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My review focused on a careful reading of the main SFL3-5 report (SKB TR-99-28) with

occasional referencing to supporting documents (Compilation of Data for the analysis of

radionuclide transport: SKB R-99-13). I have highlighted what I believe to be the most

important questions and issues.

Executive Summary:

p. ix, para. 2: Why aren't the sorption and diffusion data chosen by taking into account the

rock/medium composition and factors such the amount of wetted surface area and the

porosity? Certainly water composition should be important but so should the mineralogy of

the rock/medium surfaces encountered and the amount of surface area encountered per

volume of water. Taking straight "Kd" data expressed in m3 per kg and determined for

granite and applying it directly to gravel without even normalizing the numbers for the

differences in wetted reactive surface areas does not sound reasonable. Certainly if this

hasn't been done then it should be said why it wasn't judged important.

p. ix: what is the expected composition of the gas? Where is it expected to come from? What

processes generate it?

Throughout the executive summary: Why is there no quantitative idea given of what the words

"short term" and "long term", or "long life" mean?

p. xi, 4th para.: I would argue that if the near-field barriers are built strongly enough, then you

wouldn't have to worry about far-field conditions. The report generally gives the impression

that SKB's near-field design will simply not hold up and that they are therefore overly

dependent on the protection that they think will be afforded by the far-field barrier.

Chapter 1:

Just as there is no quantitative idea of time scales given, at least initially, the report also takes a

long time before allowing the reader to get an idea of what SKB considers a "regional" scale

flow model. From descriptions of the actual flow modeling conducted later on in the model,

it appears that "regional" means something on the order of 10 km. For me that's almost

"local" scale. Why didn't SKB consider more extensive "regional" models in their analysis?



Chapter 3:

p. 3-11: This is the first time that I have seen a gravel size fraction (4-32 mm) referred to as

being made up of "small" particles. It is also the first time that I see somebody referring to

the "large" surface areas of gravel particles. What does SKB consider to be "large"

particles? How does SKB refer to the surface area of clay-size particles? Gravel is not

known to have either "large" surface areas or particularly good sorption properties. SKB

should cite external research that shows that gravel, of the type and composition that will be

used, does indeed have considerable sorptive properties. The external research should be

consist of peer-reviewed articles, preferably authored by scientists who are not consultants

or employees of SKB. One of my impressions from the SFL3-5 performance assessment is

that it often looks as though SKB selectively picks out just the data and conclusions that they

want, ignoring other data and analyses that may offer very different conclusions and that may

not fit SKB's preconceived engineering notions.

P. 3-11: SKB needs to clearly explain why they didn't want to use a bentonite barrier or other

relatively impermeable barrier that would likely have a much higher sorption capacity.

p. 3-12: The report mentions "the SKB redox experiment". This was indeed an interesting,

well-conducted, experiment. It did, however, have some limitations. First, the oxygenated

water that was used, and also probably the relatively shallow fracture that was used,

contained significant amounts of organic matter that was able, through the catalytic

capabilities of microbiota, to rather rapidly reduce the dissolved oxygen that was introduced.

This is not necessarily likely to occur under conditions that differ from present day

conditions (e.g. under a warm-based ice-sheet), or in other types of fractures than the

relatively wide, gouge-filled, fracture that was chosen. Which brings me to the second point

which is that thinner fractures with less gouge material may behave quite differently in terms

of the operative redox processes and particularly, in terms of the relative speeds of reaction

of those processes (relative to ground-water flow).

Chapter 4:

p. 4-2: It is interesting to read here that SKB is worried about the "interactions" of the different

materials used for a) the high-level waste repository and b) the low-and intermediate level

repository. First, why don't they exactly say what "interactions" they are worried about?



Secondly, just a few pages earlier (p. 3-13) they mentioned the fact that they thought that

"the buffering properties of the rock will keep the pH and Eh of the groundwater at

repository level roughly unchanged". So why do they consider that they need at least 1

kilometer distance between the repositories? They just said that the rock provided a strong

enough buffer that the local ground waters would essentially remain unchanged. Thirdly,

and even more importantly, why is 1 km in the horizontal direction considered the minimum

amount of buffer required when the repository is being built at only 300 m depth. If their

argument about a minimum separation distance of 1 km is true, then it would seem to me that

they really should place the repository at a minimum depth of at least 1 km, (and probably

more since vertical flow may predominate during periods of glacial advance). The other

interesting point is that SKB does not seem to take the hydraulic conductivity of the rock at

the various sites into account when determining the appropriate minimum separation

distance. That is probably not a bad idea. However, they should mention why they take this

approach.

Chapter 5:

OK. I'm not qualified to judge the Biosphere section.

Chapter 6:

p. 6-2: The report states that the predicted temperature increase of 5 °C, caused by radioactive

decay, is not significant for the performance of near-field barriers. Although I probably

agree with that statement, does it also hold for the steel corrosion rate? That is, wouldn't the

steel corrosion rate be increased? The often quoted rule of thumb is that reaction rates

generally increase by a factor of 2 for every 10 °C increase. What would be the effect on the

steel canister corrosion rate? SKB also needs to take the potential salinity of the waters into

account when answering this question.

p. 6.3: Just because the reference scenario assumes that the "regional" groundwater conditions

are stable, and that therefore no changes will "occur in either the direction or the size of the

groundwater flow into the repository area", does not mean that the initial assumption is

reasonable. What is the point of doing a performance assessment if potential changes and

hydrologic, structural and geochemical conditions are not taken into account? I think SKB



needs their make their case for considering only "the reference scenario" much more strongly

than they have done in the report.

p. 6-5: It is interesting to read that SKB projects that all organic material in the waste will be

consumed after only 600 years and all the steel after only about 8000 years. What will be the

remaining reductants left in the repository near field then after 8000 years? What quantities

of these reductants does SKB estimate will be left of those reductants? What does SKB

expect will happen to redox conditions in the near-field after 8000 years?

p. 6-7: The report says "The redox potential, pH and salinity of the water, and its content of

complexing agents and colloids, are of great importance for the performance of the near-field

barriers and for the migration of radionuclides and other solutes". What is then the

justification for ignoring the full extent of possible temporal changes in those properties

throughout the performance assessment?

p. 6-10: I note in table 6-1 that the chlorinity of the "saline" water used is only 181 mmol/L,

which translates to about 6000 mg/L Cl. If seawater intrusion occurs (rather than Baltic

water intrusion), the actual chlorinity of that seawater is likely to be 3 times higher, about

19000 mg/L. Of course if deep brines were to flow through the repository, their chlorinity

would be even higher. Hole KLX02 has a chlorinity of 45000 at only 1.7 km depth near

Aberg. What maximum chlorinity (or salinity) would SKB actually consider in an actual

performance assessment?

p. 6-12: The report states again that the composition of the waters has a greater effect on sorption

properties than the composition of the materials. To me that is not obvious at all. First of all,

different materials are likely to have different specific surface areas. Secondly, different

materials simply have vastly different sorption capacities. For example, smectite minerals

have cation exchange capacities which are hundreds of times higher than those of kaolinite or

illite. Different materials also have different behaviors with pH, or at least different pH

transition points at which the surface may change from being positively charged to being

negatively charged. So what is the justification for considering water composition effects but

not the effects of mineral composition or solid-surface area on sorption?

bottom of p. 6-16: The report states that the gravel fill is assumed to have sorption properties

typical for Swedish rock. Did SKB normalize the Kd's taking into account the differences in

surface to volume ratios between gravel and "Swedish granite"?



bottom of p. 6-17: The report does not discuss at all the uncertainties on the assumed rate of

metal corrosion. What are the uncertainty estimates for the rates of corrosion?

p. 6-22: It would be nice if the report gave an estimate of the retardation factors applicable to

various isotopes, but maybe that is coming later on.

p. 7-1: Why didn't SKB at least discuss their assumption of constant flow directions and flow

intensity? How reasonable do they think it is?

p. 7-3: The report states: "The specific flow is greatest if the regional flow is directed along the

tunnel. The flow is smallest if the regional flow is directed perpendicular to the tunnel. The

same applies to the total flow in the tunnel." Can SKB explain this statement? Intuitively, I

don't think it's correct.

p. 7-6, 3 rd paragraph from the bottom: Why would it be difficult to put in a low permeability

barrier, at least 10 times less permeable than the rock, at a site like Aberg? Maybe it would

be difficult at the other two sites, because of their supposedly much lower hydraulic

conductivities, but I don't see why it would be a problem at Aberg. And even at the two

other sites, I believe that if SKB had spent has much effort drilling boreholes and collecting

various types of data as they did at Aberg, they would probably find that the applicable

hydraulic conductivities are probably much higher than those cited in the SFL3-5 report.

p. 7-7, 2nd para.: How reasonable is it to assume horizontal flow in areas of regional groundwater

discharge, such as at Aberg and Beberg?

p. 7-7, section 7.3.6: "The results show that in such a rock mass, the heterogeneity leads to an

increase of the total flow in SFL 4 by a factor of about 2". Don't the results depend on the

statistical properties used to define the stochastic continuum model? How sensitive are the

results to uncertainties in that definition?

p. 7-8, bottom: Does the report actually imply that the Aberg is in a regional recharge area?

That's news to me. (i.e. it states that the mean direction of flow is 30 degrees downward at

Aberg). Also how does SKB use this result to state a little later (bottom of p. 7-12) that the

flow at repository depth is largely horizontal? 30 degrees down is nowhere near horizontal in

my book.

bottom of p 7-13: Given the very different hydraulic conductivities for the 3 different sites why

didn't SKB adapt their backfill strategy individually to each of the 3 different sites. That is,



why didn't they pick a different strategy in particular for Aberg, with a low-permeability fill

instead of a gravel fill?

General comment on flow modeling: Because of the relative paucity of data from Beberg and

Ceberg, an equivalent homogenous porous medium was assumed in the flow models of the 2

sites. In contrast, because much more data was available for Aberg, a stochastic continuum

model was used. Although I can understand why this was done, this approach does contain

an element of illogic. If we assume that indeed the rock at Ceberg is much less fractured

than at Aberg, it would stand to reason that the heterogeneities that do exist would actually

influence ground-water flow to a much greater extent than at Aberg where the rock is

supposedly much more extensively fractured. Therefore, why shouldn't one make the

argument that actually an equivalent porous medium model would actually be much more

suitable for the Aberg site than for the Ceberg site?

Chapter 8:

p. 8-2: Isn't the assumption that the properties of the concrete moulds and enclosures won't

change with time a fairly big assumption? Why is this assumption justified?

p. bottom of 8-3: the report states that the SFL3 tunnel has a concrete plug at both ends and that

therefore released radionuclides will only be able to leave by the rock. What are the

assurances that the concrete won't crack over time? And if this doesn't matter, then why not?

p. 8-10, first para.: I haven't read Carbol and Engvist (1997). Why is it reasonable to assume that

the same sorption data can be used on both granite and gravel? (see my earlier comment).

bottom of p. 8-10: Again. What are the uncertainties related to the corrosion rates of steel and

zircaloy? This is a pretty big issue since it controls the release of several radioactive isotopes

(including 93Mo, one of the isotopes of concern).

p. 8-11, table 8-3: How come distribution coefficients are not provided for saline water in

concrete? Are they deemed unimportant? Why?

p. 8-13: Given the big difference in the results obtained for the "saline" water case (compared to

the low salinity case), I would think that it would be very important for SKB to consider the

possibility that waters of even higher salinity (seawater or shield brines) might intrude

through the repository. Given the strong effect of water composition on radionuclide



sorption and retardation why didn't SKB consider the potential for intrusion of waters of even

higher salinity?

p. 8-18: Aren't the matrix diffusion calculations rather overoptimistic? The Swiss and the

Spaniards typically assume that the maximum penetration depth for matrix diffusion is at

most 10 cm, and they usually use 5 cm in their calculations. Here SKB is assuming 200 cm

in two cases (Aberg and Beberg) and 2000 cm in the other (Ceberg). I was told that the

rationale for this is that those distances represent the 1/2 of the maximum separation between

fractures at the 3 sites. Actually, I have seen several studies, by Montoto and others for

example (see references in Glynn and Voss, 1999, SKI report, part II) that show that matrix

diffusion is only likely to occur in a thin skin close to the fracture walls. This skin has

significant micro fracturing because of the stress release offered by the presence of the

fracture and therefore offers a reservoir for matrix diffusion. As one moves away from the

fracture, however, the amount of microfracturing decreases significantly and matrix

diffusivities are likely to be insignificant. I was also told second-hand that the actual

penetration depths picked would supposedly not matter in the final results. If that was the

case, then why were such large maximum penetration depths picked?

p. 8-20: How does SKB reconcile the average advective travel time of about 900 years estimated

from their calculations for Ceberg (Gidea) with the earlier SKB (SKB TR 91-28) report by

Itnner and others (1991) that documents the arrival of 3 different radionuclide spikes arising

from the Chernobyl accident in a packed borehole section at 97-106 m depth at the Gidea site

after only 1 to 2 years? For reference, the radionuclide spikes arrived with different degrees

of retardation, 263 days for 206Ru spike, 516 days for the 137Cs spike and 599 days for the
60Co spike. Had this occurred because of inter-borehole leakage one would have expected

that the isotope spikes would arrive simultaneously. My conclusion is that the calculated

mean arrival time and flow model for Ceberg are not consistent with the available field

evidence. Unless of course SKB now discredits their earlier work? In which case, they

should formally state their reasons for doing so and formally publish any corrections.

p. 8-18 and 8-21: Why is a much higher flow wetted surface area assumed for Beberg than for

the other sites? Is it just an arbitrary number picked just to be different?

p. 8-30 and 8-31: the report says that 3 ice ages are projected to occur during the 100000 years

but that after that the "future evolution of the environment is uncertain". If that's the case, i.e.



the implication is that the occurrence of the 3 ice ages is then rather certain, why did SKB

simply ignore any of their potential effects throughout their performance assessment? Here

they refer to discussions in section 9.2, but actually there is just about no real discussion of

this in that section. Isn't it rather strange to gray out the area after 100000 years on figure 8-

10 because of the lingering uncertainty of climate evolution after that time? By the way, fig.

8-10 has the comparison and background levels switched.

General comment: I would have liked to see some assessment of the chemotoxic effects of Pu

and U release. I didn't see any. Is this because the chemotoxic effects of Pu and U can be

considered truly insignificant given their release concentrations?

p. 8-35: What are the "comparison levels" for the chemotoxic pollutants? How are they

determined?

p. 8-35, last paragraph: SKB claims that chemotoxic concentrations will exceed the comparison

levels sometime between 100000 and 10 million years in the future, but that this can be

ignored because several ice ages will have come and gone and essentially the entire

ecosystems will have been scraped away several times. I don't dispute this argument.

However, it appears that SKB is selectively considering the probability of future glaciations

when it suits them but ignoring it (in the case of radioactive releases) when it doesn't suit

them. At a minimum, this is a rather inconsistent consideration of glaciations in the

performance assessment.

Chapter 9:

p. 9-4, below fig. 9-1: The report states that when a continental ice sheet moves over an area,

high water pressures underneath the melting area can lead to widening of fractures resulting

in increased permeability. Although I don't disagree with this statement, I believe that there

are a lot more uncertainties about the effects of ice loading on ground water flow, fracture

widening/narrowing and hydraulic conductivities in the vertical and horizontal directions

than the report lets on here. At least that was the impression I got from the presentations of

Robert Muir-Wood and other geophysiscists at the glacial workshop in Hasselby a number of

years ago. Has anything changed, i.e. has new knowledge emerged on this topic that allows

SKB to so confidently predict what will happen? If so, why don't they cite the new work?



p. 9-5, first para.: The report cites Karlsson and others (1999) in stating that the penetration of

oxygenated waters is not likely to affect the repository in any way because 1) of the great

capacity of the metal and organic substances in the repository to reduce the oxygen and 2)

because relatively few radionuclides in the waste will be affected by oxidation. Well, the

report actually says earlier that all the metal and organic materials are likely to have been

reduced away in the first 8000 years. So what happens in the next 92000 years when 3

glaciations are predicted to occur according to SKB? And what about the following 9.1

million years of relatively "uncertain" climate evolution that are being considered by the

performance assessment. Also, certainly Pu and U speciation behavior and mobility can be

expected to be affected by oxidation? So why is this insignificant? Finally, even if the direct

effect on radionuclide speciation is insignificant, won't the corrosion rates of the steel and

zircaloy be affected? What is the rationale for ignoring those effects on the performance

assessment?

p. 9-5, section 9.3: What about the effect of earthquakes in "relatively unfractured" sites such as

Gidea? I would expect that displacements there would be greater than at Aberg, because of

the smaller number of potentially adjusting rock blocks. Is this wrong?

Final Comment:

This "performance assessment" report has 1) several logical flaws and 2) is not scientifically

objective. There is a lot of good work done by individual SKB consultants. The problem is that

the report does not consider all the available research that has been conducted, both by SKB

consultants and by other scientists. The report only seems to select evidence/research pieces that

fit preconceived notions supporting SKB's ultimate objectives. This is done rather poorly, which

is why one can easily pick out inconsistencies and logical flaws.
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