Comments on David Smythe's letter

General comments:

David Smythe makes many assertions, regarding subjects from the site selection process that took place in the 1980s to select the Sellafield site to more general comments, many of which are either only partially true or where he appears to have over-interpreted information provided or statements made by others. He also takes rather too pedantic an approach to many of the subjects he discusses. Were he to be more circumspect and present his arguments in a more rational manner, this would aid discussion – as it is, it would be all too easy to fall into the trap of similarly presenting forthright views to the contrary. 

In my comments on what David Smythe has written I do not wish, in turn, to comment on the veracity or suitability of some of the reports he cites, as this would result in a very extensive document. Nevertheless, I do have some sympathy with some of Smythe's comments, especially regarding the NDA report he cites (Geological disposal: Steps towards implementation) in his Analysis of MRWS Stage 4. This is very poor report and is replete with geological inaccuracies and errors, thus only resulting in confusion. I sent my comments on the geological aspects of this report to the NDA last summer. If you would like to see these comments, which were written very quickly, as I was so concerned with what had been published, please ask.

The following points can be drawn from what David Smythe says in his letter, all of which should be of interest to the MRWS Partnership (I have added some points of my own in order to explain what I think he meant):

· It is true, as he states, that the geology and hydrogeology of west Cumbria is relatively complex and it would certainly be easier to develop a convincing safety case for a repository located in a simpler geological environment. The area he suggests in eastern England certainly has low relief, although this area is a not a particularly good example of a BUSC environment, as the basement rocks may be too deep. This does not necessarily imply that it will not be possible to locate a repository in west Cumbria – it will, however, be more difficult, possibly take longer to develop and probably be more expensive. 

· With the above point in mind, it is important that the MRWS Partnership understand the difficulties associated with trying to develop a repository in west Cumbria. I presume that a repository would not be developed in or under the National Park (under meaning that the access would be outside the Park, but the repository at depth under the Park). This then leaves areas remaining after the BGS screening exercise and outside the National Park, which certainly limits the possibilities. The potential difficulties associated with trying to locate, investigate and develop a repository in west Cumbria, either onshore of offshore, thus need to be appreciated (these are all couched in terms relative to those that would exist in an area where the geological environment is simpler):

· It will be more difficult to carry out any site investigation programme, so as to provide the necessary information for understanding the geological environment in sufficient depth, for defining a potential repository location, for designing the repository and for developing the safety case.

· It is likely that any such investigation programme will need to be more comprehensive, more extensive and last longer – and thus be more expensive – before it is considered that sufficient information has been obtained.

· The constraints on repository location are likely to be greater, due to the greater level of geological complexity. 

· If it is decided to consider locating a repository offshore, this is likely to result in difficulties regarding the engineered barriers that could be used in the repository, as the groundwater is known to be very saline, in at least part of the offshore area at potential repository depths. 

· It will most certainly be more difficult to develop a convincing safety case. It is likely that it will be necessary to accept greater levels of uncertainty, with regard to many attributes of the geological environment (and correspondingly with many other aspects of the safety case), than would be the case if a simpler geological environment were being considered. This could well result in difficulties in justifying the selection of west Cumbria for locating a repository, when other potential repository sites that are located in simpler geological environments, e.g. Andra’s site at Muse/Haute Marne, Nagra’s potential disposal areas in Switzerland, etc. are likely to be associated with considerably lower levels of uncertainty. The preliminary safety cases for such environments have already been published.

· There is a greater probability that it will be shown that a convincing safety case cannot be made and, thus, that a repository cannot be developed.

· Smythe’s discussion on the BUSC concept and its application, by Nirex in particular, to west Cumbria is discussed in detail below. I am unclear why he is so keen on placing so much effort on discussing this concept as, is explained below, there is nothing particularly special about it – it is just one of several potential geological/hydrogeological environments that can be considered for disposal purposes. 

· It is true that the hydraulic gradients in much of west Cumbria are relatively high. Smythe, however, places too much emphasis on these gradients, often to the exclusion of almost everything else, and this is not sensible. 

· Smythe’s contention that it would contravene international law to locate a repository such that any releases from it took place in the marine environment, is untrue, as is explained below. 

Specific comments:

Summary

The Potential Repository Zone at Longlands Farm was selected by a scientifically irrational

process in which the political need for a site at an existing nuclear facility took precedence over

rigorous assessment of the geology. The concept of basement under sedimentary cover (BUSC)

was misappropriated to make sure that the site was shortlisted, despite having been introduced very

late in the search process. The prior national search by the British Geological Survey (BGS) had

identified no such category of site anywhere in NW England.

This statement is completely untrue. I should know as I was responsible for supplying all the geological information to Nirex, when I worked for the BGS. I explain why this is untrue in my comments on Section 4.

A significant change in view from the 1980s, however, is that to permit the

possibility of marine discharges is now considered unlawful. Sellafield falls into such a category,

since Nirex modelling of the flow paths from a leaking repository predicts such a discharge.

This statement is untrue, as I explain in my comments in Section 5.

Section 3

Smythe's comments and his analysis of the NDA report (Geological disposal: Steps towards implementation) are not particularly helpful, and there are far more significant things he could have commented on. Nevertheless, I have some sympathy with his comments, as this report is very poor. I have been involved with radioactive waste disposal since the late 1970s, and in fact it is probably the worst report, geologically speaking, that I have ever read on the subject. It is replete with geological errors and inaccuracies and should never have been published. 

His dissection of the NDA table does not really throw much light on anything, however the table is itself of no particular use either. I am unclear why he followed this approach in commenting on CoRWM's statement, as I cannot see how its helps. I understand CoRWM's statement to mean that it is not possible, based on the current level of geological knowledge of the area of west Cumbria, to state that the whole of the area is definitely unsuitable for geological disposal. This is a perfectly reasonable statement to make, as there is insufficient evidence to state anything more at present, although, if it were possible to select anywhere in the UK for repository development, based on geological factors alone, one's first choice would not be western Cumbria. 

Section 4

Smythe spends a considerable time in analysing how Longlands Farm was chosen in the 1980s and comes to the conclusion that it was essentially a political decision. It might be helpful to the current debate to summarise what actually took place, as I was involved at all stages and supplied all the geological information to Nirex at the time.

The map he uses to illustrate his argument (Figure 3) is, unfortunately, not the best he could have chosen, as it was produced by an advertising agency to illustrate Nirex's report (and was criticised at the time for being geologically inaccurate and actually geologically impossible). A much better map is the one produced by me and others at the BGS, which shows the area of western Cumbria originally defined in the area of search map (see for example the paper by Chapman et al., 1986, which was presented at the IAEA conference in Hanover in March 1986 and was published later that year). The area was defined as Inland basin environments and seaward-dipping and offshore sediments and was based on the presence of Permian sediments. This information was based on the then available seismic and other data on the Permian of the Irish Sea Basin and other adjacent Basins, e.g. the Carlisle Basin, which was more limited in its extent than is now the case. 

To investigate the areas of the UK that were thought most suitable for locating a geological repository in a sedimentary environment, five separate stratigraphic intervals were defined for the whole of the onshore UK, as explained in the IAEA paper (other areas were also defined for non-sedimentary environments, e.g. hard rocks in low relief areas, etc.). These were selected as their lithologies were expected to be mainly argillaceous or evaporitic (and therefore of potential interest for hosting a repository, as they were likely to have low permeabilities). Areas which were thought to be of interest were defined for each interval, using boundaries which were the vertical projections to the surface of the following structural contours:

i) where any of the formation is more than 200 m below the surface

ii) where the base of the formation is 1000 m below the surface  and

iii) where the formation thins to less than 50 m or 100 m, depending on the formation.

These were used, as it was assumed that any repository would be developed in the depth interval of 200 -1000 m and that a sedimentary formation would need to have a minimum thickness for it to be of interest for hosting a repository. The two thicknesses used, of 50 m and 100 m, were based on the expected properties of such formations – although it must be emphasised that in many cases there were very limited data on which to make such judgements.

Other constraints were also applied, due for example to geological complexity etc., which resulted in limiting the extent of some of these formations – but no such constraints were applied at this stage in Cumbria. The Permian of the Irish Sea Basin, which comes ashore on the Cumbrian coastal plain, was known to contain carbonates (mainly dolomitic) and evaporites (anhydrite and halite) and shales and marls, and was included for this reason in the area of interest; a part of the Carlisle Basin was also included, due again to the presence of Permian sediments. 

Initially, no attempt was made to define the offshore extension of any of these formations. What was defined for the Permian sequence in Cumbria was what is termed a 'seismic interval', i.e. part of the rock mass lying between two seismic reflectors, that can contain a variety of rock types, so that the isopachs (thickness contours) represent the thickness of the seismic interval, which is likely to be, actually almost certainly to be, greater than the thickness of the potentially suitable formations
. The geological data indicated that the Permian seismic interval in Copeland was less than 100 m thick, where in the Carlisle Basin the seismic interval was in excess of 400 m. Also of interest was the fact that the Permian sequence in Copeland was known to be overlain by highly permeable sediments, whereas in the Carlisle Basin this was not the case.

As is explained by Smythe, several different hydrogeological environments were defined in the paper by Chapman et al. (1986), one of which was BUSC (Basement Under Sedimentary Cover). The site selection process took a long time, from before 1986, when the IAEA paper was published to 1989 and I was involved in all its stages in supplying geological information to Nirex. The process was summarised in a paper prepared by Alan Hooper for Nirex in 2005: Technical Note: Review of 1987-1991 Site Selection for an ILW/LLW Repository June 2005 Report Number: 477002, many years after the event, by which time it was difficult to remember what had taken place, as the person who had been responsible for the site selection programme at Nirex had left the organisation.  

I also prepared a few short documents for the Public Inquiry on the site selection process.

Smythe appears to believe that the selection of the Sellafield site was a political move and provides arguments to support his contention. He does not understand what actually took place in the site selection process, as he was obviously not involved, and has a tendency to read far too much into specific statements in certain reports, which he quotes in abundance. 

Unfortunately, the documents prepared for the Public Inquiry and the subsequent report produced by Alan Hooper on site selection do not provide very good explanations of what actually took place. The process, although logical and defensible, was not really as simple as might be assumed from reading these documents, which tend to present the process as a continuous, orderly sequence, when in fact it was more disjointed – although the result of the process was probably the same. 

In this initial list ‘Sellafield’ appears once, no. 433 in alphabetical order, and classified as

‘Sedimentary coastal’. This site later became known as Sellafield-A. The target host rock was

impermeable anhydrites of Permian age known to be present in the region. However, the

Sellafield-3 borehole, drilled in early 1991 at the coast inside the Sellafield Works, confirmed, as

suspected a few years previously, that the anhydrites were too deep there, at 1270 m depth and

deeper, to be of use as a potential repository. They feather out inland at approximately the same

line as the limit of the Carboniferous Limestone.

Sellafield was initially included, as explained above, under the category of seaward-dipping sediments, due to the presence of Permian sediments. When it was initially included there was no 'target host rock', as there was no 'target host rock' in any of the sites selected; although, as explained above, these various formations had been selected because they were expected to contain potentially suitable formations (in some parts of the UK there were several potential suitable formations in the same area, e.g. in parts of East Anglia). 

What happened is that, following the definition of the areas of search, Pieda (the planning company who was working with me) would search for land which was thought could be potentially available for use a repository site, i.e. land owned by the State, by the nuclear industry, etc., as Nirex had no compulsory purchase powers. Pieda would send me lists of sites and I and others in the BGS would examine them, using the records held at the BGS, to see if they had any potential for disposal purposes. Sometimes it was easy to discard a site, sometimes a site showed definite promise and sometimes it would be unclear to what an extent a site should be 'kept under consideration.' 

For many sites in areas with no sedimentary rocks there would be very little, if any, information available on the geology at depth. I would then attend meetings at Nirex with Pieda where we would discuss each site in turn. As the number of sites decreased, these discussions became more detailed and included discussions of, for example, transport of the waste to the site. Pieda would then come up with additional sites, based, for example, on searches through other government-owned land, such as that owned by the Forestry Commission, land owned by British Rail, the MoD, etc. etc. What is also not well publicised is that land owners would occasionally offer their land for consideration – all these offers were for land in Scotland, mainly in northern Scotland, and I visited several of them. 

What also happened is that, as more work was done, ideas would change regarding the areas of search. The most significant change related to the area of BUSC in East Anglia, which I expanded considerably from that originally shown in the IAEA paper, due to a reassessment of the constraints that I had applied in its originally definition. In addition, the way in which potential sites were developed by Pieda also changed during the course of the site selection process, so that the final total of 537 sites was not present at the beginning of the process – sites were being constantly added during the whole process, right up to the time when the more detailed sieving exercises took place. Many of the sites I looked at were not in the areas of search, but were submitted by Pieda because they considered them to be interesting from other points of view.

What also happened, but which is also not well documented (and hardly ever referred to), is that extensive modelling exercises were carried out to model groundwater flow along geological sections in the different types of geological environments (strictly speaking, as is explained in Chapmen et al., these environments were defined on hydrogeological, rather than on geological grounds). This was to provide indications of which types of hydrogeological/geological environment were associated with the best performance, by calculating groundwater travel times from a putative repository to the surface. This work was carried out for several of the environments and was used in the final stages of the site selection programme to provide 'scores' for the different environments in terms of their long-term safety. In this modelling exercise at least two and possibly three different BUSC options, all in East Anglia, were modelled, as were two or three areas of hard rocks in low relief terrain (all in Scotland), one or two examples of seaward-dipping sediments (in eastern England), the Sellafield site (Sellafield-A as it came to be known), two small islands, and others (included areas well offshore on engineered structures). The majority of the environments were shown to be capable of being able to offer sufficient levels of safety, in terms of the expected long-term risks; but some environments were associated with higher levels of performance and with lower levels of uncertainty in being able to meet the risk target. 

It was obviously difficult to develop these geological sections for modelling, as there was limited information at depth and almost no specific hydrogeological information. What we did is use the available geological knowledge to provide sections that were credible and then, having some knowledge of the types of rocks present, would supply best estimates and ranges of permeabilities and porosities for these rocks, so that modelling could take place. It was this modelling that resulted in the BUSC environment exhibiting such good potential long-term safety (much referred to at the Sellafield PI), though is it important to remember that these calculations were based on many assumptions regarding the geology and the hydrogeological properties ascribed to the formations. I supplied all these hydrogeological properties to the modellers at Harwell for these calculations. I have been involved with similar work more recently, both for the NDA and the EA, in examining different types of geological disposal environments in the UK.

As noted above, these BUSC environments modelled were in East Anglia where, although a reasonable amount was known about the sedimentary sequence lying on the basement rocks, very little, if anything, was known about the basement rock themselves. In many cases the only boreholes were those drilled to investigate the possibility of the onshore extent of the gas fields that had been found in the southern North Sea – in fact no commercial levels of gas were found onshore, but a very limited amount of information was thereby obtained on the basement rocks. At some point, but later than much of this modelling, Sellafield-B was also modelled, as discussed below.

In the final stages of the site selection process, when there was only a small number of sites remaining,  the results of groundwater flow modelling were used to supply scores reflecting the site's expected long-term safety for the multi-attributes decision making process.

The arguments that Smythe uses to distinguish between Sellafield-A and -B and when and why they were chosen is far more complex than actually took place. One of the problems is that Nirex insisted on using the term BUSC to refer to Sellafield-B, when this term should never have been used – in fact they tended to refer to Sellafield-B as a ‘modified BUSC environment’. They were advised by me and others that the use of this term would only confuse matters, but to no avail. Many of Smythe's comments can be attributed to the inappropriate use of this term by Nirex.

So, initially the Sellafield site was considered due to the anticipation of there being potentially suitable formations at depth – initially Permian sediments. Many sites could be eliminated during the early stages of the site selection process, not only because there were not expected to be geologically suitable but also for other reasons  - and soon many hundreds had been eliminated. Sites such as Sellafield remained, not only because it was thought that it had some geological potential, but also because the majority of the ILW was stored at Sellafield and transport of the waste was also an important consideration. 

Sellafield was also somewhat unusual, as in 1981 the BGS had carried a modelling exercise for BNFL (Black et al., 1981) to investigate the possibility of developing a repository for ILW off the coast of Cumbria. I don't know how many people are aware of this report, but it was carried out to investigate the possibility of constructing a tunnel-based repository offshore at a depth of 300 m, which was designed to consist of an inclined adit that would reach the proposed disposal depth of 300 m, 3500 m offshore and then extend for another 3000 m. It was in this report that it was first suggested that it would better to dispose of waste at greater depths offshore, using either the Permian evaporites or shales, as at 300 m depth the tunnel would have been in sandstones. I cannot remember why BNFL had decided that a depth of 300 m would be suitable for disposal purposes.

As a result of the modelling by Nirex referred to above (when the Sellafield-A concept had been modelled) and also because Sellafield was of obvious interest from a non-geological standpoint, it was decided to look in more detail at the geological information available in the Sellafield area. This was done for many of the sites that still remained in the short list and was not specific to Sellafield. As a result of this further work, it became evident that there was another type of disposal environment at Sellafield that could be considered, inland of the Sellafield works, where a repository could be located in the basement rocks. 

Geological information was information available at the time of the initial selection of Sellafield, from the Sandwith anhydrite mine at St Bees and from two existing deep boreholes at Seascale and Longlands Farm, which had been drilled to investigate the potential southerly extension of the iron ore deposits. In fact, compared with many parts of the UK, more was known about the deep geology of the Sellafield area than many of the other areas considered by Nirex in their site selection programme. The borehole at Longlands Farm penetrated basement rocks, but by only a few metres, so it was known that Borrowdale Volcanics were present at depth immediately inland of the Sellafield works. It was not possible at this stage to make definitive statements about the likelihood of the suitability of a repository located in the basement and also it had to be ascertained how much land was owned by BNFL to the east of their site, as only land that was owned by BNFL could be considered. So, it was at this stage that two potential sites at Sellafield, Sellafield-A and Sellafield-B, came into existence and it was decided, in order to allow more definitive decisions to be made, that a seismic survey should be organised - this was done and the results interpreted by the BGS. However, in late 1987, before the seismic survey took place, which was in February 1988, the Sellafield-A option had already been dropped in favour of Sellafield-B – this was in part due to the fact that developing a repository in anhydrites was thought to be a less feasible option than the possibility of developing a repository in basement rocks – due to the expected geological complexity of the sedimentary environment on the margin of the Irish Sea Basin. 

Short geological reports (of maximum length about three or four pages) were prepared for sites that appeared likely to remain; 118 of these reports were written (many by me) and were published in a BGS report in 1988. The report for Sellafield is four pages long and is more precise than many, as it is based on the results of the seismic survey, reported in Chadwick and Holliday (1988) – Stratigraphy and structure of the Sellafield area from new seismic reflection data. The report for Sellafield also contains predicted hydraulic properties of the formations – the best estimate hydraulic conductivity, the uncertainty associated with this best estimate, the ratio of the vertical and horizontal hydraulic conductivity and the flowing porosity. Other similar hydrogeological information was also supplied for all the short-listed sites as input for use in the groundwater flow modelling. In order to provide a contrast to Sellafield, a good example of the lack of knowledge of the geology at depth for many of the sites considered by Nirex can be seen in the cross section for Dounreay, published in Nirex Report 71 (Deep Repository Project – Preliminary Safety Case) published in 1989, where the cross section for Dounreay is very different from what was subsequently found after the investigations by Nirex.

At the final site selection workshop at the LSE, the sites still remaining were compared in detail, over several days, as is explained in Alan Hooper’s report. At this stage it was believed that all these sites could meet the risk target, although the BUSC sites were given the highest scores in terms of long-term risk. The weight given to this attribute was, however, relatively low, as is explained in Alan Hooper’s report and in more detail elsewhere.

Sections 4.3 – 4.5

I am not making any comments on these sections of the letter, as I do not think that it would achieve anything; however, David Smythe’s review of the geology of western Cumbria does illustrate the difficulties in developing a repository.

Section 5.1

I am unclear why Smythe makes statements such as this: In other words, the increase in computation power since 1995 does not permit us now to revisit failed complex potential repositories such as Longlands Farm, in the expectation that plugging in a more detailed physical model, computed far more quickly than hitherto, will circumvent the fundamental problem of incomplete knowledge of a volume of rock which is just too complex.

I was not aware that anyone was claiming that the increase in computing power and speeds in anyway changed the situation regarding how groundwater flow should or could be modelled, although of course it is now possible to model more complex hydrogeological environments more easily than was the case in the 1990s. This increase in computing power does not change the requirements for having an acceptable geological environment for disposal – I don't believe that anyone has been claiming that it does.

Section 5.2

Smythe states: The geology of the BUSC concept is locally one-dimensional, in that the geology is effectively ‘layer-cake’ – plane flat-lying layers one above the other; there are no faults or folds within a few kilometres of the site, and lateral facies variation takes place only on a regional scale. Groundwater flow (which will, however, be two-dimensional) is hardly driven at all because there is a negligible hydraulic head due to low topographic relief. There is no need to consider three-dimensional flow, because of the simplicity of the geology. The cover rocks act as a barrier to any possible upward flow; any flow in shallow layers (the top one hundred or two hundred meters) is insulated deeper flow by an alternating sandwich of hydraulically more and less conductive beds. In brief, such a concept leads to predictable groundwater flows.

I am not sure where he obtains his ideas regarding the BUSC concept, as what he describes is not the BUSC concept in general, but a very specific hydrogeological environment which is essentially a very simple BUSC. In addition, I am afraid his understanding of groundwater flow leaves much to desired. There is no requirement in the BUSC concept for the geology to be layer-cake, or for there to be an absence of faults or folds and Smythe appears to be fixated by the requirement for very low topographic relief, with concomitant very low groundwater flow velocities. Such low velocities can be obtained by having rocks with very low hydraulic conductivities more easily than on insisting on areas with virtually no relief, such as parts of eastern England, e.g. The Wash, an area that Smythe appears to be particularly keen to promote – perhaps he is after King John's jewels.

He then states: The diagram originally used to illustrate the BUSC concept [14] is shown in Figure 15. Note the huge (x56) vertical scale exaggeration. The re-drawing by Chapman et al. [5] of the BUSC concept for the UK environment is flawed in several respects; the onlap of the sediments over basement is too rapid in horizontal scale; the structure of the top-basement surface is exaggerated; and the folding within the sedimentary cover is unrealistic.

The figure illustrating the BUSC concept in Chapman et al. is diagrammatic – it is not meant to be geologically correct, and the accompanying figures showing the other concepts are also not geologically correct and to scale – they are illustrative. If we had shown these cross sections of geological environments at true scales it would have been virtually impossible to see anything useful. Smythe appears to take a pedantic approach to almost everything he sees and appears to imbue the BUSC concept with some strange, almost magical, attributes. It is just a concept and nothing more – there is nothing particularly special about it and it is not necessarily superior to any of the other concepts illustrating potential disposal environments. I suppose because Nirex misappropriated the term to apply it to the Sellafield area and also because the modelling that was carried out for Nirex suggested that a BUSC environment (in East Anglia) might be the best in terms of long-term safety, this has imbued the concept with this semi-magical status in the minds of some.  

The BUSC concept is predicated on the belief that, if basement rocks are overlain by higher permeability sediments, then the majority of the groundwater flow will take place preferentially in the sediments, with the effect that the basement is hydraulically decoupled from the overlying rocks. Basement rocks, e.g. granite, metasediments, volcanics, etc. tend to have low hydraulic conductivities, with bulk values at depth often <10-10 m/s and possibly lower than that, whereas some of the overlying sediments, e.g. sandstones, might well have hydraulic conductivities >10-6 to-7 m/s, so that there is a very large hydraulic conductivity contrast between the basement and the overlying sediments. It is this contrast that is significant.  

Figure 15 of Smythe's letter is taken from Bredehoft & Maini (1981) and shows a cross section though part of the eastern USA. Smythe claims that this is the prototype for waste disposal in a BUSC environment – although this is not actually the case, it does not change the argument and it is really not worth discussing the matter further.  He states: The slope of the top basement surface is actually 0.6° (the figure has a large vertical exaggeration) and because of this very low gradient, water flow within it is almost stagnant. I am afraid that he does nor understand the principles of groundwater flow, as it is not the slope of the basement surface that is significant, but the topographic relief – it is this relief that provides the potential driving force for the flow of groundwater (combined with any other effects that might be present, e.g. high thermal gradients).

Section 5.3

Smthye states: However, there has been a change in international law regarding marine discharges. The possible flow path “leading to discharge at sea” considered in the 1980s [quoted from ref. 5 above] was considered unacceptable a decade later. The Inspector pointed out that the UK site selection process had "some predisposition towards maritime settings" which seemed to be

"contrary to international law", and, of course, that Sellafield was one such site. He concluded that

there would have to be "exceptional justification for locating a repository near the sea". Pathlines
such as those predicted in Nirex97 for the Sellafield PRZ (Fig. 17, taken from ref. 17) would
appear to contravene international law, since the mere acquiescence of a current local population
under the voluntarist approach can hardly constitute “exceptional justification”.
I am not sure why the Inspector stated this regarding marine discharges, as other countries who are currently developing repositories, or have already developed them, do not appear to consider this a problem – it most certainly does not contravene international law. 

Figure 1 below is taken from a soon to be published report from Posiva (entitled the Olkiluoto Site Description 2011), which shows the results of what is known as particle tracking, where 'particles' released from the expected location of the repository at Olkiluoto, Finland (shown in blue) are shown to have their final locations, i.e. where they reach the surface, the majority of which are offshore in the Baltic Sea (the black line is the outline of Olkiluoto Island) . This means that the expected releases from a repository at Olkiluoto, at least under the present climatic conditions, are expected to be to the sea, although the repository itself will be located onshore. 

Similar releases to the sea are expected from SKB's existing repository for LLW (referred to by SKB as short-lived radioactive waste) which has been operating since 1988, which is located offshore from Forsmark. SKB has also decided to locate their repository for spent fuel at Forsmark, close to the coast and some of the releases are also expected to be offshore under certain climatic conditions. In addition, Japan has been considering the possibility of developing a repository for HLW offshore, as there is so little suitable land available onshore in many parts of Japan. I know that NUMO have had a report prepared for them that considered the matter of marine discharges from a repository and were advised that it was not a problem with regard to locating a repository offshore, accessed from the land. Also, I have been involved in providing an extensive report and also a course on site investigation techniques to NUMO, where we specifically considered the situation where a repository was assumed to be located at the coast or offshore, both in general terms and also for the specific case for a repository offshore Honshu.

So Smthye's statement in Section 5.4 that: In addition, the general hydrogeological flow from mountains to the sea will rule out any future site in international law if the behaviour of such a site is such that a leaking repository is predicted to result in marine discharge. is not correct.  
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Figure 1.  Plan view visualisations of particle tracks (green) generated from the Base Case realisation for the Case A model with semi-correlated transmissivity and deterministic Hydrogeological Zones.  Start locations are coloured blue and final locations red, with the outline of the island in black (from Posiva, in prep.).

Tim McEwen 

McEwen Consulting

May 2011

� These thickness contours are not shown in the IAEA paper, as the maps were too small to allow them to be shown. They are shown, however, in a BGS report: Atlas of onshore sedimentary basins in England and Wales, A Whittaker (ed.), 1985.
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