave the peat where it is, and build above it. However the site is sloping, therefore to obtain an extensive horizontal floor for the facility, it would be necessary to build a massive concrete raft on stilts, jutting out from the hillside above the peat. Such a foundation would be awkward, technically difficult, very expensive and visually intrusive. This method of creating a foundation for the extensive facility was understandably not considered, particularly as there appears to be a much more attractive, simple and commonly practised, alternative option.

The alternative solution is to remove the peat and other unsuitable soft materials down to a depth where a solid foundation can be found. The alternative solution also offers an additional advantage; that by placing the proposed facilities in a flat bottomed hole in the hillside it would mean that the bulk, extent and prominence of the facilities could be partially hidden. 

The excavation of peat and other soft materials to prepare a site foundation is not difficult, or unusual. There is a lot of national and local experience. Therefore the initial problem of unsuitable natural materials on the site would appear to have a simple solution. Dig out the unsuitable material and put it somewhere else. Local people building a modern house in the area will have followed the same site preparation strategy. 

The unusual and challenging aspects of the proposed development arise from a strategic decision by the developers to dispose of the excavated material on the site. There has been no proposal to remove the unsuitable material from the site and place it elsewhere outside the site.

The decision by the applicant to dispose of the excavated material on the site was a critical decision. 

The major part of the excavated material is peat. This is a valuable natural resource that has other uses, as a fuel or horticultural medium. A use for the excavated peat has not been proposed. 

Instead it has been proposed that two peat repositories should be constructed on lands adjacent to the excavation for the terminal within the ‘red-line boundary of the site’.

As a result of this decision, the proposed development therefore involves the construction of three large man made features; 

· one gas terminal 

· two peat repositories. 

The peat repositories may not be tall, but in area they form a large heavy construction laid on a. The total footprint area of the two proposed peat repositories is about twice the footprint of the gas terminal. Therefore the largest proposed construction being considered in the current planning appeal are actually the peat repositories. Yet it is notable that there is no reference in the title of the planning application presented in April 2001 to this feature. 

The Public Notice with the application describes the element of the development relating to peat and other unsuitable materials, specifically as follows: - 

“The proposed development will include: the excavation and removal of 600,000 cubic metres approximately of peat from the terminal site onto an adjoining part of the site;”

There is no other specific reference to peat in the public notice. 

It is significant that there was no specific reference to “a peat repository” or any construction involving the use of the excavated material at the time of the public notice. It is also notable that the EIS Non-Technical Summary submitted with the Planning Application in April 2001 also does not contain a description of a peat repository or the construction of a peat repository. 

This summary states that 

“The peat removed from the Terminal area will be redeposited on an adjoining part of the Terminal site where it will be landscaped.” (page 31 of 43).

 It would appear from, particularly the use of the words ‘redeposited’ and ‘landscaped’, that the applicant held, or wished to convey, the simple perception that the unwanted excavated material would be placed on the land elsewhere in the site and re-shaped. 

I am not stressing this lack of reference to construction of a peat repository in these documents, in any way to suggest or imply that the Applicant deliberately sought to mislead the public or the planning authorities. Far from it; I have no cause or reason than to believe that the applicant truly held the perception that the excavated material could be redeposited and landscaped. Instead, I am drawing the Board’s attention to it in this overview in order that the Board can perhaps clarify what would probably be a nagging question, which loosely may be expressed as follows

“Why has a peat repository become a problem with this development when the subject of the development is a Gas Terminal?” 

This question is perhaps accompanied by a sense of exasperation or incredulity that might be expressed as follows

“Surely, a Gas Terminal is a sophisticated, complex, unusual and perhaps difficult  construction, whereas digging out and moving peat is something commonplace and straightforward, particularly in a region noted for extensive blanket bogs.”

The answer to this question is probably that the construction of two engineered peat repositories on the site was not considered a significant feature of the development by the applicants at the start of the planning process. 

It is possible that at the time of the original planning application the peat repositories were regarded simply as a necessary consequence of the site selection and design decisions relating to the excavation of the foundations of main proposed development; the Gas Terminal. 

The peat repositories were given significant consideration in relation to environmental issues such as water pollution in the original EIS, but they were not given great consideration as structures. It was noted that the first rough plan showing the height of the peat repository cells and the position of the internal roads was only produced upon request in the latter stages of the first part of the oral hearing. Even at this stage (ten months after the planning application was submitted) it was labelled in bold red letters “Draft for Illustrative Purposes Only”.

From starting point of the planning application, the significance of the peat repository has grown for the applicant, the appellants, the Board’s inspectors and the Board.

The significance has grown because the sites for the peat repositories are sloping, the material underlying each repository is blanket peat bog and the site is located in an area of high rainfall.  In other words the proposal is  that a heavy layer of broken up, saturated and perhaps slurry peat, and other broken up soft materials, will be placed on a compressible thick layer of peat, on a slope, in a high rainfall area of north west Mayo. 

The significance has also grown because none of the parties involved are aware of any other successful attempt to place, and in particular retain, a large amount of broken up peat, on peat, on a slope. Hundreds of gas terminals have been successfully constructed around the world but neither the Applicant nor the Board’s Inspectors are aware of sloping peat repositories sitting on peat slopes. Placing peat and other soft heavy materials on a flat surface or hollow in the centre of a say a Midland cutaway bog is not probably a significant engineering challenge, but placing these materials on a peat slope above an important road does not appear to have been successfully tried before. 

The significance of the peat repositories has changed in the perceptions of the applicant as the extent of the technical challenge has been realised. 

The significance of the peat repositories has also risen because the repositories are regarded as part of the permanent works. They are permanent structures.  In other words the repositories are not designed to be transient features, from which the peat is allowed to leak out, or slowly creep off the site. They are not just a small mound of soft peat that can be worn away by the rain and eventually disappear. Instead the challenge is to permanently create two massive soft structures covering 32 hectares in total and weighing over a million tonnes, on a soft, compressible sloping surface. 

The applicant has risen to this challenge. A large proportion of the material presented in the response to the Board’s letter in June 2002 describes work relating to this challenge. The majority of my report which follows is an assessment of this response.

In summary therefore; 

The Applicants have chosen to develop a sloping site covered with a thick, unsuitable foundation material of peat. They have understandably decided to remove the peat and other soft materials in order to create a firm foundation upon which to construct the gas terminal. As a consequence of this decision, and as a result of a second decision to not transport the material off the site, they have had to propose another construction, two peat repositories. This construction is larger in area than the footprint of the original construction, and yet again it is on a slope composed of a thick layer of peat and other soft materials.  In a sense, it could be said that a problem with the site characteristics in one part of the site has been moved to another part of the site.

The Board decided in June 2002 to request additional information on 4 issues under Section 10 of the 1992 Act. One of these issues related to the stability and drainage of the proposed peat repositories. The concerns relating to this issue were described in considerable detail. The Board also asked the developers to consider alternative design proposals or methods of disposal of waste peat and other unsuitable materials, and indicated that one of these alternatives might involve the transport of materials. Whether this was a reference to transport of material off the site is not clear. 

The developers responded to the Boards request with a large amount of new information. This information was the subject of a re-opened oral hearing and a further process of submissions and clarifications. 

The following report is principally concerned with providing a clarification, interpretation and assessment for the Board of the new material made available. Though in the above overview I have emphasised the significance of foundations and peat repositories, the following report includes all the new information on soils, rocks, water and engineering.

2. SUMMARY OF NEW INFORMATION

2.1. Background

The Board requested information under Section 10 of the 1992 Act. Item No.2 relates to the peat repository and drainage on and around the peat repository.

Item No.2 consists of two introductory paragraphs, followed by 31 points followed by three further clarification paragraphs. 

I would like to make two comments. 

1. The list was taken verbatim from the final chapter of my report to the Board in May 2002 but with the omission of a phrase in the fourth bullet point. The fourth point in my original gave two alternatives. The second alternative has been partially omitted in the Board’s letter. This may have caused slight confusion for the Applicant.

2. The list is very detailed and explicit and probably left the applicant in no doubt that a large amount of information was required. This I believe was very helpful to the entire planning appeal process. However I suggest that the long explicit list may have been taken as prescriptive, and the applicant perhaps formed a view that if full answers were provide to just the points raised in the list and supplementary paragraphs then there would be no further uncertainties for the Board. As a result the applicant did not provide further information gathered during an on-going monitoring programme on groundwater levels and surface water flows and surface and groundwater quality, all of which relate to the construction of the peat repository and associated drainage. This information was not provided in the Response documents on 20th September nor was it volunteered during the re-opened oral hearing in November until requested.  

I provide the list of information as requested for ease of reference.

“2. Having regard to the sloping nature of the site and to the inadequacy of site investigations and detailed design relating to the proposed peat repositories and the likely instability of the proposed containment bunds, of the waste peat to be stored in the peat repositories and of the underlying peat it is considered that there would be an unacceptable risk to the safety of the public and the public road (R314) and a risk of pollution as a result of a peat slide.

Below is a summary of the main weaknesses, design problems and omissions identified based on information received in the planning application and the appeal together with the submissions made to the oral hearing: 

· The initial designs for the peat repositories were provided in the EIS. No site specific investigation of the proposed peat repository had been carried out at the time the EIS was written and therefore the designs were essentially conceptual.

· The designs for the peat repositories appear to have remained conceptual up to, and including, the oral hearing.

· There were references in the oral hearing to detailed designs being drawn up by potential contractors, and agreed or approved by the developer, and there was mention of alternative foundation designs for the retaining bund foundations, but none of these more detailed designs were presented for the Board's consideration.

· The basic conceptual design for the retaining bunds was presented as just two options. The bunds were to be laid either directly onto the peat and resting on the 'mineral soils' of the lower overburden, below the peat.

· The founding of the bunds on the mineral soils is essentially a sound design, but the natural peat varies in thickness, and the amount of material available to build a bund is totally dependent on the amount of suitable material available from the excavation of the terminal. Building a bund by the second alternative method in five metres thickness of peat would require a much larger amount of fill material than building a bund in two metres of peat. The bund sides are not vertical. They slope, and therefore a 4-5 metre deep bund foundation would be wider, and require more fill material.

· The developers have not sought planning permission for a development that involves a large scale importation of rock or granular fill for the construction of deep retaining bunds.

· In fact the developers have explained that no material will be imported from quarries for this purpose.

· Because there is this restriction, all the designs illustrated in schematic representations of the bunds show the bunds resting on a geotextile mat directly on the natural peat slope. 

· Some representations of the bunds show the bund resting on the peat with the base of the bund flush with surface. Others show the base of the bund an unspecified depth below the peat surface as if it has sunk into the peat, or been cut into the peat. In all cases peat was shown below the base of the bund.

· It is therefore assumed that in the absence of any other more detailed designs or alternatives that some of the bunds will be resting on peat. Evidence given in the oral hearing confirmed that this would be so.

· It is therefore correct to assume that the existing peat will wholly, or in part, form the foundation of the retaining structures that will keep the waste peat in place on the slope.

· Therefore the characteristics, integrity, strength and condition of the peat in the peat repository becomes very important.

· Peat compresses when stressed by a heavy weight or structure placed upon it. The pressure on the peat below the load can break down the weak structures in the peat and the peat can begin to flow out from under the load. This can happen slowly or rapidly and the load can slump into the peat or slide with the flow of peat.

· The proposed perimeter and internal containment bunds will compress the underlying peat. These bunds will sink. No specific details have been provided to state how quickly the bunds will sink and how much additional fill material will be needed to maintain their height at two metres to retain the peat stored behind them.

· It is calculated that if all bunds sink or are placed two metres below the present peat surface that an extra 113,000 cubic metres of fill will be required. If this is not available from within the site excavation then it will need to be imported by road.

· Determining if, or under what loading conditions, the peat could break down and behave like a liquid is important.

· It appears that no in situ measurements have been made, or field trials carried out on the proposed peat repository areas, to determine the probable behaviour of the peat under the actual alignment of the proposed retaining bunds and haul roads.

· The schematic representation of the likely position of internal bunds and haul roads was only received on the last day of the hearing. The absence of this basic planning layout perhaps suggests that the developers wish to keep design options open, but also it can lead to an impression that the developers are not sure how the peat repository will be constructed.

· The main measurements in the peat repositories have been to determine the water levels in the peat and the nutrient levels of the upper peat. The degree of humification of the peat has been described, but its strength has not been determined. The strength of the peat will vary with depth and in different places in the repository. It is not uniform.

· It is known that existing drainage from previous land use, either cut into, or installed below, the skin of the upper peat can effect the pore pressures in the main body of the peat. When drainage is taking place the pore pressures are reduced and this helps stabilise the peat, but when they are rapidly saturated and drainage is blocked the build up in pore pressures can destabilise the peat.

· It is of concern that details particularly of the hidden drains are not available and the consequences of loading the in situ peat and drains with saturated waste have not been discussed.

· It is clear from the detailed contour map of the main peat repository that the repository is going to be placed in a gently sloping valley, the drainage axis of which is near the centre axis of the repository. Therefore rather than the peat waste being a mound from which water flows out on all sides into lateral drains, it is instead a basin where the water tends to flow into the centre.

· The impact of concentrating both surface water runoff on the waste peat surface and subsurface drainage within the peat debris, has not been addressed.

· There have been no specific provisions for leading the surface runoff from the waste peat into the settlement lagoons.

· There have been no specific design details provided to show how the potential build up of high hydraulic heads behind the lowest level bund in the repository above the R314 road will be alleviated.

· There have been no specific design details for this bund relating to the fact that it is shown to be on thick peat just above a marked increase in slope at the centre of the bund.

· The plan showing the elevation of the peat behind this bund indicates that the bund may be four metres high at its centre. The stability of the peat below this high structure has not been specifically addressed.

· There have been no specific design details to describe why it is considered safe to excavate a perimeter drainage ditch at the foot of this bund. There have been no details provided to show the depth and width of this excavation at the foot of the bund.

· There have been no specific design details for the depth of the proposed excavation of the two pairs of settlement lagoons shown to be below this bund in the limited space between the bund and the R314.

· There have been no specific discussions of the potential impact of removing a significant depth and width of natural peat below the bund (for drains and lagoons) combined with the potential high head of water in the peat behind the bund. The impact of a high gradient between the level of water in the waste peat and the level of water in the drain or lagoons just below the bund has not been addressed.

· The information provided on the layout and design of the main peat repository and the smaller north-eastern peat repository is not adequate or coherent.

Attention is drawn to the recommendations made by W.S. Atkins Consulting Engineers in April 2001 and contained in the EIS and to the submission of TES Consulting Engineers at the oral hearing.

You are requested to provide detailed design proposals together with a method statement for the transportation and deposition of excavated peat and other unsuitable overburden material in the peat repositories as proposed which would not constitute a threat to public safety and which would minimise the risk of pollution in the foreseeable future. 

Should alternative design proposals or methods of disposal of waste peat and other unsuitable overburden material be considered, the broader implication of such proposals for the environment including the road network should be identified and an amended EIS prepared.”

Information was provided in response to this request and further information was provided in response to questions raised in the re-opened oral hearing.

2.2. Documentary Information Provided in Response to the Boards’ Letter

The Applicant carried out an extensive and intensive programme to collect information in order to respond to item No.2 in the Board’s letter. This information was interpreted and assessed, and designs and proposed work programmes clarified and modified. These information and follow on analyses were subject to review by other consultants employed by the applicant. 

The response was received on the 20th September 2002 in the form of 14 volumes of reports, data tables figures maps photographs calculations and plans. 

The parts of this response relating to item No.2 form 10 of the 14 Volumes and consist of the overall Response document and 12 appendices. Many of the appendices contain their own numerous appendices.  This proportion of the total response could be taken as a rough measure of the work carried out by the applicant, and also the work necessary to assess the response to item No2 in the Board’s letter.

I have been through all the documents. I do not intend to try to summarise all the contents of these documents in detail because to do so would probably result in a very large indigestible report. Instead I intend to provide a short description of each document and draw attention to some components of each document in order that the Board can obtain a sense of the significance of each document, and a sense of how the documents and their content relate to each other. 

I recognise that trying to approach and assimilate the highly technical content of the recent documents is daunting. The documents and their content are not complicated. The complexity arises when trying to correlate the content of the numerous new data sets, with previous data, previous opinions and statements and then with new maps, designs, work programmes, assessments and opinions. I will refer back to information in these documents in Chapter 3 the Assessment. The issue with all the response documents is not whether the applicant has carried out a large amount of new work. It is obvious that they have. Instead the issue is whether the results of this work make sense, fit together, and provide new or revised designs and proposals that overcome the uncertainties and apparent flaws in the original proposals.

2.2.1 Response Document

This document contains an overall response to the Board’s letter. Part 3 - Section 2 extending from page 27 to 49 of 55 is a useful summary of the applicant’s response to item No.2 contained in appendices B1 to B12. Curiously Section 2 is titled ‘Peat Excavation and Placement’ as if the section contains a description of a process and not the shape, stability and drainage of a permanent structure.  The title does not refer to either the words ‘Drainage’ or ‘Peat Repository’ which were the main subjects in the Board’s letter. The content of Section 2 does refer to these subjects in detail.

Section 2 provides an introductory summary of all the work in subsections 2.1 to 2.8 and then follows with a specific  or general response to each of the 31 bullet points in item 2 of the Board’s letter. It should be noted that some of the figures quoted in for example section 2.2 do not appear to relate to other documents. For example it is said that 46 Macintosh probes were carried out whereas Drawing No.1 in appendix B 3 Volume 2 shows the location of 204 Macintosh probes. 

The content of Section 2 is repeated in more detail in the appendix volumes. The points raised will be dealt with in the summary description of the content of these volumes below and the response to the bullet points in the Boards letter will be discussed in the assessment and conclusions

2.2.2 Appendix B1 Soils Investigation

This document contains raw data required to obtain an understanding of the characteristics of the in-situ peat in the two peat repositories. The work to acquire the field data and samples described in this document appears to have taken place over a two week period in July 2002. The instruments used to carry out the field tests record several data sets simultaneously and generate a large output of tables and graphs. This output appears to be over 1000 pages. 

The appendix has been compile by Fugro a specialist soils investigation contractor from Britain. The instrumentation, methodology and results are clearly represented. 

Appendix B1 provides a raw data reference resource used as the basis for analysis, interpretation and designs by Applied Ground Engineering Consultants AGEC in Appendix B3 Volumes 1-3. Appendix B3 provides the core of the response to majority of the points in the Board’s letter. Therefore the raw data in appendix B1 forms part of a valuable foundation for the subsequent detailed design of the peat repositories.

I draw the Board’s attention to Appendix B in the subject document. This appendix provides graphs showing the characteristics of the peat as a cone penetrometer instrument is pushed into the peat. The resistance to the instrument is a measure of the strength of the peat. The Boards attention is drawn to the shape of the graphs. In most of the graphs the resistance to pressure is very low in the peat and much higher when the instrument reaches the underlying sands and clays. It is also notable that the surface layer of the peat presents a slightly higher resistance to the penetration of the instrument. This confirms the expectation that the recent more fibrous peat on the top of the bog is like a stronger skin over the older more decomposed organic matter below. It is notable that the interpretation of the depth of the peat from the instrument does not coincide with the depth determined by other methods. The interpretation appears to overestimate the peat thickness. This is probably because there are soft clays below the peat, and these clays provide a similar very low resistance to the penetration of the instrument.

Appendix C provides the results of vane tests. These tests are as the name suggests a series of tests using a probe with vertical vanes on it. The probe is pushed into soft material such as the peat. A steady increasing rotation is applied to the instrument. This rotation is resisted by the strength of the peat. The instrument does not rotate or move in the peat until the strength of the peat is overcome. The rotation force applied to the vanes at the moment when the peat gives way is recorded as the ‘shear strength’ of the peat. Appendix C provides the data from different depths in the peat and other soft materials at some of the CPT sites. 

The vane test data are an important source of information when trying to assess whether the peat will shear or give way when stressed either under its own weight or under the added weight of the proposed peat repositories. There appear to be anomalies in the data set in appendix C when related to the soil investigation locations shown in AGEC Drawing 001. There is data in the appendix when no vane tests are shown in the drawing. This discrepancy may have arisen because a large number of maps and tables were compiled in a very short time in order to respond to the Board’s letter. 

Appendix D contains the logs of narrow diameter boreholes constructed with a sampler. 1metre long samples were obtained by pushing a hollow tube into the soft material. The logs are interesting because the samples are described and for example the abundance of roots or the presence of woody fragments are recorded. The logs are also useful indicators of the strength of the peat because vane tests were carried out in the boreholes and also the amount of material recovered over a one metre sample horizon was described. In many sections of the peat there was very little recovery, sometimes just 20% or 20 cms indicating along with the vane test results that the peat has very little strength. The recovery in other sections of the peat profile was 100% and showed that the peat was relatively cohesive and good samples could be obtained.

Appendix E provides a series of colour photocopies of photographs of the peat samples described in appendix D. The Board’s attention is drawn to these photographs because they provide a good visual, qualitative, representation of the variations in colour, decomposition, wetness and consistency of the peat and other soft materials below the proposed peat repositories. 

Appendix F is a clear description of the soils laboratory test procedures used to obtain the data contained in the following appendix G

Appendix G contains the results of several standard soils laboratory tests to measure the moisture content, compression, consolidation and shear strength of the peat and underlying soil. The results shown in the graphs and tables give a good indication of the variable nature of the peat.

2.2.3. Appendix B2

Appendix B2 is a second valuable data resource. The document describes and provides information on four new pieces of work on the peat repositories undertaken from a geotechnical engineering -soil mechanics perspective. 

PART 1 is a brief description of the results of 6 ‘in-situ’ load tests, where heavy weights are placed on a steel plate on the surface of the peat.. See Figure 2.1 These tests are a very useful way of both seeing and measuring how the peat responds to a heavy load placed upon it. Other tests, for example the Cone penetration tests in appendix B1, give measurements from a small part of the peat column, that must be interpreted in order to gauge the strength of the peat. The load tests are a large field trial, and in case of test No.1 illustrated the load on the peat is about half the load that the proposed southern bund haul road would place on the peat. Measurements of the position of the plate are accurately survey each day and a graph is compiled. 

A second important part of the work is to measure the change in strength of the peat as the load squeezes the water from it. Peat has very little strength but as water is released the organic particles and fibres move closer together and it becomes effectively more strong. The cone penetrometer instrument was used to measure the change in strength over time before during and at the end of the test.

PART 2 is a series of logs for sites where probes (Macintosh) were hammered into the sub surface. The logs show the number of blows needed to drive the probe 10 cms. It can be seen in, for example, the log for Site D3, which is close to the position of the load test illustrated above, that the number of blows in the upper peat is 2 or 3 for each 10cm depth. When the probe reaches the clays and sands below the peat this number rises to 6-7, and  when the weathered bedrock is reached goes up to 50.

The analysis after the hearing has revealed some confusion regarding the results of these field tests. AGEC Drawing 001 shows Mackintosh probe sites at 204 sites labelled A1-17 through to L 1-17. All of these sites are north of the alignment of the southern bund of the eastern repository. Part 2 of the Appendix contains the results for sites A1 - E5 yet all of these sites are along or south of this proposed bund. It is confusing that the number system for different sites is the same and also that the data for the sites shown on the AGEC map are not given in any appendix. It appears that the work carried out to produce the logs in Part 2 was a follow on from earlier work in 2002. The map just shows the earlier sites.

PART 3 contains the logs for 7 rotary core holes along the alignment of the proposed southern bund. These holes were drilled to establish the thickness and characteristics of the layers below the peat. Core samples were taken where the material was sufficiently competent. Borehole 80 at the site of load test No.1 shows 5.3 metres of peat underlain by 5.5 metres of gravelly sandy silt but core recovery in the top two metres of this latter material was only 7%.  In other words there is uncertainty about the true nature of the material below the peat.

PART 4 contains logs for 12 boreholes drilled in the eastern peat repository area. These boreholes were drilled by a different method termed ‘shell and auger’ drilling. The material is disturbed before it is retrieved from the hole by the bailer (shell). The log for the hole at site 80 corresponding to the position of the rotary hole referred to above, shows a different profile. The peat stops at 5 metres depth and is underlain by 0.8 metres of ‘very soft grey organic sandy clay’. This is the soft material that was not recovered by the rotary borehole described in PART 3.

Some of the boreholes described in Parts 3 and 4 have been finished as piezometers to measure the water level or water pressure in the subsurface layers.

The information presented in Appendix B2 represents the raw information obtained by a sensible strategy focussed on a critical area. The consultants have tried to use several different investigation methods to determine the characteristics of the peat and the materials below the peat. Each investigation method has its own intrinsic weakness’ and strengths, and no one method provides a comprehensive answer, but by using several together an overall ‘feel’ for the subsurface can be obtained and apparent contradictions ironed out. 

2.2.4. Appendix B 3 Volumes 1, 2, and 3

Appendix B3 is composed of 3 Volumes. These volumes are very important. They are Geotechnical Interpretative Design Reports that attempt to interpret and integrate the information available in appendices B 1 and B2 described above with other desk top research, existing information, earlier concepts and designs and provide a new detailed design for construction of the peat repositories. 

Volume 1 is relates to the east peat repository. Volume 2 consists of large maps, drawings and cross sections referred to in Volume 1. Volume 3 relates to the northern peat repository. Volume 3 is shorter than Volume 1 because it does not repeat the general analysis in Volume 1, which applies to both repositories.

Appendix B3, in particular Volume 1, is important because it forms the ‘key stone’ of the applicants Response to the questions asked in part 2 of the Board’s letter. These volumes are central to designs and assessments carried out by others and reported in the later Appendices. Much of my assessment in Chapter 3 will relate to Appendix B3 Volume 1. Therefore I will not pull out all the points of interest and importance in the following description because they would be referred to again, in greater detail, later.

2.2.5. Appendix B3 Volume 1

This report is covers 9 chapters and 10 appendices. It is a straightforward technical document. It is a geotechnical report. It is not a document containing arguments seeking for example to rebut an opinion or justify a planning decision. 

The introduction explains that Applied Ground Engineering Consultants (AGEC) and AMEC were engaged by ASI Corrib JV to carry out a detailed design of the peat repositories in response to the Board’s questions. 

AGEC appears to have carried out almost all the work. AMEC provided advice and a parallel analysis in one component of the work. AMEC though cited as joint authors are in fact the client ASI (AMEC, SIAC and IIF).

The introduction (Chapter 1) to the report lists the key tasks in AGEC’s work to compile the report.. The Board’s attention is drawn to the summary description of these tasks. In summary they were;

a) Review existing geotechnical information from the site

b) a desk study of existing information on peat failures elsewhere and an airphoto interpretation of the site

c) An assessment of the current stability of the existing peat on the site, and the short term and long term stability of the peat when the repository has been constructed.

d) Design the roads and bunds in the repository and assess the stability of the designs

e) carry out a risk assessment of the stability of the repository

f) compile a Geotechnical risk register

g) review the construction methodology proposed by ASI and the monitoring instrumentation.

It may not be immediately apparent, but it is important to point out at this stage, that this report relates to stability; the stability of a structure and the stability of the ground upon which the structure will be placed. It deals almost exclusively with the balancing of forces, with a certain safety margin, relating to a static structure at various moments in time. AGEC were in summary asked to come up with sensible design for the whole repository and the different components within it (for example haul roads and bunds of different widths and weights), and then show that, as it is constructed, and after construction, it will remain stable. In other words show that if everything goes to plan it is unlikely to either partially, or en masse, slip or slide of its own volition off the hill. They were also asked to how matters may not go to plan and then come up with a strategy to overcome these problems. However this report is not about the durability of the structure in relation to dynamic (as distinct from static) natural forces such as rainfall and surface water erosion. 

Chapter 2 describes the investigations of the ground across the whole site. An omission is immediately apparent in Table 1 in which there is no reference to boreholes drilled for Minerex in 2002. The rest of the chapter summarily describes the work presented in the preceding appendices B1 and B2.

Chapter 3 contains a short section on air photo interpretation and then continues to describe and analyse the factors that cause peat stability and instability particularly in Ireland. It is a useful chapter and appears largely to rely upon a book by Feehan and Donovan in 1996. It is particularly clear in listing and discussing the mechanisms controlling bog failures, and concurs with many of the concerns raised for the Board in May 2002.

Chapter 4 describes the existing site for the eastern peat repository on the basis of the new information, with reference in part to previous information. The topography is described as being typically at a slope of 1° but draws attention to the presence of local gradients near the centre of the site up to 5° over 100m. The description of the sequence of soils conforms to the earlier information presented in the first part of the oral hearing. The latest information on peat thickness is based on the information from 100 Macintosh probes and 140 CPTs and shows that the peat ranges from 1 to 4.8 metres thickness. Recent borehole information and earlier gouge core information showing thickness’ in excess of 5 metres does not appear to have been used. This is a matter of detail, rather than consequence, but it is interesting that there appears to be a detachment between the geotechnical assessment and other earlier information. The description of the Mineral Soil draws attention to a layer of soft clays and silts between the base of the peats and the top of a stiff boulder clay. This confirms that the soft saturated material below the repository is not confined to just a layer of peat. The soft layer below the peat contains organic matter and appears to be up to 2 metres in thickness. The top of the bedrock has been found to be completely decomposed and recovered as a gravelly, sometimes micaceous, sand. There is no reference or description of an iron pan in either the weathered rock or the mineral soils, whereas this pan is obvious in the quarry to the north east of the site as shown in photographs in my earlier report. The description of groundwater conditions refers to the earlier groundwater work by Minerex Environmental Limited (MEL) but then describes the preliminary results from boreholes drilled by the geotechnical team. It does not appear to correlate and integrate the recent geotechnical information with the results from the MEL on going groundwater monitoring. For example at the end of the section on groundwater the report refers to information reported by MEL in 2001 and integrates it with preliminary results from the geotechnical results obtained August 2002. There is no reference to the bimonthly monitoring results from MEL throughout 2002. 

Chapter 5 (Design Parameters) and Chapter 6 (Design) 

Introduction

These chapters are in a sense form the core of the report, and also form the central basis for the applicant’s Response to item 2 in the Board’s letter.  I will describe the content of these chapters at length, because much follows from the analysis, conclusions and concepts contained in these chapters. 

Those members of the Board without a knowledge of materials science and geotechnical engineering may find the text of the two chapters a little impenetrable. These chapters contain symbols, equations, units and terms that are not in everyday usage. Terms are also used that sound familiar but actually have a very specific meaning that is not provided in the report. As said earlier, this is a geotechnical report. I therefore feel it is useful to try to provide an introduction to these chapters.

Soil, or in this case peat, is a natural material, that is not homogenous. The characteristics of soil vary horizontally and vertically. It is also not easy to determine these characteristics, because if a sample is removed, by whatever means, to be analysed in a laboratory, it is removed from a state of natural equilibrium with the material around it. It may dry out a little and shrink or become more stiff, or it may collapse or expand because pressure holding it together has been relieved when it is removed from the ground. 

Therefore samples taken from the ground are analysed in several ways in order to try to determine the important soil characteristics. Hopefully, results from a range of tests, combine to give a reliable measure of these characteristics. Similarly, trying measure soil characteristics in situ (in the ground) also disturbs an existing equilibrium. When some form of probe is pushed into the ground it obviously breaks up the ground or compresses the ground in some way. Therefore again, important soil characteristics are measured by a variety of tools, probes or methods and the results are correlated to see if they make sense. Therefore someone interested in soils hidden below the surface uses a range of in situ and ex situ tests in order to try to obtain a reliable measure of the important characteristics of this naturally variable material. It is not easy to do this. It requires, precision, experience and common sense.

When dealing with a soil material that is tough, hard or well cemented, where all the grains are packed tight together, it is relatively easy for a geotechnical engineer to feel confident that the results of the various tests give reliable results. Also these sort of materials are strong and not likely to collapse suddenly. Therefore a variation in results or values for a particular parameter of one or two units is unlikely to be critical, because they represents a small percentage difference.

By contrast saturated peat and soft clays and silts are delicate. This is because a very high proportion of the material is water. Water molecules are very small and tough, and they slip and slide over each other very easily, rather like minuscule, shiny ball-bearings. There is very little friction in water. Water molecules cannot be compressed and deformed. They are very strong. When an attempt is made to compress water it tries to move quickly to a place where the pressure is less. If water is sandwich between small particles of clay or inside the fragile rotten shell of a plant cell in peat, it tries to break out and get away to somewhere where the pressure is less. Because the water molecule is small and tough it is very good at finding a weak point, forcing its way through it and perhaps joining a growing number of other water molecules, also trying to get away from the pressure. 

It is very difficult to measure the properties of these delicate soils where the soil particles form a small proportion of the total mass, and are separate from each other, within a matrix of water molecules. Any tool that is pushed into the ground or rotated in the ground will, by its very presence in the ground, have already disturbed an equilibrium. In fact people or a heavy truck on top of the ground making the measurements will have already changed the pressure exerted on the water molecules in the ground. Any one who has stood on a bog close to someone who has jumped on the bog will have felt through the sudden wobble of the ground under their feet, the way that an equilibrium can be disturbed.

Geotechnical or soil mechanics engineering is a challenge because, not only do the engineers have to measure the heterogeneity of the existing soils but also use this information to predict how these materials will respond if the natural state is altered by a construction. Understanding the natural strength of peat and then predicting its behaviour in the future is one of the most severe challenges faced by a geotechnical engineer. 

Saturated peat, clays and silts are very weak soils. Therefore when trying to measure the natural strength of the material the engineer is trying to measure something that is almost negligible.  For example the ‘shear strength’ of a very stiff boulder clay could be over 150 kN/m3 whereas very soft peat may be as low as 2 kN/m3. A kN or kiloNewton may sound like a high pressure, but to put in a more mundane context, 100 kN/m2 equals 1 bar air pressure, which is the same as 14.2 pounds per square inch (psi).  Therefore a normally inflated modern car tyre has an air pressure of say 28 psi, or 2 bar, or 200 kN/ m2. The pressure needed to shear peat can therefore be as low as one hundredth of the pressure in a car tyre, in other words a small pressure. 

The heterogeneity of the soil is important. A soil will usually fail at its weakest point. Therefore average or bulk values for soil characteristics can be misleading. It is important to try to identify and understand the characteristics of the weakest layers or zones.

A third important consideration is the slope of a site. If a heavy construction is placed on horizontally layered, soft material on a flat, level site, the downwards pressure caused by the pull of gravity is principally in a vertical direction at right angles to the layers below. The construction compresses the soft material, water dissipates away from the area, and the structure sinks. Whereas if the site is sloping the downwards pressure of gravity is not at right angles to the surface and subsurface layers that are tilted. This means there is a downwards and a sideways pressure that may induce the soils to shear at a weak point, and then slide sideways. 

Chapter 5 (Design Parameters) is therefore the chapter where the applicant pulls together the results of their soils investigation tests, correlates the results from different tests and other sources, and discuses the values that can be used as a basis to: -

· Assessing the stability of the peat presently on the site

· Determine the characteristics that will govern the design of a future repository. 

AGEC considers the parameters necessary to understand the deformation of the peat in a vertical direction; the compression of the peat, and the failure of the peat by shearing along near horizontal surfaces in the peat and or the materials below the peat.

AGEC uses standard materials science and geotechnical terms frequently in the report.  The individual words used in these terms are in common usage and have commonly understood meanings; for example, words such as stress, strength, total, and effective.  However these words or phrases joining these words have a different and very precise meaning in materials science, soil mechanics and geotechnical engineering. 

The term ‘stress’ is used frequently. Stress is the term used to describe the application of a force on a surface of a certain area. This force could be pressing down on the soil (compression) or it could be pulling apart the soil (tension). Either way a stress is exerted on the material. The term ‘Total Stress’ is a measure of the stress on and in a saturated soil, where the water in the soil as well as the grains in the soil both experience a force that is trying to compress or deform the soil. 

The analysis of Total Stress is important in the proposed peat repository areas in order to assess the stability of the present in situ blanket bog.  By comparing the natural current stress on the peat with the strength of the peat at different depths in different areas it is possible to determine whether the present peat is stable or whether it is close to instability. Total stress analysis is also essential to understand the conditions just after a load has been placed on the peat. For example just after a layer of mineral soil has been placed on the peat in order to construct a bund or haul road. It is assumed that at this moment of loading the water within the peat has not dissipated sideways under the pressure. Therefore the stress created by the weight of the load will still be carried by the water pressure in the peat and the particles in the peat. 

The term ‘Effective Stress’ is a term applied to conditions when the peat has been loaded with the additional weight of the peat repository and the water pressure in the peat has dissipated. In other words the water has in part been squeezed out of the peat and an increased proportion of the stress is carried by the soil/peat particles. When water has been drained from a soil, the particles or grains come in contact with each other. The effective stress is therefore a measure of the force that is experienced by the particles at the points where they are in contact. This contact provides the soil particles with a resistance to the force acting on them. Therefore the more contact between the ‘solid particles’ in the soil the greater the strength of the soil. The contact between the solid particles also provides potential for friction between them. This means that the soil will resist a force trying to deform it. 

This potential for increased strength obviously presupposes that the ‘solid particles’ are in someway solid. If the soil was a clay or silt containing mineral particles, this would be a reasonable assumption, but peat is composed of decomposed or partially decomposed vegetable matter. The solid matter may consist of cellular structures or be amorphous. The residual plant cells may appear to have a definite shape and solid boundaries under a microscope, but because they contain water or gases the cell walls can be easily deformed or ruptured. Therefore the increase in strength gained compression and drainage of excess water may be less than the increase gained when a mineral soil is compressed. 

Strength is a term defined by the force needed to cause failure of the soil. The units for stress and strength are the same. It is force per given unit area. The relationship between the stress being applied to a soil and the strength of the soil determines whether the soil will fail. The relationship between the stress that exists in the natural peat bog, or the stress that will be placed upon the bog by the proposed repository can be expressed by a term called the Factor of Safety, or FoS. This term is a number. It is derived by taking the strength of the peat at a particular point in the profile (measured in kiloNewtons per square metre) and then dividing this number by the stress calculated for that point (again in kiloNewtons per square metre). If the calculated stress is the same or greater than the strength then the peat will fail (i.e. collapse or slide), and the FoS number will be either 1 or less. If however the stress applied is less than the strength then the peat should deform but not fail completely. The question for an engineer is how close to the failure point can one confidently go. Fortunately there are standards and codes to assist. In chapter 6 AGEC accept a 1981 code and the minimum factor of safety of 1.4. This means for example that if the strength of the peat in a certain part of the existing bog is say 10 kN/m2, and the stress that will occur is 6 kN/m2 then the factor of safety would be 1.66, which would be above the minimum of 1.4. Whereas, if the stress is 8 kN/m2 the factor of safety would be only 1.25 which is significantly below the minimum of 1.4. It is notable that a difference of just 2 kN/m2 means a large change in the factor of safety, and hence confidence in the stability of the existing peat.

Chapter 5

The chapter starts with a clear statement that the design parameters should be selected on the basis of the expected way that the soil or peat may deform or fail. The expected mode of deformation will be a vertical compression of the peat. The failure mode may be shear failure along gently dipping planes within the peat or the shallow mineral soils.

The design parameters are discussed under sub headings of In situ peat (existing blanket bog under the proposed repository site), Ex situ peat (the broken up peat excavated from the terminal site), Mineral soil (the layers of clay and boulder clay below the peat) Engineering fill (the mineral soils and decomposed rock excavated from the terminal site and to be used to construct bunds and haul roads) and final a very short section on groundwater.

5.1. In situ Peat

AGEC excavated some trial pits along the alignment of the proposed southern bund and measured the point at which the sides collapsed. This was useful because it enabled them to observe the depth at which the weight of the overlying peat caused the underlying peat to collapse. In other words watch the total stress overcome the strength of the lower peat. They also took some shear vane tests on the exposed peat in the wall and floor of the pits and correlated these results with a calculation based on the depth at which the sides had collapsed. The results correlated well, and gave average undrained shear strengths of 6-8 kN/m2 . The sides in one pit did not collapse, in two of the pits it collapsed at a depth of 3 metres and in one pit (No.2) the walls collapsed at 2.2 metres. These observations were useful because they confirmed that even totally saturated reasonably decomposed peat has some strength. 

AGEC then correlated the results of insitu vane tests and corresponding cone penetration tests (CPT) from different positions and depths in the proposed repository area. It was found that CPT data could be converted into meaningful undrained shear strength values for the in situ peat provided that two different correction factors were used. Where there was ambiguity the lower results were taken in order to be conservative. AGEC has compiled several useful figures to illustrate the change in strength with depth. Figure 2.2 shows three graphs from Appendix F which illustrate the scatter of data points, but also how the data from different depths has a slightly different grouping.

AGEC had obtained laboratory results on effective and total (undrained) shear strength  parameters using two types of shear box tests. However though the DSS tests (Direct Simple Shear Test) gave reliable values for the undrained shear strength, they did not give reliable results for effective shear strength parameters. It appears that the samples were so soft and plastic prior to failure that the laboratory was not able to obtain meaningful information on how the strength of the peat improved if it was compressed by an increasing applied weight (stress). 

The second shear test DS, (Direct Shear (Shear Box)Test) provided only 5 results for these important parameters. These are shown on a graph as figure 9 in the report. A straight line through the three lowest points gave a value for cohesion of 3 kN/m2 and a friction angle of 32°. In order to estimate whether the values based on limited data were credible, AGEC carried out back analysis on the existing bog. It was assumed that the present bog was on the brink of failing, and then using a slope model calculated the effective shear strength arising from cohesion and the friction angle. It was assumed that these calculated values of 2 kN/m2 and 27° would be the lowest possible values for the existing blanket bog to remain in place. These values were compared with results from other published literature. Some of the other sources quoted are not for peat but are for organic soils. There is little published information on effective shear strength parameters for peat, and it appears that other researchers have also disregarded measurements of these parameters from DSS  shear tests in laboratories. 

On page 26 AGEC conclude that there is probably little vertical effective stress in the in situ peat. Meaning that the water in the peat is bearing all the weight of the peat at any point in the peat column. As there is no effective stress there is therefore very little ‘operational friction strength’. In other words there is very little friction between the particles of decayed organic matter in the peat. They therefore conclude that the ‘operational effective strength’ is largely dependent on the cohesion between the peat particles in the water. AGEC say that in ordinary saturated clays and silts it is normal to discount cohesion (assume it is 0) because it can unreasonably influence decisions. However in the absence of other effective strength characteristics, it must be assumed that cohesion is the main factor affecting strength. AGEC also points out that when peat bogs have failed in the past there have been observations that it is accompanied by a tearing sound. This is attributed to the ripping of the fibrous fabric of the blanket bog. Whether this is the ripping of only the fibres in the upper living or slightly decomposed part of the bog is not clarified. The tensile strength of the amorphous highly decomposed peat is not discussed. 

Finally AGEC make two brief suggestions. First, that the effective stress (and as a result effective strength) of the in situ peat can be increased by drainage of the peat. Second that adding layers of mineral soil can make a significant improvement in strength. These two suggestions briefly summarise the basis for the design of  the proposed peat repository. AGEC are suggesting that improved strength may be attained if the peat is compressed under the weight of heavy material, and the excess water is drained away. 

The proposed southern bund of the eastern repository is a structure in a critical area. The western part of this bund/haul road is on the thickest deposit of saturated peat. AGEC provide a specific depth and strength profile for the bund alignment. 

Groundlevel to 1 metre depth


12 kPa (kN/m2)

1 - 2 metres depth



4 kPa (kN/m2)

2 to about 4.8 metres depth


increase in strength at about 4 kPa (kN/m2)

per metre from 4 kPa (kN/m2)

Material below the peat (till)


40 kPa (kN/m2)

I include a copy of figure 11 from the AGEC report  (Figure 2.3) which shows the data from which the above depth profile is derived. The change from higher values to very low values and then gently increasing values can be seen. It is of note that the values from a depth of 4.5 metres are in the rough range of 5 to 15 kilopascals or kN/ m2. 

AGEC also observe from the data that the strength of the peat in the lowest layers appears to be stronger than the middle of the peat column. There is not a sudden increase in strength, but rather a gentle increase in strength with depth below a certain point. As one goes deeper into the peat profile the weight of the peat above increases. This increasing weight in geotechnical terms would be described as an increase in Total Stress. The increase in weight or stress compresses the lower layers of peat. Therefore the apparent increase in strength with depth is logical.  

The consideration of building a heavy structure on saturated weak peat is a serious problem. AGEC do not state that it is insurmountable but they imply that for any consideration of a peat repository it is necessary to assume that peat will gain in strength if it is drained. In other words some water has to be expressed or dissipated from the peat so that the organic material packs closer together and gains strength. In order to illustrate this  AGEC refer to a ratio which is commonly used for embankments on soft ground. This ratio is the undrained strength following consolidation divided by the consolidation effective stress. This may look like a factor of safety ratio where a strength of a material is divided by a stress or force applied to it. Instead it is a ratio that tries to express how the strength following consolidation is expected to increase when increasing pressures are applied to a sample of material.  AGEC state that this ratio may not be valid for peat and very organic soils  because high ratio values may occur at low pressures. I attach a copy of this graph for ease of reference as Figure 2.4. The data points that relate to the Bellanaboy site are highlighted. The other data on the graph appears to be from other sources. It is interesting that with the exception of one high ratio, all four other DSS data points lie below the others in the bottom left corner of the graph. The graph appears to show that the peat does increase in strength with increased effective stress but only up to a stress of 20 kN/ m2. The stress under the weight of the proposed major haulroad / bunds in the may be 75 kN/ m2. AGEC produce a table (11) which provides results for this ratio for peats elsewhere. It is notable that the results from elsewhere appear to show greater gain in strength (higher ratios) than at Bellanaboy.

AGEC refer to the results of load tests carried out on the peat repository site where they observe that the gain in strength of the peat ranged from 0% to 120%.

The reasoning, that peat will gain in strength when it is compressed and excess water dissipated, appears logical. However there appears to be little specific information obtained by the applicant to support this. 

5.2. Ex Situ Peat

AGEC describe field trials using peat dug from the proposed terminal site. They found that the peat lost strength when it is excavated and laid in a pile on the ground. They found that when this pile was dug over (re-worked) and stacked once again as a pile, there was further break down of the remaining intact lumps of peat, and further strength was lost. Photographs are included in Appendix C. I enclose a copy of two of these photographs for ease of reference as Figure 2.5. The photos show peat excavated and reworked at the same site. The upper photograph shows newly excavated peat. I have overlaid a white line to show the rough angel of slope on the peat mound. The peat has slumped a little under its own weight. The lower photograph shows the same peat after reworking. I have overlaid a white line to show how the core of the peat pile is upstanding but the sides have slumped outwards. It is of note that these field experiments with excavated peat simulate just one step in the proposed process of handling the peat. It is possible that peat will be reworked 5- 6 times before it is left undisturbed in a peat repository.  

AGEC conclude that the ex situ peat will have an undrained shear strength of 2 kN/ m2, i.e. half the strength of in situ peat. It is also concluded that a long term stable slope of the ex situ peat could be a gradient of >1:20. However in the short term a stockpile of reworked peat can remain standing at inclinations between 25° and 30° or about a gradient 1:3. The 

If the short term stable slope is 1:3 then for a 2 metre high pile of peat the toe of the slope face will be 6 metres from the crest. However the long term stable slope gradient of 1:20 may have important implications for filling the peat repository cells. It is proposed that the central and lower cells in the eastern peat repository will be filled from the north or the up hill side. The work programme in ASI map sheet 112-0280 shows that these cells are expected to be left in a half filled state for 5 or more weeks. There is already a gradient of 1:40 on the insitu peat surface down these cells. Therefore it is possible that the re-worked weak peat could extend could slump or creep towards the stable slope of 1:20 and reach 40 -80 metres ahead of the point where the peat is being stacked at 2 metres above ground level. This may mean that the excavators returning to continue filling the cells after a 5 week break may be trying to manoevre in a morass of broken down (almost fluidised) peat perhaps 1 metres thick. 

The low slope angle for the reworked ex situ peat may also have severe implications for drainage of surface water from the peat cells during filling.

5.3 Mineral Soil (Glacial Till)

AGEC explain that the mineral soils below the peat are formed of two layers. An upper soft clay and silt and a lower strong layer of till or boulder clay. It is said that as the soft layer is only found in 40% of the cone penetration test sites, it is not possible to ‘model’ the two layers separately. AGEC have therefore assumed values for later modelling and analysis that represent the stronger layer; the glacial till, which underlies all the site. 

Whilst it is understandable that trying to model and predict the future behaviour of a discontinuous layer is difficult, it should be noted that soft, saturated clays and silts are a renowned cause of engineering problems. Perhaps a decision was reached that the clays are likely to be stronger than the peat and that any failure will occur in the peat, however the data and analysis to support such a decision is not given in the report. 

5.4. Engineering Fill

The proposed access roads and bunds will be constructed with a core of till and decomposed rock obtained from the terminal site. AGEC gives reasonable strength parameters for this material. However large extensive balancing berms are proposed on either side of the roadways. The assumed characteristics for this material which will be a mixture of peat and engineering fill have not been given in the report.

5.5 Groundwater

It is assumed that the upward water pressure in the layers below the peat does not exceed the elevation of the top of the peat. In other words the water pressure from below will not lift the peat.

Two conservative assumptions are given for groundwater conditions for use in the design models. It is assumed that the in situ peat is fully saturated. It is assumed that the ex situ peat is also fully saturated. It is not clear whether the engineering fill is also assumed to be fully saturated.

Chapter 6 Design

Chapter 6 is the chapter that describes the design philosophy that arises from the conclusions in chapter 5 and then continues to describe the analysis used to assess whether this design will succeed.

The overall design philosophy is not described in detail. It is to excavate the peat and other unsuitable material from the terminal site, carry this material to the repositories,  build haul roads on low rise embankments across the repository in order to spread the load of the vehicles hauling the material, place the material in cells on the existing peat, use the external or perimeter haul roads as permanent bunds to stabilise the edge of the peat repository. This latter point is important. The perimeter roads are as AGEC state to “prevent the initiation of potential retrogressive failure of the deposited peat”. This expression of a concept is interesting for what says, but also what it does not say. The statement means that AGEC recognise that the ex situ peat could be unstable because the stress of its own weight on a slope could overcome the strength of the weakened reworked peat. Therefore the design philosophy behind the perimeter haul road (particularly the southern haul road) is to provide a stiffness or a support to prevent the “initiation of a retrogressive failure”, in other words a slump of the peat down the slope to the R314 road. The design concept of the perimeter haul roads relates to the balancing of forces. 

The statement does not include any reference to the perimeter roads being designed to control runoff, drainage and erosion. 

AGEC state that “the geotechnical design addressed the stability of the following:

1 Repository - existing condition

2 Repository - filled condition

3 Internal construction access roads 

4 Perimeter construction access roads”

In this list there is no reference to addressing the stability of the haul roads and the peat in the cells, in relation to changes of relative elevation, and the consequent effect on the direction of drainage of surface water within the repository. 

In this list there is no reference to an assessment of stability of intermediate conditions during the filling of the repository.

It should be clarified, as it may not be obvious, that the second item in the list, “Repository - filled condition”, only refers to consideration of the stability of the whole repository area covered with a 2 metre thickness of peat. The consideration of stability does not include the stability of the haul roads and the peat at the same time, in other words the complete construction as a single unit.

The following figures illustrate this point.

Figure 2.6 shows the topography of the eastern peat repository area, in coloured contours, and a large brown block of uniform thickness peat lying on top of it. The assessment of the stability of the existing peat bog uses a model for the footprint of the deposited (ex situ) peat that covers this area, and is assumed to exert a uniform downward pressure (stress) on the underlying peat slope. 

Figure 2.7 shows the same topography but shows in brown blocks the actual footprint of areas that will be covered by ex situ deposited peat. The white areas are the footprint of the much heavier haul roads and balancing berms. (The width of these haul roads complete with berms is shown to scale, and not as shown in drawings prepared by the applicant. The width of the roads and berms is greater than shown in the applicant’s drawings. This will be discussed in my assessment in Chapter 3.) 

The stability of the haul roads was considered separately after the consideration of the stresses of a simple peat cover. 

Therefore the early part of the description of AGEC’s analysis below relates solely to a model of a repository wholly composed of peat.

AGEC has approached the stability of the ex situ peat in terms of either a large scale movement of part of the slope and in terms of local failures at different positions on the slope.

The proposed repository area has been divided up into grid cells so that localised conditions can be easily modelled.

The design parameters in chapter 5 have been used for the large scale analysis whereas the actual data from different field investigations have been used to characterise conditions in individual grid cells. 

Total Stress analysis has been used to understand the stability of the existing peat before construction, and at the time of construction and for a short time after construction. In other words AGEC has analysed the stability of the peat under conditions where most of the load (stress) is carried by the water in the peat and the particles in the peat. During and shortly after construction it is assumed that water in the peat will still be trying to escape (dissipate) the increased pressure placed upon it.  

Effective stress analysis has been carried out to assess the long term stability of the repository. It is assumed that the strength of the peat will increase as the it is compressed and when the water has partially escaped. Under these conditions the weight or pressure of the completed repository will be balanced by the remaining water in the peat and the increased strength of peat where the particles and fibres are more compacted. 

Different techniques and programmes were used to assess the stability. 

Infinite slope analysis was used to assess large scale sliding failure. Two potential failure zones or surfaces in the peat were modelled. An upper weak zone within the peat. The position of this layer was determined by the results from the numerous cone penetration tests. The second zone was taken as being the base of the peat. The base of the peat is not parallel to the surface of the peat. The buried topography of the top of the clay or till has locally different slopes, which in some cases are steeper than the slope of the top of the peat above. These internal steep slopes combined with weak peat might form failure surfaces.

For total stress conditions average or lowest values have been used for undrained shear strength.

A computer programme Talren was used to analyse the ‘global stability’ of a layer on ex situ peat on the insitu peat and also as a more rigorous check on the infinite slope analysis.

AGEC has not analysed the stability (global stability) of the entire site for the repository prior to construction.  The reason for this is not explained, but it would be reasonable to surmise, that the existing peat is stable as there appear, to AGEC, to be no signs that it may have failed. However the global stability has been analysed for long section north to south through the completed peat repository.

The repository has been divided into grid squares and values for peat strength, depth of peat and slope of the base of peat were ascribed to each grid square.

The results of the analysis stability of both total and effective stress conditions have been shown in 8 diagrams in figures 13 -16. A factor of safety has been calculated for each grid square. In these figures any square with a factor of safety less than 1.4 has been highlighted in yellow. All other squares have no colour highlights.

The factor of safety for all cells, for the existing peat before construction for total and effective stress analysis are all above 1.4. However the analysis for the filled condition revealed that one or more grid squares gave a factor of safety less than 1.4.

I provide two examples of the results of these stability analyses as Figures 2.8 and 2.9. I have used a colour code to show the cells that have a factor of safety less than 1.4 in red. However I have also colour coded the other cells in order to illustrate the variation in factor of safety. 

It can be seen that several cells have factors of safety between 1.4 and 2.0. I particularly highlight these cells, given that a small change in stress or a small change in strength can make a difference to the factor of safety. AGEC also draw attention to this in their discussion of the results. They suggest, for example, that by lowering the water table in the ex situ peat in certain critical cells by just 4% or 0.2 m, (in other words slightly reducing the stress on the underlying peat), the factor of safety can be increased to exceed the benchmark of 1.4.  I highlight the cells with factors of safety between 1.4 and 2 because, for example a small slump and slide of the ex situ peat, to thicken the peat in a localised area, could conversely reduce the factor of safety.

It is of note that the cells with the lowest factors of safety are not principally along the southern margin of the repository where the natural peat bog is thickest. They are in the centre. This is presumably because the thick bog has already gained strength by the compression of its own weight and therefore an additional 2 metres of ex situ peat dumped on its surface does not critically affect the stability. A second reason is that the slope of the base of the peat in these areas is not as steep as elsewhere in the bog.

AGEC have drawn conclusions from the stability analysis of a single layer of ex situ peat on the existing bog and proposed several alternative design measures to reduce the stress in certain critical cells I 3, F 4, F 6, G 6, and H 6. 

AGEC suggest that:-

· Haul roads should not be constructed across I 3

· Either drainage is placed below the ex situ peat in F 4, F 6, G 6, and H 6 to prevent the build up of a continuous hydrostatic head, or the thickness of the ex situ peat could be reduced. 

AGEC estimate that a two metre thickness of ex situ peat on a 4 metre thick profile of existing bog could lead to a settlement of around 1 metre.

Access Haul Roads

The stability of the access haul roads is considered separately. The stability is considered in terms of circular slip and non circular slip analysis. It is proposed that the internal and external roads are built up in several stages. The stability is considered for initial placement conditions and final state conditions.

The Talren programme was used for analysis and to demonstrate that a modified design achieved a factor of safety of 1.4. AGEC explain that the alternative design options presented in the original EIS for these roads were conceptual and based on assumed parameters. I reproduce a copy of one of the output diagrams from the Talren programme given in AGEC appendix H as Figure 2.10. I have annotated the diagram in red in order to clarify the different layers and the units ascribed to them. The figure shows a cross section through a haul road resting on peat above a boulder clay and bedrock base. AGEC has split the existing peat into three layers for this model. These are labelled layers 1,2and 3 in the figure. Below the haul road the peat is still in three layers but the shear strength parameter (c) of the middle and lower peat has been increased (see table within the figure). The strength of the middle and lower peat layers has been increased from 4 to 8 kN/ m2 directly below the core of the road (layers 6 and 7) and to 5.5 kN/ m2, below proposed balancing berms on either side of the core. With this improved strength the haul road design meets a factor of safety of 1.4. 

I have reproduced this figure to illustrate two other points. 

The figure shows a settlement of the haul road of 1.5 metres. It also shows the shape that the road cross section will take when settlement occurs. I believe that this is the only diagram in the applicants submissions that shows the shape of the top of the road and berms after settlement. It shows how the top of each outer berm dips towards the core of the road.

I have sketched on the figure a very rough elevation for a layer of deposited peat up gradient of the haul road. It can be seen from this run of the Talren programme that there has been no allowance for the compression of the natural peat under the stress of the 2 metre thick layer of deposited peat. It is also evident that it is important to understand the relative heights of the top of the deposited peat, and the top of the berms and the road in order to understand the surface drainage from the deposited peat, and the effectiveness of the roads in controlling this drainage. 

AGEC have used the results of  various analyses of stability in order to propose revised designs for the peat repository (placement of ex situ peat and haul roads). Some elements of the revised designs have been incorporated into the Design Drawings in Appendix B6 and also the Method Statements in Appendix B5.

The design of the proposed repository can be summarised as follows;-

The layout of the internal haul roads and cells will be changed to avoid construction of a road through grid cell I 3.

A layer of drainage stone will be laid to inhibit the build up of a continuous hydrostatic head between the in situ and ex situ peat in grid cells F 4, F 6, G 6, and H 6.

The width and height of the access haul roads and the perimeter roads will be varied as will the width of balancing berms on either side of the road.

The roads will be constructed from useable engineering fill mostly boulder clay and deeply weathered bedrock.

The balancing berms (or pressure berms) on either side of the road will be constructed of a mixture of peat and engineering fill. 

A reinforcing geotextile will be required on the natural peat surface below both the berms and the road core in order to strengthen the surface layers of the peat and maintain stability. The geotextile will have a strength of 100 kN/ m2 for all haul roads except for the southern perimeter haul road which will require a geotextile strength of 125 kN/ m2.

Band drains will be pushed into the full thickness of the peat below the geotextile mat under the southern perimeter haul road. These flat ‘wicks’ will help release or dissipate the excess pore water pressure under the road whilst it is being laid, and also help accelerate the consolidation of the underlying in situ peat. It also will enable a greater thickness of fill to be laid to counter the subsidence of the road.

A drainage blanket made from permeable stone will be laid on top of the geotextile mat for the southern perimeter haul road. The road and berms will be placed on the drainage blanket. The drainage blanket will allow the drainage of dissipated pore water discharge from the band or wick drains.

The overall design is to ‘float’ the proposed peat repository on the existing bog, and whilst acknowledging that it will sink, try to balance the forces and natural strengths. In places where the peat is particularly fragile or weak or the forces (stresses) are too great, the strength will be increased by the use of artificial materials or increased drainage. 

The term ‘float’ is used by AGEC to describe the design. 

Chapter 7 Drainage with Respect to Stability

This chapter is only one page. It is, as the title implies, only a consideration of the drainage in relation to the stability of the structure of the peat repository. In other words it considers drainage in the context of relieving water pressures.

Section 7.1 describes the drainage blanket below grid cells F 4, F 6, G 6, and H 6. It describes how this will improve the factor of safety from 1.03 - 1.16 to >1.4. The thickness of the drainage stone will be 0.3 metres and the total volume of imported stone will be 5040 m3. Design drawings in appendix B6 give the thickness of this layer as 0.5 m and therefore the volume of stone increases to 8400 m3.

Section 7.2 Drainage Measures in Bund

This is a short section dealing only with drainage measures for the southern perimeter haul road otherwise called the southern bund. This section is important because it introduces an approach to surface drainage. It also introduces ideas or designs for drainage that are not carried on in subsequent drawings or appendices in the applicants response. In a sense it is the opening chapter in a sequence of confusions regarding surface drainage.

This section refers to transverse drains through the bund in previous documents submitted by the applicant. It does not clarify whether these drains were surface water drains or groundwater drains. The section then goes on to list 4 points

1. A drainage blanket below the southern bund to dissipate groundwater during consolidation 

2. A “longitudinal drainage medium, such as pipe and drainage stone placed on the upslope side of the southern bund to carry water to outfalls in embankment and prevent seepage through embankment”. It is assumed that this means a filter drain along the length of the southern bund that feeds outfalls, perhaps pipes or a drainage blanket, in the embankment. Though the design is not specific, the purpose is clear; to prevent seepage through the embankment which would perhaps destabilise or fluidise the materials making up the embankment or bund.

3. Open ditches at the base of the embankment are likely to be squeezed closed by the pressure and perhaps creep of the embankment above. Therefore it is recommended that the ditches are constructed with a slotted pipe in a drain backfilled with permeable stone. It also recommends that this ‘filter drain’ should be more than 15 metres away from the toe of the embankment. 

4. The location of the settlement lagoons below the bund should be a minimum safe distance away from the toe of the bund. 

Section 7.4 Existing Drainage

This section states that existing drainage in the existing blanket bog should be maintained. The north south drain (D22) should be protected and preserved during the filling operation. There is no reference, in relation to the existing drains, that exerting a high hydrostatic pressure into these drains may introduce a sudden linear stress across the existing bog. There is no reference to this being a possible, if not probable, reason for large scale bog slides on nearby Slieve Fyagh, or in the Cuilcagh mountains. 

Chapters 8 and 9 

These chapters describe Risk Assessment and The Observational Method of Construction.  Elements of the content of these chapters will be discussed in the assessment in chapter 3 of this report. The following description is therefore just a very brief summary.

Chapter 8 refers briefly to the probabalistic assessment of risk carried out by AMEC. This assessment was again carried out for a repository wholly composed of a single layer of ex situ peat. It did not include the haul roads and balancing berms in the assessment of stability. The results from AMEC in appendix J are largely consistent with the deterministic approach used by AGEC and show that under the pressure of just peat 3 grid cells show a risk of failure above the normal limit of 2%. These cells are close to the cells identified by AGEC referred to above.

Section 8.2 refers to a risk register in a separate appendix (Appendix I), which lists 7 potential hazards as follows:

1. Rutting of Haul road, 2. Movement of placed peat over top of haul road, 3. Failure of internal access road, 4. Bog slide, 5. Slope failure of perimeter access road, 6. Sliding of perimeter access track along peat surface, 7. Bearing failure of perimeter access road.

With the exception of 1 Rutting of Haul road, all other risks are described as having a negligible probability and the rating of each risk ranges from trivial to tolerable. 

Chapter 9 describes the Observational Method of Construction, its principles, intended method of application and the supporting instrumentation. 

The introduction to the chapter states that the Observational Method was not formally stated in the previous submissions to the Board but was probably implied. This chapter in a sense presents a new component to the proposed development and the chapter fully describes the method.

In section 9.1.1 Background there is a summary of the design followed by an open and frank reference to the uncertainty inherent in predicting stability constructing with peat and other materials on existing peat. There is also further reference to the access roads ‘floating’ over the in situ peat.

AGEC list 5 potential failure modes, or ways that the peat repository could fail. It also summarises how the revisions of design and the Observational Method can cope with these potential failures. 

Section 9.1.2. provides a Definition of the Observational Method / Monitored-decision Process.

It is stated that this method is not “casual or learn - as - you - go”. It also states that this method is a formal, interdependent and consecutive approach. There is a list of 8 steps for implementing the approach. The most important within the context of my assessment is the component titled ‘Selection’ which is described as:

“Selection in advance of the contingency measure or course of action to be taken for every foreseeable deviation from the most probable case. This cannot be left to some latter (sic) time, and identification of these courses of action is part of the design”

This statement and other implications of the observational method are discussed in Chapter 3 below.

Section 9.2 and 9.3 describe instrumentation and monitoring.

Section 9.4 describes the implementation of contingent actions and, inter alia, states that “the process will be embodied in method statements prepared by the contractor describing monitoring limits and contingent actions. As the party controlling plant and other resources, it will be his responsibility to ensure compliance.”

Chapter 10 summarises the work that had been carried out and the findings, conclusions and recommendations arising in the body of the report.

2.2.6 Appendix B3 Volume 2

This appendix is an volume of maps and cross sections relating to AGEC’s report in Volume 1. There are some excellent coloured sections at true and 10 times vertical exaggeration across and through the peat repository. There is a map showing the location of measurement points (though the number of Mackintosh probe sites shows data points for which there is no data in appendix B2). The symbols for CPTs, and boreholes are large (a circular symbol with a diameter of 10metres at the map scale) and as many probes and tests were done in small areas it is assumed that these locations are not precise. The maps showing elevation of bedrock, elevation of base of peat and elevation of ground level are very useful. There is a map showing the thickness of peat, but no map showing the thickness of the soft clays and silts below the peat. Or the thickness of the glacial till. 

There are two informative drawings that show the data used to carry out the infinite slope analysis for the base of the peat and the base of the weak zone in the peat.

There is one long section on Drawing 008 -2, following grid line I, that shows the in situ peat with a simple layout of the proposed placed peat shown in red. The section shows to perimeter haul roads, but no internal haul roads. The section also does not show any consolidation of the insitu peat below the haul roads. Therefore it is a schematic rather than a true cross section.

The final map shows the projected position of the monitoring points.

I have traced, coloured and reduced some of these maps to illustrate the assessment in Chapter 3.

2.2.7 Appendix B3 Volume 3

This volume describes the Northern Peat repository. The content covers the same topics as Volume B 3 Volume 1, except to avoid duplication frequently refers back to volume 1 as necessary. The report is about one third of the length of volume 1. 

The northern peat repository is on a convex slope sloping gently to the north east, north and north west. There is no natural stream course in the site. In a sense the site topography is the opposite of the eastern repository. The other significant difference is that the in situ peat thickness is about half the thickness of the eastern repository. The peat does contain water but it appears to be ‘perched’ within the peat. There appears to be an unsaturated layer of till and weathered rock below the base of the peat. The in situ peat appears to be drier and stronger than the peat in the eastern repository.

There are 4 proposed peat filled cells, roughly one hectare in area. The design of the perimeter and access roads are stated as being the same as the eastern repository northern perimeter and internal access roads. Whilst this is correct in terms of general structural design, it is not correct in terms of drainage in the perimeter haul road. 

As the peat is thinner, drier and stronger in the Northern Repository area the factor of safety for all analyses of stability are above the figure of 1.4. There has been no need to propose extra drainage blankets or band/wick drains.

2.2.8  Appendix B4 Drainage Design Summary Report

The Board’s letter in June 2002, commented on and questioned the proposed drainage design particularly for the eastern peat repository area. Drainage was one of the main issues requiring clarification.

Appendix B 4 is the shortest volume in the Applicants response documents. It is nine pages long and has three text figures in an appendix. 

It is interesting to note on the title page the history of the document.

It was issued for review in September 2001 five months before the first part of the Board’s oral hearing. It was ‘Issued for Construction’ in November 2001 over 3 months before the hearing, yet it was not presented or referred to in the first hearing.

The history continues with a revision in April 2002 (before the Board’s letter), revised with the re-location of a settlement pond on 8th September 2002 and then issued for 3rd party review on the 19th September 2002 24 hours before all the Response documents were submitted to the Board.

It appears to be a document that is remote from all the other documents. There is no reference in the text to the Board’s letter or questions. There is no specific reference in the text to all the design drawings in Appendix B6 or the Site Preparation and Earthworks Plan in Appendix B 5 or to the work carried out by AGEC given in Appendices B 3 volumes 1-3. It could be thought that this document would form a major part of the applicant’s response, but it is difficult to relate it to the proposals put forward in the rest of the response documents.

The report starts with a statement that

· “The Site drainage system is critically important for the following reasons:

· To control runoff and prevent pollution and damage to land, water bodies and water courses in the local area around the site.

· To protect and preserve the existing water courses

· For foundation and earthworks stability

· For operational reasons during construction and final service. “

In section 2 the report refers to an alternative method of calculating drainage flows and suggests that the figures used in the original EIS may be over estimates. The report however does not refer to the 18 months of rainfall and runoff gauging that had been carried out by Minerex Environmental Ltd (MEL) at the Bellanaboy site.

Section 2 provides a description of rainfall runoff for the existing condition, again not referring to real measurements made by MEL. It does conclude that with a saturated peat surface there will be occasions when there is 100 per cent runoff from the surface.

In the description of the Final Condition it only refers to the Gas Terminal site footprint in 7 lines of text and the peat repository in one sentence.

The section referring to the ‘During Construction’ condition description does not refer to drainage of the peat repository areas during construction.

Section 3 describes drainage and design very briefly. A figure Drawing 0262 in the appendix shows in monochrome a series of drainage catchment for the entire development area, and drains denoted by letters of the alphabet. The catchment areas and drains are described and given dimensions and flow rates in a table on page 7 of 15. This map and table would initially appear to be useful. However close inspection reveals anomalies and inconsistencies. 

First on drawing 0262 the designating letter for some of the drains outside the eastern peat repository area is shown on the inside of the perimeter haul road, or example EPD J, EPD E, EPD D etc.. These drains are actually the cut off drain outside the haul road. The eastern peat repository area is shown as two catchments with a straight line boundary down the topographic convergence of surface water flow. This is unusual. A catchment boundary is usual a divide between flow systems rather than a confluence of flow. There are indicative arrows on the figure showing flow converging on this ‘divide’. Referring to the table on page 7 it can be seen that each drain is ascribed to a unique catchment area and then a cumulative catchment area. Taking drain EPD (Eastern Peat Depository) drain E as an example it appears that it is taking the surface runoff from the eastern half of the eastern peat repository, from a nominal catchment area of 9.36 hectares. However it is cumulatively receiving water from its eastward extension EPD D which is listed as having a catchment area of 6.7 hectares, but the catchment area for drain EPD D is the eastern part of the peat repository, which is the same as drain EPD E. The catchment area for drain EPD D is not shown. The catchment areas given for drains EPD D, E, and J are (30.574 hectare) roughly correspond to the proposed area of the eastern peat repository. The table on page 7 of 15 provides design calculations for the capacity of the different drains around the peat repositories and terminal site allowing for slope length, type roughness. The figures reported as nominal and maximum flows are estimates of the runoff arising from a 1in 100 year rainfall event of 29 mm in 1 hour. These are maximum flow rates along different sections of pipe and drain attenuated by the drain length and characteristics. The data is of potential value in designing the size of the settlement ponds. However there are no details on assumptions used to determine the rate of runoff from the surface of the peat, and the route, and attenuation en route, for water leaving the peat repositories and reaching the perimeter drains. Having presented the figures in the table they are not discussed further within the context of drainage design of the peat repositories. If, for illustration purposes, there is a period of rainfall lasting for several hours and in the midst of the prolonged period there is an intense rainfall event of 29 mm in one hour (the 1 in 100 year design event). The runoff from the bare peat surface will be 100%. The total volume of water running off the eastern peat repository (Area, say, 31 hectares) would be 8,990 cubic metres of water from this one hour event. If this volume of water flowed off the eastern repository in one hour, the flow rate would be 2,497 litres per second. This volume of water would add to the water already running off the peat from the rain prior to the 29 mm event, but even so would not runoff in just one hour. It would be attenuated or slowed down as it crossed the peat surface and as it came through the drainage system from the repository surface to the perimeter drains. Details of this part of the drainage system, from the repository to the perimeter drains, are not contained in this report. 

Drawing 0262 was revised on the 8th September 2002 to show the relocation of the settlement ponds, yet none of the illustrations in the report actually show the correct location or orientation of the settlement ponds for the eastern or northern peat repository. 

The report contains a long description of the settlement ponds and provided details that were evident in the first part of the oral hearing, 

Section 4.5 Pond Maintenance describes how the sludge from the settlement ponds will be excavated at least once every 6 months if not before, and the sludge will be placed in the repository areas. This proposal essential places the liquid peat silt back in the drainage area that is feeding the silt pond. The erosion of peat from the repository and the clogging of that drainage system will be discussed at length in Chapter 3.

It appears evident that the report on drainage is not up to date. It therefore does not appear to be true reflection of the drainage proposals for the proposed development.

2.2.9  Appendix B5 site preparation and earth works

The title sheet of this report indicates that the last revision was on 17th November 2001, in other words 3 months before the first oral hearing. It was submitted for 3rd party review on the 18th September 2002. However there are many references in this document that suggest, unlike Appendix B4, that it has been up dated in the light of the work carried out in response to the Board’s letter. It may be significant that it was provided for 3rd party review just 2 days before submission on the 20th September 2002. 

Appendix B 5 is an important document because it contains information on the material quantities from on site sources and imported stone, a schedule of work, details of plant, machinery and geotextiles that will be used to prepare the site and construct the peat repositories and perhaps most important it contains Method Statements for specific items of work.

Appendix B5 contains a list of drawings that are provided in Appendix B6. Therefore these two volumes are in effect one. 

The report is a detailed introduction as if for a contractor who is about to undertake the work. It makes frequent reference to the AGEC reports in Appendix B3. It also refers to the Drainage Report Appendix B4  described above. It states that “Extensive investigation into the meteorological conditions for the area and the site investigations for ground and surface water have led to drainage designs that can confidently deal with all flows expected.” And refers to Appendix B 4.

The report concludes with reference to Landscaping. This section states in its entirety that 

“Once unsuitable material placement has been completed, the repository areas will be seeded to minimise risk of erosion of the surface and to enhance slope stability.

General site landscaping is subject to detailed plans (Addressed elsewhere)” 

The detailed plans are for general site landscaping as stated. There are as far as I am aware no further specific plans for the seeding of the repository surface. During the course of the hearing it was repeated that the repository would be seeded but no plans work schedules or horticultural and drainage activities were described. 

Appendix A is a list of the drawings in Appendix B6

Appendix B is a bar chart showing the schedule of Works

Appendix C is a drawing showing the existing open drains in both repository areas and also giving details of the investigations carried out to determine the position, design and condition of buried drains in the repositories. These drains are small consisting of permeable flexible pipes or pipes with gravel surrounds or just gravel. It is reported in the comments on the drawing that all these drains were clogged with peat and not operating. Appendix D provides a calculated description of the material that is unsuitable, and hence requiring a repository area, and the suitable material available to construct the repository. It concludes that there is sufficient material to build the repository and maintain the level of the perimeter roads after settlement. These figures will be discussed in the context of the peer review carried out by Arups.

It should however be noted that the cell areas listed appear to be approximate. If measurements are taken from scale drawings, in Appendix B6 the areas appear to be smaller. It depends whether the area is measured from the centre line of the access road or from the mid line of the slope on the side of the road. Differences of as much as 900 m2 can occur.

Appendix E gives details of plant and machinery that will be used for excavation work. It does not give details of the smaller excavators that will be used for placement of the peat in the repositories. These excavators referred to as 12 tonne  bog track excavators have a lesser reach than the large excavators (65 and 45 tonne) used to extract the peat from the terminal site. 

The Volvo A40 D haul trucks have a 37 tonne load capacity, a total loaded weight of 68 tonnes and 6 foot diameter wheels which exert a ground pressure when loaded through the rear wheels of 150 to 172 kN/m2. The strength of the strongest upper layer of the bog is often as low as 15 kN/m2. The weight of these vehicles illustrates the importance of spreading the load on strong wide access roads and also reducing speed.

Appendix F provides Job Specific Method Statements. These method statements are detailed and will not be described here in detail. Points of note are given below

Method Statement -268- MSO1 Settlement Ponds and Perimeter Ditches

· The reference drawings are -0257 002 and -0251 sheets 1-15. The latter were not provided with the response documents. 

· The scope of the work states that the drains and settlement ponds will be constructed in accordance with the drainage Design Report (referred to above as appendix B4). Drawings -0277 -001 and -002 show the up to date proposed position of the settlement ponds.

· Drawing -0257 refers to a puddle clay/liner base with stone protection blanket if required. As there are 6 ponds 40 m x20 m this stone could measure 2400 m3. This is not included in the totals for imported stone in appendix F

· The material (peat) dug from the existing and new drainage ditches will be cast aside and spread within the perimeter of the drainage scheme. This is taken to mean spread on the ground . This peat will presumably broken down in the process, and hence a potential source of eroded peat silt to later enter drains.

Method Statement -268- MSO2 Isolation of Drain D 22 

This drain is the main drain running north west to south east draining the valley on the site of the main eastern peat repository. The applicants intend to permit this drain or ditch to still function but seal it off from the drainage system in the peat repository above. 

· The work on this important drain will take place after the settlement ponds and the perimeter drains have been completed. 

· This timing is interesting because the perimeter drains are around the upper edges of the proposed eastern repository and then feed into a cross drain parallel to the proposed southern bund to feed into the settlement lagoons. The cross drain and the settlement ponds are at a higher elevation than the invert of Drain D 22. Therefore this main drain for the repository will not flow by gravity into the cross drain or the settlement ponds.

· It is proposed to minimalise (sic) the flow in D22 by undertaking concurrent works to divert the existing drains and the use of pumps.

· There are no details on excavation of additional drains down the valley to intercept the water entering D22 from the existing lateral drains prior to the construction of peat interface filter drains in the repository cells.

· A 6” diesel pump with a capacity of 380 cubic metres/hour or 105 litres per second will be provided to pump water from the drain.

· Reference to Minerex Environmental Ltd runoff data for Drain D22 shows that the flows in drain D22 can reach 300 l/s.

· Reference to the Schedule of works in Appendix B shows that the work on D22 begins in week 8 and lasts for 4 weeks whereas the construction of the band drains necessary before the southern bund can be construct do not start until week 15. 

· It is therefore likely that drainage in the lower part of the repository will not be completely controlled for some weeks after D22 is closed off. 

· It is intended to install a gravel layer around a pipe to replace the present open stream. The gravel will be covered with Terram 1000 geotextile and then a layer of till and finally a layer of peat. The peat specified for this final seal is ‘intermediate level peat’ (see drawing detail on Drawing -0277-001). 

· Intermediate level peat is peat from the middle layers in the bog described by AGEC as the weak peat layers. Whilst these layers probably have a low permeability and hence good sealing characteristics, their weakness particularly after re-working means that they are likely to be easily eroded by storm runoff, trying to follow the original course of the D22. Peat fill eroded from D22 will not flow into the silt ponds because the perimeter drain is a filter drain. The gravel and geotextile cover of which will be rapidly clogged by a flood of peat laden water.

· Timing is very important. The method statement states that no placement of peat will take place until Drain D22 has been backfilled. As the placement of peat is starting in the upper cells, this means that the final surface water drainage (as distinct from the filter drains, sometimes called ‘forest drains’ on the peat interface) will not be complete in the lower parts of the repository possibly for several months after D22 has been sealed. 

· There is no specific description in the method statement on how to protect the soft peat and the boulder clay infill on top of D22, in the event of an uncontrolled flood in the repository area.

Method Statement -268- MSO3 - Construction of Drainage Ditches within the Repository Areas

Part 1 of this statement (Forest Drains) describes the construction of new drains in the peat repository areas and perimeter drains around the repositories. It also includes reference to excavated material being used to fill adjacent existing ‘forest drains’.

· The drains will be cut 0.5 to 0.75 metres deep into the existing surface underlying the foot print of the proposed repositories. The ultimate purpose of the drains is to provide drainage under the ex situ peat.

· The first objective of the drains is to take water from the surface of the bog and lead it to the perimeter drains and then to the settlement lagoons.

· It is the stated objective that north south drains will be installed first in the eastern repository in order to direct flow away from the Drain D22.

· The most notable feature of the new drains is that they will be filter drains containing either 150mm, 300mm or 400mm perforated pipes laid within 20mm size gravel matrix inside a geotextile Terram 1000 or equivalent (see detail on Drawing -0277-002). The Terram will line the floor and sides of the drain and then folded over the top (Method Statement point 1.10). 

· Terram 1000 or equivalents are fine mesh non woven geotextiles. (Terram 1000 is discussed at length in Chapter 3)

· The applicant intends to use (clean out) existing forest drains in the eastern peat repository area.

· The Method Statement  in point 1.3 refers to excavated material being used to fill adjacent existing forest drains. Reference to drawing -0277-002 shows that in the peat repository areas there are few existing drains that will not be cleaned out and used. Therefore it appears likely that rather than haul peat in numerous journeys across the existing bog surface, the excavated peat will probably be spread on the surface in proximity to the drain. 

· The work by men and machines on each drain will disturb the surface of the existing bog. Peat fragments will be distributed around the new drains.

Part 2 of this Method Statement Surface Water Run-off Drains

This is a short method statement of just eight points. The content of the method statement is important, for what is said and what is not said.

· Point 2.1. states “Once each repository cell has been completed a series of shallow open drainage channels will be cut into the finished surface to facilitate surface water runoff”. It is important to note that these channels will be created only when the cell has been finished. It is important to note that these channels will be shallow. Reference to drawings below indicates that the channels will be 0.3 metres (or about 1 foot) deep.

· Point 2.2 states that the site engineer will mark out the positions of the channels as noted on two drawings -0277-003 and -0278-002. It should be added that reference to 0275-001 is relevant. These drawings are for the eastern and the northern repositories respectively. These drawings show the position of drains and also provide a cross section through the southern bund/perimeter haul road for the east repository and the northern bund for the north repository.

· Point 2.3 states that “The channels will be located around the perimeter of each cell except in the southern most cells of the east repository and northern cells of the northeast area. Here channels will be omitted along the length of the perimeter haul roads to be replaced with pipes through the roads.” 

· Reference to the two drawings confirms the location of channels on the peat surface around the perimeter of all cells except along the southern perimeter haul road of the east repository. However a drainage channel is shown along the length of the northern perimeter haul road in the northern area.

· There are no indications of pipes, connected to surface drains on the peat, shown through these perimeter haul roads on either the drawings or the cross sections of these haul roads.

· Instead there are two different layouts of a gravel filled drainage layer shown in the cross section through the perimeter haul roads. These layers are shown also on the drawings.

· Point 2.4. states that the channels will be cut using a 12 tonne tracked excavator sitting on the haul road. This means that the channels could be about 6-8 metres out from the edge of the haul road as this is the normal reach of a 12 tonne excavator. Point 2.4 states that the material excavated from the channel will be placed carefully in the cell and levelled. This means that peat or other material, but probably peat, which has already been re-worked several times will be excavated again and re-worked again next to the channels. 

· Point 2.5. states that pipes will be placed through the east west haul roads to allow for drainage from adjacent cells into subsequently the southern perimeter ditch. This directly contradicts the previous Point 2.3. where it was stated that there would be no southern perimeter ditch. 

· Point 2.5 states that no pipes will cross the north south haul roads. This statement is supported by the alignments in the drawings. It therefore implies that the surface drainage from individual cells and cumulatively from cells further up the slope will be contained in 0.3 metres deep channels.

· Points 2.6 -2.8 relate to placement of these pipes through the internal haul roads and maintenance.

· The Programme states on page 68 that observation and maintenance will continue through out the duration of the contract. This implies that the observation and maintenance of these drains will be limited to a period of several weeks.

· Finally in the list of materials for this work there is reference to “single size granular drainage material”. Whilst the drawings show drainage layers the Method statement does not refer to drainage layers requiring a granular drainage material.

· A specification sheet for Terram Geosynthetics is provided. Terram 1000 is listed on the second page. It can be seen that it has a pore size of 150 microns or 0.15 mm.

Method Statement -268- MSO4 construction of the repository area haul roads

This Method Statement is in three parts. 

Part 1 describes the initial haul road from the terminal site extending to the east into the eastern peat repository.

Part 2 describes the Southern Perimeter Haul Road in the Eastern Peat Repository, (otherwise referred to as the southern bund).

Part 3 describes the Remaining Haul Roads in the east and Northern Peat Repository areas

These Method Statements are detailed. I will not try to summarise all the detail but instead bring out salient points that relate particularly to drainage, materials and settlement and the inter- relationships between them.

Part 1 Initial Haul Road. The initial haul road would be constructed from the terminal site out into the eastern repository. 

· The road will be laid on a wide geotextile mat. The width of the mat will be the width of the road and the width of the balancing berms on either side. The road will initially be built with imported stone which will be bulldozed out across the mat. As other materials become available from the terminal excavation they will be used to construct the road and the balancing berms. 

· Heavy haul trucks will not use the road until the balancing berms are in place.  

· The initial haul road will be wide. The road at the crest is 9 metres wide and at the base it will be 13 metres. The two balancing berms will be made of unsuitable materials, a mixture of peat and soft mineral soils. The berms initially will be higher than the road surface. 

· The total width of road plus berms will be between 29 and 35 metres wide. See section B - B on drawing 0286 -001. 

· The road will not be constructed until the ‘forest drains’ (infiltration drains)  are in place. A large drainage blanket made from imported stone will be laid as shown on drawing 0282.

· When the road is complete it will extend across the eastern repository. All surface runoff will have to pass under the wide embankment through the forest drains or the drainage blanket.

· It is anticipated that the road will deform as the peat below it is consolidated. The purpose of the drainage blanket is to facilitate the drainage of the excess water from the underlying peat from underneath the wide road and berm in three sensitive areas identified by the AGEC stability analyses. The settlement of the road is expected to be 1.5 metres or less. The initial height of the road is only two metres. Therefore to maintain that height it will be necessary to add further strong engineering fill to the road

· The section on Materials specifies 100 kN/m Geotextile as per AGEC appendix B 3 Volume 1 table 17. This not a correct reference. The Table should be Table 18 on page 37 of 62. This table specifies that under all roads, including berms, less than 30 metres wide the geotextile reinforcement should have a strength of 100 kN/m. A 30 metre  wide road such as the southern perimeter access road should have a geotextile with a strength of 125 kN/m. 

· As the cross section of the initial haul road indicates that the road width could be 35 metres wide, there appears to be a slight uncertainty regarding the geotextile that will be used.

Part 2 Southern Perimeter Haul Road in the Eastern Peat Repository

This haul road is a critical component of the design of the peat repository. The method of construction is similar to the construction process for the initial haul road with significant differences

· A 0.5 m thick drainage blanket of single size stone (either 20mm or 40mm size) will be laid on a geotextile reinforcement laid on the peat surface under the entire road and balancing berms

· The reinforcing geotextile will be 125 kN/m strength

· Band or wick drains will be pushed through the drainage layer and the open grid geotextile at 1 metre centres to relieve the excess pore pressure in the peat below.

· A geotextile separator layer will be laid on top of the drainage blanket. The separator layer is designed to prevent the contamination of the drainage layer by the engineering fill for the road core and the peat and unsuitable soft clays and sands used to make up the large balancing berms. A typical geotextile separator layer would be Terram 1000 or equivalent. 

Point 2.11 states that the profile of the southern haul road will be as shown in drawing -0276. This is not correct. This drawing has a note to say that cross sections (profiles) of the haul roads are on drawing -0286. 

It is very significant that on drawing -0286 the profile C - C for the Southern Perimeter Haul Road (Southern Bund) is shown to contain a sloping drainage layer on the fill, or up slope side, of the road. 

This section C - C conforms with the design prepared by AGEC shown in Appendix B 3 Volume 1 Figure 18 (after the main text). In this figure the sloping drainage layer on the up slope side of the engineering fill is described as a 500 mm ‘Drainage Haunch’. 

This layer in both figure 18 and Drawing -0286 is sandwiched between the balancing berm materials and the engineering fill used to construct the road. 

It is shown with the peat fill abutting the drainage layer. 

The drainage layer is separated from the balancing berm fill by a geotextile.

Drawing -0277 003 is not a reference drawing for this method statement. This drawing is entitled Final Drainage and Topography. The drawing shows a cross section through the Southern Perimeter Haul Road and shows the sloping drainage layer, this time with the geotextile separator on the up slope of the drainage layer in contact with the peat fill.

The text of the detailed Method Statement does not refer to the sloping drainage layer or ‘Drainage Haunch’ shown on three separate final drawings. 

There is no description of how the drainage layer will be constructed It appears that the method statement was written before this important design element was introduced.

Finally it should be noted that in the Method statement on the Southern Perimeter Haul Road there is no reference to any design feature to facilitate surface water drainage from the peat fill over or through the road. There is for example no reference to drainage pipes mentioned in MS 03 part 2

Part 3 Remaining Haul Roads in the East and north east repository areas

This method statement repeats the general process described in parts 1 and 2. The statement refers to drawing -0286 and the cross sections contained therein, but does not specifically mention that there are two different types of haul roads not described in parts 1 and 2. 

There is a specific design for the perimeter roads around the northern repository and for the perimeter road around the northern part of the eastern repository. There is a second specific design for the internal access roads in both repositories. 

In addition there are specific design details relating to drainage in the northern repository northern perimeter road, whereas this drainage is not a design feature of the northern perimeter road on the eastern repository.

It again appears that construction and drainage are not co-ordinated. 

Method Statement -268- MSO5 excavation Transportation and placement of unsuitable material from the terminal site to the repository areas

Unsuitable material is a term used to describe peat excavated from the terminal site and unusable overburden from below the peat, meaning soft clays, silts soft weathered rock and soft till. These materials will fill the cells in the repositories, though some of the unusable overburden will be placed with peat to create balancing berms along the side of the roads to stabilise the roads.

The method statement describes in detail how the peat in particular will be handled with care. Stressing that at all times it there must be minimal disturbance. 

The large excavators can use buckets capable of carrying 2-3 tonnes of peat. This material is to be deposited in the large Volvo haul trucks. Though the excavators will not deposit the bucket load of peat from more than 1 metre into the haul trucks the impetus of 2-3 tonnes of peat into the empty floor of the haul truck body will disturb the strength of the peat. The haul truck will then travel for a kilometre or more across the floor of the excavation, up a ramp onto the uneven haul roads into the repositories to reach the unloading bay on the edge of the cell. These tipping bays will be at about two metres above the floor of the repository. The haul truck can raise the body through 70 degrees in 12 seconds and slide the peat from the tail chute into a pile on the floor of the cell. The body of the truck is about 6 metres long and the chute would be about 2-3 metres above the repository floor.  Therefore first peat to hit the cell floor will have fallen 2-3 metres. It will then be hit by the remainder of the 37 tonne load from behind, that will have accelerated down the 6 metre floor at an angle of 70°. The peat will then be dug from the pile by a 12 tonne excavator, with a smaller bucket than the large excavators. The first excavator will swing the peat to a stockpile next to a second excavator. The peat will be then dug out by the second excavator ,and either passed along the line to a third excavator or placed in its final position. Therefore the peat will be dug up and dropped 7 - 9 times before it is finally pushed and levelled to create the repository. It is important to not overload the in situ peat floor therefore the peat levels will be built up in stages. This may mean that the 12 tonne excavators have to travel over the lower levels of peat. This would further add to the breakdown of the peat strength. The final integrity and strength of the large amount of saturated, highly humified peat from the centre and lower part of the Terminal site, is uncertain. 

The peat will be placed up to an elevation of 2 metres and as stated in point 10. In the Method Statement the top of the peat will follow the contours of the land.

Finally it is of note that the repository cells will be filled in stages on either side of each east west haul road as shown in the sequence on Drawing -0280. This is prudent because it allows the peat on either side of the road to act like extended balancing berms for the roads. However it also means that several cells will be left partially filled for 4-6 weeks at a time. This provides an opportunity for the weakened peat to slump towards a slope of 1 in 20 on a 1 in 40 slope. It also exposes the peat surface to erosion by rain and runoff. The slumped, perhaps semi liquid condition of the peat may pose problems when excavators re-enter the cell, to complete the cell and try to build the peat up to 2 metres in height. 

The penultimate document in Appendix B5 is a statement concerning the Maintenance of the Settlement Ponds during Construction. This three page document sets out useful, prudent guidelines for maintenance of the ponds in relation to anticipated weather conditions. The document notes that silt excavated from the ponds may be too liquid to carry in a dump truck and therefore may have to be pumped. 

The document states that the peat silt will be placed or pumped onto the north side of the repository. 

The final document in Appendix B5 is a list of the imported material quantities. The list is sufficiently detailed. It will be discussed in the assessment in Chapter 3.

2.2.10  Appendix B6

This appendix is a volume of Drawings  providing plans, sections and details of the site and in particular details relating to the peat repositories and drainage. Several drawings have been referred to in the descriptions above. They will also be referred to in the following chapter.

The drawings provide to the Board are in black and white. When the applicant noticed during the hearing that certain details were not immediately clear to me from the black and white copies they gave me a coloured version, that they had been using through out, at the end of the hearing. This coloured version shows details in black, red, green, blue and yellow. The yellow print is faint and often not clear, therefore I have reverted at times back to the black and white versions. 

2.2.11  Appendix B7 - B12

This single volume presents 6 appendices. 

Appendix B 11 contains selected curriculum vitae. The other 5 appendices are short documents provided by different companies or groups of individuals who have either independently checked components of the applicants response in relation to the site preparation and earth works or who have reviewed the work carried out.

The appendices provided in this volume do not add new design features or new information. They are reviews or checks on the information, designs and calculations provided in the preceding appendices. Whilst making this comment, I am not diminishing them as a contribution. I am clarifying that these documents are a layer of review founded on the information provided in the preceding appendices.

Appendix B7 Review of Material Balance Calculations (Arup Consulting Engineers)

This is a useful independent check on the material balance calculations provided in Appendix B5. Arups have used information, maps, borehole logs supplied by others, and checked the calculations and assumptions regarding materials. Arups have used their own judgement regarding the characteristics of different materials from the excavation at the terminal site based on the site investigation material supplied. Arups have then calculated the volumes of different materials that can be used for different purposes or are unsuitable materials. The calculation of volumes of materials were carried out using an Autocad programme. The information is clearly presented and supported with assumptions and raw information. The Arups calculations refine the earlier calculations. They do not agree exactly but they come to roughly the same totals. Arups considered the possibility of excavating further into the hillside to gain extra usable rock for foundations and engineering fill. However they decided that this was not necessary as they concluded that sufficient material was already available to construct the terminal foundation and the haul roads in the peat repository areas. It is of interest that Arups conclude that traffic on the terminal site will reduce surface permeability and they stress the need for filter drains composed of clean stone around the periphery of the terminal footprint. It is of note that Arups have based their calculations on a decision that the internal peat repository haul roads will not be maintained at their design elevation. They have included a sum of material for maintenance of the profile of the perimeter roads as they settle in the peat in their calculations but not a sum for the internal roads. This appears to be a joint design decision with ASI.

Appendix B8 Review of work by ASI on Slope and Bund Stability (Arups Consulting Engineers)

This review was carried out by Dr Mike Long a lecturer in soil mechanics at UCD. The review  assesses the work by AGEC, discus’ the strengths and weaknesses of different methods, suggests and tries alternatives and in effect confirms AGEC’s calculations and designs. In the conclusions Dr Long comments that

“The mechanical behaviour of peat is on the borderlines of conventional soil mechanics and therefore care needs to be taken when using theories which were developed for mineral soils”. 

This is a clear statement of the problem facing geotechnical engineers designing a structure on peat.

Dr Long goes on to state that experience and a balanced judgement is needed in order to successfully cope with this problem, and he confirms that in his opinion AGEC have applied this successfully. Dr Long then endorses the drainage system proposed to improve the strength of the peat. The drainage system he refers to is the drainage blanket beneath the southern bund and in several cells in the interior of the eastern repository. He is not referring to the internal drainage of the ex situ peat or the surface drainage off the ex situ peat or the drainage system for surface water through the perimeter haul roads. Dr Long did not review these details as they are not a critical component of the calculations to determine a safe design for the stability of the bunds and the repositories.

Appendix B9 Independent Review of work by ASI on Slope and Bund Stability (TES Consulting Engineers)

This appendix is a three page letter which is a review of the work by AGEC, Arup, RSK, ASI and the Peer Review Group. This document describes the relevance, extensive nature, overall conclusions and designs and confirms the findings. 

Appendix B10 Report by Earthworks Peer Review Group. 

The above title is slightly modified on a second title page and given as

“Earthworks Slope Stability Peer Review, Review Note”, 20th September 2002

This peer review group consists of four people with additional experience and knowledge regarding peat, engineering, hydrology, hydrogeology, and geotechnical engineering. They were engaged by Shell. They reviewed the earlier documents and then draft documents prepared by the applicants consultants during the course of the work during the summer of 2002. They met and received and questioned presentations from other consultants, review draft final response documents and then drafted a joint Review note. Sections 1 and 2 of this note are essentially descriptive. Section 3 contains Conclusions and Recommendations that draw together the role and opinions of the Review Group. The main points are:-

· The original request of the Review Group was to “examine and determine the integrity of the assumptions and engineering.”

· The first opinion of the Group in June 2002 was that the scarcity of good interpreted site investigation information at that time indicated that the largely conceptual nature of the proposed designs was unlikely to ensure the long term stability of the peat repositories and in particular the southern bund.

· The Review group advocate that there was a strong need for more geotechnical and hydrological information in order to address the overall stability problem.

· Since their original opinions they state that the scarcity of data has been addressed and designs refined, though they state that the interpretation of the large data sets is not yet complete.

· They state that an analysis of stability has been carried out that in a conservative manner addresses the potential risks associated with slope stability.

· They state that the analysis has built up a degree of confidence in the overall analysis, but it indicates the need for on going monitoring and maintenance of the repository site.

· They go on to state that 

“Drainage is required both for the base of the bunds in terms of pressure relief and also to remove excess surface water resulting from rainfall. Routing of this ‘drainage’ is important both from an environmental point of view (water quality) as well as for overall slope stability (not allowing excess water pressure to build up gradient of the bunds).

It is of note that this comment on drainage does not refer to erosion of the peat or the bunds. It is confined to slope stability and water quality considerations. 

· The final line of the conclusions is a caveat which states that the conclusions should be regarded as informative and not as validation of the design itself, which they state is beyond the scope of their brief.

· The final section on Recommendations clearly stipulates the need for a geotechnical engineer on site, the use of the observational method, a long term monitoring programme and a series of post construction bench mark surveys from which to gauge any change in stability.

Appendix B 12 Environmental Review of Refined Design (RSK Environment Ltd)

This appendix is integrative. It tries to pull together the various threads of the new information and designs and relate them to the environment. This report particularly relates to peat drainage and traffic. It considers traffic with in the context of extra imported stone. 

The description of drainage is a repetition of information from drawings and other appendices. It, for example, confirms that drains in the insitu peat will perforated pipes in gravel fill wrapped in geotextile. It adds a useful comment that laying down the small trees and scrub on the present site will help create a more permeable layer at the base of the ex situ peat placed in the cells. This comment is apparently a personal communication from other members of the applicants team and therefore is not discussed elsewhere. 

Point 4 (page 4 of 13) comments on the surface runoff and other drainage from the deposited peat into the settlement ponds. It confirms in sub points a) and b) design details described elsewhere, but in c) provides a summary that states drainage channels formed in the top surface of the placed peat adjacent to the haul roads/bunds that will form an orderly drain system. The report curiously does not mention how the surface water from the top of the peat reaches the perimeter drains and the settlement ponds.

Chapter 2 provides an up date on Background studies and mentions for the first time hydrogeology in some detail relating to drain D22. 

Chapter 3 describes mitigation of the refinement of the designs in response to the Board’s letter. It refers to drain D22 again and refers to nutrients and suspended solids commenting that the revised designs will have little impact. Then in section 3.2.1. the report refers to brush wood dams in the open drains and then refers to MS01 in Appendix B6. This reference should be Appendix B5 but the reference to MS 01 indicates that the author is referring to the existing and new drains in the in situ peat surface. The report then goes on to state that these drains will be wrapped in geotextile filter to prevent these drains clogging with ex situ peat runoff laden with suspended solids. This is the first reference in the response documents that indicates that a geotextile will filter out peat particles in run off and prevent them getting into a granular drainage media and a drainage pipe.

However two paragraphs further on the report states that “surface water on the placed peat will be lead away to the perimeter drains (and hence to the settlement ponds) by shallow surface drains constructed for that purpose.” Again there is no clear description of how surface water gets from the top surface of the peat repository down to the perimeter drains on the outside and at the base of the perimeter bunds. 

The report concludes with a discussion of traffic mitigation and on going monitoring of water pressures and nutrient levels in water.

2.3. New Information Provided in the Resumed Oral Hearing

The first part of the Oral Hearing in February - March 2002 produced a large amount of additional information that had been gathered by the applicant in the months prior to the hearing. In particular there was a large database of geology, soils, meteorology, hydrology, water quality and hydrogeology information. The new information was partially interpreted and assessed during the hearing for the benefit of the hearing and then more fully analysed in my first report to the Board. The Board requested clarification by the applicant in June 2002 and the applicant responded with a large amount of new information in the Response documents in September 2002. The subsequent re-convened hearing in November aimed at obtaining further clarification of the information, analysis and designs and proposed site preparation work and drainage system. Therefore the oral hearing was less about obtaining information and more about testing the information and designs presented in the response documents. 

The oral hearing was very useful in that clarification was obtained in relation to specific details of the information and designs and work schedules. Few formal submissions were made on matters relating to site preparation and drainage, most of the time and effort was spent inspecting elements of the detail presented in the response document. However one significant new submission was made on hydrology and hydrogeology. Though the Board had requested clarification that related to runoff and drainage, the applicant had not submitted a response document containing the results of on-going monitoring and interpretation relating to rainfall, runoff and hydrogeology at the site. This information was requested at the hearing and the applicant prepared and presented a significant up date on these matters. Minerex Environmental Ltd (MEL) presented 12 volumes of detailed monitoring information.  Numerous graphs, cross sections and maps were presented as illustrations at the hearing, in order that all parties were brought up to date on the results of the on-going monitoring and research. At the end of the hearing a CD containing several hundred megabytes of raw data and graphs was presented to the Board. These data have since been assessed and certain graphs will be used to illustrate points in the assessment in Chapter 3.

The apparent issues, uncertainties and points requiring clarification prior to the hearing and during the hearing were the focus of attention at the hearing. Subsequent integration of the information and opinion obtained at the hearing from both the applicant and the appellants has lead to some further research into soil mechanics relating to peat and geotextiles.

It appeared from the hearing that the applicant had carried out a large amount of work in a short space of time in order to respond to the Board’s request for clarification. It appeared that much of the focus of this effort had been on the stability of the existing peat and the stability of the proposed repository structures on this peat. However it appeared that there was still confusion and uncertainty regarding the design and both the short term and long term functionality of the drainage system for the peat repositories. Several of the Third Parties had considerable experience of handling peat and the problems of drainage and stability. Their contributions and questions also tested the effectiveness of the applicants proposals for handling reworked peat and drainage. It appeared clear that the various peer or expert groups had not assessed the drainage designs, and site preparation method statements in detail. It was clarified by the peer review group that they had been asked to undertake a strategic role, rather than undertake an in depth assessment of the precise details of the drainage design and correlate this with the construction method statements and the expected subsidence of the peat repositories over time. The applicant was asked to clarify several uncertainties regarding the design and functionality of the drainage systems. Illustrations of potential problems were provided for the applicant in order to clarify the importance of the uncertainties that still remained. The applicant responded at the time and also in the form of a short written submission. This document helped to clarify a design uncertainty and went on to state that the drainage of surface water as planned would work. This document and other responses will be discussed in detail in the assessment below.

3 Assessment

3.1. Introduction

The Applicant has responded to the Board’s letter with an intense field investigation and analysis and design programme. A large amount of new information has been provided in a short space of time. The applicant has presented this information in great detail. The information also has been assessed in great detail, to a degree which may appear unusual. As the applicant’s planning consultant stated in his closing submission, the Board’s oral hearings ‘have subjected the proposed development to intense and unprecedented scrutiny’, in his opinion. The reason for such a detailed assessment is that the applicant is proposing to build a type of permanent structure that appears to have not been attempted in the past. From all the information provided, evidence given in the oral hearing and background literature research, there appears to be no information to indicate that anyone else has successfully built a large scale, permanent repository for excavated saturated peat on a site which is already an existing, sloping, blanket bog. 

Whilst in theory or principle the concept of a repository might appear simple, the actual practicality of permanently retaining a weak material, in a floating state, on top of another weak material, on a slope is extremely complex. 

The applicant has, in my opinion, made a considerable, serious and impressive effort to understand and cope with this complexity. The objective of the following assessment is to take the information provided by all parties, integrate and correlate the information and try to determine whether it makes sense and whether it will work. The objective is not only just to understand what has been said or written, but go beyond this, and try to see whether anything, of a significant nature is absent. In other words see if there are any important angles that have not been covered. I recognise that the following assessment is an onerous responsibility. I recognise that the identification of a critical omission would cast into doubt the viability of the entire proposed development. The main subject of which, initially, was presented as a gas terminal. I also recognise that if I fail to recognise a critical weakness in the proposed development, then the consequences for the environment, the local infrastructure and possibly human life may be serious. Finally I also recognise that I am not an expert in soil mechanics. I am an experienced hydrogeologist with a sound knowledge of surface water, groundwater, soils and rocks, but I that does not make me into a geotechnical engineer. Therefore I am looking into the work of experts in other fields from outside their discipline. This may be an advantage; but it also involves learning and there is a risk of misunderstanding. 

I have identified and assessed in specific detail several uncertainties and major flaws. I do not believe that the applicant has, in anyway tried to hide or obscure any of these findings. In a way I wish that the applicant would have had more time to respond to the Board’s letter, because I believe that with greater time there would have been time for reflection, integration, revision of designs and perhaps a recognition that an alternative proposal is essential. However it must be noted that, in the proper process of planning, all this investigation, analysis and design should have been carried out prior to the submission of the EIS and planning application at the end of April in 2001.  As I concluded in my earlier report last year, the original planning application was premature. I don’t believe that, at the time of the original application, the applicant was aware of the complexity that would arise from what appeared to be a simple solution to a common problem in Mayo. 

3.2. Assessment of the Site characteristics

I refer the board to my first report in May 2002 in which I described in detail the natural topography, drainage, soils, peat and bedrock geology. The applicants Response document has presented a large amount of new information with regard to the specific characteristics of the peat repository sites. I will reiterate some basic characteristics of the site and location and will then add the new information obtained.

3.2.1. Rainfall

The rainfall of north west Mayo is high. The Metéireann Belmullet rain fall data presented in the EIS for the 1961 -1990 period shows average annual rainfall totals of 1,142 mm per annum. The highest total rainfall is in winter with monthly averages exceeding 100 mm. The highest daily rainfall recorded between 1961 and 1990 was 67.8 mm. It occurred in October. The average number of days with greater than 0.2mm rainfall each month ranges from 18 in May to 24 in October and December. 

The average total number of days when there is measurable rainfall (>.2mm) is 249 days. In other words not only is the rainfall high, but it rains on two days out of three. 

The EIS stated that the expected one hundred year maximum intense rainfall event would be 29.5 mm of rain in one hour. However it should be noted that such rainfall events usually do not occur in isolation. There has usually been rainfall before and after such intense rainstorms. Therefore the cumulative total of rainfall over a two to three day period will often be much higher.

Minerex Environmental Ltd (MEL) have been monitoring weather and climate since 2001. They have installed instrumentation to measure rainfall at fifteen minute intervals.

Figure 3.1. Shows the 15 minute rainfall totals for the climate station at the site during the summer and early autumn 2002. The persistence of the rain at the site in the early summer and mid to late October is apparent. The good rainfall records for the summer of 2002 prior to the submission of the Response documents in September do not appear to have been taken into account by the applicant in relation to the Board’s letter requesting clarification on drainage.

 Figure 3.2 shows the structure of heavy rain taking place (after the submission of the Response documents), between lunch time on the 20th  of October 2002 until 6 am the following day. In this 18 hour period over 55 mm of rain fell on the site. The build up of rain intensity during the afternoon to a peak of 2.6 mm in 15 minutes (equivalent to over 10mm per hour) followed by low rain at 9pmm and then followed by another 3 hour period of intense rain raises the obvious question of run off and maintenance of drainage systems on a construction site in a blanket bog during the night. The relatively low rainfall from midnight to 5am was followed by a severe downpour just before dawn. This is the reality of rainfall in this area. Frontal rainbelts sweeping in from the Atlantic.

Rainfall and resultant runoff are major considerations for the construction and long term integrity of a large project involving excavation and deposition of soft soils at this location.

3.2.2. Topography

The topography of the site within the overall context was shown in my earlier report. Figure 3.3. shows the topography of the Eastern Peat Repository copied from AGEC Drawing 001 in Appendix B3 Volume 2. 

The contours are labelled in metres above Ordnance datum Malin relative to a local bench mark on Bellanaboy Bridge. The topography has been coloured in 2 metre intervals. A two metre interval has been used because one other topography figure only has two metre contours. The colours used for all topography figures are the same to assist comparison, between figures.

Figure 3.3. shows the outline of the proposed eastern repository. It is apparent that the repository will rest on both sides of a small shallow valley. The high point in the north west is about 42 metres and the low point in the centre is about 28 metres. Though the applicant frequently refers to overall gradients being about 1 degree, it can be seen that the gradients vary. The contour spacing on the western side and axis of the valley are much closer than the eastern side. 

It can also be seen that on the south and east side just below the southern limit of the repository, the gradient increases suddenly. In my earlier report in May 2002, I noted this change in gradient followed by a flattening of gradients to the south of the R314 road and diversion of drainage alignments. I suggested that this might be evidence of a historic peat slide. This change in topography and peat thickness in this area and described below was not noted by AGEC when assessing evidence of past peat stability in their reports and during questioning in the oral hearing.  

3.2.3. Subsurface Topography and Peat Thickness

The blanket bog has grown on a subsurface of boulder clay and soft clays and silts as shown in Figure 3.4. It can be seen that the shape of the valley is very similar to the surface topography shown in figure 3.3. the gradients appear to be steeper because the contour interval is every 0.5 metres. Even so the bands of colour representing two metre intervals show that the subsurface gradients under the repository on the west side are steeper than on the east. The floor in the centre of the valley in both maps is flat. 

It is significant that the subsurface topography in the south east corner also steepens, particularly when compared with the gradients on the south west side.

It is informative to compare the subsurface contours with the peat thickness contours in Figure 3.5. Immediately it can be seen that the peat thickness in the south east area that I have referred to is very thin. In parts less than 1.5 metres. Whereas on the south west side, the peat reaches its maximum thickness of over 4.5 metres. This thick peat occurs on a relatively low gradient subsurface topography. 

The south eastern area of thin peat may be thin for other reasons. For example the peat may have been cut for fuel. No history of turf cutting in this specific area became apparent in the oral hearing. 

The coincidence of thin peat on an area of steep gradients at the base of the peat, where otherwise the lower slope peat is thick, is in my opinion significant. My previous concerns that this blanket bog has experienced a slide in the past have not been allayed by the latest information. The applicants apparent lack of awareness of this coincidence is also of concern. The Board can observe that the south eastern part of the southern bund is placed at the top of this slope in the subsurface topography, perhaps on an old slip plane.

The figure showing peat thickness (fig 3.5) shows how the thickest peat (above 3.5 metres thick) extends from the southwest across the centre of the valley and the proposed repository. This pattern of peat thickness is roughly the same as shown in MEL figures prepared for the first oral hearing. 

It is apparent from the stability studies by AGEC that consolidation of the existing peat and settlement of the peat repository will be most pronounced in areas where the peat is saturated and thick and least where it is thin and relatively dry. Therefore from this peat thickness map it is possible to predict where the short term and long term settlement of the repository is likely to be greatest.

3.2.4. Groundwater Levels 

The site investigations for the repository areas and the on going monitoring by MEL have added to the previous understanding of the groundwater flow system in the area. The recent information has also confirmed the general pattern of groundwater flow that was evident at the first oral hearing and described in my report to the Board in May. I will not repeat the general description. 

Figure 3.6 is a copy of a summary groundwater diagram presented by MEL during the hearing. It shows the water levels in the peat on the 12th November 2002. These are winter water levels. The blue contours are groundwater levels. The contour interval is two metres. The topographic contours for the surface of the peat are in light grey at one metre intervals and a pen has been used by MEL to make the elevations clearer. It can be seen that the groundwater levels are at or very close to the surface of the peat even in the upper, and better drained parts of the site. The pattern of the contours follows the topography of the eastern peat repository valley  but there is a pronounced indentation adjacent to the pink line in the base of the valley which is the position of the Drain D22. D22 is incised in the peat and in places the bed of the stream/drain is resting on till or clay below the peat. Recent investigations and monitoring data have indicated  that D22 locally drains the peat and also receives upward flow from the sub peat layers. In order to continue this pattern of groundwater drainage and also to control surface drainage the applicant has decided to try to isolate D22. This is a prudent concept, but as has been indicated in the discussion of Method Statement MS02 there are obvious practical difficulties.

Figure 3.7 is an example of a section through both the northern and eastern repository areas. The legend is not included, it is detailed, but I have included the figure just to illustrate general points. The upper pink layer is the thickness of the peat. The pale grey layer is soft clay and silts and the till layer. The pale green layer is the weathered bedrock and the dark grey is the less weathered mica schist and psammite bedrock.T he arrows show the general direction of groundwater flow. The orange line close to the top of the peat is the water level in the peat. The green line, often below it is the water level in the weathered bedrock layers. It can be seen that under the northern repository site the sub peat groundwater level is considerably below the water level in the peat. The peat water level is thought to be ‘perched’ and essentially separate. Water is held in the peat by the lower permeability lower peat layer, though some water will seep downwards to the lower water table below. This pattern also underlies the crest of the hill. The long thick red line above the section outlines the zone in which MEL believe the water in the peat drains down into the subpeat groundwater system. To the left of this line it can be seen that the two water levels are nearly coincident. This is the centre of the eastern peat repository. The coincidence of the groundwater levels in the two systems in this area opens up the theoretical possibility of an upward pressure from below the peat id the water levels in the insitu peat are drained. Whilst this is a theoretical possibility I do not believe it will prejudice the peat repository designs. An iron pan and clay layers will inhibit upward flow if these conditions are created. It is of note that in the lower part of the eastern peat repository the weathered bedrock water level is a metre below the peat water level. A second section across the lower part of the repository area (not shown) indicates that the sub peat groundwater in the till is confined and there is an upward pressure of about a metre exerted on the base of the peat. This may be significant in relation to pore water pressures in the soft clays below the deep peat under the southern bund. 

3.2.5. Surface Water Runoff

The existing blanket bog has a vegetated surface layer. Therefore runoff is retarded. MEL has obtained very informative information on surface flows. Figure 3.8 shows the flow in Drain D22 draining the eastern repository valley during the rainfall events shown in Figure 3.2 and a subsequent rainfall period about a week later. The rainfall is shown in blue and the surface runoff in red. The graph shows how after about two hours of heavy rain in the afternoon of the 20th the flow suddenly increased from around 10 litres per second to 300 litres per second, and high flow rates persisted during the night. The runoff rate receded over the next twenty four hours. A short intense rainfall in the early morning of the 26th October lead to a sharp rise in flow rates, but because the rain was not persistent the flow only reached 75 litres per second. Another prolonged rainfall period during the following evening and night lead to flow rates of above 250 litres per second. This flood persisted for about 12 hours. These data show that on a semi natural vegetated surface roughly equivalent to the area of the there are rapid floods if there is persistent heavy rain. The rainfall intensity in the events shown in the graph are less than fifty percent of the 1 in 100 year event predicted in the EIS.  The rainfall and runoff during the summer of 2002 is shown in Figure 3.9. This shows that summer storms also lead to rapid runoff from an absorbent blanket bog on a slope. It is difficult to imagine flows of water. A flow of about 20 litres per second is sufficient water supply for a small town of several thousand people. To assist the Board I include a photograph of a flow of groundwater in part of the current excavation for the Kildare Bypass. The total flow from the cutting is being monitored by the contractor. The photograph Figure 3.10 shows a flow of about 150 litres per second. It can be seen that this flow, which is roughly half the flow in D22 on the night of the 20th of October, has cut back into a stiff clay channel moulded by an excavator. The power and turbulence in this flow is evident. 

3.2.6. Surface Water Turbidity

The applicant has been monitoring turbidity values in the streams or drains leaving the site. Figure 3.11. shows the partial record of turbidity recorded by MEL’s automatic sampling instruments during the summer of 2002. I understand that these instruments are prone to breakdown. This is why there is a gap in the data in August. It can be seen that there is a large amount of peat silt in the water during July. The catchment of drain D22 is vegetated and not being eroded. The rainfall and runoff at this time (refer to figure 3.9) was not high the silt load in the drain exceeded the maximum levels of 1,500 turbidity units on several occasions. I have compiled this graph from raw data since the hearing and therefore did not clarify the possible causes of this silt load. However I am aware that load tests, trial pits and other site investigations were taking place on the bog at the time. Therefore I suggest that work on the bog is the probable cause of the high peat silt load. As the Board is aware, from my description of the surface drainage on the completed peat repository, I am very concerned about the ability of the proposed surface drainage design to cope with peat silt laden runoff during and after heavy rain. The graph in figure 3.11 gives an illustration of the silt load when there are minor works on a vegetated bog surface. The monitoring data collected by the applicant indicates that runoff from a naked peat surface probably would be several orders of magnitude greater.

3.3. Assessment of the Proposed Site Development Works 

3.3.1. Introduction

The proposed site development works are described in detail in Chapter 2. The Boards letter requested clarification relating to the stability of the proposed peat repositories and the drainage from these repositories. In the following sections I intend to discus both these issues but also assess how they relate to each other. As the Board is aware the peat repositories are being constructed as floating structures on compressible blanket bog. The applicant recognises that even by spreading the load or stress of these structures on the underlying bog the structures will sink to a varying degree into the bog. As the Board is also aware the uneven subsidence of the foundations of structure leads to tilting of the structure. The peat repositories are large, low and flexible structures, designed to follow the natural shape of the existing contours. Any differential settlement of such a low structure would not be noticeable to the eye. However the slope of the existing bog is simple and gentle. Therefore if the peat repositories, in particular the eastern repository, sinks more in one general area than others there may be subtle changes in the slopes and this may influence the direction of surface flow on the peat surface. It is important to determine the relative topography of the different components of the peat repositories in order to understand where water will flow and whether the drainage system will function. 

In order to carry out this assessment I have studied in detail and used many drawings presented by the applicant. These drawings are usually large 1:1000 or 1:2000 plans with sections and details at scales of 1:100. I have reduced these documents to A4, but tried to maintain the proportions.

3.3.2. Final Topography of the Eastern Peat Repository

The final topography and shape of the eastern peat repository is determined by the consolidation of the underlying blanket bog and by the final design decisions on the width of the balancing berms on either side of each access haul road. 

Figure 3.12 is a copy of ASI Drawing -112-0277-003 Final Drainage and Topography from appendix B6. It shows the proposed layout of 15 peat cells. Numbers at the corners and in the centre of each cell provide anticipated elevations of the final surface to ordnance datum at the end of the repository construction period. Contours, again with elevations depict the shape of this final topography. 

It is of note that these contours cross the internal haul roads and bunds. It became clear from the response document and the examination in the oral hearing that the height of internal haul roads will not be maintained as they compress the underlying bog and settle. It was clarified by the Construction Superintendent and the Geotechnical Engineer that these internal roads will be at the same elevation, or perhaps below the elevation of the final deposited peat. In fact they may be overlaid with peat. The shallow surface drains on the finished peat repository surface run parallel to the haul roads. I have highlighted them in pale blue, with arrows showing the presumed direction of flow. The surface drains appear to run just outside the edge of the haul roads shown in cross hatching. 

The drawing shows where the surface drains are piped through the east -west internal haul roads. Pipes are not shown crossing the north south roads. The surface drains terminate at the corners of each cell at the southern perimeter haul road or southern bund. 

There is no drain shown along the southern perimeter haul road inner margin on this drawing or any drawing. 

The southern perimeter haul road has a ‘drainage haunch’ or drainage blanket shown in several cross sections, sloping down the upper surface of the engineering fill used to construct the road. This feature is 0.5 m wide and sandwiched between the engineering fill and the balancing berm. It is shown on the original drawing as a small area of cross hatching inside a pecked line. 

A small area of the drainage haunch will be exposed at the top of the southern perimeter haul road. I have shown it on figure 3.12 as a thin blue line.

It appears from the original drawing that surface water on the final peat surface flows down the north south drains and then somehow distributes itself on behind the southern perimeter haul road and percolates down the drainage haunch.

 Figure 3.13 shows the underlying surface topography in colour below the detail from figure 3.12. It can be seen that the contours for the deposited peat roughly follow the same pattern as the underlying original surface of the existing bog. There is no inflection of these contours to depict the settlement of the internal access roads.

Figure 3.14 is an overview in colour of the contours of the final peat surface, and the outline of the surface water drains on this surface, set against the surrounding existing bog topography. The haul roads are not shown in order to illustrate the shape of the surface with the internal haul roads, having settled. The contour interval for the deposited peat surface is as shown on the ASI drawing and is two metres.  The colour code for the elevations of the existing bog topography apply.

 It can be seen clearly from this diagram that the surface drains are at an acute angle to the contours. The gradient is slightly deceptive because there is a two metre contour interval. 

The drains are open drains. They are shown in a detail on the original ASI drawing as being 0.3 metres or roughly one foot deep.

Surface water tried to follow the steepest gradient downhill. It is evident that if there is a blockage on any of these drains at an angle to the contours then the water may not be contained in the drain, and may  start to flow directly down hill at right angles to the contours.

The haul roads and balancing berms are constructed of more dense material than the deposited peat. The haul roads are different widths. The design widths of the haul roads and the berms are shown in ASI drawing -0286-001 in 4 cross sections. The widths of the berms are sometimes given as a range. For example the sections show that a berm may be 4 to 6 metres wide. I have taken the details from these sections and used the larger berm dimensions in order to calculate the maximum design width of the footprint of each haul road and balancing berm. In effect I have drawn the width of the reinforcing geotextile that will be laid on the existing bog surface prior to construction of the haul roads. 

Figure 3.15 shows the revised widths of the haul roads, from the section details, superimposed on the original widths of the haul roads from ASI drawing -0277 - 003 shown in figure 3.12.  It can be seen that the red cross hatched area for the roads is narrower in width than the solid red which is the maximum width of these structures. 

It can also be seen that in the northern part of the repository it appears that the balancing berms will overlay or abut the perimeter drains outside the repository. Therefore it appears that ASI drawing 0277-003 probably does not truly reflect the interrelationship between the perimeter drains and the haul road berms. The figure also shows that the toe of the southern perimeter haul road external balancing berm comes to within 15 metres of the southern perimeter cut off drain. 

Figure 3.16 shows the maximum design width of the foot print of the haul roads and balancing berms superimposed on the existing bog peat thickness map. It can be seen that the southern perimeter haul road and the southern east west aligned internal haul road both cross the areas underlain by the thickest peat. There are drainage blankets for both of these roads in order to drain excess pore water from the underlying bog as it is compressed by these roads. It is anticipated in the design that the settlement of the haul roads and berms will be greatest in the areas where the roads overly the thickest peat deposits. Therefore it is anticipated that the haul roads and berms will settle or sink deeper in a swathe across the repository running from the south west corner diagonally through the central lower portion of the repository.

Figure 3.17 shows the same details as figure 3.16 but with the addition of the position of the surface water drains on the top of the completed repository. It shows that the drains, as copied from ASI drawing -0277-003 overly the foot print of the balancing berms which,  being more dense, are expected to settle more than the peat fill in the cells. As will be shown in Section 3.3. below the road in the centre between the berms is expected to settle further than the berms. As will also be shown in Section 3.3., below, the design of the berms on most of the internal haul roads shows that before settlement the berm height is higher than the road height.

It appears that with the differential settlement the internal access roads will not form a high point that separates the individual cells of filled peat but will form a relative low point. Figure 3.18 shows the footprint of just the deposited peat on the existing peat. The position of haul roads  have been omitted from this figure. It can be seen in the middle row of peat cells that the peat to the north of an area with a peat thickness of >4.5 metres, is on thinner peat than the haul road below.

It should be borne in mind that with secondary compression and creep in the existing bog under the stress of the roads, that  the settlement of the internal roads will continue for a significant period after the completion of the construction of the repository. Therefore the roads may not separate the surface drainage in the cells but may encourage the drains to coalesce, perhaps down the centre alignment of the road. 

It appears therefore that there is a significant uncertainty regarding the position of the surface water drains shown on ASI drawing -0277-003, and the separation of drainage in order to distribute surface run off evenly to the drainage haunch in the southern perimeter haul road or southern bund. 

The fact that these drains are to be shallow and cut or pressed into a soft broken peat surface, with weirs made of brush wood and small logs to encourage silt settlement reinforces this uncertainty. I am also mindful that the proposed surface drains must function in perpetuity.

In order to gain an understanding of the route that surface water would follow if the proposed drains do not exert long term control, I have compiled a simple flow net diagram shown in Figure 3.19. 

This figure shows the topography of the peat repository at completion set against the surrounding bog topography. On the peat repository I have taken regularly spaced starting points at the perimeter haul roads on the north, east and west sides and drawn flow arrow directions perpendicular to the repository surface contours.  These flow lines represent the way surface water would flow on the topography shown in ASI Drawing 0277-003 if it is unfettered by the shallow drains. The flow lines show the way in which surface water will concentrate along certain alignments and eventually congregate in the shallow valley floor above the centre of the southern perimeter access road. In other words the natural flow on this surface, as has been shown on many of the preceding figures, is not an even distribution to the drainage haunch exposed on the inner lip of the southern perimeter access road. 

AGEC, prepared a drawing for the reconvened oral hearing to show the anticipated settlement of the peat repository at some time after completion of the repository. This drawing is labelled 010. There was considerable discussion during the hearing in order to clarify the basis for this drawing and the way that the elevation of the surface was calculated. An attempt was made to clarify the time period for the calculation of this  anticipated settlement. It is not possible to precisely define the settlement for some period in the future, and therefore I take this useful drawing as an honest best guess at the probable topography of the peat repository surface. 

I have reproduced the topography from this drawing and superimposed it on the topography of the existing bog for scale in Figure 3.20. AGEC Drawing 010 used a 0.5 metre contour interval which is helpful.

Comparison of the topography shown in figures 19 and 20 shows that the broad floor of the repository below 32 metres OD, behind the southern perimeter access road, has expanded. It also is subtly apparent that the peat has settled to a greater degree in areas overlying the thick in situ peat below, particularly in the south west and centre of the repository. Notice for example how the 34 metre contour has moved northwards along the western perimeter haul road.

In figure 3.21 I have shown the same type of flow net as is shown in figure 3.19. This shows how the anticipated differential settlement at some point in the future tends to concentrate surface water flow further. Runoff from the north east part of the repository is drawn down towards the area of greater settlement above the area of thick peat in the centre east of the repository. On figure 3.21 I have drawn attention to the lowest point in the repository which is anticipated to be below 30.5 m OD. I have also drawn with a green line a probable internal catchment divide that would direct surface flow in a small portion in the southeast of the repository towards the perimeter bund. Otherwise the anticipated settlement will encourage flow to the centre of the repository.

Figure 3.22 shows the surface water drainage as designed and presented in drawing -0277-003 and the ‘natural drainage pattern’ that would develop on the topography shown in AGEC drawing 010. In effect the drawing shows where differential settlement is likely to encourage the drainage system to break down, particularly on the alignment of the eastern internal, north south haul road.

I am mindful that 

· The proposed drains are shallow. 

· The finished surface of the deposited peat is soft, weak and susceptible to erosion. 

· The establishment of vegetation on this surface has not been described or given any time scale. 

· The surface will receive rainfall on average 18-24 days a month and therefore is likely to remain water logged. 

· It will be difficult to stabilise the surface with vegetation.

· Runoff from the saturated surface will be almost 100% during periods of prolonged rain.

· The applicant has proposed to place brushwood weirs in the shallow drains in order to encourage silt settlement.

· These weirs will form a barrier to surface flow in the shallow drains.

· The weirs will encourage water to back up in the shallow drains, flow over the banks and then follow the steepest gradient down towards the centre of the peat repository. 

· In effect these weirs will encourage the surface runoff to break down the proposed drainage system and follow the ‘natural’ lie of the land

· These weirs are a design flaw, that will exacerbate a drainage system that will be difficult to control.

My assessment clearly indicates that the proposed drainage design concept of evenly distributing surface runoff, in perpetuity, to a drainage haunch along the southern bund is unrealistic. Instead surface water will concentrate in the lowest point of the repository in a small area behind the southern bund. Therefore the capacity of the drainage haunch over this smaller area is a critical issue. This issue is assessed in section 3.3.5.

3.3.3. The Design and Settlement of Haul Roads 

The access haul roads are very important components of the proposed peat repository structures. The principle purpose of the roads, for the applicant, is to enable peat and other unsuitable materials to be transported and deposited in an order fashion in the peat repository cells. 

The applicant frequently emphasised that the hauls roads are not ‘retaining structures’ in a geotechnical sense. They are not designed, and do not need to be designed, to withstand a significant lateral pressure from the peat material in the cells. In other words the peat in the cells is not exerting a strong push sideways, and the hauls roads do not need to be designed, like a dam wall, to hold the peat back. 

This is accepted in terms of stress, but broken up peat and other disaggregated soft clays, silts and weathered rock are weak materials that are easily eroded by rain and surface water run off. It is evident that a large, elevated and sloping, 2 metre thick, spread of just these soft materials will be rapidly worn away every time there is heavy rainfall. Large amounts of sediment will enter the adjacent water courses, or there will be mass transport of a semi-fluid slurry off the slope. The peat and other soft materials need to be retained, but not in a structural sense, with regard to geotechnical engineering forces; but retained against the forces and processes of erosion.

The applicant states that the perimeter roads provide ‘edge stability’ to the cells. This statement principally refers to the roads maintaining the edge slope of the deposited material and preventing the peat slumping under its own weight. It also implies stabilising the edge by means of providing control to the internal drainage of the repository and run off from the repository. Therefore the design, construction and short and long term settlement of the access roads will influence drainage and therefore either ensure or fail to ensure the permanent integrity of the repositories.

The applicant has described the design, construction and maintenance of the haul roads at length, and provided very detailed large plans (drawings) and cross sections showing the construction of these roads. 

In order to understand and assess the internal drainage, and the final discharge of surface run off from the repositories, it is necessary to understand the short term and long term behaviour of these ‘floating’ structures in relation to the behaviour of the material contained within them.

There are five different designs for the haul roads. Two haul roads control the final exit of surface water and peat water/groundwater from the two repositories. These roads are the Southern Perimeter Haul road on the eastern repository, sometimes referred to as the Southern Bund, and the Northern Perimeter Haul Road on the northern or north eastern peat repository. These two critical structures are described and assessed in Sections 3.3.5 and 3.3.6 below. 

This section 3.3.3 describes and assesses the design and behaviour of the other three haul roads.

The haul roads are shown on numerous drawings but the variations in design are clearly shown in sections on ASI Drawing -112-0286-001, where four ‘Typical Sections’ are provided. The location and application of these four designs can be seen on drawing -112-0276-001. The sections are labelled on both drawings A-A, B-B, C-C, and D-D. Section C-C refers to the southern perimeter road. 

I have compiled several report figures to illustrate the assessment of these roads. They are based on the sections A-A, B-B and D-D.

Figure 3.23 shows a reduced version of these three sections as they appear on drawing -0286. At the bottom of the figure I have placed a key or legend to show where each type of road will be constructed in the eastern peat repository. I have included under the layout of the roads a reduced version of figure 3.16 showing the existing peat thickness below the eastern repository. 

The basic internal access roads section A-A are shown in blue. The initial internal access road, section B-B is shown in yellow running east west across repository. The west, north and east external access road, section D-D is shown in green. 

The sections were drawn initially at a scale of 1:100 without a vertical or horizontal exaggeration of scale. It is possible to scale from figure 3.23 because the dimensions on the drawing are correct. 

Each road has roughly the same design principle. The core of the road is an embankment of useable material (engineering fill) won from the terminal site excavation. On either side there are balancing berms made up of peat and soft mineral soils. These roads and berms are placed on a geotextile grid with a strength of 100 kN/m. The roads will be built up in ‘lifts’. In other words the material will not be laid all at once. The dimensions of the lifts are given on the left hand side of each section. The objective is to surcharge (overload in a controlled manner) the underlying existing blanket bog in order to express pore water and increase effective strength of the peat. 

Each section shows a curved pecked line below the road which is labelled “Notional position after settlement”. A quick reference to the peat thickness map on the figure will indicate that some roads, in some places, will settle more than others, but this notional settlement line is a useful line. It is, in my opinion, a reasonable representation of the settlement in areas where the peat is moderately thick and saturated. 

An erratum sheet was presented by the applicant at the hearing. It drew attention to the fact that the final elevation of the road in section D-D would not be 3.5 metres above ground level when finished. This thickness of engineering fill allows for a settlement of 1.5 metres. 

The erratum sheet was not complete, because it did not correct the fact that section D-D also shows the thickness of deposited material as being 3.5 metres. In order to clarify for the Board the design as shown in the cross sections, I have coloured the different components of the roads, and I have reduced the thickness of the deposited peat in Section D-D. The coloured version of the cross sections as shown on drawing -112-0286 is given in Figure 3.24. It can be seen from this figure that the roads in section A-A and B-B are at 2 metres and they are flanked by balancing berms where the inner berm is elevated about 0.5 metre above the final road level. These roads will settle but the applicant does not intend to add additional engineering fill material to maintain the road core at an elevation of two metres above existing ground level. It is of note that there are no surface drains shown on these cross sections. It is not clear from the way the roads have been represented in these sections, where the drains will be in terms of relative elevation to the top of the road or the top of the berms. I am mindful that the drains for surface water from the peat surface will be moulded or dug by a 12 tonne excavator from the road. The excavator has a relatively short arm reach (when compared with the 64 and 45 tonne excavators).

It should also be noted that the proposed width of the different tiers of the balancing berms is variable. The berms have been drawn as minimum widths on the sections. Each road with berms could be 6 metres wider than shown. I used the maximum width to compile Figure 3.15 and 3.16 in the preceding section in order to assess the maximum width of the footprint of each road on the existing bog.

I have drawn Figure 3.25 in order to try to relate the drainage to the haul roads and the deposited peat. I have tried to place the drains in a sensible position on the edge of the peat, within reach of an excavator working from the road, and below the highest shown tier of the balancing berms. The drains are labelled ‘surface water drain’ and shown in blue. 

However the positions of the drains, as I have shown them are unrealistic. In fact the sections as shown do not give an image or impression of how they will relate to the peat deposit or the drainage. I have therefore distorted the road and berm part of each section to simulate the ‘notional position after settlement’. 

The shape of each road after anticipated settlement is shown in Figure 3.26. Down warping the shape and retaining the both the thickness and volume of material shown, is not easy to do graphically. Therefore there is an imperfect match at the base on section B-B. I have retained the outline of the original position of the road and berms in the figure for clarity and reference. This figure is not an artist’s impression, but is a representation of the shape and elevation of the roads and berms if they settle to the position predicted by the applicant’s geotechnical engineers. 

The access roads will be constructed before the peat deposits are placed in the cells. The roads will settle significantly before the peat is emplaced. Therefore it is immediately apparent from the figure that if 2 metres of peat is deposited on the existing bog on either side of the internal access roads (A-A, B-B), then the surface of the engineering fill in the core of the road will be below the finished peat level. 

Therefore rainfall on the road will not drain into a surface drain dug on the peat which will be higher. There is also an obvious potential for runoff from the deposited peat to flow over the inner berm and onto the road. 

In effect the original sections on drawing -112-0286 do not indicate the potential for the internal access roads to become drains, in particular the east - west roads. 

During the course of the hearing AGEC and EEIL representatives indicated that the internal access roads would be at the same elevation as the deposited peat or would be covered in deposited peat. This seems likely from my assessment, and therefore I show in Figure 3.27 a two metre thickness of peat across the internal access road sections and abutting the perimeter access road (D-D).

It is proposed by the applicant that surface drainage channels will be created as soon as each cell is filled with peat. Translating this into a realistic setting; it means that the excavators will need to bury the internal access roads if they have sunk below peat fill level, before they construct the final surface water drains. Otherwise if the drains breech they could flood the road to a depth of a metre or more in low areas. The consequence of this is that the internal access roads will no longer be available for hauling fill to other cells.

I refer the Board to ASI Drawing -112-0280 -001 which shows the ‘Sequence and Progress of Placing Material in Repository Areas’. It can be seen that in week 15 the important and wide (9m) east west  internal access haul road (B-B) will have four completely filled cells above and below it on the slope. Reference to the peat thickness illustration shows that the central eastern part of this roads alignment crosses an area of blanket bog where the peat that is over 3 metres thick. Therefore significant settlement would be expected in this area. Again on drawing -112-0280 the cell at the eastern end of road B-B has not been completely filled. If the wide prime haul road is buried to create the proposed surface drains, then all haul traffic to the east of the repository will have to travel in single flow direction around the perimeter road and the southern east -west aligned internal access road. This may also be buried because the four cells up hill will also be filled by week 15. This closure of access roads to create surface drainage is likely to increase travel distance and time slow progress and increase travel by 40 tonne trucks along the perimeter roads. The obvious alternative is to build up the level of road B-B and maintain its elevation above the peat. However there is insufficient material in the material budget for this work and it has not been provided for by the applicant in plans, site preparation reports or method statements. Another alternative is to change the schedule and method statements and not fill the cells completely until the end. This potential problem of closing off roads to facilitate drainage has not been discussed. 

I have shown the position of the proposed surface water drainage channels on Figure 3.27 in the position roughly shown on drawing -112-0277 -003, allowing for extra berm width. It can be seen that the drains are above the berms that have already settled. I have not shown in 3.27 the anticipated subsequent settlement of the peat fill in the cells. 

Figure 3.28 is an attempt to represent the settlement and perhaps contraction of the peat fill. Both the peat fill and the roads and berms will be settling, due to secondary compression for some period after the cells have been filled, but most of the settlement of the roads and berms will have taken place before the peat fill starts  to settle. Therefore a system of surface water runoff drains that runs parallel and close to the haul roads is likely to become ineffective after perhaps a short period of time. As can be seen in figure 3.28, a small settlement of the peat fill will mean that the lip of the drain is above the level of the peat fill surface in the cell. Therefore the drains as planned will probably not act as drains for the cells. Surface runoff will tend to pond and probably start to create other channels in the soft peat surface. 

It therefore appears very likely that the neat arrangement of shallow surface water drains will become redundant shortly after the cells have been filled. This will probably become apparent whilst the repositories are being constructed. It is likely that considerable attention will need to be spent trying control surface water drainage on a surface that is settling differentially. 

The drawings presented by the applicant show an orderly and regular pattern of surface water drains designed to distribute run off evenly to a perimeter haul road on the lowest side of each repository. This orderly pattern appears to take its shape from the position of the haul roads inside each repository. It would therefore reasonable to infer from both the plan drawings, and the representation of the haul roads in the cross sections, that the internal haul roads will help control the surface runoff. 

However it is evident from my assessment that the access roads will not maintain order as suggested in the applicants drawings. Instead the surface drains as proposed will contain little water, and the bulk of the runoff from the cells will pond and then follow the steepest gradients, probably rapidly eroding a new drainage channel in the process. The applicants propose to monitor the drainage and have an excavator available during the construction period. 

My assessment suggests that even with equipment on standby it remains extremely uncertain that in the middle of a period of heavy prolonged rain it will be possible to control the flows and stem the breaches before damage is done and a large amount of water containing peat silt finds another route to the outlets in the lowest perimeter road. What happens after the construction period and for many years into the future remains even more uncertain. 

In short; the representation of peat fill in cells, access haul roads, berms, surface water drains and the differential settlement of the different components, and the schedule for filling the repositories does not appear to have been coherent or realistic. The ability of the proposed drains to control the surface runoff in the short term is in serious doubt. The ability to continue to control the flow of surface runoff in the long term is also in serious doubt. 

3.3.4. Assessment of Drainage Blanket Materials

It is appropriate to consider some of the materials proposed for drainage from the repositories before making an assessment of the designs for the lowest perimeter haul roads and the provisions to control the outlet of water to the settlement ponds.

The design concept for the southern perimeter haul road in the eastern repository and the north perimeter haul road in the northern repository is somewhat confused, because perimeter drains, and slight passing references to pipes, are not shown on the relevant large scale drawings, text figures or sections. 

The information obtained during the oral hearing clarified that there are no proposals to use pipes to directly take surface runoff from the top of each repository directly to the settlement lagoons. Instead, even though it is not shown in 3 out of 4 critical cross sections, it is intended that there will be a perimeter drain, up slope of the lowest haul road, running along the length of the road. Runoff will reach this inner perimeter drain from the shallow surface water drains discussed above. The water will leave the perimeter drain by percolating through a geotextile into a vertical drain or reverse sloping drainage blanket filled with either 20mm or 40mm single size drainage stone. (The design for this vertical drainage differs between the northern and southern perimeter roads and is described in the sections below). At the bottom of the vertical drain or drainage blanket the water will join water from the forest drains on the interface between the blanket bog and the deposited peat and pass through filter drains or a horizontal drainage blanket to the outer perimeter filter drains that lead to the settlement ponds. 

The drainage concept is therefore one of diffuse percolation through drainage media down the inside and then under the perimeter haul road. The characteristics and performance of the proposed drainage materials are critically important.

It is proposed that granular drainage media will be wrapped or held in place by a Geotextile called Terram 1000. A specification sheet for Terram 1000 and other grades is given following page 68 of 91 in Appendix B5 ‘site Preparation and Earthworks Plan’. 

Terram 1000 is just one of several grades of Terram’s thermally bonded nonwoven geotextiles. These materials are not very strong but they are used to provide separation between layers of different materials and permit drainage of water. The grades relate to thickness. Terram 500 is thinner, less strong and has larger pores spaces (0.3mm or 300 microns) Terram 4000 is the heaviest grade with pore sizes of 0.085mm or 85 microns. Terram 1000 is a general purpose middle grade with a pore size of 150 microns or 0.15 mm. 

Samples of Terram 1000 were not presented at the oral hearing, therefore after the hearing I obtained samples of geotextiles and non specific advice about their general properties from Terram in South Wales. I obtained two samples of Terram’s thermally bonded nonwoven range of geotextiles. I enclose one sample for the board and I used other sample for testing. 

I enclose an image of the Terram 1000 as Figure 3.29. It can be seen that it is white and composed of a myriad of long fine filaments laid in a random orientation, but uniform distribution. There are small pore spaces between the filaments. It can be seen that clean water will easily pass through these fine pore spaces.

I also obtained a brochure that provided details of the properties of a Terram Geogrid such as the Paragrid geotextiles specified to reinforce the surface of the existing blanket bog before either the haul roads and berms or the drainage blanket layers are laid. This is material is a very open, strong mesh made up from polyester filaments in a sheath of polyethylene. I show copy of the opened spine of the brochure as Figure 3.30.

In the process of gathering further information on the proposed drainage materials, I collected a sample of washed single size 20mm stone from a builders providers. I placed a sample of this stone on a scanner and show it at actual size, with a 20mm grid pattern superimposed on the image (Figure 3.31). The bulk of the image is stone is made up of small stones and rounded pebbles packed together, but there are numerous pore spaces between the stones. These pores spaces are the openings through which water must go in order to reach a drainage blanket and filter drains packed with the same stone below the perimeter haul roads. Again it can be seen that clean water can pass through these pore spaces.

I tried, during the oral hearing, by means of direct questions and follow up examples, to obtain clarification from the applicants on the effective performance of the proposed drainage materials with regard to peat sediment in the surface runoff water.. The applicant, through several persons, stated that there was an over capacity in the design of the drainage system and that it would function very effectively. 

The EEIL Construction Superintendent formally answered my questions with a written statement on the 5th December that stated that

“The drainage blanket will be placed on, and faced with, high permeability geotextile.

Huge redundancy has been built into this drainage blanket - its capacity will be some 80 times that of a 100 year rainfall event, even if velocity retardation effects are ignored. Even allowing for a huge reduction in efficiency, it will be more than capable of removing all rainwater fed to it by the system of drains described above.” 

What this statement is saying is that the drainage blanket has the capacity to take the flow generated by instantaneous runoff generated during a rainfall event of more than 2,300mm during one hour (29mm times 80). For clarity I should add that a rainfall of 2.3 metres of water in just one hour is a physical impossibility. The thermodynamics of the energy in the atmosphere are insufficient to retain this volume of moisture and then convert it into rain in one place in one hour.

The above statement in relation to the geotextile and the drainage blanket referred to, or implied clean water without suspended sediment.  

I have subsequently used a sample of the Terram 1000 to test the performance with a light suspension of peat particles in water. I cut several pieces into appropriately shaped disks to place in a filter holder. I soaked and rubbed the geotextile in water containing liquid detergent to remove the hydrophobic coating on the new fibres. I clamped the Terram in the filter holder which had a small reservoir of 50 mls. The open face of the Terram was an appropriate diameter (25mm). 

I poured clean tap water into the reservoir and noted the time for the water to pass through the sample. It took an average of 2.5 seconds. This result concurs completely with Terram’s specification sheet and the applicants statements about the permeable nature of the geotextile.

I took a small amount of moderately humified peat, broke it up and left it in a bottle of water for a day. I disturbed the finer material, a light peat silt and poured this water with a light sediment load into the reservoir. The flow rate through the Terram reduced after about 25 mls and the first 50 ml test took 15 seconds to drain through. After 150 mls had passed through the filter the time taken had increased to 9.5 minutes per 50mls of sample. Figure 3.32 shows the first sample of Terram.  The peat trapped on the geotextile has dried out and the crust has cracked. The thickness of the peat sediment when wet was less than 1 mm. 

This basic experiment confirms the Terram specification sheet and a visual inspection of a sample of the geotextile. The small pore spaces will filter out small particles of sediment, and this sediment will in effect clog the geotextile. 

Figure 3.33 shows further details. The upper picture shows the sample of geotextile after I have tried to brush off the peat sediment crust. I did this because the applicant stated that if there was a deterioration in performance of the geotextile it would be cleaned. As can be seen from the photograph the amorphous peat sediment has penetrated between the fibres and remains embedded in the pores. The clogging is not just a surface phenomena.

The second photograph shows the effectiveness of the filtration performed by the Terram 1000. The photograph is of the lower surface of the geotextile. An indistinct red-brown mark can be seen in the sample, where the water has passed. This is the sediment embedded in the pores in the upper surface of the sample, seen in the top photograph. The pores spaces on the underside do not contain peat sediment. I should add that the water having passed through the filter, contained a very slight haze of suspended matter.

Terram 1000 geotextile is not designed or intended to permit the flow of surface water. It is a fabric designed to separate soils and allow relatively slow drainage of water from one soil to another. For example it would be used to permit seepage from a clay embankment into a lower drainage layer of gravel. Though there are many pores spaces in the geotextile they will be partially blocked by the clay but still permit a slow seepage of water from the clay. The clay or other soils would release water relatively slowly, by comparison with the rapid flow in a surface water drain. This geotextile is not designed to support an open face of a drainage blanket of gravel and permit a high flow of turbid surface water.

Another geotextile Terram W/4-4 was referred to in the first part of the oral hearing as a support for a drainage layer. Figure 3.34 is an image at actual size of a sample of this material. It is a woven geotextile with small pore spaces between the warp and weft of the fabric. There are fewer pore spaces for water or sediment to pass. 

Figure 3.35 shows an example of a filtration experiment using the same procedure as above. The flow of 50 ml of clean water took 11 seconds. The second 50mls of water containing peat took 7 minutes. The material on the geotextile in the photograph is the result of 200 mls of water containing peat silt. The final 50 ml sample took 23 minutes to pass. Terram W/4-4 is not an alternative that would outperform Terram 1000.

It appears from the results of the simple tests that peat silt will rapidly block the pores in these geotextiles. This also would be expected from experience.

3.3.5. The Design and Settlement of the Southern Perimeter Access Road and Drainage

The southern perimeter access road is a structure that has had a large amount of time and effort devoted to it. It is proposed that it will be built on thick peat at the lowest side of the eastern peat repository. The peat on the western end is up to 5 metres thick. Down slope from this structure there are the settlement ponds and the regional road. The settlement and stability of this structure is important. 

The Southern Perimeter Access Road extends beyond the southern side of the eastern repository. The road extends in design up the western side of the repository to the lower east west haul road and a short distance north up the eastern perimeter of the repository. 

The Southern Perimeter Access Road is designed to provide “edge stability’ to the eastern repository. The function is to retain the slope of peat in the cells above but also to permit surface water and sub peat water to leave the repository and flow to the settlement ponds.

The consequences of a failure of the Southern Perimeter Access Road are potentially serious. 

The design of the Southern Perimeter Access Road is shown in several cross sections. Figure 3.36 shows three important cross sections. I have placed them in one figure for ease of comparison. 

The main cross section is section C - C from drawing -0112-0286-001 and is in the same style as the cross sections discussed in section 3.3.3. The road and balancing berms are wide in order to spread the stress on the thick saturated peat below. The combined width of the road and berms is given as 30 metres but the footprint of the base is 33 metres. The dimensions on the drawing are taken from the hip at the top of the outer berm and do not include the width of the slope of these berms.

A red ‘pecked’ line is shown to indicate the ‘Notional Position after Settlement’. It is important to note that the anticipated settlement shown is only 1.0 metres below the existing surface of the blanket bog. The anticipated settlement shown on all other sections in drawing -0286 is 1.5 metres. It appears unlikely that it is the applicants intention to indicate a smaller settlement under this road given the underlying peat thickness and the 3.5 metres of engineering fill used to maintain the height. It is probably an error in compilation, and the measurement of the settlement was calculated from the top of the drainage layer above the bog in the section. This layer is 0.5 metres thick. A settlement of 1.5 metres measured from this layer would seem to explain the misleading position of the line. 

A geotextile with a strength of 125kN/m extends across the full width. Band drains to ease the dissipation of excess pore water from the peat will be installed at metre centres under the full width. A drainage layer of 20 mm or 40mm size will be placed above the geotextile. Above the drainage layer there is a geotextile separator to prevent the fines in the fill above, particularly the peat and clay used to construct the berms, from being displaced or washed down into the 20 -40 mm drainage stone. It is important that the pore spaces and permeability of this drainage layer is maintained in order that excess pore water pressure under the road can be relieved. The geotextile separator layer will be Terram 1000 or equivalent. This is significant and will be referred to below.

Section C - C shows a drainage layer on the inner or up slope side of the engineering fill. The drainage layer is sloping backwards. The upper face of this drainage layer has a pecked line up as far as the top of the balancing berm. The lower side of the drainage layer has no pecked line. It appears from the drawing that this geotextile leaves an exposed face of 20 or 40mm gravel with peat resting against it. Note that there is no inner perimeter drain in the peat. It therefore appears from this key section that the applicant is indicating that drainage runs off the top surface of the peat and water moves straight down the drainage layer without passing through a geotextile. 

The section X-X on the top left is from drawing 0277-003. This has three differences. The basal drainage layer is shown as being 300 mm thick and not 500 mm. This design difference perhaps was an attempt to reduce the amount of imported stone and hence truck movements to the site. The second difference is a geotextile up the full face of the sloping drainage layer. The third is the depiction of a 300mm deep drain at right angles to the road labelled outline of drainage ditch. This is assumed to be a depiction of the shallow surface water run off drains on the peat repository. Therefore in two key sections showing the southern perimeter haul road both appear to imply that surface run off direct from the peat drains into the top of the sloping drainage layer except where the north south shallow drains abut the geotextile covering the drainage layer. Questions relating to this design and its effectiveness were asked in the oral hearing. Though the applicant did not state that a perimeter drain had been left off the drawing it became evident that there a perimeter drain was intended. The drainage design concept then appeared to be clarified. However subsequently I realised that the peat elevation is shown at 3.5 metres above the existing bog surface. Therefore the sloping drainage layer would be above the surface of the deposited peat. It can be seen that the designs for drainage through this critical road are inconsistent and perhaps preliminary. 

The partial cross section labelled detail 7/276 is shown also on drawing -0286-003. It shows how the drainage layer below the road lies above the several filter drains extending from under the berms to the outer perimeter filter drain connecting to the settlement ponds. 

Figure 3.37 is a coloured combination of section C - C and detail 7/276. I have used a simulation of 20 -40 mm gravel to highlight the drainage blankets and layers. The position of geotextiles are shown in thin yellow lines. I have left the level of the deposited peat at 3.5 metres and I have not shown the inner perimeter drainage ditch.

Figure 3.38 shows the inner perimeter drainage ditch in order to provide a clear graphical representation of the design concept. The runoff from the peat repository above flows down the north south shallow drains to this ditch. It appears that the inner ditch runs without interruption along the lower edge of each cell against the drainage layer at the edge of the road. Therefore, theoretically water should not be able to flow along this ditch between cells. 

Figure 3.39 shows the impact on the drainage design if the level of the peat in the cells is reduced to 2 metres. It shows that it is essential that the southern access road should settle by 1.5 metres in order that the drainage layer should function. Therefore the 

“Notional position after settlement” label on the cross section should be re-labelled “Essential position after rapid settlement”. 

The southern perimeter road must settle by 1.5 metres in order that the surface drainage is below peat level and will theoretically work. It is easy to imagine settlement of 1.5 metres under the western part of the road alignment where the underlying peat is thick , but in the east the peat is less than half the thickness. The differential settlement along the road alignment creates an element of uncertainty regarding the construction of the inner balancing berm prior to settlement. If the berm is too high, then either the berm will have to be reduced or the peat level raised.

Figure 3.40 shows the road and berms in the notional position of settlement shown in section C - C with a 2.0 metre thickness of peat fill. It shows that an inner perimeter drain is not necessary. because runoff from the peat would naturally pond against the drainage blanket.

Figure 3.41 shows an anticipated settlement of 1.5 metres. It shows how the inner perimeter drainage ditch (shown but not labelled on the figure) is essential in order to expose the drainage blanket. 

Figure 3.41 also draws attention to the drainage from the horizontal drainage blanket underlying the road and the balancing berms. In the section this layer appears to drain into the drainage stone leading into the filter drain and the outer perimeter drain. However these filter drains leading from the toe of the lower berm are spaced between 25 and 35 metres apart. Therefore the free drainage of this down warped drainage blanket depends upon lateral gradients. As shown this drainage layer maybe partially or wholly full of water.

In figure 3.42 I have tried to adjust the section to reflect reality, reflecting a time shortly after the repository has been completed. 

I have tilted the section by 2°. I have also introduced a settlement of the recently deposited peat fill. I have also represented a slight further settlement of the inner balancing berm reflecting the peat recently placed upon it. The figure shows that the settlement of the peat deposits may encourage water to pond on the peat surface, particularly at the lowest part of the repository where the relief is least (Cells 12 and 13 on drawing -0280-001). When this water eventually flows over the edge of the peat into the southern drainage ditch (inner perimeter ditch) it will erode the margin and gully the soft peat fill. 

The conceptual drainage design for this southern bund or Southern Perimeter Access Road is confused in its representation in text and on drawings and is fundamentally flawed. It is inevitable that surface runoff, during high rainfall and even probably moderate rainfall will erode fine and perhaps coarse peat sediment. The brush wood weirs on the shallow surface water drains will merely trap some peat silt until the next flood liberates it.  They may also act as dams during high runoff and encourage the surface water to erode the soft peat banks, to circumvent the obstruction. 

It is important to bear in mind that the surface water arriving at the southern bund has come from rainfall on a large catchment of three cells. The runoff will not be a little trickle of clear water. It is completely unrealistic to expect that runoff from a soft, weak un-vegetated peat surface will be sediment free. 

The first turbid water arriving at the southern perimeter drainage ditch will try to percolate through the Terram 1000 geotextile. The sediment in the water will rapidly, probably within a few minutes, clog the open pores in the lower geotextile. The water will back up against the geotextile, and in turn progressively clog the pores higher and higher up the drainage layer. If the first rainfall event is short the water may remain in the ditch and slowly seep through the clogged pores. If the rainfall event is prolonged and heavy, such as the rain on 20th 21st of October the surface water will not get through the geotextile and will flow over the top and directly into the gravel drainage layer. 

This may appear, at first, to provide a safe overflow route. It does not, because according to the designs provided, there is a layer of Terram 1000 at the bottom of the sloping drainage layer. This also will rapidly clog in the same manner as the Terram in the ditch above. 

In short this drainage design will not work. It is fundamentally flawed, because it has introduced materials that will behave like a fine filter into a system that will be laden at times of flood, with a high sediment content. The introduction of a fine filter on the main potential source of peat silt laden water, calls into question the need and rationale for four large settlement ponds. The geotextiles will have taken over the need for settlement ponds, but in so doing, will have compromised the integrity of the whole peat repository structure.

If the flood water cannot flow down the drainage layer it will either flow over the top of the perimeter road or will follow the natural gradient of the repository and flow at right angles to the road into cells 12 and 13. If the flood persists then it will breach the southern perimeter road just above drain D22. A breach and flow of water at this point will not flow into the settlement ponds, because it is between the settlement pond intakes. The outer perimeter drain will not capture this water because this drain is wrapped in Terram 1000. Therefore the water will escape without treatment down the D22 to the culverts under the R314.

The severity of the situation would be realised if an example is taken such as the heavy rain and floods at the end of October 2002. 

The balancing berms on the down stream side of the southern perimeter road are 40 feet wide but composed of soft peat and other unsuitable material such as clays silts and sands. These will be rapidly eroded by a flow of 200 to 300 litres a second concentrated in one zone. Figure 3.43 is an attempt to illustrate the consequences of this erosion. The runoff will cut through the berm and then start eroding the engineering fill that makes up the road. Saving the repository will require prompt co-ordinated action, and the availability of materials and equipment. The applicants have clearly stated that they do not anticipate having a residual stockpile of engineering fill or other material at the end of the construction period. Following the above example through to the logical conclusion, eventually the erosion will undermine the support behind the sloping drainage blanket layer. If the drainage blanket does not have a geotextile on the lower face then the gravel will fall away and the only material providing resistance to the erosion by the water will be the inner geotextile. Terram 1000 does not have a high strength. It is 8 kN/m. It appears that the geotextile will be laid in several adjoining sheets that will either overlap or be sewn or stapled together. The staples or the sewing thread will probably be stronger than the geotextile. The geotextile will probably pull apart at the seams. When the geotextile has failed then the centre of the repository cell and its saturated peat contents are exposed.

The above is just an example of an extreme event, but as records show, it does rain heavily in NW Mayo and runoff on soft broken up peat contains sediment. The example illustrates the short term and long term problem of the proposed design for the peat repository. The drainage from the repository will not function as proposed, partly because of the nature of the site chosen for the eastern repository, (the shape of the repository encourages the concentration of surface water flow), and partly because the discharge of the surface water is via a drainage blanket layer. There is however no easy or obvious solution to the problem of this peat repository on this site. For example trying to set the inlet level and prevent scour and erosion for a pipe in or on a soft, settling, peat surface is not straightforward.

3.3.6. The Design and Settlement of the Northern Peat Repository and Drainage

The layout of both the peat interface drainage and the surface drainage on the northern repository is shown in figure 3.44. The blue lines show the ‘forest drains’ below the deposited peat. The red, orange, pink lines show different components of the surface water drainage from the completed repository. 

The repository is on a relatively thin dry existing bog. It is small therefore the total runoff will be half the volume of the runoff from the eastern peat repository. The site has the considerable advantage of being convex. Therefore surface water is not likely to concentrate along one alignment. It can be dispersed to several outlets.

Surface and subsurface drainage is distributed to outlets through the northern perimeter access road. There are four outlets for subsurface drainage and 14 outlets for surface drainage. 

The design for the drainage of surface water through the northern perimeter is not immediately clear. Figure 3.45 shows two sections through the northern perimeter haul road. The lower section comes from a detail on drawing -112-0278 002 entitled ‘Final Drainage’. It would be assumed that this is the authoritative statement on drainage design, but though an internal perimeter ditch is shown on the plan there is no ditch shown on the section. It appears that the surface water flows off the top of the deposited peat and down through the upper surface of the haul road. This would be an unusual arrangement.

The second and upper section from drawing -112-0275 001 entitled final road layout does show a ditch. Section B - B shown on the same drawing and shown in the middle of figure 3.45 is useful. It is a section aligned along the perimeter. It shows that  one metre wide trenches the full height of the road and 1.5 metres below the road will be filled with a 20 -40 mm drainage stone. The drainage stone will be wrapped in Terram 1000. I have high lighted the details of the layer in yellow. The design concept is that there will be 14 of these vertical drainage layers along the perimeter. Surface water will flow along the ditch and then percolate down the drain to a filter drain that will connect with an external filter drain. 

The open area for percolation into this vertical drainage layer will be very small by comparison with the continuous drainage blanket layer exposed in the southern bund of the eastern repository. Perhaps this limited drainage layer is a measure to reduce the amount of imported stone. I did not clarify this at the oral hearing. I do not need to repeat the description of the obvious problem regarding the use of Terram 1000. The settlement of the perimeter haul road, the internal roads and the peat will have a similar, but reduced, impact on the distribution of the surface runoff by comparison with the eastern repository. 

A final point is that when the northern repository perimeter fails, the mass movement of peat and water may be partially intercepted by the settlement ponds, but they could be rapidly inundated. If the movement continues to the nearest stream to the north the peat may be washed directly into the sensitive environment of Sruwaddacon Bay. 

3.3.7. Drainage during Construction

Construction of the peat repositories will not commence until the existing drains on the blanket bog have either been filled in and replaced with new filter drains, or they have been cleaned out and made into filter drains. D22 in the eastern repository will have been isolated and the present drainage channel filled in. 

This proposed drainage will mean that there will be no open drains in side the footprint of the peat repositories. This means that all surface runoff has to percolate into buried drains. 

Terram 1000 is proposed for all filter drains in the blanket bog on the proposed repositories. The method statement specifies that the granular filter containing a perforated pipe in the drain will be wrapped in Terram 1000 and the geotextile will be folded over the top of the drain. The purpose being to separate the granular media from contamination and blockage by the excavated peat when it is placed in the repository. This is prudent. However before the excavated peat is placed in the cells, it appears that these ‘forest drains’ will be expected to intercept surface water. I refer the Board back to section 3.2.6. and the MEL monitoring data that showed high turbidity in drain D22 in July 2002 during a period which appears to have coincided with site investigation work on the eastern repository. It is possible if not probable that the geotextile covering the ‘forest drains’ will become rapidly clogged and the drains ineffectual when construction and the first filling of peat cells takes place. 

The forest drains that are located low in the repository sites will be taking a large amount of surface water runoff containing eroded peat silt, when the upper cells have been filled and the lower cells have yet to be filled. It appears that it is intended that the run off from the filled cells will be piped through the east west haul roads and will discharge into the cell below. It may be difficult to control the placement of peat in the lower cell with a continual flow of water from the upper filled cells. The flow from the pipe and other runoff from roads will erode the peat as it is being placed in the cell. The geotextile over the forest drains will reduce their effectiveness. It might appear that flooding of the lowest cells in the eastern peat repository can be avoided because there is a large drainage blanket below the perimeter road and bunds. However the permeability of this drainage blanket will be protect from sediment by the geotextile separation layer (Terram 1000) placed over it. There is therefore a risk that the lowest part of the lowest cells will periodically become flooded and the partial fill of peat fluidised and less stable. It is an example of the risks that may arise because the drainage system does not appear to have been designed to cope with the construction process of the peat repositories.

The applicant is aware that the interference by man in the drainage of a blanket bog has inadvertently lead to the destabilising of the bog and bog slides. The applicant was not aware of the slide that occurred at Sheskin five miles south of Bellanaboy referred to in my first report. This slide was on Coillte forestry land and drained bog was suddenly charged with heavy rainfall water after a dry period. The existing east west drains across the eastern peat repository have been in place for some time. I am concerned that these drains are weak points across the slope of the bog. The strain of the bog on the slope is perhaps concentrated at the base of these drains because the tensile strength of the upper fibrous layer has been cut. I am concerned that altering these drains and then shortly afterwards applying the pressure of 2 metres of saturated peat will push these drains further down into the bog, and perhaps further saturate the bog along these lines across the slope. I am concerned that the applicant does not appear to have considered these drains as lines of weakness. 

A final problem with the unintentional sealing of the open drains is the protection of D22. This drain will be put into a pipe and the top sealed with excavated soft peat. However it will still be in the present drainage channel on the axis of the valley. The haul roads and peat cell filling will start in the north. The haul roads in the south will be constructed later. Therefore the valley will not be divided into cells until weeks 6-8. This indicates that if the forest drains cannot cope with turbid runoff from the construction areas above the surface water will drain down to the old course of the D22. Depending upon the flow rate and duration this flow would erode the cover over the piped drain and could undo the preparatory work to seal this drain. Should this happen, the flow containing eroded peat will by-pass the settlement ponds.

It appears that drainage is a potential serious problem during construction of the peat repositories. 

3.3.8. The Observational Method

AGEC have stressed the value and efficacy of the Observational Method of Construction. They have stressed the value of this method in dealing with the uncertainties of building a floating construction on a peat bog on a slope. AGEC have also made it clear that the construction method is valid if all the conceivable problems can be envisaged before commencement and contingency plans prepared in advance. They explain the method well. However I draw the Board’s attention to another source and explanation of the method and I include the quotation below with particular reference to the penultimate paragraph:

 “Soil Mechanics”, Craig R.F. E&FN Spon 6th Edition 1997

page 440

11.3 the Observational Method

The main uncertainties in geotechnical prediction are the degree of variation and continuity of strata, pore water pressures (which may be dependent on macro-fabric features) and the values of soil parameters. 

Standard methods of coping with these uncertainties are the use of an excessive factor of safety, which is uneconomic, and making of assumptions related to general experience, which ignores the unexpected. The observational method, as described by Peck offers an alternative approach. The method is one of the design approaches listed in Eurocode 7 by which it can be verified that no relevant limit state is exceeded.

The philosophy of the observational method is to base the design initially on whatever information can be obtained then to set out all conceivable differences between assumptions and reality. Calculations are then made, on the basis of the original assumptions, of relevant quantities which can be measured reliably in the field, e.g. settlement, lateral movement, pore water pressure. Predicted and measured values are compared as construction proceeds and the design or the construction procedure is modified if necessary. The engineer must have a plan of action, prepared in advance, for every unfavourable situation that observations might disclose. It is essential, therefore, that the appropriate instrumentation to detect all such situations should be installed. 

If however, the nature of the project is such that the design cannot be changed during construction, if certain unfavourable conditions arise, the method is not applicable. 

In such circumstances a design based on the least favourable conditions conceived must be adopted even if the probability of their occurrence is very low.”

The preceding sections of this Chapter have illustrated that there is a fundamental flaw in the design of effective short term and long term drainage systems. Whilst the applicant has considered the problem of adverse weather during the construction it has not been translated into a plan of action that relates to surface water drainage. In table 23 Summary of Monitoring Concepts and Contingency Actions’ there is reference to drainage but it is within the context of drainage blankets and geotextiles to relieve pore pressures to improve stability of the structures. There does not appear to be a consideration of say the erosion of D22 or the blockage of the drainage blanket and the erosion of the southern perimeter haul road. It appears that there has been serious and diligent consideration of the Observational Method, but it has been within the context of building a structure and ensuring that it remains stable and relatively static. This is understandable because the brief given to AGEC and others probably did not include, in the time, a consideration of the design of the drainage system in the context of storm flows and peat laden runoff. 

Whilst the Observational Method appears appropriate,  I do not believe that it would have worked in this case. The consideration of unfavourable circumstances has been limited. The applicant for example does not appear to have considered that a fine mesh geotextile will clog rapidly. There has been little cognisance of reliable field measurements already made by the applicant on rainfall, runoff and turbidity that could have been used to conceive problems at the outset. Finally there appears to be no easy or ready alternative designs and contingency plans

The observational method as it appears to have been applied does not lead to confidence that it is the appropriate method for the construction of a large feature, which must remain intact in perpetuity. 

3.3.9. Overview of Stability and Drainage of Peat Repositories

The stability of the proposed peat repositories can be considered within the relative confines of the stability of the structure in relation to the strengths and weaknesses of the materials and the stresses and strains that need to be balanced or mitigated in order ensure stability. Another perspective is to consider the proposed repositories in terms of long term integrity as structures able to withstand not only the pull of gravity and the compressibility of peat, but also the forces of erosion. I recognise that the peat repositories are supposed to be permanent structures. It is likely that the peat repositories should be more permanent than the gas terminal structures. It seems unlikely in the future that the peat repositories will be excavated and moved elsewhere. 

It does not appear that the applicant has been aware of the full significance of three points in the Board’s letter in June 2002
· It is clear from the detailed contour map of the main peat repository that the repository is going to be placed in a gently sloping valley, the drainage axis of which is near the centre axis of the repository. Therefore rather than the peat waste being a mound from which water flows out on all sides into lateral drains, it is instead a basin where the water tends to flow into the centre.

· The impact of concentrating both surface water runoff on the waste peat surface and subsurface drainage within the peat debris, has not been addressed.

· There have been no specific provisions for leading the surface runoff from the waste peat into the settlement lagoons.

Addressing these issues means looking at the long term integrity and hence stability and permanence of the proposed repositories.  

The applicant already possesses very good site specific information that would assist in making an assessment of different drainage options. This information shows that the probability of heavy rainfall in Mayo is high. The probability of peat silt being transported in surface runoff from reworked peat is also high. The probability that the bog will differentially subside or compress is also well quantified by their recent information. The probability that this differential settlement will influence drainage patterns is also evident. It is therefore evident that stability or the instability of the structure will influence drainage. It is evident that control of drainage on a large soft mass of material on a slope is very important for the long term integrity of the structure. The relationship between stability and settlement of a floating structure and its influence on drainage and erosion in a high rainfall area does not appear to have been integrated. As a result a drainage system that is destined to fail has been proposed. There does not appear to be a consideration of an alternative or a contingency plan. 

3.3.10 Ancillary Stability and Drainage issues

Containment of Contaminated Firewater

There is uncertainty with regard to handling large quantities of firewater that would be used in the event of a serious accident. This waste firewater would probably contain dispersed and dissolved petroleum hydrocarbons, foaming agents, methyl alcohol and probably the residues of combustion. 

The bunds around storage tanks and other facilities could be overtopped in the event of a tank rupture and release of contents, and then the addition of firewater. The bunds also might be destroyed in a severe explosion. The mixture of compounds will make its way to settlement lagoons primarily designed to control and settle out silt in natural runoff from the site. If these lagoons are already filled to capacity, extra capacity cannot be created without release of part of the existing contents, followed by a re-instatement of a full height outlet weir. It is unlikely, in the event of a serious fire, explosions or risks of further explosions, that this process will be undertaken when more extreme and dangerous events are in progress. It is also unlikely that this process of creating storage space to retain an environmentally harmful cocktail of contaminated water, could be carried out quickly. It takes time to partially drain large ponds, whereas runoff from the site into the ponds is likely to be rapid. The site may have space within the boundary to create additional contaminated water storage ponds. The applicants have not proposed this. I am concerned that the drainage from the terminal site leads into Carrowmore Lake.

 The appropriate site for these ponds may require the removal of trees currently growing around the site. The removal of trees would be downhill of the site in order to take gravity flow of contaminated water from the terminal site. The trees downhill from the terminal site are an important component of the partial screening of the terminal from views to the north west, west and south west. The provision of storage to contain contaminated water and other fluids could have significant implications with regard to the visual impact of the terminal.

Vapour Cloud Explosions

The unlikely event of an accident at the terminal followed by a major release of methane gas and vapours from methanol and light hydrocarbons was considered during the hearing. The impact of a resultant vapour cloud explosion over the eastern peat repository was considered. The applicant in a formal submission concluded that the impact of a large explosion at the terminal site would not affect the stability of the peat repository. The applicant considered the impact of this over pressure as being a lateral force against the side of the repository. I considered that the greatest potential impact would occur from a vapour cloud that exploded over the repository. Vapour cloud explosions have created some of the largest man made explosions with the exception of nuclear explosions. A vapour cloud explosion, depending upon the ignition source, creates an implosion and an explosion in succession over a large area. There can be massive changes in air pressure. The Health and Safety Authority and the applicants experts did not consider the impact of a large negative pressure and a large positive pressure causing a rapid change in pore water pressure in weak layers in the repository leading to a failure of part of the repository. I am concerned that this ‘knock-on’ impact of an accident at the terminal has not been considered adequately. However, the mass transport of peat onto say the R314 in the context of the other impacts of a major explosion is probably minor, though it may complicate the logistics of the emergency services. 

Availability and Importation of materials 

I have been through all the drawings, method statements, evidence at the hearing and reports in order to estimate and balance the amount of material available for the construction of both the terminal and the peat repository. The figures provided by the applicant and independently checked by Arups are based on estimates. The estimates have been carefully prepared but they are based on assumptions regarding use as well as interpretations regarding material available from the Terminal. Whilst I have found that extra imported stone appears to be required perhaps leading to an additional 400-600 truck return journeys my calculations are also based on interpretations and estimates. The largest uncertainty is the subsidence of the haul roads. In some areas I believe that the applicant has overestimated subsidence and in others perhaps underestimated, particularly with regard to long term secondary compression. I think that the most relevant point regarding materials is that the applicant has stated clearly that they do not anticipate having any material left over at the end of construction. This is significant in the context of the long term integrity of the peat repository structures. The applicant’s statement makes it clear that if additional material were required to cope with a large scale movement, there would be none available on the site.

I conclude that further analysis of the available material is not important, because it is evident that the proposed drainage system is destined to fail. It is probably not relevant to refine analyses of material quantities whilst this critical design problem has not been resolved. 

4 conclusions and recommendations

4.1. Conclusions

The conclusions of this assessment are straightforward. 

It is possible to build just the gas terminal on the selected site. It is possible to excavate the unsuitable and suitable material from the site, and use part of the suitable weathered bedrock material to complete the foundation platform for the terminal. The natural drainage and runoff from the terminal site during and after construction can be appropriately controlled and there should be no appreciable degradation of the aquatic environment, downstream of the site. 

However I am concerned about the containment of firewater contaminated by hydrocarbons, methanol and by-products fire and explosions. Controlling firewater runoff in the event of a serious accident is problematic. The additional storage capacity to retain this contaminated water until it could, if necessary be treated, would be down hill from the terminal. The provision of storage to contain contaminated water and other fluids could have significant implications with regard to the visual impact of the terminal.

The overall characteristics of the present peat repository sites are now well understood. There is a wealth of good information on slopes, rainfall, runoff, groundwater, artificial drainage and the varying thickness of different layers of peat and soil below the surface. However peat is a weak material. It is difficult to measure the strength of peat. Overall bulk characteristics can be measured, estimated, calculated from large scale models, assumed or gathered from existing literature.  Bulk characteristics are probably sufficient to understand the present state and perhaps future behaviour of an existing peat bog. However a proposal to disturb, alter and build upon an existing bog requires more than bulk characteristics. It requires an identification and measurement of the characteristics of the weakest discreet layers or small zones. The places where the peat will fail when unduly stressed. Finding the weak layers is a problem. Measuring their properties is an even greater problem. Using the understanding of the present day properties of these weak layers, to predict accurately the way in which they will behave when stress is applied to them, and the material around, is almost impossible. The problem is that of measuring something that is weak, and perhaps small, in the body of something that is also weak. This problem is exacerbated because most of the standard methods for measuring the properties of soil are suited to soils which have some strength, some resistance and in particular some substance. Peat is mostly water. The water content is often quoted as being over 1000%. There is little substance in peat. The small amount of substance is also organic. It is not something mineral or inert as in, say, a clay or silt. It is structureless and amorphous or partially fibrous, decomposed organic matter. In one sense the strongest part of the peat is the water. The water is incompressible, and will resist a heavy load brought to bear upon it, as long as it is confined or contained, i.e. the water cannot escape the pressure. However water is renowned for its facility to move. It has an almost opportunistic skill in finding a weak point and exploiting it. In the process the water often further weakens the weak point. A peat bog appears to be composed of zones rather than discreet well defined layers. Water, trying to escape pressure will find the weakest zone; the route through which it can pass with least resistance. There is therefore a danger that water under pressure could break down the weak structure in what is already a weak zone. This breakdown is likely to be total. As a result the peat becomes a fluid. The fluid will have no shear strength. As a result the relatively solid layer above will become disconnected from the relatively solid layers below. The structure exerting the downwards pressure may sink vertically or rotate; in effect capsize, if the bog is completely horizontal and the fluidised zone is horizontal. But if the bog and the fluidised zone are sloping, then the upper layer will slide by gravity over the lower layer. This is the process that takes place in a natural bog slide. It is almost impossible to find all the weak zones or layers in a blanket bog that has grown organically on an irregular slope over several thousand years. Such a bog is not an artificially constructed material. It has a history, and its internal properties will not conform to assumptions.

The applicants have made a rapid and concentrated effort to measure the properties of the existing peat below the proposed repository sites. The applicants recognise that their information ,and the analysis based upon it, is full of uncertainty. They have put forward a carefully considered design, based often upon conservative values in order to minimise the stress to the underlying peat bog. They have proposed extra drainage measures in order to try to provide a route by which excess water pressure can be relieved. They propose to build up the heaviest structures in stages and leave them to settle before placing peat behind them. They have proposed that the Observational Method is used to construct the peat repositories. The applicant has tried to think of all the failure mechanisms and risks and tried to plan in advance a contingency response. 

Overall I conclude that the peat repositories, as static structures composed of their varied elements, constructed in the proposed manner can possibly be built. I conclude that if all goes to plan (including some of the anticipated problems) the structures can be stable. I also conclude that I have several reservations, and I am concerned about important uncertainties. 

I am concerned that the varied properties and stability of the saturated partially organic soft clay below the peat have not been fully assessed in the short term and long term. 

I am concerned that the global stability of the entire eastern repository; that is ex situ peat fill and all haul roads together, has not been calculated under total stress conditions. In other words conditions when compression is taking place, pore water pressure is still dissipating and settlement is still continuing just after the repository has been completed. 

I am concerned about global stability of the entire repository and secondary compression in the peat. Secondary compression (a plastic flow) is a major process in the consolidation of peat, yet it is not fully understood. Secondary compression takes place over a long period of time. One of the characteristics of secondary compression is creep. I am concerned that the whole or more probably just a part of the repository will creep, given that it is placed on a slope. 

I am concerned that if a portion of the southern bund fails in any way, that there will be knock on effects, beyond the obvious, with which the applicants will not be able to cope. I am concerned for example, that a partial slide or failure will weaken the existing peat under the adjacent remaining portions of the bund. I am concerned that whilst the applicant may have the resources, in terms of materials, to try to reinstate the failed section, the process of excavation and reinstatement may initiate a slide in the further weakened adjacent sections. I am concerned that there is a danger that there may be repeated failures and that the applicant will not have the materials on site to cope with a series of failures. I am very mindful that the applicants clearly state that there will be no stockpile of surplus material available at the end of the construction period.

Finally on the stability of the peat repository structures, I am concerned that the applicant does not appear to have investigated adequately the risks posed by the horizontal drains cut into the existing peat. Whilst they recognise that man’s interference in drainage has been the trigger for peat slides elsewhere, they do not appear to have fully assessed the impact of their own incision of drainage into the existing peat, and the stress that may arise by placing heavy saturated peat upon these drains.

The basic problem is that peat is an unsuitable material for foundations. Foundations and the construction built upon them inevitably sink in peat. 

Construction of the peat repositories is merely the birth of new man made structures. These structures must be permanent. 

The forces of nature seize every opportunity to wear away the landscape and to reduce all prominent features to base level, or the lowest angle of repose.   

The existing blanket bog that was the source of the material for the peat repository grew slowly and organically over several thousand years. It grew in an incremental manner that slowly and subtly smoothed out the hollows, irregularities and sharp gradients of the previous landscape. Its survival depended upon gentle gradients and slow drainage. The weak decomposed vegetation in the centre and lower parts of the bog was protected by a continuous, flexible, absorbent, self repairing skin of dense vegetation. The removal of the protective skin can lead to continuous erosion. 

The proposed development involves removal of the skin and the body of the bog. It involves the repeated handling and transport of the soft peat. This will inevitably result in the break down of the already weak structure of the peat. This highly disturbed material will never regain its original cohesion and restore the fibrous bonds that gave it some tensile strength. 

The proposed development intends to store this weak saturated material as a pronounced feature on the landscape. Though it may have gentle internal gradients the edges are sharp gradients. Nature, particularly rain and surface runoff, will try to wear away these sharp edges and smooth the feature off the landscape.

The two peat repositories are supposed to be permanent structures. The repositories are not a temporary store. They are expected to remain on their sites in perpetuity. They are expected to outlive the productive life of the Corrib Gas field and the gas terminal. 

The applicants say that they will replant the peat, but they have not produced a detailed assessment and design that shows how this will be achieved rapidly. It appears that it is difficult to produce a rapid binding vegetation cover on loose saturated peat. It is probable that the upper surface of the peat in the repositories will be composed of lumps of relatively competent peat (which young roots have difficulty penetrating) in a slurry of water logged peat particles that are easily disturbed by running water or even the splash of a rain drop. 

It could be possible for this surface to drain over time, and for vegetation to grow, if there is no rainfall. Unfortunately this part of Mayo has a high rainfall, with on average of 18 to 24 days with measurable rain each month.  The site, as the applicants measurements have shown, can experience persistent torrential rain. Therefore the slope of the peat in the repository will be easily eroded by little rivulets weaving between the more competent lumps. It will be difficult for vegetation to take hold under these unstable water logged conditions, therefore it must be assumed that runoff from the peat surface will be immediate, and contain suspended peat particles. Therefore an effective drainage system for surface water runoff from the peat surface must be able to cope with suspended matter as well as heavy persistent rainfall on an impermeable surface. 

Unfortunately the applicant’s concept behind the drainage system is to use high permeability drainage layers. These layers are designed to take a high flow of clean, sediment free water. 

A realistic design, high capacity, robust and easily monitored and maintained drainage system is an essential prerequisite for a permanent peat repository. 

It is essential to control drainage in order to protect the integrity of the contents and the margins of the structures. Otherwise the whole structure will be eroded over time.

My conclusions on the drainage system for each repository are emphatic. The proposed drainage systems will not work. 

The basic problem is that the applicants have not recognised that the site for the eastern peat repository is not suitable. They intend to place the peat on both sides and in the bottom of a valley, albeit a small gently sloping valley. The problem with a valley is that runoff concentrates along the floor of the valley. Therefore the drainage system must be able to take the concentrated flow from the floor of the valley and safely, without erosion of the margins convey it to settlement ponds if necessary or to a natural drainage channel. Instead the applicants have presented partial, inconsistent and contradictory design proposals for drainage, that are based upon distributed rather than concentrated flow, but they have not designed robust structures to distribute the flow evenly around the margins. Instead they have proposed soft sinking and easily eroded structures to control the flow, and the final outlet is a fine filter layer that will clog within five minutes under heavy rainfall conditions. 

The site for the northern peat repository is more suitable. There is a gradient in essentially only one direction and therefore surface runoff can be more evenly distributed to the 14 filter drains in the northern margins. However these drains are encased in a fine mesh geotextile that will clog with peat particles within a very short period of time. 

It is my firm conclusion that the failure to design an adequate surface water drainage system will lead to an erosion and probable failure of both the southern bund on the eastern repository and the northern bund on the northern repository. Once material from the bunds and balancing berms is washed away it cannot be recovered. Ignoring the obvious environmental consequences for the moment, the big problem with the erosion of the bunds is that the applicant does not have a stockpile of suitable material on site to try to restore the bunds and perhaps build alternative measures to control the drainage. Therefore extra material will need to be imported into the site to try to prevent further loss of the peat from inside the cell.

In other words the permanent peat repositories are inherently temporary structures.

My firm conclusion regarding the final drainage system also applies to the drainage system during construction. There is no surface water drainage system designed or proposed for interim conditions during the construction and filling of the repositories. The proposed outlet for surface water is on the top of  the last cells to be filled There is under drainage in and between the cells but this is not designed to take surface water flows. The underdrains are filter drains wrapped in a fine geotextile mesh that are designed to take gentle, slow seepage from a low permeability material, and not rapid turbid runoff peat particle laden water. The permeability of these geotextiles will probably be reduced to one millionth of the original, by the clogging effect of the peat particles. Therefore even if these drains are exposed they cannot take the surface water flow. At the lowest end of the two repositories there is a drainage blanket covered with a separating layer of geotextile. Though this is not specified, it is probably a fine pore size geotextile which again will clog. Therefore small flows will pass through this layer but large amounts of runoff will pond behind the bund.

In addition to this problem, the filling process of each cell will be slow and the broken up peat will probably slump at a low angle down the floor of the cell. Therefore for some time the floor of the cell will be covered by low permeability peat. Therefore for several reasons the runoff from the cell being filled, plus the runoff from the completed cells above will have no proposed outlet. The runoff from the cells above will enter the cell from a pipe through the east west aligned bund above. This flow of water will erode the partially emplaced peat in the lower cell The water will then build up behind the bund. The presence of a small lake in the lower part of a partially peat filled cell will probably further saturate and destabilise the deposited peat. This peat will probably slump. All the eastern peat repository cells have a floor gradient of more than three metres. This means that the floor of the cell at the uphill end is higher than the 2 metre elevation of the top of the bund at the lower end. The sudden slump of the saturated toe and slope of the partially emplaced peat could easily lead to a full slump of the peat in the cell. This will of course prevent the further deposition work inside the bund using excavators, until the water has slowly drained through the drainage blanket. The re-establishment of working conditions on the floor of the cell could take several weeks, during which time it will probably rain again. The suggestion in the earlier oral hearing that it may be necessary to pump the peat as a slurry into the cells could occur. This possibility would introduce the risk of a slump of a full cell of slurried peat

4.2. Recommendation and Discussion of Alternatives

4.2.1. Recommendations

I conclude that though it is possible to build the peat repositories as balanced structures floating on the existing bog, I am clear in my analysis that the proposed drainage will not function and that erosion, and breach of the bunds will take place. The erosion of the soft disaggregated peat from within the cell will be rapid in high rainfall conditions. The construction of the gas terminal depends upon the safe and enduring construction of permanent peat repositories. The integrity of the peat repositories has not been ensured. I therefore recommend that the Board do not grant permission for the proposed gas terminal.

The root cause of the problem is that the site chosen for the Gas Terminal is unsuitable. It is an unsuitable site because it is sloping, and covered with blanket bog. The unsuitability has been compounded by a decision to place the excavated peat on another part of the site. An unsuitable location has been chosen for the main peat repository. It is a concave slope.

4.2.2. Discussion of alternatives

It should be possible to find a solution to the problem of draining peat in Mayo. I have tried to find a way of overcoming this fundamental problem, which might lead to the Board being able to grant permission with conditions. 

It is not simple to suggest another easily specified way of draining the repositories. Drainage of water is only part of the issue. The other part of the issue is the prevention of peat silt reaching the natural streams and rivers, particularly as the peat contains artificial fertilisers. It is also not simple because for the drainage system to be sustainable, it must function without maintenance, in perpetuity. I believe it is unrealistic to consider a drainage system that might depend for its integrity on the rapid response, by someone, to a flood in the middle of the night. 

The problem would be easier to solve if the basic structure was rigid, and it was unlikely that there would be subtle changes in gradient over time. For example it could be possible to specify a wide, concrete, perimeter ditch along the inside of the lowest bunds, and have one or two large pipes from this ditch direct the water to the settlement lagoons. But the problem with such fixed, essentially rigid structures is that they may sink, or not cope with the differential settlement of the peat and the bunds, and the possibility of creep. The perpetual success of a fixed robust perimeter drain depends on an assumption that the north south feeder drains will continue to control drainage. A drainage system has to function effectively from the moment the repository is complete, and then continue to function for a long, indeterminate, time. 

Another possibility would be to cover the whole of the peat surface with a geotextile that would prevent erosion of the soft deposited peat. This would overcome the problem of peat sediment clogging the drainage blanket. However peat or other soft easily eroded material could not be placed on top of this geotextile to hold it down in high winds. It would be necessary therefore to import coarse stone that could weigh down the geotextile and also withstand the concentrated flow of several hundred litres a second at the centre of the valley in the eastern peat repository. A stone cover could involve a further 3-6000 return truck movements (6-12000 single journeys), depending on the thickness of stone cover.

Another possibility would be to construct a silt pond inside the peat repository. The surface drainage ditches would need to be realigned. The outflow containing only very small particles of peat could leave through a thick coarse stone drainage blanket roughly as designed by the applicant, but without a cover of fine mesh geotextile. Peat and water have the same density. Therefore a silt lagoon inside the repository is unlikely to alter the stress inside the repository. However having a large, filled, silt lagoon inside the repository poses an extra hazard if there is a failure of the southern bund.

Another possibility would be to construct a flexible geotextile open perimeter drain on the balancing berm upstream of the southern haul road and feed water from this through flexible pipes (solid walled) straight to the perimeter cut off drains feeding the silt ponds. This would cope with the runoff just after the repository has been constructed, while the north south drains are still controlling flow, and the peat fill is still settling. A second provision would be necessary to cope with eventual settlement of the peat fill and change in internal drainage pattern. This could be to place a large geotextile apron on the peat surface in the elongate triangular valley floor below the 31 metre contour and use two  large diameter relatively flexible pipes to distribute the water from this shallow basin into the two pairs of silt ponds.

Another possibility would be to get away from the problems inherent in the site for the eastern peat repository and place the peat in a series of single cells laid out as a band around northern, convex slope of the hill to the west of the proposed northern repository. Placing the peat on a convex slope would permit surface flow to be distributed more evenly to the lower bund, and runoff from a single cell will be less. In other words the drainage system would not have to cope with concentrated high velocity erosive water flows. Whilst this suggestion might be feasible and the applicant might be able to purchase the land, the suggestion would involve the removal of mature trees. This could increase the visual impact of the terminal.

As the Board can see there are alternatives, but each would require further design and investigations. I do not believe that either I, or the Board should take responsibility for re-designing a critical part of the applicants development, particularly as it is an unusual development in a sensitive area. 

In making this statement, I am also mindful of the recent Reasoned Opinion by Margot Wallström (July 2002) addressed to Ireland ‘on account of its failure to fulfil the obligations under the environment impact assessment directives’. This opinion criticised Ireland for granting permission for major projects with ‘post-consent conditions’, that seek to redress significant uncertainties in the information presented prior to consent. 

Therefore I do not recommend that permission is granted for this development with conditions. The site is unsuitable.
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