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1.
INTRODUCTION

1.1. Background 

The proposed development is for a large industrial facility to control the flow of gas from the Corrib Gas Field, and then clean, treat and condition the gas before introducing the gas into a distribution main for sale by Bord Gais Eireann, The site chosen for this development is on the south east side of a hill.  The hill is covered by a blanket peat bog. It would be very difficult to build a large, heavy, precision-engineered industrial facility on thick peat deposits. The developer therefore intends to excavate the peat, thin subsoils and part of the bedrock in order to create a solid, level foundation for the facility. The need to construct the facility on firm foundations, in part below the present land surface, has the secondary effect of reducing the apparent height of the facility. The excavation of a large hole to create the foundations has three immediate implications for changes in soils and water.

· The hole will be constructed to a level below the current water table. The hole will be constructed in saturated materials. The hole will, in effect, act like a very wide diameter well. As the proposed development cannot be flooded, there will be continual drainage from the hole. This drainage will be the same as continual pumping from a well. The drainage of the groundwater will lower the current groundwater levels and alter the present groundwater flow system.

· The construction of the hole requires the excavation, handling, transport and deposition of very large volumes of saturated peat and an amount of other materials. It is proposed that the peat will be laid in large cells in a peat repository on the blanket bog adjacent to the excavation. There is no intention to transport the peat off the site. The proposed method of permanently storing the spoil from the excavation introduces two issues; the stability of the disturbed peat laid in the repository and the walls constructed to retain it, and the stability of the natural peat below the repository.

· The distortion of the groundwater system, the alteration of land use and the disturbance of the peat means that the present surface water runoff system will be changed. The change will alter volumes, direction, intensity, turbidity and chemistry of the runoff from the site.

The above three points are not a summary of the main impacts of the proposed development. They are simply a statement of obvious changes that require detailed consideration. The significance of the changes and the acceptability of the impact of any change are discussed in the report below.

1.2. Scope of this report

I attended the whole duration of the oral hearing for this planning appeal. I have listened to all the information presented in the hearing, and I have read the EIS and supporting documents, the Planning authority’s decision, and the third part appeals and observations. I could make comments and observations on all parts of the proposed development and appeals, but the principal reason for my involvement has been to assess and interpret the information presented in relation to the interaction of the proposed development on groundwater, surface water, rock and overburden. 

A considerable body of new information was presented at the oral hearing. This information could be said to form part of the Environmental Impact Statement. This information has not been the subject of an Environmental Impact Assessment by either the Planning Authority or a third party. In fact some of the information whilst presented in the last few days of the oral hearing  was not seen fully at the hearing because it was in the form of very large spreadsheets. This information was contained on a CD given to the inspectors on the last day.

I do not intended to describe, reiterate or parse all the documentary and oral evidence relating to site geology, soils, hydrology, hydrogeology, water quality and drainage and site preparation works. To do so would create another large body of text, that would be repetitious and probably confusing. Instead I intend to make the following report a relatively brief synthesis, so that hopefully the board can clearly see the main issues. I will go into considerable detail in certain critical areas, but will present an overview in areas where there is sufficient information to show that the proposed development is likely to have little impact. 

The relevant information will be summarised. However information made available between the submission of the EIS and the end of the public hearing in some key respects alters, or qualifies, interpretations presented in the EIS over a year ago. 

In the following report I have used the maps presented at the oral hearing and, because it is still very difficult to get a clear view of certain key features of the site and the proposed development, I have prepared revised or new maps and diagrams using the recent information. Site investigation boreholes were still being drilled a few days before the start of the oral hearing. Much of the data, maps and diagrams presented in the last week of the hearing were labeled in red print “Working Draft still subject to full quality control”. It was accepted that much of the new information was being interpreted almost as it was being presented. 

The proposed site is not a pristine ‘greenfield site’. The lands that the developer intends to acquire and develop have been used as a research area for Peatland Experimentation by An Foras Taluntais, now Teagasc, and subsequently owned by Coillte Teoranta. The lands have been subject to field trials that involved grassland and forestry plantation. The surface and shallow subsurface drainage have been altered and this may be significant. It is known that fertilisers have been applied to the surface. It appears or is alleged that organic waste (animal carcasses) have been buried in the lands. The site and the potential impacts on the site and off site are assessed from the perspective of its present state, rather than some notional natural state.

The first part of the my report describes and interprets the information on the present site, in order to inform the Board of the present level of knowledge and understanding of the site and the site in relation to its environs. It is incumbent on the developer to demonstrate that they have an understanding of the site that is sufficient to achieve proper planning and development. The second part of the report assesses the impact of the proposed site preparation, and construction on the site, in relation to the site and its environs. The description, assessment and interpretation is made from a planning perspective and not from the perspective of pollution or emissions. 

1.3. Availability of Information and summary of Available Information

1.3.1 Availability of Information

The planning application and subsequent appeal for this development has generated a large amount of information in the form of data, text, maps, and photographs. Most of the information has been presented on paper, but some recent information, too large to print out, has been provided on CD. Audiovisual information has also been presented on CD. Numerous consultants, contractors and subcontractors have prepared information for the first party. 

A large body of information was presented in the EIS, but because of the planning history for this development some information appears to be available but is not. 

Initially it was intended that the Terminal and peat repository would be on a different part of the Coillte lands. A previous planning application had been submitted in November 2000 for the location of the terminal and peat repository in the west and southwest of the Coillte lands. The planning authority requested additional information in January 2001. 

A decision was made after January 2001 to relocate the terminal and peat repository in the eastern part of the Coillte lands. 

A revised application was submitted on the 30th April 2001 supported by an EIS with an issue date of the 27th April 2001. But in this EIS, it becomes apparent that some of the information on the site characteristics were still being gathered and collated.

Whilst on page 5, in Section 2.2.1 Site Investigation, of the Peat Management Strategy (at the beginning of the major Volume called Technical Appendix J1), it states that

‘The Terminal site and the deposition areas have been the subject of a geotechnical investigation and a topographical survey. The data from both these surveys have been combined to establish the types and quantities of materials that will need to be excavated and relocated for the construction of the Terminal site and deposition areas.

The geotechnical investigation comprised boreholes, rock coring, trial pits and ground probing. The ground probes were sunk on a 20 metre grid across the Terminal site and on a 50 metre grid in the deposition areas.’

 This statement appears to refer to soil investigation work that has taken place. Therefore it could be assumed that the work was complete, and probably the data was available at the time of making the statement.

However on the first page of Appendix B to the Peat Management Strategy it is stated that; 

‘A soil investigation for the proposed site and peat deposition areas was carried out during April 2001 and consisted of boreholes, trial pits and Mackintosh Probes for all of which the records are included as Appendix B1. 

The interpretation of the data from the proposed site has not yet been completed. Therefore the interpretation report and laboratory results from the original site, which is immediately adjacent to the new location, have been included for reference purposes as Appendix B2. The full report for the new location should be available within the next six to eight weeks.’

It appears, from inspection of Appendix B1, that all the data relates to the area of the new Terminal Site. There is no information relating to the new Peat Repository sites.

The ‘full report’ referred to at the end of the last quoted paragraph, appears not to have become available in 6 to 8 weeks. It was not requested as additional information by the Planning Authority, and it was not submitted as Additional Information in July 2001. It was assumed that it was included in the information provided in spread sheets on the CD at the end of the oral hearing , but it does not appear to be present. 

It appears from the records that were received in July 2001, that the first Soil Investigations of the ground below the actual area proposed for peat deposition (the ‘footprint’ of the two new peat repositories) did not start until just 3 days prior to the issue date of the EIS. It would therefore be possible that the first verbal accounts of four gouge cores in the present peat soil could have been received as the statement, at the beginning of section 2.2.1, was being written. This is not certain.

Whilst there are logs given for Mackintosh Probes for the Terminal site in Appendix B1, there appears to be no map showing the location, or logs of such investigations for the actual area proposed for peat deposition. Therefore the second paragraph of 2.2.1 above seems to give the impression that data or results are available, but they have not been found.

It is understood that the change of location for the Terminal and Peat repository, the presumed pressures to resubmit a new planning application, plus the hiatus caused by Foot and Mouth disease restrictions on field work, meant that the EIS was actually being submitted as work was just beginning in the new Peat repository. Therefore some parts of the EIS  refer to investigations in the past tense, but are probably projections of a schedule of work that was in progress. This in part explains why it was difficult, before the oral hearing, to understand the soil investigations. 

Appendix J1 to the EIS is a large stand alone volume of text, tables, maps, calculations, logs, drawings and designs. It wholly relates to the problems of construction on peat, excavation of peat, deposition of peat and runoff and drainage from peat. It appears to contain a considerable amount of detail, but inspection of the dates of documents, maps etc qualifies this information  because they show that much of it was prepared for the first planning application concerning a different part of the Coillte lands. Other material in J1 was prepared shortly before the second planning application, but in both cases the material, designs and interpretation was prepared before real results were obtained regarding sub surface conditions below the peat repository footprints. The apparent absence of a soil investigation below the peat repository foot print at the time of writing the EIS, might explain why, as will be discussed later, the designs for the peat deposition part of the Site Preparation Programme appear to be conceptual or schematic rather than detailed. 

1.3.2. Available Information

The following is a brief summary of the main available information used to assess the planning appeal;

1.Environmental Impact Statement 

An Environmental Impact Statement (EIS) was presented in April 2001. 

· Section 3 describes the Construction and deals with many activities that will modify the geology, soils and water on the site.

1. Section 8 describes the Soils and Geology, but particularly with relation to the construction site area.

1. Section 9 describes Water; in particular rainfall surface water and waste water. The detail on groundwater and surface water monitoring is small, but it is clear from the outset of the section that these elements had been started shortly before the outbreak of Foot and Mouth. The work on water was interrupted by the restrictions and not complete by the date of submission of the EIS. 

2. Appendix J1 in a separate volume (summarised above) that contains a large amount of information relating to section 3 and also sections 8 and 9.

2. Response to Request by Mayo County Council for Additional Information

The planning authority requested additional information in particularly the report on the hydrology and hydrogeology. A volume of additional information was provided by Enterprise Energy’s consultants RSK on the 12th July 2001.  This document contains information on surface water flows and refers to an Appendix 1a that is a report by Minerex Environmental Limited  (MEL) on the baseline study of the Hydrology and Hydrogeology. This appendix contains 21 pages of descriptive text that is followed by several appendices containing information on boreholes, trial pits, sampling points, drains, monitoring data, maps and finally a 22 page document on the methodologies and data acquired. 

The MEL report or A  ppendix is presented as a baseline study on the basis of 4 months interrupted field work.  However it would be usual in a project of this size and complexity for a baseline study to be carried out for a full hydrological year, to establish how conditions change over summer, autumn, winter and spring. For example upward groundwater pressures below the peat may be small during summer but significantly increase during winter, It was therefore expected that further detailed information and analysis would be formally presented by the applicant during the oral hearing in February 2002.

3. Submissions during the Oral Hearing. 

It became evident that a considerable amount of additional information had been obtained in the interval between the submission of additional information in July 201 and the date of the Oral hearing, yet it did not appear that this information was to be presented in the Hearing. 

I obtained the agreement of Inspector Moore to make a formal request for the detailed information collected since July 2001. I drew up short lists of broad elements of information that I expected would be available, and gave them to the consultants for the developers. I also circulated copies of the lists to all other parties. I explained to the hearing that I was requesting this information because it would assist the Board in their ‘de novo’ decision. After a week had elapsed further information was presented. It comprised some 95 pages of detailed tables, maps, and figures. The consultants for the developers were lead through this submission over 2 days.  This was done fairly slowly and covered examples of the information provided. Provisional interpretations were made in the hearing as the new information was presented. This was done principally so that 3rd party appellants and observers could see the extent of the information, and hopefully understand preliminary interpretations and conclusions drawn from it. The 3rd party appellants did not have advisers with expertise in hydrogeology and geotechnical engineering. 

The 95 page paper submission included examples of pages from data tables. The consultants also provided a CD containing the full tables in a Microsoft Excel spread sheet format. One table lists the basic characteristics of boreholes, and other subsurface installations and columns in which to record water level measurements or other events such as sampling. This table alone printed at a normal scale would amount to 84 pages. A variant of the same table showing the entries regarding surface water measurements would amount to 35 pages. It is not physically possible to handle and refer to a printed version of data table 12 sheets long by 7 sheets wide, therefore data presented in this form is difficult to access and quickly cross reference. However, the data table contains many columns with entries that are derivatives of a single measurement. For example, a measurement in the field recording the depth to the bottom of the peat layer is also shown in another column as the elevation of the bottom of the peat in relation to Ordnance Datum, and in a column providing the thickness of the peat layer. Therefore one measurement is used to generate several entries in the data table. Such a data table contains less primary information than its size would indicate. 

Further information, such as maps, tables, conceptual diagrams and photographs were subsequently presented in response to the questioning consultants for the developer. 

The  above three bodies of literature, tables and maps form the basis of my assessment and interpretation. Further important details also were provided in the course of questioning and are reported with, generally, a good level of accuracy in the transcript of the proceedings. It should be noted however that some terms used were missed altogether in the transcript, and others were misinterpreted. Since the end of the hearing I have researched supplementary information particularly on peat stability from published papers and researchers outside Ireland. I also spent a day at the site and took several measurements.

In summary the Oral Hearing for this Appeal was successful in that it provided a significant body of new information for the Board. 

2. PHYSICAL CHARACTERISTICS OF THE SITE

2.1 Introduction - Topography and Site Location

The physical characteristics of the site affect all aspects of the proposed development. The physical characteristics form a major constraint for the construction of the proposed development. They also determine the extent to which the development may potentially influence the hydrology, water quality and groundwater beyond the ‘red line’ defining the site boundary. In analysing the information on the site it became apparent that topography and slopes are very important and that the developer had produced maps and plans that just covered the site. There was no detailed topographic map showing the site within the context of the overall shape of the hill on which it is located. There is the latest Discovery Series 1:50,000 scale map (sheet 23) but because the site is relatively low relief the shape of the hill is shown in light grey contours amidst a mass of symbols depicting forestry. The topography is not immediately apparent from the OS map.

I have compiled the attached Figure 1 to simply show the topography. Figure 1 is a tracing of the contours from the OS 1:50,000 map. I have coloured the contour intervals to show elevation, but have left out all other topographic and land use information and names that can confuse or distract. The purpose of the figure is to illustrate the main features of the development in relation to the shape of the landscape.

The proposed development is composed of three main areas that involve site preparation earth works or changes to the land surface; the excavation of the Terminal footprint and the two separate Peat Repositories. These three areas are located on the slopes of a low double crested hill, between two highland areas on the figure to the north west and south east. The axis of the low hill runs between the two crests in a north east to south west direction. It can be clearly seen from this simple figure that drainage from the hill is centripetal; in other words water will flow off the hill in all directions. Therefore though the hill is low, a development straddling the crest of the hill has the potential to command or influence the area surrounding the hill. It can be seen that each of the main site preparation areas slope towards different valleys. The Terminal site slopes towards Carrowmore lake to the south west. The small, northern  Peat Repository slopes towards a small valley leading north directly into Sruwaddacon Bay. Therefore anything released from this site could quickly, over a short distance reach the estuarine/marine environment. By contrast the larger peat repository slopes towards a shallow valley leading first east, then north north east to join the Glenamoy River valley which then feeds into Sruwaddacon Bay. Anything released from this site would have to follow a longer route before entering the estuary. Figure 1 summarises in a simple way how the three major elements of the development have the potential to influence drainage, water quality and current land use in three different directions. It appears that one part of the reason for the development being in this commanding position around the crest of the hill is that it facilitates site preparation and provides the opportunity for the terminal to be sunk in a deeper excavation to reduce the height of the facilities above the land surface.

I have compiled 3 further figures to show the site in the context of the surrounding landscape. I have produced these because the additional overlays are bases used for several maps, diagrams and illustrations in the EIS and additional information. I felt it was useful for the Board to see these superimposed on the topography base. Figure 2 is the same as figure 1 but shows the extent and detail of the contours from a topography survey carried out by DMC Survey in May 2001 and presented upon request by TES Consulting Engineers in  the oral hearing in February 2002. The TES map is numbered 1501037/04/03 at 1:40,000 scale. In figure 2 it is noticeable that the detailed contours from the DMC survey stop abruptly at the northern and eastern boundaries of the two peat repositories. It is particularly noticeable that there appears to be no detail of topography downhill of the northern or lower bund wall for the northern peat repository. One of the features of many of the maps accompanying the planning application appears to be a focus of attention on the area within the ‘red line’ of the site boundary. Figure 3 illustrates the same point. Figure 3 shows the same information as figure 2 but with the addition of an aerial photomontage of the site. The two peat repositories are tinted in brown, and the terminal site is in pale yellow. To the north east of the larger peat repository there is a small triangle of land containing two light toned shapes. The northern light toned shape is a 15 -20 foot deep quarry. The quarry is a sharp topographic feature adjacent to the site, where the peat has been removed and the bedrock well exposed. The southern light toned feature is an agricultural laboratory. Just inside the triangle on the south western side there is a less distinct pale feature which is the water reservoir fed by a borehole. Neither the quarry nor the laboratory appear to feature on the site maps for the development. The borehole water supply, which is alleged to be active, only appears to have come to the notice of the developers during the final days of the oral hearing. 

Figure 3 also appears to show, through the combination of detailed contours and aerial photo overlay, the presence of a natural drainage channel down the centre of the larger peat repository. This gentle valley appears to be an important consideration in the discussion of the design, drainage and stability of the peat layer to be deposited in this area. 

Figure 4 shows the same information as figure 3 but with the addition of an underlay of the corresponding segment of the OS Discovery Series basemap. It is noticeable that the aerial photomontage matches the base map in the centre but is slightly distorted towards the margins.

The information on these four figures at either this scale or an enlarged scale will be used in further figures to illustrate the spatial distribution of site investigation, groundwater or surface water investigation points.

2.2. Bedrock Geology

The proposed development will excavate a large hole into the bedrock. The base of this hole will also be below the groundwater level in the bedrock. The geology of the bedrock is therefore relevant to the planning application. 

 The bedrock geology is complex because the rocks are very old, and have been much deformed. However the detailed geological history, though interesting to geologists, is not relevant to the planning application.

The bedrock geology for the site of the proposed development was shown in the MEL report July 2001 in Appendix C, Hydrogeology map. The geology taken from the Geological Survey (GSI) bedrock series Sheet 6 north Mayo is shown with the location of the subsurface investigations carried out up until July 2001.The map in appendix C shows principally the ‘red line’ site. 

It should be noted that the GSI bedrock map is based principally on the observations made at outcrops of rock in the area. There are no outcrops of bedrock on the site. There is a quarry to the north east of the site. This may have been used to compile the bedrock map, but otherwise the geology shown on the GSI map is probably based on an interpolation from areas outside the site. In other words the bedrock is an interpretation and is not necessarily correct.

The bedrock geology is described in two sentences in the MEL report July 2001, but is described in slightly more detail in Section 8 of the main EIS. Unfortunately this Section was probably written with regard to the previous site for the terminal because it only refers to one bedrock formation.

I have used the same GSI bedrock map information and combined it with the topography base as figure 5 for this report. Figure 5 shows the site within the context of the area around. The outline of the terminal and peat repositories is shown on figure 5. Numerous small dots show the position of the boreholes that reached the bedrock. They are not numbered but are given to show the relationship between the geology and the site investigations.

Figure 5 shows that the site straddles several rock formations with different names. The hill, on which the site is located, is not underlain by just one geological unit. The hill and the site is also bordered by two NE to SW trending faults. The different formations are also separated by red lines and triangles denoting tectonic slides. All the different bedrock formations are metamorphic rocks, meaning that they are rocks that have been altered. Originally they were sedimentary rocks; muds, sands and limestones, but they were deeply buried in the earth’s crust and subjected to extreme heat and pressure. Whilst in this state they became relatively plastic and one formation often slid over or under another. Therefore these tectonic slides may look like important faults or fractures that have some bearing on the development but they are in fact ancient structures or dislocations that occurred over 500 million years ago. The NE -SW faults are also ancient. They probably became active 400 million years ago. The eastern corner of the main peat repository appears to lie above one of these faults. I have no information to suggest  that this fault will become reactivated and pose a risk to the stability of the peat repository. 

The main bedrock formation under most of the south of the site is the Inver Schist shown in pink. This is a metamorphosed mudstone that now is made up of equal proportions of quartz and mica minerals. It is termed a pelitic schist. It would be expected to be relatively soft and susceptible to weathering and erosion. All the boreholes penetrating bedrock below the Terminal site would have encountered this rock.  North of the Inver Schist there is supposed to be a thin exposure of the Ballybeg Park Limestone, shown in blue. This limestone has been metamorphosed into a marble. However the presence of calcium carbonate in the marble would mean that it could be dissolved by water. Solution weathering could widen cracks or fractures in the rock. These could become open conduits that would allow the easier and more rapid movement of groundwater through the rock. It appears that only one borehole has been drilled near the predicted position of this marble. The borehole BR 4 did not encounter the marble. Other boreholes south and west of the marble probably did not go deep enough to reach the steeply dipping formation. There is therefore no evidence of this potentially significant formation from the site investigations. This introduces an element of uncertainty regarding the potential aquifers below the peat repository.

The Pollacappul formation also shown in pink is roughly the same rock type as the Inver Schist. Further north shown in yellow is the Sraghlaghy quartzite. This is metamorphosed sandstone that now is a hard quartz band. It is likely to be more resistant to weathering. The northern part of the site is underlain by the Benmore formation, which is similar to the quartzite but contains a small proportion of mica and feldspar. It is called a psammitic or semi pellitic schist. The susceptibility of this rock to weathering would be intermediate between the quartzite and the Inver schists This would appear to be the rock type exposed in the small quarry to the north east of the site. The exposure in the west face of this quarry is shown in Photo No.1. The steeply dipping ‘beds’ of rock can be seen in the floor of the quarry. The overburden and peat above will be described in sections of the report below.

Overall the description of the bedrock and its properties in the EIS and subsequent submissions is adequate for the purposes of the planning application. The lack of borehole evidence, or concern on the part of the developers regarding the position or characteristics of  the Ballybeg Park Limestone below the main peat repository is an uncertainty.

2.3. Overburden 

The overburden is the name given to the geological materials above the bedrock and below the soil surface or peat surface. The exposure of the overburden in the small quarry to the north east of the site (photo No.1) is a useful illustration of the nature of the material above the bedrock.  The bedrock can be seen clearly in the photo but defining the exact position of a boundary is difficult even in a good exposure. The developers have tried to define the different layers or zones  in the overburden, and the degree of weathering in the bedrock by drilling boreholes and coreholes into the overburden and the rock. This has been done principally to characterise the materials below the Terminal footprint in order to determine the position of stable material that could be used for a foundation, and also to characterise the material for excavation and future reuse for making roads and bund walls for the peat repositories. With the exception of a few coreholes, the overburden has been investigated by using drilling techniques that break up the overburden and bedrock. The samples from these types of drilling are usually small fragments of rock amidst a slurry of clay, silt, sand and gravel sized fragments suspended in water. The hardness or degree of difficulty in breaking up the subsurface materials is also a useful indicator of the original state of the material. However when drilling  bit breaks up a well-weathered pelitic schist containing soft micas and gravel size quartz crystals, the resultant sample may look very similar to a  coarse gravelly clay containing micas. It is therefore difficult to define the boundary between weathered bedrock and the overburden.

2.3.1. LOWER OVERBURDEN

The nature and composition of the overburden below the peat is important information for the proposed development. It is important because it is intended that these materials will be re-used for construction. It is also important because the overburden may form the most important aquifer under the site. Finally it is important because the upper layer of the overburden, below the peat, is an important contact surface, and a surface across which hydrostatic forces can be transmitted to the peat. This last point could be clarified by taking two examples. First if peat is on a gentle slope resting on a saturated fine clay then it may slip at the junction between the peat and the clay. Second, if a gently sloping peat is resting on a very permeable coarse sand or gravel then an increase in the water pressure in the pores of the sand or gravel below the peat could lift the peat, and again it could slide. 

The developers did not prepare or present maps showing the variations in thickness or composition of the over burden for the EIS. In the subsequent additional information MEL produced a text figure showing the thickness of the peat. 

The additional information presented in the Oral Hearing contained a map entitled Appendix E3 ‘Overburden Thickness (top of peat to base of highly weathered rock (clayey sand)’. This map is reproduced for ease of reference by the Board. The map is a ‘working draft subject to full quality control’.  

The map shows the location of boreholes used to compile the map. It can be seen that there are many boreholes in the area of the Terminal footprint. Conversely the map shows that there are no boreholes in the centre and lower part of the main peat repository. The shape of the contours showing overburden thickness is controlled by the availability of data. 

The thickness of the overburden forms a relatively simple pattern in the area of the Terminal. On the high ground the overburden is 3-4 metres thick. Down the slope towards the south and southeast the thickness increases to 6-7 metres. This increase in total overburden thickness is caused by the increasing thickness of blanket bog peat. It appears that the overburden between the peat and bedrock does not significantly change in thickness. The thickness of the lower overburden appears to remain at 2-3 metres.

The contours showing the thickness of the total over burden in the peat repository area is not an accurate representation. The information from gouge core holes in the peat in this area is not shown on the map. The contours appear to be based on just the records of boreholes that fully penetrated the peat and reached the bedrock. There are no boreholes in the centre and lower slope of the peat repository, therefore there appears to be a north south aligned trough containing thick over burden in the centre-west of the repository. This is probably incorrect because in grid square 87100 333100, outside this trough, gouge core hole GC36 encountered over 5 metres of peat. This hole did not penetrate more than 0.2 metres into the lower overburden. If an allowance of 2-3 metres is made for the lower overburden, then the total thickness of the overburden below this grid square would be 7-8 metres. 

Outside the area of the terminal footprint there is insufficient information on the thickness of the overburden below the peat

For the purpose of assessing the planning application, and in the absence of information in important areas, it would be reasonable to assume that the total overburden thickness increases down slope from the crest of the hill, and may reach more than 8 metres near the R314.

The composition of the overburden below the peat is described in detail where an undisturbed sample has been available. Disturbed samples such as those from shell and auger drilling have been described in broad terms as sandy gravelly clay. In trial pits where an exposure can be studied and described in detail it is often described as “very dense light green slightly clayey SAND”. In gouge cores designed principally to sample the peat there is usually a sample from the sub peat layer. These descriptions range from quartzite gravel to firm sandy gravelly clay, silty micaceous sand, brown silty clay, marl silty sand, stiff clay, silty sand with gravel and grey firm, sandy and gravelly clay. Recent boreholes drilled either with a down the hole hammer method or a window sampler rig have variously described the lower overburden as a grey clay overlying a weathered bedrock or a clay overlying a grey sand, and Observation borehole 3 (NPRS BH OB3) on the far eastern perimeter of the main peat repository encountered 3 metres of peat underlain by 3 metres of clay. This borehole is shown on the map of overburden thickness Appendix E3, as encountering only 4 metres of overburden. This borehole did not apparently encounter bedrock. 

The logs of many boreholes drilled for site investigation purposes have not been presented, but summary descriptions are given in the large spread sheets on the CD provided by the developers in the oral hearing. A table describing the units encountered in each borehole has data entries for thickness of peat, sandy gravelly clay and sand, as if the overburden can be subdivided into 3 main units. An inspection of the detailed data from the available logs does not support this simple classification. Two transects across the site in Appendix 11 also show this division. As the descriptions above indicate the lower overburden can be described as any variant combination on the theme of clay, silt, sand, gravel with irregular pieces of weathered rock. This material is well illustrated in photo No.1 in this report.

It is of note, that little attention has been paid to the presence and thickness of the iron pan at the bottom of the peat and usually a short distance into the lower overburden. The iron pan is not described in the boreholes, though it is referred to in later submissions in the hydrogeology and shown in a photograph of a trial pit. 

The iron pan is important because it is often impermeable. The iron pan can be seen clearly in Photo No.1. Photo No.2 shows the iron pan in more detail. In this photo the overburden which consists of a clay and sand matrix containing fragments, stones and cobbles of quartz rich bedrock (psammite) is split into two distinct zones. The upper zone has been leached by the downward migration of acid anoxic water from the peat forming above. The matrix is black and the large rock fragments are almost bleached colourless. The bottom of the photo shows unaltered overburden where the matrix is grey brown and the rock fragments a yellow and brown. The iron pan is the narrow zone of almost blue black and then below rusty orange iron oxide deposits. These oxides are, in simple terms, a precipitate of iron and other minerals leached from the material above. The iron pan can be very hard, and the precipitate blocks all the pore spaces between the small and large fragments. The sealing or clogging of the pore spaces inhibits the movement of water down wards. The effect can be seen ion photo No.1 where a green  algal slime has formed where water which can not flow down through the pan instead flows sideways and emerges in the face of the quarry as a small seepage.

It is important to identify the position of the iron pan in order to understand the relationship between groundwater in the bedrock and lower overburden and the water in the peat.  

For the purposes of assessing the planning application it may be reasonable to assume that the overburden is composed of an upper layer of blanket bog peat and a lower layer of poorly sorted glacial till or solifluction deposit containing an iron pan. Below these two zones there is a zone of weathered bedrock. There appears to be no clear evidence of fluvial or lacustrine sand, clay or gravel deposits on top of the bedrock. 

2.3.2. PEAT

Peat forms the upper overburden. Below is some background on peat in order to set in context the work carried out to investigate the peat on the site and also the proposals to deposit and contain the unwanted peat excavated to create the terminal site and access roads. 

The blanket bog peat is a combination of water and organic material that has many characteristics that are very different from the lower overburden and weathered bedrock. The peat has an upper skin or thin layer of living material. This is called the acrotelm. The acrotelm is also an environment where oxygen is available.  It is principally a fibrous material and relatively permeable. The peat below the acrotelm is called the catotelm and consists of decomposing or decomposed plant material. This is an environment where there is no oxygen and therefore the decomposition of organic matter is a very slow fermentation. The catotelm does not consist of a series of well defined beds or horizons, but, generally there is a progressive change in composition and physical characteristics with increasing depth. The lower peat tends to be almost completely humified or decomposed. The lowest peats contain very little fibrous material, or plant cell material. It is almost like a thick colloidal gel of amorphous peat particles in water. It has almost no internal fibrous structure. 

Water is the main constituent of peat. 

It is often said, but difficult for the layperson to grasp, that peat contains more water than milk. It is difficult for the layperson to understand how something can appear to be solid when it contains so much liquid

Water is contained in peat in three forms; inside the residual plant cells (macropores), in pore spaces between the peat particles (micropores) and attached to the peat particles by weak and strong chemical/electrical bonds. Peat in the acrotelm has an open structure of living and decaying plant matter. It is porous and relatively permeable. The catotelm has a very high porosity but has a very low permeability. In other words there is a lot of water stored in peat, but water does not move easily through peat or easily drain from peat. 

The proportion of water to solid material in peat by weight is difficult to define because it depends upon the nature of the peat and the method, duration and temperature used to dry the peat sample. The problem is that it is easy to define water, but it is less easy to define the point when the solid part of peat is actually dry. The water content can range from some few hundred percent of dried weight to 2000%. The water content of peat generally decreases with increasing depth and humification. In other words often the deepest part of the peat contains the least water. The permeability of the peat also decreases with depth. Water can move or drain more easily through the upper, open fabric of fibrous peat, than through the dense amorphous peat. Experienced geomorphologists often refer to the lower peat as ‘greasy peat’, because if it is newly exposed it is almost impossible for someone to stand on, and keep upright, even in boots with deep treads. 

Peat also contains a significant percentage of gas trapped either in the cells of fibrous peat and in the pores between peat particles. The gas arises from the slow anaerobic breakdown of the organic matter. 

The lower levels of the catotelm contain fragments of the original soil and the roots and stumps of trees. The lowest levels also often contain microscopic, often rounded, fragments of charcoal arising from the burning of previous vegetation and woodlands. 

The water content of peat changes when it is compressed. The water in the peat is expressed when the peat is compressed. As there is such a large amount of water in peat, the compression of peat leads to a release of water to areas that are not under compression. The lateral expulsion of a large amount of water into an area of peat that is already saturated with water can alter or distort the structure and strength of the peat around the area of compression. 

Peat is unusual and very different from other subsurface materials. This is because it is organic and composed mostly of water. The behaviour of peat under a load or compression depends upon its origin and structure, water content, gas content, and the intensity and weight of the loading. Peat is notable for a very rapid consolidation when a load is applied to it. This occurs because water is expelled. This is called primary consolidation. After a large amount of water has been expelled the thickness of the compressed peat does not stabilise. A prolonged period of secondary consolidation, or creep, takes place as the particles of amorphous peat are rearranged. 

In other words if something heavy is placed on peat it subsides very rapidly in the beginning, After a while the rate of subsidence decreases, but it still goes on sinking. When proposing a construction on a subsoil that is compressible, it is normal to take samples and subject them to standard geotechnical laboratory tests. However it is generally recognised from experience that laboratory tests do not accurately predict the performance of a structure placed on peat. Hobbs in a long paper in 1986 on the geotechnical properties and behaviour of peats concludes that large-scale field trials are essential for important works. 

Enterprise Energy’s consultants have assessed the peat in several ways. 

· Samples have been taken of the shallow and surface peat in order to determine the level of phosphate and nitrate fertiliser in the peat. The peat slopes have been planted with forestry and other field trials have been carried out. It was feared that if these nutrients were released by the development works they would contaminate either groundwaters or surface waters.

· Boreholes to investigate the overburden and bedrock have in most instances recorded the thickness of the peat

· Narrower diameter gouge cores and window sampler cores have been used to determine the thickness of the peat and also to describe the nature of the peat. Peat samples have been extracted and described according to the Von Post Humification Scale (A qualitative system of  classification to describe the level of humification of peat in the field.)

· Narrow diameter water level monitoring holes have been installed in the peat to measure water levels or water pressures at different levels in the peat. Water is such an important part of the peat that these measurements could be regarded as measuring the peat characteristics. 

· Probes (Mackintosh probes) have been hammered through the peat at 20 metre intervals across it appears only the footprint of the proposed terminal site in order to determine the suitability of the subsoils for foundations. 

· Trial pits have been excavated in the terminal field to observe nature of the peat and subsoils.

· Consolidation tests on a few samples of peat from the old  terminal site appear to have been carried out in 2000.

The above list indicates that a lot of work has been carried out on the peat. However it is noticeable that a lot of the work reported in the EIS submitted in April 2001 is not clearly identified but appears to relate to the original site, south and west of the present site, which is no longer the subject of development. In other words the data in the EIS is not information that specifically describes the state of the peat under the site of the proposed development. 

7 trial pits are described in Appendix J1, but the map showing the location only refers to two trial pits. A subsequent map in July 2001 (MEL Appendix C) shows 8 trial pits. A further map (subject to full quality control) prepared during the oral hearing and presented as MEL Appendix B1, shows 7 trial pit locations, but the locations differ from Appendix C. A description of a single trial pit constructed in September 2001 is also given. It appears that perhaps 10 trial pits have been constructed but they are all in the terminal field and noy in the peat repository areas. 

A map showing the thickness of the peat was presented in the additional information in July 2001 (MEL Appendix D) but this appears to be based on just 5 points in the footprint of the main proposed peat repository, and just one point in the smaller northern repository. 

A revised map was presented in the Oral Hearing (MEL Appendix E2).  This map is included in my report for reference. It shows a contour pattern that is diiferent. It shows that the peat is 5 metres thick at the base (southern) end of the main peat repository. In the additional information Appendix D it is shown to be just 3 metres thick at this point. 

I have been through the logs of the gouge core holes used to construct the Appendix E2 map and found that the thickness of peat for each point on the map is either the measured depth to the base of the peat, where the gouge core hole went through the peat into the underlying till, or it is the point at which the gouge core stopped in the peat. This point is described in the logs as ‘refusal’. Whilst it is reasonable to infer that the refusal point is the bottom of the peat because it is difficult to drive a gouge core into tough sandy gravel and weathered rock, it is also possible that the refusal could occur if the gouge core encountered a large piece of hard wood or stone. These values could therefore be taken as the minimum thickness of peat. The peat may be thicker. There are records of the thickness of peat from other boreholes across the sites. These records do not appear to have been used to construct the peat thickness map Appendix E2. 

I have gone through the available data to check the peat thickness map and I have compiled a new map Figure 6. I have tried to use all the available data, and I have drawn the contours for the peat with reference to the detailed surface topographic contours. I have interpolated the peat thickness in areas where there is little information in order to illustrate that the peat thickness probably follows a simple pattern. I have used a simple colour code of intensifying browns to indicate peat thickness. I have shown, as dots of different colours, the data points used to construct the map.

The peat is less than two metres thick on the southern crest of the hill, and it gradually thickens down slope, around the base of the hill. The thickness of peat overlying the terminal footprint ranges from 2.5 to nearly 4 metres. The thickness of the peat ranges from 2 to 5 metres below the main peat repository, and from 1.8 to 3 metres below the smaller northern repository.

It is of note that it appears that there are only 8 places in the footprint of the proposed main peat repository where the thickness of the peat has been measured, even 11 months after the submission of the EIS. The main peat repository is the area where the peat will be left in place and where this peat will bear the load of the haul roads, the heavy equipment, the deposited peat and the retaining bunds. By contrast it is notable that there have been about 30 holes (not including perhaps 10 trial pits) in the terminal footprint where the thickness of the peat has been determined. Admittedly these holes have been constructed for other purposes, but this is the area where the peat is going to be extracted. This is the area where the peat structure will be destroyed. 

It appears that relatively few investigation points have been constructed in the areas where the in situ peat will act as the foundation for another layer of peat and the retaining structures and access roads. 

The surface layers of the peat below the proposed repositories appear to have been used for trials and subsequent planting of conifers. These areas have had open drains constructed in them. The drainage and surface runoff will be described below, but the significance of drains is not limited to just drainage. Drains cut through the acrotelm and can alter the integrity of this layer of the peat. The EIS in April 2001 provided little description of the drains except within the context of flow monitoring, but in the submission on flora and fauna by Ms Jenny Neff at the oral hearing provides a four line description of drainage types. Apparently there are the following drains in the development site

3. Open drains (c. 1 m deep and between 2.5 to 30 m in length) 

4. Clay pipes (and similar field drains)

5. A traditional method of sod drains

6. Slotted pipes 

7. Gravel drains (tunnel drains constructed using a tunnel plough technology with non calcareous gravel being laid onto a plastic sheet as a base of the tunnel. 

All of these types of drains were probably designed to drain water from the acrotelm and the upper catotelm. In doing so they would alter the saturation and perhaps structure of the upper peat. They would also provide linear breaks at the surface or in the subsurface across or down the peat covered slopes. 

There appears to be no description or discussion of the significance of these drains within the context of the structure or nature of the peat overburden. 

There appears to be no discussion of the potential impact of these drains on the peat in relation to its geotechnical characteristics.

There do not appear to have been any field tests (such as vane tests) to determine the in situ shear strength of the peat at different levels. Whilst it is probably true to say that the absolute values from vane tests have little meaning because the shear strength of the peat is so low, the relative values would have been useful to obtain a qualitative understanding of the undrained strength of the peat in different areas and at different depths. This information would have been very useful to understand and gauge the differential consolidation of the peat. These data may have assisted in highlighting  the weaker areas and parts of the peat profile below the peat repositories and haul roads/bunds.

There does not appear to have been any short or long term field trials to determine the response of the peat to compression or loading by either heavy roads, bunds or the deposited peat. 

By contrast to the lack of data on the structure and strength of the peat, there has been extensive work to sample and analyse the nutrients in the peat. 

MEL provided, as additional information in the Oral Hearing, excellent maps as Appendices J1 to J6 showing the results of analyses of peat samples for Nitrates and Phosphates. I attached to this report an example from these maps for ease of reference. The map labelled Appendix J3 shows the level of phosphate in the top 15cms or 6 inches of peat. It shows the location of  49 nutrient sampling pits for which analyses of phosphate content have been carried out. The analytical results show that phosphate application has been heavy in the area of young forestry that forms the sites for the peat repositories. The level of phosphate is generally lower in the area of peat that will be excavated for the terminal site. This area in the main is not planted with trees. 

The purpose of the nutrient analysis appears to have been to address the concern that disturbance of peat or drainage would release fertiliser in the acrotelm into either groundwater or surface waters. The risk of release and the impact of the release is assessed in the sections below.

Overall the information on the structure and characteristics of the upper overburden below the proposed peat repositories appears to be sketchy.

2.3.3. Background Research on the Stability of Peat

The stability of blanket bog, the excavation and handling of blanket bog and the utilisation of bog peat as the foundations for retaining walls for peat repositories, were concerns that lead to many questions by the third parties and the inspectors. Enterprise Energy’s consultants were encouraged to provide reference to literature relevant to the stability of comparable bogs and the excavation handling  and storage of blanket bog peat. Reference to five documents were given on the penultimate day of the hearing, but they principally related to lowland situations, raised bogs and muskeg in Ireland and Canada, and did not address the problems of building on blanket bog, and the potential risks of peat slides and bog bursts. The reference to the construction of peat stock piles relate to milled peat, which is relatively light and dry, and do not relate saturated blanket bog. 

Peat slides, bog flows and bog bursts are catastrophic, rapid downhill mass movements of saturated peat.

I have carried out a literature search and talked to experts in Durham University, Huddersfield University and TCD and the following are relevant to this appeal.

In 1982 on Kaien Island in British Columbia peat was excavated to construct an industrial park. The peat was stripped to provide the buildings with a stable foundation. A geotechnical engineering study was carried out. The peat was fibrous and with a high root content and it was dumped as a 6 metre high stockpile on a blanket bog covered slope leading down to the coast. Part of the waste peat stockpile eventually slipped, and slid onto the natural blanket bog below. This initiated a bog flow in the natural peat, that moved quickly down the 5° slope for 150 metres until it dammed up behind a strip of mature cedar forest. The peat behind the dam of trees was about 7 feet thick. Some of the cedar trees were over 30 feet tall. After about 24 hours, the pressure exerted by the peat, lifted a section of the forest, like a raft, and slid it down an 8° slope 70 metres to the sea. The forest strip was on a change of slope. The forest trees remained upright, with their well developed roots holding them together, but the roots did not hold the peat. The Kaien slide may not seem to be directly analogous to Bellanaboy because the stock pile was higher and the slopes were greater. However the stockpile was higher because the peat was only slightly decomposed, and contained a high content of both fine and coarse fibres. In other words the peat possessed some internal structure that it was thought would give it strength. The stockpiled peat slid onto natural peat that was up to 3 metres thick. This peat was also highly fibrous, but the weight of the sliding stockpiled peat compressed the natural peat, and caused it to shear and slide. The Kaien island slide is relevant because it shows how both a waste peat deposit and the blanket bog loaded with waste peat can fail. It is also relevant because it also illustrates how the gradual build up of pressure of just 2 metres of peat behind a dam  of stable trees at a change in slope can lift and slide the dam, en masse, a considerable distance. 

(ref: Canadian Geotechnical Journal Vol. 22 1985, An example of a peat flow near Prince Rupert Island B.C., Hungr, O. and Evans, S.G.)

In July 1988 a bog flow occurred on Coillte land on the south east slope of Slieve Fyagh, north of Sheshkin Lodge. The site of the flow is 5 miles south east of the Bellanaboy Terminal site. The Sheskin land had been planted by Coillte 8 years before with lodge pole pine that had reached about 8 feet in height. The proposed peat repository at Bellanaboy was planted with lodgepole pine about 6 years ago. The bog flow at Sheskin occurred on land with a slope of 3° that changed to 7° and returned to 3°. The slopes under the Bellanaboy peat repository are generally about 2° but occasionally 3°. The bog flow at Sheskin was 45 metres wide and extended down slope for over half a kilometre. The peat that slid, or flowed, was 1.5 to 2 metres thick. The peat at the base of the slide was firm and greasy. The volume of the flow was about 27,000 cubic metres of wet peat. The flow began in an area of drains across the slope. There had been a prolonged dry period which had dried out and cracked the peat adjacent to the drains.  During subsequent heavy rain in July 1988 the small area of cross drains full of water, gave way and mobilised peat in an area of tunnel drains below. The more amorphous, less cohesive peat (catotelm) below a depth of 2 feet apparently flowed out from under the fibrous top layer (acrotelm). The fibrous layer floating on this flow broke up into blocks up to 3 metres in size. The edges of the flow were straight and appeared to relate to the position of tunnel drains that ran down the slope. The analysis of the causes of the flow were that the rain water was not drained effectively by the cross drains, water got down through the drains and cracked peat sides into the catotelm, and the increased pore water pressure started the slide. It continued downhill for such a distance because the tunnel drains were also full of water and exerting a build up of pressure. The cross drains and the tunnel drains had cut the relatively coherent upper layers and allowed a build up of pore water pressure in the more humified peat below. The bog flow at Sheskin is analogous and relevant to the proposed peat repository at Bellanaboy for five reasons. Bellanaboy has both cross drains and tunnel drains. Bellanaboy has the same and a greater thickness of amorphous peat. The lowest bund or retaining wall is to be built just above a change in slope. It is proposed to backfill the drains either with wet peat or permeable gravel. The rapid filling of the peat repository cells with wet peat and peat slurry will exert an increased water pressure, down through the drains that cut the fibrous layer, into the amorphous peat below. 

(ref: Irish Forestry, Vol. 47 (1) pp 32-44, 1990, A Bog Flow at Bellacorrick Forest, Co. Mayo, Hendrick, E.

In late October in 1998 there was a multiple peat slide in the Cuilcagh mountain area of Cavan - Fermanagh. The slide took place at the contact between peat and an underlying thin layer of clay and in the clay. The slide was initiated during heavy rain in an area of old pipe drains and drains across the slope. The peat was thin, about 0.7 metre. The drains full of water probably exerted a hydrostic pressure on the basal layer of peat and clay, and initiated the failure of the slope. This event is described in a paper (reference below) at great length including mathematical modelling. The relevance of this slide is that in the upper part of the main  Bellanboy peat repository the peat is relatively thin and cut by drains across the slope. Pipe drains are also known to occur in the peat repository area. The logs of the gouge cores indicate that the bottom of the peat consists of strongly humified peat resting on a sandy clay.

(ref: Earth Surface Processes and Landforms, Vol. 26, pp395-408, Jan. 2001, Iniation of a Multiple Peat Slide on Cuilcagh Mountain, Northern Ireland, Dykes, A.P., and Kirk, K.J.)

There is an extensive literature on the failure, and consequences of failure, of bogs, particularly blanket bog. A.P. Dykes has made a study of the historical records and found from the literature that out of the 59 bog flows, slides and bursts world wide, of sufficient magnitude to occasion reports  in the last two centuries, 12 have occurred in Northern Ireland and 37 in the Republic, most of which occurred in the 20th century.  

It is perhaps salutary that, neither I, nor the developers consultants, have come up with any reference that describes the successful deposition of saturated, waste blanket bog onto a sloping blanket bog, using rock fill retaining bunds founded on in situ peat. 

3. WATER

3.1. Surface Water and Site Drainage

The site is on a low hill, and the drainage from the main development areas drains into three different catchments. MEL produced a maps showing the drainage on the site and produced a second map showing the river and stream catchments around the site. I have simplified and combined these two maps to create |Figure 7 for this report. 

A large amount of baseline and monitoring work has been carried out by MEL on the drainage from the site since the submission of the EIS and planning application in April 2001. Very little work was carried out before April 2001. The main aspects of the work appears to have been as follows;-

· Identification of main drains on the development site

· Measurement of flows in drains and basic hydrochemistry parameters of drainage water within the site

· Measurement of flows and hydrochemistry of drainage leaving the site

· Measurement of flows and water quality in receiving streams and in Carrowmore Lake.

The objective appears to have been to measure the quantity and quality of water leaving the site and the potential impact on the various receiving waters around the site. Mapping the drainage on the site would appear to be a help in planning the preparation of the site and the location of settlement ponds, but the existing drainage will be altered or destroyed by the construction and therefore is not relevant to the final development.

Initial work prior to submission of additional information in July 2001 consisted of spot measurements and sampling, but since November 2001 automatic gauges and water quality sampling equipment has been installed. These instruments created a vast amount of data.

The initial presentations by MEL at the oral hearing did not refer to or draw upon these data. In response to our request for additional information these data were presented as a CD and various graphs and tables. Mr Cecil Shine made it clear when he presented the data that it had not been fully checked and had only been subject to an initial interpretation. The data was presented as illustrations without any written analysis or assessment at the oral hearing. 

Figure 7 in this report shows the main drains on the site. There are numerous other drains in the adjoining lands. The main points within the site where spot measurements of flow and or quality were made are shown on figure 7 as small red dots. The position of continuous monitoring points at the edge of the site or on receiving waters are shown as larger, orange dots.

MEL located the main drains on the site and annotated them with the prefix D followed by a number. The terminal field area is drained by a series of northeast - southwest aligned drains that feed into a drain D16 that leaves the site. D16 discharges into a stream that forms part of the drainage system feeding Carrowmore Lake. 

The main peat repository is drained by two systems of drains. The proposed peat repository lies across a small valley. The bulk of the valley is drained by drains across the valley that feed into twin main drains that follow the axis of the valley. The main drain is labelled D 22. However the north eastern edge of the valley is drained by a separate system of northwest - southeast aligned drains. The D 22 catchment feeds a small stream in the forestry to the south east which is a tributary of the Glenamoy river.

The smaller proposed peat repository area appears to contain fewer drains. This system is labelled D 62. This drain feeds a small stream that flows directly into Sruwaddacon Bay.

Continuous monitoring equipment has been installed on D 22, D 16 and D 62, and on the Glenamoy river and streams draining into Carrowmore Lake. There is no continuous monitoring point on the stream draining directly into Sruwaddacon bay.

MEL has estimated that the D16 drainage system area comprises 1.5% of the stream catchment area feeding Carrowmore Lake from the northeast. D 22 comprises 0.42% of the Glenamoy river catchment and D62 comprises 4.5% of the small stream catchment draining direct into Sruwaddacon bay.

3.1.1 Surface Water and Drainage Runoff

Runoff, and control of runoff, from the site is an important factor in the preparation of the site, the drainage of the proposed terminal and peat repositories, and the design of settlement lagoons. At the time of the EIS  there were no continuous records of rainfall or runoff from the site. Three spot measurements of runoff appear to have been made on the major drains before 27th April 2001. Estimates of runoff were made using rainfall from Belmullet and runoff coefficients for peat, permeable or impermeable surfaces. These estimates were used to design the size of the settlement ponds and the perimeter drains. 

The installation of continuous monitoring of rainfall and surface runoff in late November 2001 could provide useful information, for example to correlate rainfall with the Belmullet station or check runoff coefficients for the site before development. 

MEL presented as additional information Appendices D1, 2, and 3 at the end of the oral hearing. These appendices are individual graphs showing a combination of rainfall and runoff data from the continuous recorders on drains D16, D22 and D62. These data have not been interpreted by MEL and they were given to the hearing with the caveat “ working drafts subject to full quality control”. The graphs are at a small scale that is difficult to interpret. I have abstracted the data from the CD provided by MEL and reproduced enlarged versions of these graphs.

The rainfall record on each graph is the same and is shown as vertical dark blue lines. The rainfall appears to have been measured at 3 hourly intervals. 

The first graph shows rainfall and runoff from the 29th January 2002 to the 2nd February 2002 for weir 2 on Drain 22 (draining most of the proposed peat repository area). The lower pink line is the water level or stage level measured by an instrument next to the drain called a Thalamedes. The red line above the pink line is the flow calculated from the water level measurements and this flow is given in litres per second. It can be seen that a small rise in the water level in the drain is reflected in a steeper rise in the flow rate. In this first graph it can be seen that just after 3am on the 30th January the flow in the drain increased but there appears to be no rainfall preceding the event. It is assumed that the rainfall recorder was not working at this time. The first recorded rainfall events start at 12pm on the 30th, with rainfall of about 1.2 mm in 15 minutes. This rainfall and further rainfall between 3 and 6pm leads to an increase in flow along the drain. By 9pm the peak flow starts to subside until 2mm of rainfall in 15 minutes at about 10am on the 31st starts another increase in runoff. To this point there appears to be a very straight forward relationship between rainfall and runoff. When it rains quite heavily there is an almost immediate increase in flow in the drain. However two further heavy rainfall events at about 3pm and just after 6pm do not appear to cause any increase in flow in the drain. The second rainfall had an intensity that reached 2.6mm in 15 minutes and a total of 8 mm in one hour but did not appear to cause an increase in drain flow. This does not fit the pattern over the previous day. Flow in the drain increases again after rainfall between 3 and 6 am the following day (1st February). 

The lack of response to the rainfall at 3 and 6 pm on the 31st January raises doubts concerning either the rainfall data or the Thalamedes data. This uncertainty continues when the rainfall and drain flow for drains D16, D22 and D62 for the period from 14th January to 8th February 2002 is plotted on a graph. These graphs are included in this report. The graphs for D16 and D22 are strikingly similar. The position, shape and amplitude of the peaks, troughs and minor inflections in the red line, showing flow, appear to be the same. This is not impossible because the catchment areas for each drain are similar in slope, size and vegetation cover. However it is odd that both drains appear to have high flow rates of over 150 -180 litres per second after quite moderate rainfall on the 25th and 26th of January, yet have relatively very low runoff flows after prolonged and very intense rain between 30th January and 2nd February. For example 4.5 mm of rain fell in 15 minutes on 2nd February but the resultant flow in Drain 16 was only 38 litres per second. There is no clear explanation for the low flows at times of high rainfall. It is possible that the flow measurement instruments were recalibrated after29th January. The graph for Drain 62 (the third graph) shows an abrupt small drop in flow about midday on the 29th. A spot check inspection of individual stage readings from the Thalamedes instrument for D22 and D16 shows the same water level in both drains at exactly the same time. Possibly the graphs for D16 and D62 have inadvertently been compiled from the same raw data. This is the type of error that can arise when data is compiled quickly without being ‘subject to full quality control’.

My conclusion from this detailed analysis is that a lot of potentially useful information on rainfall and runoff has been presented to the Board. These data were not available at the time of the initial planning application and therefore estimates were used to design drainage and settlement ponds etc. The developers consultants were not able to interpret or check the recent data before submitting it to the Board at the end of the oral hearing. Though these data are now available, they appear to contain anomalies or uncertainties.  This means that they cannot unfortunately be used with confidence to comment or reassess the designs of drains or settlement lagoons for the proposed development. 

3.1.2 Surface Water Quality

The surface water or drainage water quality information has similar problems. The developers consultants prepared graphs showing how the quality of surface water leaving the site varied with changes in runoff. Three graphs were presented for each main drain D16, D22 and D62 showing the runoff between 24th January and 29th January 2002 and the level of suspended solids, total phosphorus and turbidity. These graphs were presented by MEL as appendices H1, H2 and H3 on the 26th February 2002. The instrumentation used to obtain the quality data appears to have been programmed to take samples automatically if the water level in the drain started to rise quickly. The objective was to obtain information on the change in quality when runoff rates increased. This was particularly relevant to turbidity/suspended solids and phosphate. The information would provide a useful baseline against which to compare readings obtained whilst the proposed development is under construction.

I attach a copy of one graph from MEL Appendix H2 showing the values for suspended solids and turbidity at full scale. The phosphorous values are very low at this scale. The pattern from the data is reasonably consistent with expectations. The suspended solids and turbidity are higher as the runoff increases and lower as the flood subsides. The highest turbidity value occurs on the morning of the 25th January at about 11 NTU. 

However on the CD presented by MEL at the end of the hearing there are other graphs. I attach an extract from one for roughly the same period (24/1 - 28/1/2002) as the example from H2. It shows the turbidity levels for D22 ranging from 80 to 1,500  (presumably NTU). It also shows many more values for turbidity than are shown in appendix H2. I attach another version of the same graph from the CD for the period from 15/11/01 to 3/2/02. This graph appears to show that towards the end of the dry autumn in 2001 the turbidity levels were low but in mid December, after the heavy rain early in the month the turbidity levels rose to over 1,600. The same graph shows sudden breaks or steps in the data. This appears to reflect a re-setting of the instrumentation or re-calibration. 

It is unfortunate that the apparent wealth of surface water flow and quality data was not prepared, checked for internal consistency, and interpreted well before the oral hearing. As it is it is difficult to access, interpret and assess these data particularly when there appear to be inconsistencies.

Overall there has been a determined effort to obtain baseline information on the water presently flowing from the site. These data indicate that runoff occurs very rapidly after rainfall. The level of suspended solids in the water increases when runoff increases. It also appears that total phosphorous levels also increase and decrease in line with runoff. This can tentatively be interpreted to mean that high rainfall and high runoff erodes the catotelm or surface of the bog  that has received phosphate fertilisers. 

3.2. Groundwater

Groundwater obeys the same principals as surface water. Though groundwater is, by definition, hidden below the surface it is not difficult to understand. Groundwater like surface water flows down hill under the influence of gravity. Groundwater starts as rainfall that percolates through the soil down to the water table. The water table is not a fixed level. It is merely the level below which all the interconnected pores spaces or cracks in the subsurface are saturated, at a moment in time. During winter when rainfall exceeds evapotranspiration the watertable tends to rise, because the rate at which rainfall gets into the ground is faster than the rate at which it can drain away. In summer the water table tends to sink lower into the ground because there is less rainfall percolating into the ground and the groundwater system is continually draining to the nearest baselevel. The nearest baselevel could be a river or lake or it could be the sea. The speed or ease with which groundwater drains through the land depends upon the ease with which it can move through the subsurface materials. Groundwater is continually trying to sink or flow downwards and sideways to the nearest baselevel. There is therefore a vertical dimension and a horizontal dimension to groundwater flow. As subsurface materials vary both vertically and horizontally, it means that groundwater movement varies in three dimensions (two horizontal and one vertical) underground. Groundwater flow is also driven by the gradient between the level of the water table at a high point and the level of the exit point where it emerges at the base level in the bed of a river or at a lake or the sea. As the water table rises in winter, it means that this gradient increases in winter. Therefore to understand the speed and direction of groundwater flow it is necessary to try to understand the three dimensions in space and the changes in a fourth dimension of time. 

Water is the best solvent in the world. It tries to dissolve everything with which it comes in contact. As groundwater flow is slower than surface water flow, it means that groundwater has greater contact time with the material through which it passes. This means that there are generally more dissolved salts or substances in groundwater than surface water. It also means that as the composition of the subsurface varies in three dimensions, then so does the groundwater chemistry. Groundwater chemistry relates to contact time. Therefore if groundwater is moving quickly in winter it will have less opportunity to dissolve minerals from the materials along its route. It can be seen that groundwater chemistry also varies in three dimensions in space and with the fourth dimension of time. 

The reason for explaining these principles is to help de-mystify this hidden water system and also let it become obvious that to understand the groundwater system below the subject site it is important to sample, measure, and assess groundwater variations vertically, horizontally and over a period of time. The ideal period of time would be 12 months, to get representative measurements over all seasons with high, low and intermediate water levels and flow rates.

3.2.1. Groundwater Levels and Flow

The developers consultants had, for reasons explained above, barely begun to assess the groundwater system when the EIS and planning application was submitted in April 2001. This situation was improved by work between April and July 2001 when additional information was presented to the Planning Authority. Groundwater work continued after July but the details were not presented at the oral hearing until they were requested. The initial submission at the oral hearing was brief and general, but not supported by data tables, graphs or thematic maps. The request for further information lead to an intense period of work by the consultants, MEL, and the release of a lot of new information, but without any description, written interpretation or assessment. 

The opportunity to access and measure the groundwater system was available through boreholes principally designed to measure subsurface geotechnical properties for the proposed construction. In addition some boreholes drilled by machine and other shallow holes excavated by hand were used to access the peat and occasionally the lower subsurface layers. 

The map provided by MEL to show the location of subsurface investigation points is rather cluttered and confusing, because multiple symbols and long descriptive labels are shown for single sites. 

I have compiled a new map showing the location of boreholes and the location of shallower gouge core holes into and through the peat (Figure 8). The gouge core holes are shown as brown dots, and the other boreholes, which, on other maps, have numerous confusing prefix letters and numbers, are shown in various different coloured dots. The meaning of the colour of these dots does not matter. They just denote boreholes drilled at different times for different purposes, by different drillers in different ways. 

The distribution of subsurface investigation points indicates that the two horizontal dimensions appear to have been well investigated. There is a heavy concentration of investigative holes on the site of the proposed terminal footprint, but otherwise it appears as if the site overall has been well covered. However if just the boreholes for which there are completion reports and which have been used to obtain water level measurements from below the peat are shown, the distribution appears to be sparse. These boreholes are shown in Figure 9. It becomes immediately apparent that there are only two boreholes investigating conditions below the proposed peat repositories. The groundwater levels in both these boreholes have not been measured since October 2001. Therefore it appears that there are no recent measurements of the groundwater level below the peat which will form the foundation of the proposed peat repository areas. 

It could be thought that there is little need to understand groundwater conditions below the peat layer in the peat repositories because the in situ peat will isolate the lower layers from any contaminating effect of the waste peat to be piled on top. This appears to have been the view of the developers. However as explained in section 2.3 above, groundwater conditions below the in situ peat influence the saturation of the in situ peat and hence the pore pressures in the peat and the stability of the peat when loaded by the pressure of bunds, haul roads and the waste peat deposit.

MEL presented a map (Appendix C1) at the end of the Oral hearing. This map is enclosed with this report for ease of reference. This map shows the water level in the upper layer of the peat, for which MEL use the term the phreatic surface. MEL installed numerous narrow diameter pipes into the peat with open sections at different depths in order to measure the water level or pressure in the peat. Enclosed in this report is a copy from Appendix E1 of the logs for Gouge Cores GC 35 and 36.This sheet is a good example of the installations in the peat to measure water levels in the peat. These installations were installed after the 12th January 2002, and from the records in the CD provided by MEL there appear to have been only two water level measurements made before the oral hearing. Both of these recent gouge core holes and installations are at the down hill edge of the proposed peat repository. It appears from the two water level readings at site GC36 and the comments on the MEL map Appendix C1 that the water level in February at the top of the peat was higher than the water pressure in the lower part of the peat. However there are no corresponding water levels for the overburden below the peat at this site or for any of the sites in either peat repositories. 

I have tried to draw tentative groundwater contours to represent the groundwater level or pressure in the overburden and bedrock below the peat in Figure 9. I have not tried to contour the water levels above 34 metres or below 30 metres. Because of the lack of control points in the peat repositories the contour lines are broken. These contours indicate that there may be an upward water pressure from the groundwater system below the peat. 

Standing back from the detail; both the MEL map showing water levels at the top of the peat and Figure 9 showing water levels below the peat, both show that the water levels are more elevated in the centre of the overall site and lower around the periphery of the hills. They both show that water in the peat and below the peat is draining from the high ground to the low ground. 

Figure 6 shows the thickness of the peat deposits. The peat is thin on the top of the hill. It appears realistic to assume that rainfall percolates through the thin peat layer near the top of the hill into the lower overburden and bedrock. This is the area where rainwater ‘recharges’ the groundwater system. This water tries to migrate downhill, but because the peat both thickens and becomes less permeable on the lower slopes, the groundwater is not able to easily get out of the lower overburden and bedrock aquifer. In effect the peat confines the water in the lower aquifer. There is therefore an upward pressure on the bottom of the peat layer on the lower slopes of the site. 

Figure 9 has one topographic contour marked in red. This is the 32 metre OD contour. This contour is given because 32 metres is the proposed elevation of the floor of the Terminal footprint site outlined in black on the figure. It can be seen from the groundwater contours and the individual borehole water levels that the groundwater level in the lower overburden and bedrock is above 32 metres over most of the terminal footprint site. An excavation to or below this level will be below the existing groundwater levels in the sub peat aquifer. Therefore groundwater will initially drain into this excavation.

MEL have carried out falling head and rising head and packer tests to try to determine the permeability of the materials below the peat. They have not tried to carry out a pumping test in order to determine the sustainable groundwater flow or determine the speed with which a cone of drawdown created by the pumping extends outwards from the pumping borehole. 

MEL were asked in the oral hearing to show how groundwater levels varied over a year in response to rainfall. They presented four graphs as Appendix D5 covering a period from April 2001 to January 2002,  But the graphs were not very useful because they showed rainfall for only the period from November 2001 to January 2002, and the water levels were only from installations in the peat. There is another graph in Appendix A2 presented at the oral hearing which shows all the water level measurements. It is noticeable that water levels fluctuate with the seasons in a few boreholes high on the site and penetrating below the thin peat. Boreholes penetrating below the peat lower on the site do not vary significantly.  

3.2.2.Groundwater Chemistry and Quality

Groundwater tries to dissolve and reach chemical equilibrium with the material through which it flows. Therefore analysis of the chemical constituents of groundwater at a particular point in its flow path may indicate the nature of the ground through which it has passed as well as the equilibrium conditions of the ground at the sampling location. Groundwater chemistry can therefore be a useful tool to try to understand from where water has come, and how long it has either taken to get there or remained in roughly the same position.

Though there is a very large data table on the CD provided by MEL the actual amount of groundwater chemistry and quality data appears to be small. There appear to be major ion analyses of six samples from boreholes and three samples from installations in the peat. Groundwater from below the peat appears to contain relatively high levels of sodium and chloride which would be expected from recharge near a sea coast. The water has low levels of phosphate and nitrate and high levels of iron and manganese, and calcium bicarbonate. 

Little can be interpreted from this data except that there appears from very limited data to be little indication of phosphate and nitrate fertiliser being leached into the groundwater system below the peat.

4. ASSESSMENT OF PROPOSED SITE PREPARATION 

4.1. Introduction

The proposed development consists of a reception and treatment terminal for natural gas. In very general terms, it is a highly sophisticated, highly engineered facility that applies standards of design, construction, control, and monitoring that would meet international oil industry standards. This is understandable given the high value and combustible nature of the commodity. It appears that something of similar standard could be built in Saudi Arabia, the Gulf of Texas or Rotterdam. All that is required to build this facility is a large flat surface and solid foundations. In a sense the construction of the terminal facility is the easy part, because everything is constructed or fabricated, and hence everything can be controlled. If, for example, steel pipes delivered to the site do not meet specifications, then they can be rejected and the correct quality pipes acquired. By contrast, constructing the foundation platform upon which the terminal will stand is complex, because it involves moving, handling, sorting, storing, deposition and construction involving natural materials on site that do not conform to a man specified standard. These materials cannot be controlled, and their behaviour or characteristics may not conform to expectations or predictions. The complexity of preparing the site for the terminal is increased because the developer and the planning authority wish to minimise the impact of construction on the fragile, narrow road network in the area. It appears to be generally recognised that fleets of heavily loaded trucks would have an adverse and unacceptable impact on the infrastructure of the area. A decision has been reached to not export any of the material excavated to construct the terminal foundations and platform. A similar decision has been made to only import a limited amount of stone and aggregate onto the site. The intention is to re-use suitable excavated material, and otherwise store or impound unsuitable material on the site.  Therefore one of the key calculations upon which the viability of the proposed construction depends is the availability of sufficient suitable material on site to both build the foundation platform, and to build the roads, drains and bunds necessary to transport, store and retain safely the unsuitable materials on site. In other words if there is insufficient suitable material on site to cope with all requirements then it will have to be imported by road. 

There is therefore an almost direct relationship between understanding and controlling the natural environment and the potential for an adverse impact on roads and peoples’ lives in the area.

From the plans and proposals and the studies so far undertaken it appears that the key issues in the construction are the ones which are most difficult to predict and control. These are the movement of water and the stability of the peat. These are the dynamic or mobile elements on the otherwise relatively static foundation of soil and bedrock.

The EIS was prepared in a short space of time and much of the design work for site preparation and in particular handling and storing large quantities of unusable peat, was done on the basis of information for another, though adjacent, site. 

It appears, as described above, that the planning application and EIS documents were released on almost exactly the same day as the first investigation hole was gouged on site for the proposed peat repositories. It was not known until recently, in fact the 12th January 2002 when GC 36  was installed, that there is a thickness of over five metres of peat at the foot of the main peat repository. 

It appears that the second volume of the EIS “Technical Appendix J1” - Peat Management Strategy and other documents relating to site preparation, was entirely written without any real site investigation information on the actual configuration of the subsurface actually below the peat repositories.

As the designs for site preparation in the EIS were qualified by reference to on-going  site investigation work, it was anticipated that more site specific, revised and detailed designs would be presented at the oral hearing. The hearing was the opportunity to make up for the absence of site specific information in April 2001. 

Unfortunately the initial presentation at the oral hearing by Mr Byrne, Construction Superintendent for Enterprise Energy did not offer revised plans, or plans that clearly related to the information obtained in the interim. Instead the presentation, though lengthy and well illustrated, provided conceptual plans and proposals that were illustrated by schematic and almost over simplified diagrams with few measurements and generally not to scale. The presentation from the Construction Superindendent adequately described the concept of the proposed sequence of events, but did not provide precise details or discussion of how the design would be achieved, the problems that could be anticipated, the consideration of potential consequences, and the alternatives or measures available to overcome such problems.  

An invitation to provide a detailed plan of the proposed peat repositories and bund positions and elevations was given early in the oral hearing in order to start the process of gaining site specific design information. On the final day of the hearing  a map was produced but it was labelled in bold red lettering ‘Draft for illustrative purposes only’. I gained the perception that further more specific information was not available, and that more detailed designs would only become available from the contractor when he started work on the site. 

I hold the view that this information should be made available for full consideration of a planning application. Securing, in perpetuity, over half a million tonnes of broken up peat on a peat slope above the main road across north west Mayo, is not a conceptual matter to be resolved by a contractor. I hold the view that it is clearly a planning matter that requires careful consideration, because a failure and slide of the peat repository could clearly block and damage the road, and possibly, depending on speed and timing of the event, cause a serious traffic accident.

I have therefore found it difficult to assess the proposed site preparation element of the development, because unlike many other parts of the proposals, there is insufficient information. The information that has been presented particularly with reference to handling and storing the peat indicates that the proposals are misleading and seriously flawed. I believe that part of the reason for this is that there has been insufficient research into, or consideration of, the causes of peat bog failure.

4.2. Site Preparation Assessment

The sequence of site preparation works proposed by the Construction Superintendent at the oral hearing was as follows: -

1. Tree and shrub planting

2. Construction of stock proof fence to site boundary

3. Construction of early temporary facilities area

4. Construction of settlement ponds and perimeter drainage system

5. Upgrading the existing forest haul road from the R314

6. Construction of a hard standing area for temporary facilities and parking

7. Construction of haul roads and containment bunds to the peat repositories

8. Excavation to competent rock and dewatering of the excavation works

9. Excavation of engineering fill and rock including blasting operations, if required

10. Placement and compaction of materials to form the new terminal site

11. Construction of permanent site drainage system

12. Planting and landscaping of the peat repositories

This sequence is essentially a summary of the sequence in the Peat Management Strategy document at the beginning of  the EIS  Volume  called Appendix J1 in April 2001. On page 10 of this document there is a table referring  to the Material Quantities. This table lists the volumes of materials to be excavated and the volumes of material that will be needed to build roads, bunds, and the site foundations. I will refer to this table. 

Below I go through the main elements of the site preparation. I will not assess the minor items such as tree planting and erection of fences.

Items 4 and 6 above are described as one step by The Construction Superintendent. It was stated that the building  a small hard standing of 50 m by 50 m next to the current forest access road off the R314 plus the widening of this road to 6 metres, which for the first approximately 200 metres will become the main access road into the terminal facility, will require 8000 cubic metres  of stone and gravel to be imported from local quarries. The table of material quantities in appendix J1 states that this will require 400 transport movements. This should be clarified as 400 return journeys or 800 single journeys by 20 cubic metre capacity trucks. The stone and gravel will be laid on a heavy-duty geotextile membrane. The thickness of the stone will be a nominal 700mm. This quantity of stone appears adequate for the purpose, but there is no specific allowance for additional stone to maintain the elevation of the road and car park once the peat sinks under the stress of the weight of heavy vehicles and the stone fill.

Item 4 is illustrated in a schematic on page 8 of The Construction Superintendent’s submission to the oral hearing. It shows a temporary drain around the perimeter of the terminal but shows a permanent drain around the main or eastern peat repository and the smaller north eastern peat repository. The permanent perimeter drain around the main repository drains into two settlement lagoons.  It is appears to be intended that this perimeter drain will drain the site of the proposed peat repository. The plan appears practical when seen in plan view without reference to the natural contours of the site. However the main peat repository is in a gently sloping valley that slopes in towards the centre axis of the repository and down the hill towards the R314 See figures 1 - 4 and 7 in this report and Photo No.3. 

There is no discussion in any of the documents about reversing the slope and natural drainage away from the centre of the valley, therefore it can only be assumed that the peripheral drain will only drain the water flowing to it from the land outside the repository, and will not drain the area that is inside the repository. This means that the existing drainage system inside the repository will continue to function and water will leave the repository area down the natural drainage channel shown on the topography map. 

This inconsistency is compounded by the location of the two settlement lagoons shown in The Construction Superintendent’s initial presentation, map Appendix D in the final presentation and Drawing 1501037/04/03 by TES presented at the end of the hearing by The Construction Superintendent and Mr Finlay. 

The water draining from inside the peat repository whilst the bunds and haul roads are being constructed and the first excavated peat is being deposited is likely to be turbid with peat silt. The settlement ponds are supposed to be designed intercept and remove this sediment

It can be seen that the settlement lagoons are shown on the maps as being on either side, and elevated above the floor of the valley depicted by the detailed contour map. It is assumed that this map is correct and that the straight line alignments of Drain D22 on the drainage map are schematic.

It is not easy to find scale drawings that show the depth of the settlement lagoons but a note on Drawing 410063-00-CV-PA-0004-04 in Appendix J1 states that the floor of each cell will be 2 metres below the level of the inlet to the pond. If the ground level for the two sets of ponds is at 29-30 metres above Ordnance Datum and the natural floor of the valley is at 27 metres, it either means that water must flow uphill to get from D22 to the ponds, which is impossible, or that the ponds must be excavated down to 25 metres OD, which means a 4-5 metre deep excavation in saturated highly humified peat.  The sides of a settlement pond cut in peat cannot be vertical because they will collapse. A slope of 1 in 5 is recommended. Therefore deep excavations would be significantly wider and longer at ground level than is proposed. Another factor to consider would be that a 4-5 metre deep excavation will probably fully penetrate the peat and hence relieve an upward pressure of groundwater in the overburden and weathered bedrock below. None of these considerations have been discussed in the documents on site preparation. Whilst there is a contingency plan for controlling drainage, in difficult circumstances during preparation of the terminal site, there does not appear to be a clear or coherent plan to control drainage during construction of the peat repositories.  It appears that the planned drainage around the peat repository has not been correlated with the existing topography and natural drainage pattern. 

Item 8 is the construction of haul roads and containment bunds for the peat repositories. This element of the of the site preparation process is confusing, lacking in detail and appears to be seriously flawed. Several attempts were made to get more specific details of these important features during the course of the oral hearing, because it is well known in Ireland, Britain, Holland and Canada that building heavy roads and retaining structures on top of peat is difficult. 

The stability of the bunds and their ability to retain the peat deposits have important planning considerations as outlined in the introduction. The volume of rock or fill material needed to complete these roads and bunds is also an important planning consideration. It was therefore necessary to try to get the developer’s consultants to provide specific details of the location and design of these structures. 

The structures are called haul roads and peat containment bunds but it appears that the bunds will be used by heavy plant and haul trucks to get the peat into the repository cells. These cells  are 2 to 3 hectares in size and therefore it appears that haul trucks will deliver the peat from the sides to be spread by plant on the floor of the cells. The bunds will therefore be haul roads, and it appears that the general design for both will be the same.

Two schematic submissions during the oral hearing show two different designs for the roads and bunds. Mr Shine (MEL) in his second submission (20/2/02) on groundwater contamination shows in figure 8 that the haul roads are composed of coarse granular material on a geotextile membrane resting directly on the upper peat surface. The Construction Superintendent in his main submission on the 19/2/02 shows on page 9 a haul road. This illustration is not to scale but it is labelled with some key dimensions. The road is shown as being 6 metres wide along the crest and 12 metres wide at the base and 2 metres above the existing peat surface. At the existing peat surface there is a transverse filter drain and a geotextile layer. Below this layer there appears to be a considerable thickness of rock fill and suitable engineering fill. Below this layer the foundation is shown as peat. In his submission The Construction Superintendent says that the haul roads and bunds will be founded on peat or suitable firm strata. 

It is widely known, as described in section 2.3.2 above that peat is compressed when stressed by a heavy weight. The compression is rapid and the load sinks into the peat. The load such as a road can be applied incrementally in layers, or suddenly as one layer, and though the rate of compression varies the result is still essentially the same. Water is pressed out of the peat by the weight above and the weight sinks. Therefore to keep a road and bund wall at 2 metres above the present peat surface it will be necessary to add further stone to the stone already in place in order to keep pace with the sinking. The rate of compression has not been calculated or specifically estimated by the developers. The rate and amount of compression depends upon the nature of the peat, its water content, the height of the water table and the thickness of the peat. This has not been discussed in detail by the developers in their submissions (it is discussed by WSAtkins in appendix J1 but their conclusions are discussed below), and it does not appear to have been considered in the context of the materials required to construct and maintain the elevation of the bunds and haul roads. 

In order to assess the calculations of material required to construct the haul roads it is necessary to make certain assumptions and estimates. It would be reasonable to assume in the more elevated parts of the peat repositories where the peat is thin, that the peat will be removed along the line of the bunds and rock fill will be used to form solid foundations on the underlying weathered bedrock or till. The minimum thickness of the peat in these areas is about 2 metres. Therefore it can be estimated that the haul roads in the upper parts of the repositories will have at least 2 metres of fill below the present land surface. Therefore the road will be 12 metres wide and two metres deep below ground level. In areas where the peat is 3-5 metres thick there has been no discussion by the developers of constructing very deep trenches in the peat in order to lay a rock fill foundation on the weathered bedrock or till. It is therefore reasonable to assume from all the evidence that the haul roads will be laid on thick peat. It is almost impossible to estimate the amount that these roads will sink below the present peat surface, but as the peat is thick, highly humified and saturated it is probably not unreasonable to estimate that the haul roads will sink 2 metres. These estimates indicate that the cross section profile of the haul roads and bunds will be the same whether they are in the high or low parts of the repository. This cross section will require approximately 42 cubic metres of fill for each linear metre of bund and haul road. I have measured the approximate total length of the bunds and haul roads around the perimeter and inside the repository shown in Appendix D. The total length appears to be 6,450 metres. 

If the estimate of 42 cubic metres is combined with this length then the total amount of fill required is 270,900 cubic metres. By contrast the estimate in the table of Material Quantities from page 10 in Appendix J1 gives a total of just 157,000 cubic metres. From these estimates it appears that there may be a shortfall of 113,000 cubic metres of fill necessary to construct the bunds and haul roads. This amount is an extra 72% or equivalent to 5,650 extra return truck journeys on local roads to bring in fill from local quarries. 

As I have stressed, these calculations are based on assumptions in the absence of detailed designs provided by the developers. It is perhaps dangerous to do this but it appears that there are reasons to doubt the accuracy of the developers calculations of quantities. It shows that if the amount of fill required to construct bunds to the correct height is not available then the number of trucks moving heavy gravel and rock could increase from 400 round trips to 6,000 round trips. 

A second apparent weakness and potentially serious flaw in the bund design is the issue of stability. 

W.S.Atkins (Consulting Engineers) carried out a design exercise for Kvaerner E&C UK consultants for the developer on the design of drainage ditches, settlement ponds and bunds and haul roads. Their memoranda and calculations are included towards the end of Appendix J1. 

Appendix H in this volume describes containment bunds and haul roads.

The second page of this Appendix is a faxed memoranda from Liz Harrison (Senior Engineering Geologist) in W S Atkins to Lawrence Bayard in Kvaerner. This fax was sent on the 24th April 2001 before any site investigation holes had been drilled on the site of the proposed peat repositories. I quote the page in full and add comments (in italics) because it expresses reservations that are important in determining this appeal;

Corrib Gas Field - Terminal Site

Embankment Design

Further to our telephone conversation earlier today regarding the road embankment design. Outlined below are our comments on the design philosophy for these structures.

Embankment Stability

The embankment designs presented in Drawing No AAF6’’89/GTG. 2001120/101_Rev. B are robust solutions suitable for the difficult site conditions. (the designs shown on this drawing call for the complete removal of the peat below the line of each proposed bund, and for the wide sloped trench to be back filled with suitable material). Other solutions were considered including for example the placement of a geogrid and non-removal of the peat. However, in areas where the water table is near the ground surface the stability of the existing slopes could be near unity, see attached calculations (calcs 003). Loading of peat by the embankment construction under such conditions could initiate translational peat slides. (in other words she is saying that the shear strength of the saturated peat could be so small that the bunds or embankments could slide down the slope)
However, the stability of the peat is dramatically improved by lowering the water table, see attached calculations. In areas where the water table is low or will be permanently lowered then optimisation of the embankment design, for example by partial removal of the peat or by leaving the peat in place and using a geogrid, may prove practicable.

Embankment Settlement

Settlement calculations (see attached calcs 004) suggest that pre-loading would be required to limit peat settlements unless settlements movements of the order of 1 to 2 m could be accepted. (preloading means placing an amount of material that is significantly heavier than the bund, along the footprint of the future bund, in order to compress the peat before the bund is actually constructed. This is possible where there is a large amount of readily available material, and when there is time to wait for the compression to take place) In addition ongoing creep movements could affect drainage installations and would present ongoing maintenance issues.(here she is saying that even with pre-loading there will still be on-going secondary consolidation, or sinking of the bund, and that this could have an adverse effect on for example drainage  in the bund)

With only limited ground investigation information available for the site, particularly with respect to peat properties and groundwater conditions, it was not considered appropriate to further refine the embankments design at this stage. 

This document draws attention to several issues, in addition to the explanatory comments in italics in the text above.

In the last paragraph it draws attention to the limited ground investigation information available; in particular the peat properties and groundwater conditions. It was anticipated, as this was written in April 2001, that in the intervening 10 months ground investigations on the peat properties would have been carried out and the embankment designs refined. 

In the second paragraph she comments that the stability of the peat can be dramatically improved by lowering the water table and that embankments placed on a geogrid on in situ peat may prove practicable. Whilst it appears that the proposed design for the bunds and haul roads involves placing the embankment on a geogrid or geotextile, there appears to be no discussion of dewatering the in situ peat to improve the stability of the peat in the submissions by The Construction Superintendent. 

A third design weakness or flaw in the bunds and haul roads relates to the topography. The perimeter bund and the internal bunds in the main peat repository are shown as straight lines in Appendix D. They do not follow the contours of the existing shallow valley that forms the floor of the repository. Instead the bunds, parallel to the R314, run across the valley.  The bunds are supposed to be two metres high to retain two metres thickness of waste peat. However the lowest perimeter bund just above the R314 crosses the valley where there is a change of slope and the contours indicate that the drainage is incised. Reference to the map produced by TES consulting engineers at the end of the oral hearing shows that the peat behind the bund wall in the centre of the valley is at 32 metres OD whereas the topographic contours at the base of the bund wall are at 28 and 29 metres OD. This implies that the bund wall will be 3-4 metres high in the centre of the valley and not 2 metres high as proposed.

Reference to the peat thickness map shows that this high and massive bund wall is also sitting on the thickest peat deposits. The peat in this area is 5 metres thick. 

The lowest level of the peat encountered in GC 35 and 36 is described as H8 and H6 on the Von Post humification scale, meaning that the peat is ‘fairly highly’ to ‘very highly’ humified and with little internal structure.  

At the foot of this bund wall, it is proposed that there will be a drain and probably deep settlement ponds. In other words it is proposed to excavate the peat at the foot of the wall. In addition the topographic gradient below this bund wall steepens to about 3°.

The genesis of peat or bog slides of in situ blanket bog is not due to just one factor, but analysis of historical peat slides in Ireland by the University of Huddersfield has shown that they are often associated with a change in slope. The explanation for the slide is simply that the peat above the change of slope is not supported by an equal thickness of peat down slope. 

The combination of drains and ponds at the foot of the bund plus a change of slope means that the peat under compression by the 3-4 metre high bund is not supported on the down slope side. 

I have compiled a transects or cross sections from S.E. to N.W. through the completed peat repositories, starting at the R314 roughly where D 22 leaves the site and roughly from the position from which Photo No.3 was taken. I have compiled the section from the relatively available information on the subsurface and the schematic designs and illustrative plans for the peat repositories. The vertical exaggeration  is 1:10.

Figure 10 shows four layers; Schist Bedrock, Lower Overburden (till/clays/sands/weathered rock), Existing Peat and the Waste Peat. I have tried to place the perimeter and internal bund/haul roads in the relevant position. The bunds have been founded on the Lower Overburden on the crest of the hill where the existing peat is thin. Elsewhere I have founded them on the peat and shown them as having sunk 1-2 metres into the peat. I have shown the lowest peripheral bund as about 3-4 metres high, as shown in the developers illustrative maps. I have also shown the peripheral drain at the foot of this bund, and a pair of settlement lagoons. It can be seen from this section that there is little space between the bund and the road for these lagoons. It can also be seen how the peat would be removed below the bund to create the drain and the lagoons. It is can be seen how this bund and haul road could compress and liquify the underlying peat, and undergo a translational or rotational shear. 

Figure 11 shows the same section with the addition of the groundwater system in the lower overburden and bedrock. I have used dark blue arrows to indicate the movement and potential movement of groundwater below the peat. The available information is sparse. I have used the data shown in Figure 9 and water level measurements made in 2001 to try to compile this section. It can be seen that under the crest of the hill and the NW Repository that groundwater drains to the north. The lower overburden in this area is not saturated. It suggests that groundwater drainage to the north is easier and more rapid, than to the south. It can be seen that groundwater is trapped below the thicker existing peat under the main peat repository. Groundwater is flowing slowly to the south and is exerting an upward pressure on the existing peat. The position of the water pressure level is marked by a pecked line.

Figure 12 shows the water in the existing peat. It shows that to the north, the water appears to be able to drain out of the peat into the underlying unsaturated lower over overburden. The saturated peat layer is thin under the site for the proposed NW repository. This will change when the wet waste peat is placed on top of it. The impact of this is not known. The peat under the main repository is almost fully saturated. This is probably partly because the peat is thicker and less permeable and also partly because groundwater from below is trying to push up into the peat (see figure 11).

In summary these three sections show the position of a proposed large, heavy bund and haul road placed on saturated thick peat, at the lowest part of the main peat repository, just above cuttings for lagoons and above the R314. 

For the reasons and factors described above, it appears that the proposed location of this main retaining wall is in probably the least secure position on the site. In one cell behind this wall there will be about 50,000 cubic metres of structureless waste peat and water. There is a second cell just to the west containing the same amount. 

It appears almost inevitable that with the proposed design of rock fill on in situ thick saturated peat and combined with the topography, that this unduly high bund will slide. The bund wall is about 100 metres above the R314 and, if it collapses or slides, then 50,000 cubic metres of peat slurry will inundate the road.

The problems and inherent risks associated with this bund wall in this position have not been discussed or addressed either in the planning application and EIS or the later submissions.

Returning to The Construction Superintendent’s sequence of site preparation activities; items 7, 8 and 9 are interdependent. The construction of haul roads and containment bunds to the peat repositories depends upon the excavation of rock and engineering fill. Rock and fill for the bunds depends upon clearing the peat overlying the fill in the terminal site excavation. Therefore peat will need to be deposited as the haul roads and bunds are being constructed. Mr Finlay in response to questions in the oral hearing said that the bunds would be constructed in incremental layers. This is logical given that all the rock and fill needed for the bunds will not be available before the peat is deposited. However this means that the bunds and haul roads with heavy 40 tonne vehicles will be compressing the peat and sinking as they are built. The compression or consolidation of the peat below the bund will probably not be complete by the time that the fill is emplaced. Therefore it is reasonable to assume that the heavier bunds will sink below the emplaced peat. The 2 metre thick peat deposit will also be compressing the underlying in situ peat, but because the weight of the peat is less than the weight of the rock and fill, it will compress the peat less rapidly.  This sinking of the bunds below the level of the final peat repository surface was acknowledged by The Construction Superintendent in questioning in the oral hearing when he said that the internal bunds would be below the final peat surface. 

There has been no discussion of the internal surface drainage on the peat waste inside the peat repository or recognition that, as shown, the runoff will concentrate in the centre valley axis of the main peat repository. Recently emplaced broken up peat and loose peat slurry will be prone to erosion and gullying. Though asked about the plan for a drainage system for the surface of the main peat repository the response indicated that there was no need because it would be seeded with grass and other vegetation. If the bunds are above the level of the deposited peat, then they could provide restraint to the concentrated runoff in the centre of the repository. The developers do not appear to have made an estimate of the relative timing of the subsidence of the internal bunds below the peat, and the stabilisation of the waste peat surface. A bar chart in The Construction Superintendent’s first submission to the hearing appears to indicate that the plan is to excavate the peat and complete the repositories in 3 to 4 months. There is therefore a possibility that intense rainfall could erode the peat surface before, and as, it is becoming stabilised, and that runoff loaded with peat will move rapidly down to pond behind the high perimeter bund wall above the settlement ponds. If the volume of water is large it is possible that the water containing peat could overtop the bund wall. There appears to be no provision for a spillway, or a bund design to direct such a flow into one or more of the settlement ponds. 

There is therefore a risk that without specific provision for controlling internal surface drainage on the main peat repository, that peat laden water could bypass the settlement ponds and flow directly into the stream leading down to the Glenamoy River. This may, or may not, have an adverse impact on the stream and the river. Both water courses already receive peat silt. The lack of provision and discussion of internal surface drainage on the peat repositories introduces a further element of uncertainty into an assessment of the viability and sustainability of the proposed peat storage.

The developers consultants state or imply that the bunds and haul roads will be more permeable than the peat in the repository. They expect that water will drain from the waste peat into the bund. They state that they expect the bunds to act like subsurface drains. They intend to wrap a layer of permeable geotextile up the face of the bund to filter out the peat particles in the peat slurry and let the water flow into the bund and then out into the perimeter drains. There are also schematic representation of permeable pipe drains extending across a bund.  This design is sound as a concept, however it appears to break down, and problems emerge, when the concept is related to the reality of the site. The nature of the material used to make the bund is a potential problem. The bunds will be constructed from material excavated from the terminal site. It is expected that the coarse hard unweathered bedrock will be saved to create stable foundations for the terminal buildings, fill in the large area of peat below 32 metres in the southern corner of the terminal site and provide permeable fill for the two metre deep french drain around the terminal footprint. It is likely that much of the material for making the bunds will come from the soft, mica rich, weathered bedrock and the sandy clay part of the lower overburden. Soft micaceous rock mixed in with sandy clay and compacted by the traffic of heavy trucks moving the waste peat is not a very permeable material. The second problem is that the geotextile liner (according to sample literature presented in the hearing) will have a 100 -300 micron mesh or pore size. These small pores will probably clog with the fibrous particles from the mixed up waste peat. The third problem occurs if the bunds and the geotextile remain permeable and act as drains. The water from inside the waste peat will move into the bunds and drain down towards the centre of the valley under the main peat repository, moving from cell to cell via the drain pipes across the bunds. The presence of a large number of pipe drains, tunnel drains and open cut drains already in the existing peat surface further complicates the drainage pattern within the waste peat. The overall shape of the floor of the repository, and the proposed topography of the waste peat surface, will encourage surface water and water within the waste peat to migrate towards the centre and axis of the valley, and not outwards to the perimeter drains as proposed. The developers consultants did not describe a provision to deal with concentrated flow inside the broken waste peat. There appears to be no specific provision for large  drains down  the axis of the repository to collect water from the waste peat and relieve water pressure within the peat. As the examples in Section 2.3.3 above explain; one of the reasons for peat slides and bog bursts is the build up of water pressure in drains inside or below the peat. 

The description and detail given for the site preparation works at the terminal site is in marked contrast to the description and detail relating to the peat repositories. This appears to be because there is a much larger body of geotechnical information relating to the terminal site, and also handling and utilising the till, weathered rock, hard rock and water involve standard engineering procedures. For example the handling of water during excavation of the terminal site is specified down to the detail of a ‘rose attachment’ on the pump intake to filter sediments in the water. The eventuality that a pump may break down is considered, and back up pumps will be stored on site. In contrast, the possibility that a bund wall may slide on its peat foundations and release 50,000 cubic metres of peat slurry onto the public road, is not discussed in  the EIS or submissions on site preparation. 

I have been through the submissions on the site preparation for the terminal and also the designs and specifications for settlement lagoons. There is considerable detail regarding the proposed work and the designs and schedule are conservative. There has been a particular emphasis on building extra capacity for controlling water during and after the excavations in order to try to ensure that water quality off the site is not affected. 

The ponds will be in pairs with controls so that water can be diverted to one pond when the other is being dredged to remove the peat sediment. The ponds for the peat repositories will be 50 metres long, 8 metres wide and 2 metres deep. The ponds for the terminal site will be 100 metres long, and otherwise the same dimensions. All of these ponds will be constructed in areas where the peat is three or more metres deep, the peat is saturated and the groundwater pressure in the till and weathered bedrock will be upwards. They have been designed with the capacity to take the runoff from a 1 in 100 year storm event of 29 mm in one hour, but in order to slow the water down sufficiently for the peat sediment to settle they appear to have assumed in the calculations that the ponds were dry and empty at the start of the storm. These ponds cannot be lined with an impermeable liner because it is intended that they will be dredged by excavators or draglines. A liner would be ripped. Therefore even if there is no rainfall prior to the storm it is likely that the ponds will contain water that has drained from the peat and from the groundwater system below. The depth of the pond of 2 metres is the depth below the level of the bottom of the drain entering  the pond. As the ponds are constructed in peat the sides will not be vertical. The sides will be at a slope of 1 in 5 and the total depth of the pond could be 3 or more metres below ground level. Therefore the ponds would be about 15 metres across at ground level.  There is therefore considerable ‘freeboard’, or temporary storage in the pond. It is important that this storage is used if the ponds already contain water prior to a major storm event. This storage can be used provided that the outlet weir or stop logs are raised. The Construction Superintendent in his submission provides a contingency plan to cope with heavy rainfall; one of the elements is early warning of storm events from the weather forecast. This and other elements of the contingency plan are prudent, and indicative of the developers desire to manage and control water. However I think that responsibility and a protocol for controlling the discharges from the site should be agreed with the planning authority and or EPA before construction commences.

There appears to be uncertainty about the amount of material needed to fill and create foundations in the area of thick peat below 32 m OD in the southern corner of the terminal site. In the drawing produced by TES  in the oral hearing  numbered 1501037/04/04 the contours for the top of the mineral soil (till) layer i.e. the bottom of the peat stop at 32 metres OD. There are no contours in the southern corner of the site. There is a similar uncertainty shown at the southern end of the section at the bottom of the map. It is also notable that the thickness of the till and weathered rock zone above the hard bedrock appears to increase rapidly in the middle of the site. The revised peat thickness map produced by MEL in the second week of the oral hearing indicates that the peat is more than 3 metres thick over about one third of the terminal site. My revised map using borehole and gouge core data indicates the same. 

At the end of the site preparation phase a perimeter drain will be constructed around the edge of the terminal site foundation platform. The following description and opinions relate to the site preparation phase, the construction of the terminal and the operation phase. 

The terminal perimeter drain will be excavated to a depth of about 2 metres below the grade level of the terminal site platform. This drain will therefore be at 30 metres above Ordnance Datum. The position of this drain will provide the base level to which rainfall percolating into the terminal surface will drain. It will also provide the base level to which groundwater will drain from the surrounding peat, till and weathered bedrock. The information  on groundwater levels in February 2002 shows that the water level in the sub peat groundwater system ranges in elevation from 30 metres in the south to 41 metres OD in the north (see figure 9). Therefore the perimeter drain at 28 metres will drain groundwater from the west, north and east. The terminal will act in effect like a very large well where the water level is continually pumped down to a level of 28 metres. The potential impact of this drainage or dewatering of the groundwater was a subject of concern to appellants. Fortunately all the evidence on permeability of the peat and the sub peat till and weathered bedrock indicate that these layers have a low permeability. Therefore the groundwater will drain slowly into the terminal site and the drawdown of water levels in the area outside the terminal site will be slow and not extensive. It appears that the natural groundwater levels on the north western side of the hill above the terminal are low. There is a lack of data for this area but one measurement in February 2002 and other measurements in boreholes 11 and 12 in October 2001 indicate that water levels are 35 m OD or less near and below the northern peat repository. In my opinion and the opinion of Mr Shine (MEL) the drainage of groundwater to 28 metres at the terminal site is unlikely to significantly distort the position of the groundwater divide. In other words rainfall that percolates down to the groundwater system below the peat on the northern side is likely to still flow towards the north and north west. This is important because the small streams draining due north into Sruwaddacon bay are fed by ‘rises’ or spring seepages. In my opinion the impact of the terminal drainage on the seepages into this stream is not likely to be significant. 

There are groundwater sources in proximity to the site. The developers groundwater consultants, MEL, acknowledge that they have not carried out a detailed inventory of all groundwater sources around the site, therefore the impact of the development on hitherto unknown sources has not been considered. Information about the location of sources was given to the hearing.   There is a borehole beyond the north east boundary of the site near the quarry and a laboratory unit. Apparently it is in use. I have assessed the groundwater information and drainage proposals and it is my opinion that the cone of drawdown created by the terminal is not likely to spread sufficiently far in a north east direction to affect this deep borehole water supply. There is a shallow well north west of the site on the western side of the small stream feeding into Sruwaddacon Bay. This well will not be affected by the terminal site because it is on the other side of the stream and will be fed by a groundwater system from the west and north west. Apparently there is a shallow well due south of the terminal on the southern side of the R314. This well has been used in the past but is no longer in use. It is regarded as a standby source in case the mains water supply is not available. If this well is used for domestic purposes it is unlikely to be affected in terms of quantity by the drainage of groundwater at the terminal site.  

Groundwater contamination arising from development at all stages of the development is a concern addressed by all parties. The position of the terminal floor at 32 m OD and the perimeter drain 2 metres lower mean that groundwater will normally flow into the terminal. Therefore there is no potential for any contaminated water generated in the terminal to flow out into the groundwater system. For it to do so would mean that the contaminated water would be flowing uphill. The only set of circumstances where water could flow from the terminal into the groundwater would be when the gradient is reversed. In other words when the water table is lower than the bottom of the perimeter drain and contaminated water flows into the drain from the surface of the terminal. These circumstances would be very unusual. They theoretically could occur if two events were coincident. One event would be a fall in the water table to below 28 m OD as a result of a prolonged drought in N.W. Mayo. The second coincident event could be, for example, a fire in the terminal where a lot of polluted firewater and chemical foam escapes into the perimeter drain. Under such a combination of unusual circumstances it is theoretically possible for there to be a net outflow from the terminal into the groundwater system. Under such circumstances water could seep through the bottom of the drain down to the water table below. Thereafter, if the drought continued, contaminated groundwater could move south and possibly north if the groundwater divide occurred below the terminal. Fortunately the bedrock, weathered bedrock and till ‘aquifer’ appears to have a low permeability. Therefore any escaping contaminants will not move quickly, or far.  After a major event at a terminal there would be a clean up. It should be possible to monitor, ameliorate or remediate any contaminant plume in the groundwater system.

The developers have recognised that if any liquid or contaminated water escapes in the terminal it will leave via the surface water drainage system. They have proposed interceptors on the drain leaving the site, and, prompt action to raise the level of the outfall weir on the settlement lagoons, would hold back any polluted water before it left the site. The only sets of circumstances where water could escape would be either a failure of the environmental management system (human error) or a combination of a major accident and a major storm.

5 ASSESSMENT AND RECOMMENDATIONS

I have assessed the information presented in the EIS and planning application, further information presented in July 2001, the appeals and observations and the submissions made in the oral hearing, relating to geology, soils and water. 

I find that the information presented in the EIS was not adequate. 

In a sense the planning application was premature. There had been a decision to change site location about 3 months before, and insufficient time was given to consultants who needed to assess the subsurface conditions in the peat repository and the terminal areas and the surface and groundwater regime. The short period of time was further reduced by the onset of foot and mouth restrictions. Apparently work started on the new site during the foot and mouth period, but work could not take place outside the site. It is noticeable throughout the developers submissions on the geology, soils and water that almost all the effort has been focused within the ‘red-line’ of the site boundary. For example an inventory of wells and boreholes on adjacent land outside the red line was never carried out. Perhaps the inward looking focus started during the foot and mouth restriction period and then persisted.

The original planning application and EIS were misleading in that a large amount of the content of supporting Appendix J1 was based upon either little information or information on measurements and conditions on the previous site. The content of the J1 volume is useful, but it tends to mask the fact that there was little information on the new site, and in particular no information on the largest spatial feature of the development; the two new peat repositories. The EIS was also misleading because it stated that soil investigations and analysis of data were not complete, but that a full report would be available within the next 6 to 8 weeks. As far as I am aware this report has not been produced.

The Planning Authority followed up some of the gaps in the EIS, particularly with regard to hydrology and hydrogeology and requested Additional Information in these areas. The Planning Authority did not request further information on the geotechnical properties of the peat in the peat repositories nor did they request more detailed designs of the peat repositories. It appears that the early conceptual designs for the repositories were acceptable.

Further information was received by the Planning Authority on the 13th July 2001 just two and a half months after the EIS. In my opinion, again the submission of this information was premature. For example, the first measurement of groundwater levels in boreholes below the peat took place 3 days before the Additional Information document was date stamped as received by the Planning Authority. It is evident that there was no real opportunity to assess the meaning of these data, or integrate the information in two days.

It is with this background that I anticipated that a large amount of new information, revised interpretations and more detailed designs and assessments would be submitted by Enterprise Energy at the oral hearing. Unfortunately these information were not initially forthcoming. The early submissions in areas relating to geology, soils, peat, surface water and groundwater plus site preparation contained effectively no new information. These submissions were general and schematic. They were useful as a way of explaining the development to the general public, but they did not provide for the Board’s consideration new or more comprehensive information to support the earlier conceptual understandings and designs. I suspected that more information had been obtained and therefore I requested additional information. This was partially successful. The data had not been prepared in advance and therefore it arrived in the second week of the hearing. The data apparently had not been fully checked, contains errors (largely minor) and each item was labelled with a ‘health warning’ “Working Draft Subject to Full Quality Control”. It was also disappointing because it appeared that the fuller information obtained in the intervening 7 months had not been interpreted and used to update or improve the conceptual designs in the EIS in relation to the peat repositories. The new information appears to have influenced designs and procedures for preparing the terminal site, but the peat repositories appear to have been left in abeyance. For example basic information on the layout and design for the peat repositories was requested, but a diagram showing the location of the internal bunds and the expected final contours of the waste peat surface was not received until the penultimate day of the hearing. This diagram was labelled “Draft for Illustrative Purposes Only”.

The oral hearing was successful in that it enabled further information eventually to be obtained for the Board’s consideration.  

I have been through the information and submissions and I have described, analysed, interpreted and commented on them in detail in the preceding sections of this report. I do not intend to repeat the detail but instead I will succinctly summarise my assessment where there appear to be few problems or impacts from the proposed development. 

Bedrock Geology and Overburden Geology

This is a critical area because to create a stable foundation for the terminal a large excavation is required. The material excavated to create the foundations will not be disposed off site. Over half a million tonnes of excavated material, mostly peat, cannot be re-used. It is therefore waste. The site preparation for this development consists of two parts. The second part (the disposal of the waste) depends upon the first part, but occupies a much larger area of the site and is more complicated.

The bedrock geology has been adequately covered. There is sufficient information to determine this appeal. 

The lower overburden geology has been adequately investigated though the interpretation of the origin and nature of the material is ambiguous. It is still not clear whether the overburden between the bedrock contains fluvio-glacial sands and clays, or whether it is a glacial till of weathered rock in a matrix of sandy clay. However there is sufficient information to determine this appeal.

The upper overburden is blanket peat bog. This material must be both excavated and deposited, and is used as the foundation for the deposition area. Information about the thickness and characteristics of this material is central to the viability of the proposed development. There is sufficient information on the peat in the excavation area. There is insufficient information on the characteristics of the peat in the area of deposition. There are insufficient investigation holes inside the footprint of the proposed peat repositories. There appear to have been no insitu tests on the compressibility or relative sheer strength of the actual peat that will form the foundations for the waste peat cells and the retaining walls and haul roads. There have not been any field trials to measure the response or behaviour of the peat under different compressive loads. The inadequacy of the information and lack of detailed understanding of the actual foundation material is sufficient to determine this appeal.

A detailed soil survey of the upper peat was carried out to determine the concentration of phosphate and nitrate fertilisers. The survey was thorough and the results were well presented in the oral hearing.  The results show that there is unlikely to be any increased release of these nutrients into the waters around the site if the proposed development goes ahead.

Surface Water and Groundwater Flow Systems

The proposed development will alter the existing surface and groundwater systems. The developers are acutely aware of the concerns that the development may have an impact on the resources and quality of the waters outside the site. These waters are important as habitats and as a supply of drinking water.

There is a large body of information on surface water flows and quality. Most of this information has been obtained since November 2001 when automatic monitoring equipment was installed on drains leaving the site and on nearby rivers and streams plus Carrowmore lake. The information has not been fully interpreted by the developer but there is sufficient information to determine this appeal. 

The developer has mapped and measured the flow in the major drains on the site. There is good information on the flow off the site. 

The site was previously used as a Government Peat Research Station. Trials on draining peat and cultivation on peat were carried out. Subsequently Coillte has planted forestry on the land. Whilst the major open drains appear to have been well documented, there is little information on the intensity and direction of different types of buried drains installed during the history of the site. This lack of information is not important in the Terminal site because the drains will be destroyed by the excavation. But the lack of this information in the peat repository areas is an important uncertainty.

The surface water from the site flows into three catchment areas; Carrowmore lake, Glenamoy river and a small stream discharging straight into Sruwaddacon bay. Provided the measures designed to prevent pollutants or contaminants leaving the site work, the development is unlikely to have an adverse impact on either surface water resources or surface water quality. 

Groundwater has been investigated by means of shallow holes in the peat and deeper boreholes into the lower overburden and bedrock. There has been a considerable emphasis on measuring water levels, permeability and quality of groundwater in the peat at different levels but less emphasis on measuring the characteristics of the lower layers. After nearly a year of investigation there is now a sufficient body of groundwater information to both understand the groundwater system and determine this appeal.

The peat overlying the whole site area is a low permeability layer. It is difficult for rainfall to recharge the groundwater system below the peat except in the highest parts of the site where the peat is thinner and less saturated. There is an iron pan at the base of the peat. The hydrogeological characteristics of this thin layer have not been specifically investigated but it is assumed that it also probably inhibits the downward movement of recharge water high on the site, and the upward movement of groundwater lower down the site.

The lower overburden, the zone of weathered soft bedrock and the hard bedrock all appear to be low permeability. They would be described as poor aquifers and yields from wells or boreholes would be expected to be low. Higher yields might be found in fractured zones, lens’ of clean sands and gravels or in a narrow formation unit of metamorphosed limestone that is inferred to be below the site, but has not been found so far. 

In summary the groundwater system is limited. It is difficult for rainwater to get into the layers or ‘aquifer’ below the peat, and it is difficult for water to move through this aquifer. It is also difficult for water to get out of the aquifer lower down the site because the peat is generally thicker and less permeable in this area. As a result groundwater is held in the aquifer below the peat, and in the lower part of the site appears to exert an upward pressure on the peat. 

The proposed development involves the excavation of a large hole for the terminal footprint, the base of which is below the present natural groundwater levels. This hole will be continually drained. Groundwater will therefore drain into the terminal area. The effect of this drainage will probably be slow and the volume of groundwater will be small. The impact of this artificial lowering of groundwater levels in and around the terminal will also probably be small. The lowering of groundwater levels under the peat near the terminal will drain water from the base of the peat. This will cause the peat to contract in thickness. This would in turn cause the present ground levels to decline. The shrinkage of the peat close to the terminal will be slow but cracks may appear in the peat. This in turn would make the peat more permeable and allow a greater proportion of rainfall to recharge the aquifer close to the terminal. Eventually a state of balance will be achieved. It appears unlikely that the construction of the terminal will have a significant negative impact on shallow wells, springs and a borehole in areas adjacent to the site. What is more important is that the drainage of groundwater from the terminal site is not likely to reduce the upward pressure of groundwater below the natural peat in the lower part of the main peat repository to the north east.

As groundwater flows into the terminal area it will be difficult for any pollutants spilt or lost in the terminal to get into the groundwater system and flow out of the site under normal circumstances. It might be possible under a combination of rare extreme events (described in section 4 above) but this is unlikely. 

Site Preparation 

I have described, interpreted and analysed the proposed site preparation for the development at length in Section 4. My assessment overall is that the proposals to prepare and create a site for the terminal are adequate. There is sufficient information on the area of the terminal footprint to assess the proposed works. The strategy for excavating the site is logical and sound. Sufficient attention has been paid to the subsurface conditions and the materials to be excavated. Alternative options have been discussed to cover different circumstances. For example if the saturated peat is found to be too difficult to handle and transport using excavators and  large trucks then the option to use either a conveyor system or to pump it as liquid slurry has been considered. Similarly, in order to loosen the hard bedrock, the impact of blasting on the peat and neighbouring properties has been considered and adequately covered. The proposals for coping with drainage and rainwater during the site preparations at the terminal have also been given considerable attention. The proposals and designs are conservative. They are designed to cope with extreme rainfall. The developers have demonstrated that they are very concerned to ensure that either turbid water or water contaminated by other materials is not released from the terminal site. I am overall satisfied that the developers have provided sufficient information and detail to determine this appeal with regard to the terminal site, access road, and temporary hard standings. 

I would conclude that the site preparation works for the terminal part of the site are adequate, but as I comment above, the terminal site preparation is the relatively easy part. Removal of material, breaking rock, grading and sorting material, cutting drains, and laying material as a base for foundations, will involve care, planning and attention to detail but is relatively routine. It is also relatively short term. Conversely the permanent disposal and safe storage of the waste is long term. It is also relatively complicated because peat forms the majority of the waste material, and the site upon which it will be stored is also peat. If the waste peat were to be placed on a flat extensive expanse of lowland peat far away from any infrastructure there would be fewer concerns and problems, but the intention in this development is to hold the peat on a slope above an important road. The slope is not extreme but as the foregoing sections have explained peat is mostly composed of water. It has little internal structure and very low shear strength when it is saturated. When this weak substance is stressed or the internal structure broken it can rapidly and often unpredictably start to behave like a liquid. Therefore the proposed peat repositories are an intention to permanently store a substance that can behave like a liquid on top of a foundation which is also a substance that can behave like a liquid. Solving the problem of trying to permanently store a potential liquid on top of another potential liquid on a slope is not a routine task. 

I have interpreted the information, written submissions, oral submissions and followed up literature relevant to the proposed development of the two peat repositories and found that the proposals are not adequate. Below is a summary of the main weaknesses, design problems and omissions: -

· 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.

· No further details were requested by the planning authority and therefore 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, or to be laid in a trench excavated in 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 2 metres to retain the peat stored behind them.

· It is calculated that if all bunds sink or are placed 2 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 discussion 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. 

I conclude, on the basis of the information provided, that the stability of the lower bund above the R314 is not certain, and that several schematically represented drainage excavations would probably further reduce the stability of the peat below the bund. I conclude that the design of this lowest bund is not viable and that there is an unacceptable risk to the road and people using the road from a failure of this retaining structure. 

The consequences arising from this conclusion are severe. If the developer is not able to safely dispose of the waste peat, then it means that the excavation necessary for the terminal foundations cannot be carried out as proposed, and that in effect the development cannot go ahead as proposed. 

This conclusion automatically raises the question of whether the Board could grant permission for the development with conditions that specify an alternative method of site preparation and deposition of the waste peat. 

I do not think that it is appropriate, in principle or practice, for the Board to re-design a major feature of a development, and in particular a repository for over half a million tonnes of saturated peat on a slope in an area of high rainfall. 

However there are alternatives that can be considered by the Board, but each has a planning consideration. 

The first obvious alternative is to transport the peat off the site to either a safe repository area, or for use in power generation. 

This alternative raises the issues of traffic, road safety and bridge and road capacity

A second alternative would be to acquire an additional area of land from Coillte, on the northern side of hill that forms the site, where the blanket bog cover is thinner and better drained, and away from roads, houses and other infrastructure. The peat could be spread more thinly over a larger more stable area. 

This alternative raises issues relating to change of subject site, the removal of screening forestry, and visual impacts.

A third alternative is one already considered by the developers. I agree with Mr Finlay in his final statement of his written submission on Earthworks Stability on the 20th February 2002. Mr Finlay states, (I paraphrase) that he considers that in the peat repository the slopes, embankments and containment structures will be stable provided that a competent geotechnical engineer is engaged full time to ensure that these structures are founded on appropriate strata (my emphasis). The appropriate strata for a heavy rock fill retaining bund and haul road is the lower overburden or weathered bedrock. These strata appear to be stable, and it is intended that they will form part of the foundations for the terminal. This strata is the foundation clearly recommended  by W.S. Atkins Consulting Engineers who were asked to prepare and assess alternative  designs for the bunds in April 2001. However at the time that Atkins wrote their report, they did not realise that the peat at the lower end of the main repository was 4-5 metres thick. 

Therefore a third alternative would be to follow W.S. Atkins design and found the peat repository containment bunds and haul roads on the lower overburden strata. This would mean deep wide excavations through thick peat and therefore disposal of more waste peat and therefore greater thickness of peat in the repository. The choice of this option also raises the question of whether the amount of suitable material to fill the bunds can be obtained from the Terminal site excavation.

It has already been highlighted above that with the present design of some bunds founded on peat that there may be need for an extra 113,000 cubic metres of fill. Choosing the third option would greatly increase the demand for extra fill.  

113,000 cubic metres of imported fill would mean a total of 5,600 return truck movements to and from a local quarry. Founding all the peat containment bunds on the appropriate strata below the peat could double this amount if the material was not available from the excavation. 

Importing suitable fill to construct the bunds raises the same planning issues of traffic, road safety and bridge and road capacity as the first alternative.

 I therefore conclude that the designs for the peat repositories are not adequate and that the main peat repository presents a significant and serious risk to the R314 and road users. The development has been proposed for the wrong site. It appears to be the wrong site because, though the terminal facility can be constructed and the repository could be safely constructed with a revised bund design, the roads infrastructure cannot support the heavy truck movements to either remove the waste peat, or necessary to import the fill to construct the retaining bunds and haul roads.
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