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SKI perspective

Background

As part of the license for SFR 1 a renewed safety assessment should be carried out at
least every ten years for the continued operation of the SFR 1 repository. SKB has at
mid-year 2001 finalised their renewed safety assessment (project SAFE) which
evaluates the performance of the SFR 1 repository system.

As part of scenario development for SFR 1, SKI has in a previous work identified and
assembled a list of features, events and processes (FEPs), representing the Process
System (near-field and far-field), with interactions/influences between FEPs
incorporated in a Process Influence Diagram (PID).

Purpose of the project

The purpose of this project is to compare SKB’s RES matrix FEPs and their
interactions, with SKI’s PID FEPs (for the near-field and far-field/geosphere) and their
interactions. The reversed order comparison is also investigated. For the biosphere,
SSI’s FEP-list is compared with SKB’s RES matrix FEPs. Furthermore, the
transparency of the links to the assessment calculations is investigated.

Results

As far as the comparison between SKI’s and SKB’s FEPs for the near-field and far-field
is concerned, no major discrepancies are found. It is not fully transparent what
considerations SKB have made to include which FEPs in the assessment calculations.

Effect on SKI’s work

This project forms an important part of the SKI’s review of SKB’s project SAFE for
SFR 1.

SKI’s PID FEPs for SFR 1, especially the near-field FEPs, is a good starting-point when
SKI develops near-field FEPs for the deep repository for long-lived low- and
intermediate-level waste in Sweden (SFL 3-5).

Project information

Responsible at SKI has been Benny Sundström.

SKI ref.: 14.9-020220/02088

Relevant SKI report: Stenhouse M.J., Miller W.M., Chapman N.A., System Studies in
PA: Development of Process Influence Diagram (PID) for SFR-1 Repository Near-Field
+ Far-Field, SKI report 01:30, Swedish Nuclear Power Inspectorate, Stockholm,
Sweden, 2001.
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Summary

This report provides a comparison of the features, events and processes (FEPs)
identified by the Swedish Nuclear Fuel and Waste Management Company, SKB, with
those of the Swedish Nuclear Power Inspectorate (SKI) and the Swedish Radiation
Protection Authority (SSI), the latter identified as the basis for SKI/SSI’s independent
assessment calculations relating to the SFR 1 repository. Both SKB and SKI use the
systems analysis approach as the framework for carrying out performance assessment
(PA) calculations, although the specific details of their assessment methodologies vary.

The review was conducted on two levels of detail:

• Top-level review, where FEP titles and Influences were compared between SKB and
SKI/SSI documents, and

• A more in-depth review, where attention was paid to how a particular FEP was
treated within the SKB assessment, by reference to SKB’s Information Flow
Network diagrams.

With regard to findings of the review, in the near-field, a few SKB FEPs were not
included in SKI’s assessment: “Osmosis”, “Heat-generating reactions”, “Heat
conduction”, “Water pressure (influence on stress conditions)”, “Advection (advective
transport of microbes)” and “Capillary suction”. Of these, “Heat-generating reactions”,
“Heat conduction” and “Water pressure” were not considered further in the SKB
assessment. Similarly, the two-phase flow aspects of saturation were ignored. Of the
remaining FEPs, it is not clear to what extent osmosis and the advective transport of
microbes were taken into account in SKB’s assessment.

A few SKB FEP titles were not identified explicitly in SKI’s FEP titles, although these
may be considered as part of the description under existing SKI FEPs, i.e. at a different
level of detail (e.g. ”Ion exchange”, considered under SKI’s “Degradation and alteration
of bentonite backfill”). Finally, the SKB FEP “Methylation/transformation” was not
included in SKI’s near-field FEP list, although degradation of organic waste to
radioactively-contaminated methane was considered by SKI in the assessment
calculations involving gas.

Of the far-field FEPs, important processes (interactions) involving seals were not
identified in the SKI assessment. Only the possibility of the degradation of a shaft or
tunnel seal was considered. However, SKB also did not analyse in detail processes
associated with seals or plugs because the material(s) to be used had not been selected.

Some SKB FEPs were not included explicitly, owing to the level of detail provided in
the SKI FEPs, similar to the near-field FEPs. Finally, Microbial degradation, Water
pressure, Radon generation, and Methylation/transformation were not included in SKI’s
FEP list:

Comparison of FEPs within the biosphere is more complicated than within the
near-field or geosphere, because only general FEP titles are given as section headings in
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SSI’s FEPs. Based on the review conducted here, SKB’s biosphere appears to be more
detailed in terms of the number of different species identified.

For completeness, SKI’s FEPs were compared with SKB’s FEPs to identify whether or
not any SKI FEPs had been omitted by SKB. In fact, there are no major omissions.

Of the FEPs that were designated by SKB as important and, therefore, to be included in
the assessment, the text indicates that certain FEPs were not considered in the
quantitative analysis and these are discussed in this report. For example, there is no
evidence of any coupling between gas and water pathways (e.g. the impact of gas
pressure on water movement) although processes affecting gas generation and transport
are discussed elsewhere (separate report).

The general conclusion from this part of the review is that the level of detail provided in
the Information Flow Diagrams is not sufficient to identify how every FEP is treated in
SKB’s assessment.

Overall, the level of documentation on FEPs contained in the SKB report is detailed,
providing thorough documentation of the nature of each FEP, which ones were included
in the assessment, which ones were not, and why not. What is lacking, however, is a
clear indication of how each FEP considered initially by SKB as being important and,
therefore, included as part of the assessment, is actually treated or carried forward, i.e.
mapped to the assessment calculations.
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1 Introduction

1.1 Objective of Review

The objective of the review work reported here is to compare the features, events and
processes (FEPs) identified by the Swedish Nuclear Fuel and Waste Management
Company, SKB, with those of the Swedish Nuclear Power Inspectorate (SKI) and the
Swedish Radiation Protection Authority (SSI), the latter identified as the basis for
SKI/SSI’s independent assessment calculations relating to the SFR 1 repository. Both
SKB and SKI use the systems analysis approach as the framework for carrying out
performance assessment (PA) calculations, although the specific details of their
assessment methodologies vary, as discussed below. The principal components of this
methodology, which are reviewed here, are:

• Primarily, identification of FEPs relating to the SFR 1 repository system (near-field,
far-field and biosphere) and to a lesser extent, identification of Influences
(interactions between pairs of FEPs);

• The link between FEPs/FEP interactions and safety assessment calculations.

Owing to time constraints, the latter step - how the FEPs and interactions between them
are addressed in safety assessment calculations - has been evaluated in a qualitative
way. Thus, this review is not a full audit. In addition, EFEPs – scenario-generating
FEPs – were not reviewed as scenarios have been reviewed by SKI and SSI.

The review was conducted on two levels of detail:

• Top-level review, where FEP titles and Influences were compared between SKB and
SKI/SSI documents, and

• A more in-depth review, where attention was paid to how a particular FEP was
treated within the SKB assessment, by reference to SKB’s Information Flow
Network diagrams.

1.2 Review Documents

In order to perform the comparison, three key documents have been reviewed, viz.

• Project SAFE: Scenario and system analysis [SKB 2001] – principally Chapters 4,
5.

• System Studies in PA: Development of Process Influence Diagram (PID) for SFR 1
repository: near-field + far-field [Stenhouse et al., 2001].

• Work in support of biosphere assessments for solid and radioactive waste disposal
[Egan et al., 2001].
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Other SKB documents have been consulted for supporting information, when
appropriate.
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2 Top-Level Review: Comparison of FEPs (and
Certain Influences)

2.1 Brief Discussion of Methodologies – Key Differences

Assessment context and system definition aside, SKB and SKI develop the system
analysis methodology starting from FEPs. A key difference between SKB and SKI
approaches is how the FEPs are treated.

In the SKB approach, key components of the system (typically about 10 to 12 each for
the near-field, geosphere1 and biosphere) are identified as the diagonal elements of a
RES2 matrix (the RES matrix is discussed in detail by Eng et al. [1994]). Interactions
between these elements are then identified as off-diagonal elements in this matrix, and
normally these off-diagonal elements are themselves processes.

In the SKI approach, FEPs and Influences - interactions between pairs of FEPs, are
shown in a Process Influence Diagram (PID); FEPs are represented as boxes and
Influences by lines connecting boxes. To accommodate the different sections (Silo,
BMA, BTF, BLA) and barriers of each section of the repository, sub-sections of the
complete PID, often with similar FEPs and Influences, represent these sections and
barriers, with some similarity to the diagonal elements of the RES matrix.

The slightly different ways of representing FEPs and Influences means that it is not
always straightforward to compare “like” with “like”. For example, the off-diagonal
elements of the SKB RES matrix are usually processes which can be compared with
either FEPs or Influences in the SKI methodology. This is why the comparison has not
been restricted to FEPs alone, but has addressed, where necessary, certain Influences.

2.2 Results of Top-Level Review

The results of the comparison of FEPs in SKB’s RES matrix with SKI FEPs (and
Influences) are summarised in the spreadsheets shown in Appendix A, Tables A-1
(near-field) and A-2 (geosphere/far-field). Similarly, comparison with SSI FEPs for the
biosphere is shown in Table A-3. The contents of these tables need some supporting
explanation, as provided below.

• Column 1: The entries in the left-hand column of the spreadsheets are generally
headings taken from Chapter 4 of SKB [2001]. These headings match various FEP
entries in the corresponding RES matrix (near-field and geosphere).

• Columns 2-4 are relevant to the off-diagonal elements of the RES matrix for near-
field and geosphere, and identify where in the RES matrix these FEPs can be found.

                                                
1 To all extents and purposes, the geosphere defined by SKB is the same as the far-field as used in
Stenhouse et al. [2001].

2 Rock Engineering Systems.
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Furthermore, Columns 2-4 give an indication of whether these FEPs have been
treated by SKB in the PA, viz.

- Entries under Column 2 (“Treated”) correspond to FEPs which are specified by
SKB as “important interactions”, red or pink3 colour coding, and treated in the
PA (supporting text in Appendix F in SKB [2001]);

- Entries under Column 3 (“Possibly”) are designated by SKB as “probably part
of the assessment”, yellow colour coding;

- Entries under Column 4 (“NOT”) are designated by SKB as having “negligible
influence on other parts of the process system”, green colour coding, and were
not considered in the PA.

Thus, Columns 2 and 3 are useful in the more in-depth review discussed in Section
3.

• Column 5: contains the page number reference for the FEP heading in SKB [2001].

• Column 6 (COMMENT): various brief comments are provided to indicate how a
FEP was treated by SKB in the assessment, based on the text discussion in SKB
[2001]. In this column, the coding for the abbreviations is:

- IND (Kd, De): indirectly considered via pessimistic choice of data (Kd, De);
- IND (DS) = indirectly considered via selection of input data;
- IND (CC) = indirectly considered via selection of calculational cases;
- NOT specific = not specifically included in quantitative analysis, i.e. ignored.

• Column 7: the right-hand column of Tables A-1, A-2 and A-3 indicates which SKI
FEPs (or Influences) correspond to the SKB FEP, and includes the diagram
reference level in the SKI report [Stenhouse et al., 2001]. SKI FEPs and Influences
are provided in a series of drawings as output from SPARTA, the software tool used
to develop the PID [Jack and Hillier, 1999]. The layout of the individual drawings is
given on pages Annex II-2 and III-3 of Stenhouse et al. [2001]. Here, in Tables A-1
and A-2, the coding L2, L3 etc. refers to the hierarchical level of the drawing in
which a FEP or Influence can be found – Level 2, Level 3 etc.

2.3 Summary of Top-Level Review

2.3.1 Near-Field

In the near-field, a few SKB FEPs were not included in SKI’s assessment, viz.

• Osmosis

• Heat-generating reactions

• Heat conduction

• Water pressure (influence on stress conditions)

• Advection (advective transport of microbes)

                                                
3 A pink colour was used by SKB to describe important interactions “only in the water saturation phase”.
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• Capillary suction.

Of these, “Heat-generating reactions”, “Heat conduction” and Water pressure” were not
considered further in the SKB assessment. Similarly, the two-phase flow aspects of
saturation were ignored. Of the remaining FEPs, it is not clear from the text in SKB
[2001] to what extent osmosis and the advective transport of microbes were taken into
account in SKB’s assessment.

A few SKB FEP titles were not identified explicitly in SKI’s FEP titles, although these
may be considered as part of the description under existing SKI FEPs, i.e. at a different
level of detail, viz.

• Ion exchange (considered under SKI’s “Degradation and alteration of bentonite
backfill”)

• Dispersion of clay particles (bentonite barriers) (considered under “Degradation and
alteration of bentonite backfill”).

Finally, the SKB FEP “Methylation/transformation” was not included in SKI’s near-
field FEP list, although degradation of organic waste to radioactively-contaminated
methane was considered by SKI in the assessment calculations involving gas.

2.3.2 Far-Field/Geosphere

Of the far-field FEPs, important processes (interactions) involving seals were not
identified in the SKI assessment. Only the possibility of the degradation of a shaft or
tunnel seal was considered. However, SKB also did not analyse in detail processes
associated with seals or plugs because the material(s) to be used had not been selected.

Some SKB FEPs were not included explicitly, owing to the level of detail provided in
the SKI FEPs, viz.

• “Ionic strength effects” (Access tunnels and boreholes) (= Influences on “Water
chemistry”).

• “Redistribution of particles in flowing water” (= “Degradation and alteration of
backfill”).

Finally, the following SKB FEPs were not included in SKI’s FEP list:

• Microbial degradation.

• Water pressure.

• Radon generation.

• Methylation/transformation.
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2.3.3 Biosphere

Comparison of FEPs within the Biosphere is more complicated than within the near-
field or geosphere, because only general FEP titles are given as section headings in
Egan et al. [2001]. The discussion under each heading normally provides a good
indication of the detail considered under each of these FEP titles. For example, an off-
diagonal element in SKB’s RES matrix such as “Change in water content (Quaternary
deposits)” can be matched with the text “soil water content” under the heading Soils
and sediments in Egan et al. [2001]. Inevitably, because of the different approaches to
FEP identification, many of the entries in the SSI column in Table A-3 contain “NOT
included explicitly” although it is likely that the FEP was addressed in some way in the
biosphere assessment.

Certainly, based on a review of Egan et al. [2001], individual components of the
ecosystem do not appear to have been identified explicitly in the SSI study, although
involvement of different species in the transfer of radioactive contaminants through the
food chain is considered in SSI’s biosphere assessment. The general conclusion is that a
more detailed review of how SKB FEPs are treated would be necessary in order to
establish the level of agreement between SSI and SKB. Based on the review conducted
here, SKB’s biosphere appears to be more detailed in terms of the number of different
species identified.

2.4 Comparison of SKI FEPs with SKB FEPs

For completeness, the SKI FEPs listed in Appendices C (Near-Field) and E (Far-Field)
in Stenhouse et al. [2001] were compared with SKB’s FEPs to identify whether or not
any SKI FEPs had been omitted by SKB. This comparison is shown in Table A-4. In
fact, there are no major omissions. "Gas generation" does not appear in SKB’s RES
Matrix for the geosphere (apart from “Radon generation”), but this is in line with SKI's
revised FEP list in which this FEP title was renamed "Bulk gas".



7

3 Mapping of SKB FEPs/Interactions to Information
Flow Diagrams

The final stage in the review process involved examination of the FEPs identified by
SKB as important and part of the PA calculations, to see if these FEPs had been treated
in the assessment. In this case, the examination was confined to the near-field and
geosphere. The more detailed examination involved an attempt to map these important
FEPs to the corresponding Information Flow Diagrams developed by SKB, i.e. Figures
5-2 and 5-3 in SKB [2001]. These diagrams are intended to show the information
exchange between different analyses; repository performance (Figure 5-2) and
geosphere performance (Figure 5-3).

Tables A-1 and A-2 were checked to see if each process or interaction identified as
being included in the PA (Column 2 /“Treated” and Column 3/”Possibly” in Tables A-1
and A-2) had in fact been treated, according to the information provided in Figures 5-2
and 5-3. It should be noted that this check should not be regarded as a full audit.
However, it was felt that the review should at least identify any major omissions.

The results of the review are shown in Tables A-5 (near-field) and A-6 (geosphere). The
three left-hand columns of Tables A-1 and A-2 have been retained for reference
purposes. An entry in the fourth column (Figure 5-2 or 5-3) notes whether the FEP has
been considered in the corresponding Information Flow Diagram and the right-hand
column contains additional input from SKB [2001] that has some bearing on the
treatment of FEPs in the subsequent assessment calculations.

Of the FEPs that were designated by SKB as important and, therefore, to be included in
the assessment, the text indicates that in certain cases the FEPs were not considered in
the quantitative analysis.

• Examples for the near-field are:

- the impact of “Rock fallout/redistribution” on the concrete backfill and concrete
structures;

- the impact of “Diffusion” on water composition;
- the impacts of “Colloids” (colloid transport judged to be negligible for Silo, BMA and

BTF vaults due to the filtering effect of the barriers); and

- the impact of “Osmosis” on hydrology.

• Examples for the geosphere are:

- the impact of “Dissolution/precipitation on the function of shotcrete and backfill in
tunnels and boreholes;
- the impact of “Redistribution of stress” on the rock matrix and fractures;
- the impact of “Gas flow and saturation” on hydrology;
- any impacts of “Gas pressure”;
- the impact of “Water pressure” on gas distribution and movement;
- the impact of “Dissolution/precipitation” on radionuclide distribution (precipitation of
radionuclides and toxicants is not expected due to low concentrations).
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Generally, as discussed in SKB [2001], potential impacts of “Microbial activity/growth”
throughout the near-field and geosphere were ignored in the quantitative assessment,
although values selected for corrosion and degradation rates were intended to reflect the
influence of microbially-catalysed chemical reactions.

Finally, there is no evidence in either Figures 5-1, 5-2 or 5-3 of any coupling between
gas and water pathways (e.g. the impact of gas pressure on water movement) although
processes affecting gas generation and transport are discussed in a separate report
(Moreno et al. [2001]).

Clearly from the findings presented in Tables A-5 and A-6, however, the level of detail
provided in the Information Flow Diagrams is not sufficient to identify how every FEP
is treated in SKB’s assessment.
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4 Summary Comments

SKB [2001] provided the main source of information in the review of FEPs. This report
was not reviewed in detail4 – only those sections discussing FEPs or elements within
SKB’s interaction matrices for near-field, geosphere and biosphere. As such, the level
of documentation is considered to be relatively detailed, providing thorough
documentation of the nature of each FEP, which ones were included in the assessment,
which ones were not, and why not.

What is lacking in SKB [2001], however, is a clear indication of how each FEP
considered initially by SKB as being important and, therefore, included as part of the
assessment, is actually treated or carried forward, i.e. mapped to the assessment
calculations. This report (SKB [2001]) appears to be the ideal medium for reporting this
information.

                                                
4 The report has been reviewed elsewhere.
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A-1

Appendix: Tables Summarising FEP Comparison and
Review

Table A-1: Comparison of SKB FEPs with SKI FEPs (and Influences): Near-Field.

Table A-2: Comparison of SKB FEPs with SKI FEPs (and Influences): Geosphere.

Table A-3: Comparison of SKB FEPs with SKI FEPs (and Influences): Biosphere.

Table A-4: Comparison of SKI FEPs with SKB FEPs.

Table A-5: Review of SKB RES Matrix FEPs with SKB’s Information Flow Diagram:
Near-field (Figure 5-2, SKB Report R-01-135).

Table A-6: Review of SKB RES Matrix FEPs with SKB’s Information Flow Diagram:
Geosphere (Figure 5-3, SKB Report R-01-13).

                                                
5 SKB Report R-01-13, Swedish Nuclear Fuel and Waste Management Co, Stockholm, 2001.
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P
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i
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c
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d
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p
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p
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s
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e
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O
T
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u
d
e
d
 
e
x
p
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c
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y
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s
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o
w
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d
 
p
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e
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1
]
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c
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o
b
i
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l
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t
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n

1
0
.
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,
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0
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N
O
T
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n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
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n
f
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u
e
n
c
e
 
o
f
 
M
i
c
r
o
b
i
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l
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t
i
v
i
t
y
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2
]
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n
 
G
r
o
u
n
d
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n
 
[
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2
]
 
-
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a
i
n
l
y
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h
 
c
o
n
s
i
d
e
r
e
d
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o
u
n
d
a
r
y
 
c
o
n
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i
t
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o
n
s

7
2

C
h
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n
g
i
n
g
 
c
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m
p
o
s
i
t
i
o
n
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f
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o
u
n
d
w
a
t
e
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s
 
[
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2
]
;
 
I
n
f
l
u
e
n
c
e
 
o
n
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r
o
u
n
d
w
a
t
e
r
 
c
h
e
m
s
i
t
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y
 
[
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2
]

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
H
Y
D
R
O
L
O
G
Y
;
 
1
1
.
1
1

R
o
c
k
 
p
e
r
m
e
a
b
i
l
i
t
y
 
a
n
d
 
i
t
s
 
d
i
s
t
r
i
b
u
t
i
o
n

N
o
t
 
e
x
p
l
i
c
i
t

7
2

H
y
d
r
o
g
e
o
l
o
g
i
c
a
l
 
p
r
o
p
e
r
t
i
e
s
 
o
f
 
r
o
c
k
 
[
L
2
]

D
r
i
v
i
n
g
 
f
o
r
c
e
s
 
a
n
d
 
s
a
l
i
n
i
t
y

1
1
.
1
0

7
2

S
C
 
-
 
n
e
g
l
e
c
t
e
d
N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
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S
a
l
t
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o
r
 
f
r
e
s
h
)
 
w
a
t
e
r
 
i
n
t
r
u
s
i
o
n
 
i
n
c
l
u
d
e
d
 
i
n
 
E
x
t
e
r
n
a
l
 
F
E
P
s

G
a
s
 
f
l
o
w
 
a
n
d
 
s
a
t
u
r
a
t
i
o
n

1
1
.
1
2

7
2
/
7
3

C
o
n
s
e
r
v
a
t
i
v
e
 
a
s
s
.G
a
s
 
f
l
o
w
 
a
n
d
 
p
r
e
s
s
u
r
e
 
[
L
1
]
,
 
G
a
s
-
m
e
d
i
a
t
e
d
 
r
a
d
i
o
n
u
c
l
i
d
e
 
t
r
a
n
s
p
o
r
t
 
[
L
2
]
,
 
A
d
v
e
c
t
i
v
e
 
a
n
d
 
d
i
s
p
e
r
s
i
v
e
 
t
r
a
n
s
-

s
a
t
u
r
a
t
i
o
n
 
t
i
m
e
p
o
r
t
 
o
f
 
r
a
d
i
o
n
u
c
l
i
d
e
s
 
i
n
 
g
r
o
u
n
d
w
a
t
e
r
 
[
L
2
]
;
 
I
n
f
l
u
e
n
c
e
 
o
f
 
G
a
s
 
f
l
o
w
 
a
n
d
 
p
r
e
s
s
u
r
e
 
o
n
 
G
r
o
u
n
d
w
a
t
e
r
 
f
l
o
w
[
 
L
1
]

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s
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3

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
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p
r
e
s
u
m
a
b
l
y
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i
m
i
l
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r
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o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
 
u
s
e
d
 
f
o
r
 
m
o
d
e
l
l
i
n
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M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
G
A
S
 
(
D
I
S
T
R
I
B
U
T
I
O
N
 
A
N
D
 
M
O
V
E
M
E
N
T
)
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I
N
C
L
U
D
I
N
G
 
N
A
T
U
R
A
L
L
Y
 
O
C
C
U
R
R
I
N
G
 
R
A
D
I
O
N
U
C
L
I
D
E
S
;
 
1
2
.
1
2

G
a
s
 
p
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a
b
i
l
i
t
y
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2
,
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2
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3
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n
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u
e
n
c
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o
f
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y
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g
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o
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l
 
p
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c
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[
L
2
]
 
o
n
 
G
a
s
 
f
l
o
w
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p
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u
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e
 
[
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]
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p
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u
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e
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4
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3
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s
 
f
l
o
w
 
a
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d
 
p
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e
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s
u
r
e
 
[
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1
]
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r
 
p
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u
r
e

1
2
.
1
1
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3

N
e
g
l
e
c
t
e
d
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O
T
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n
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l
u
d
e
d
 
e
x
p
l
i
c
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t
l
y
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n
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c
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f
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o
u
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r
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w
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p
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n
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2
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c
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p
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r
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P
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R
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p
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c
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n
c
e
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f
 
M
i
n
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r
a
l
o
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e
c
h
a
n
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c
a
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p
r
o
p
e
r
t
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o
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o
c
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t
r
e
s
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d
i
s
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r
i
b
u
t
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o
n
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[
L
2
]
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t
a
b
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l
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t
y

D
e
g
r
a
d
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t
i
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n
 
o
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r
o
c
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r
e
i
n
f
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r
c
e
m
e
n
t
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a
v
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[
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3
]
;
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n
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l
u
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n
c
e
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C
a
v
e
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o
c
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r
o
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3
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c
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s
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4
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T
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p
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c
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c
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R
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p
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O
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T
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P
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T
i
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l
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-
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b
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P
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S
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S
)
 
F
O
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I
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L
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I
C
A
L
 
S
T
A
T
E
;
 
1
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.
1
5

M
i
c
r
o
b
i
a
l
 
a
c
t
i
v
i
t
y

C
o
l
u
m
n
 
1
5

7
5

M
e
t
h
y
l
a
t
i
o
n

M
i
c
r
o
b
i
a
l
 
a
c
t
i
v
i
t
y
 
[
L
2
]
;
 
I
n
f
l
u
e
n
c
e
 
o
n
 
G
r
o
u
n
d
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n
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2
]

B
o
u
n
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y
 
c
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s

7
5

N
O
T
 
i
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d
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c
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c
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c
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i
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T
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N
T
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O
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S
 
(
P
R
O
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S
S
E
S
)
 
F
O
R
 
R
A
D
I
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N
U
C
L
I
D
E
S
 
A
N
D
 
T
O
X
I
C
A
N
T
S
 
(
S
O
L
I
D
,
 
L
I
Q
U
I
D
 
A
N
D
 
G
A
S
 
P
H
A
S
E
S
)
;
 
1
6
.
1
6

A
d
v
e
c
t
i
o
n
/
d
i
s
p
e
r
s
i
o
n

1
1
.
1
6

7
5

A
d
v
e
c
t
i
v
e
 
&
 
d
i
s
p
e
r
s
i
v
e
 
t
r
a
n
s
p
o
r
t
 
o
f
 
r
a
d
i
o
n
u
c
l
i
d
e
s
 
i
n
 
g
r
o
u
n
d
w
a
t
e
r
 
[
L
2
]
;
 

I
n
f
l
u
e
n
c
e
 
f
r
o
m
 
G
r
o
u
n
d
w
a
t
e
r
 
f
l
o
w
 
[
L
1
]

D
i
f
f
u
s
i
o
n
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n
d
 
m
a
t
r
i
x
 
d
i
f
f
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s
i
o
n

7
.
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,
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.
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6
,
9
.
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6
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5

M
a
t
r
i
x
 
d
i
f
f
u
s
i
o
n
 
o
f
 
r
a
d
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o
n
u
c
l
i
d
e
s
 
[
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2
]
;
 
N
O
T
 
D
i
f
f
u
s
i
o
n

S
o
r
p
t
i
o
n

5
.
1
6
,
7
.
1
6
,
8
.
1
6

6
.
1
6

7
6

R
a
d
i
o
n
u
c
l
i
d
e
 
s
o
r
p
t
i
o
n
 
[
L
2
]

9
.
1
6

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

1
0
.
1
6

7
6

C
o
n
s
e
r
v
.
 
I
g
n
o
r
e
dP
r
e
c
i
p
i
t
a
t
i
o
n
 
&
 
d
i
s
s
o
l
u
t
i
o
n
 
[
L
2
]

T
r
a
n
s
p
o
r
t
 
w
i
t
h
 
g
a
s

1
2
.
1
6

7
6

G
a
s
-
m
e
d
i
a
t
e
d
 
r
a
d
i
o
n
u
c
l
i
d
e
 
t
r
a
n
s
p
o
r
t
 
[
L
2
]

T
r
a
n
s
p
o
r
t
 
w
i
t
h
 
c
o
l
l
o
i
d
s
 
o
r
 
m
i
c
r
o
b
e
s

1
0
.
1
6

7
6

C
C

C
o
l
l
o
i
d
 
t
r
a
n
s
p
o
r
t
 
[
L
2
]

M
e
t
h
y
l
a
t
i
o
n
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

1
5
.
1
6

7
7

C
C

N
O
T
 
i
n
c
l
u
d
e
d
 
i
n
 
F
a
r
 
f
i
e
l
d
;
 
I
n
f
l
u
e
n
c
e
 
o
f
 
D
e
g
r
a
d
a
t
i
o
n
 
o
f
 
o
r
g
a
n
i
c
 
w
a
s
t
e
 
[
L
5
]
 
o
n
 

G
a
s
 
g
e
n
e
r
a
t
i
o
n
,
 
w
a
s
t
e
 
p
a
c
k
a
g
e
 
[
L
4
]

R
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y

1
6
.
1
6

7
7

R
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y
 
a
n
d
 
i
n
g
r
o
w
t
h
 
[
L
2
]

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

7
7

I
n
f
l
u
e
n
c
e
s
 
f
r
o
m
 
T
r
a
n
s
p
o
r
t
 
a
n
d
 
r
e
l
e
a
s
e
 
o
f
 
r
a
d
i
o
n
u
c
l
i
d
e
s
 
f
r
o
m
 
d
i
f
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r
e
n
t
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o
m
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o
n
e
n
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R
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R
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R
-
0
1
-
1
3

S
S
I
 
R
e
p
o
r
t

F
E
P
 
N
a
m
e

o
n
 
P
a
g
e

F
E
P
 
T
i
t
l
e

D
I
A
G
O
N
A
L
 
E
L
E
M
E
N
T
S

G
e
o
s
p
h
e
r
e
 
(
B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
)

1
.
1

7
9

G
e
o
s
p
h
e
r
e

Q
u
a
t
e
r
n
a
r
y
 
d
e
p
o
s
i
t
s

2
.
2

7
9

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
 
S
o
i
l
s
 
a
n
d
 
s
e
d
i
m
e
n
t
s

P
r
i
m
a
r
y
 
p
r
o
d
u
c
e
r
s
 
(
o
f
 
o
r
g
a
n
i
c
 
m
a
t
t
e
r
)

3
.
3

7
9

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
 
E
c
o
l
o
g
i
c
a
l
 
c
o
m
m
u
n
i
t
i
e
s
 
(
s
e
e
 
t
e
x
t
)

D
e
c
o
m
p
o
s
e
r
s

4
.
4

7
9

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
 
E
c
o
l
o
g
i
c
a
l
 
c
o
m
m
u
n
i
t
i
e
s
 
(
s
e
e
 
t
e
x
t
)

F
i
l
t
e
r
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e
e
d
e
r
s
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.
5

7
9

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
 
E
c
o
l
o
g
i
c
a
l
 
c
o
m
m
u
n
i
t
i
e
s
 
(
s
e
e
 
t
e
x
t
)
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e
r
b
i
v
o
r
e
s

6
.
6

7
9

N
O
T
 
i
n
c
l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
 
E
c
o
l
o
g
i
c
a
l
 
c
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m
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u
n
i
t
i
e
s
 
(
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e
e
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e
x
t
)
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r
n
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v
o
r
e
s
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.
7

7
9

N
O
T
 
i
n
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l
u
d
e
d
 
e
x
p
l
i
c
i
t
l
y
;
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o
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o
g
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l
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n
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i
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s
 
(
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e
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x
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)
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s
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.
8
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9
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u
m
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n
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c
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c
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p
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i
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p
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c
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d
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c
i
p
i
t
a
t
i
o
n
/
d
i
s
s
o
l
u
t
i
o
n

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

H
e
a
d
i
n
g
s
,
 
p
p
.
 
6
9
,
 
7
0

P
r
o
p
e
r
t
i
e
s

R
o
c
k
 
m
a
t
r
i
x
 
a
n
d
 
r
o
c
k
 
f
r
a
c
t
u
r
e
s

S
e
c
t
i
o
n
 
4
.
3
.
4
,
 
p
.
 
6
9

R
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y
 
a
n
d
 
i
n
g
r
o
w
t
h

R
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y
,
 
R
a
d
i
o
n
u
c
l
i
d
e
s
 
a
n
d
 
t
o
x
i
c
a
n
t
s

H
e
a
d
i
n
g
,
 
p
.
 
7
7

R
e
d
o
x
 
f
r
o
n
t
/
h
e
t
e
r
o
g
e
n
e
i
t
y

R
e
d
o
x
,
 
G
r
o
u
n
d
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n

T
a
b
l
e
 
4
-
2

S
a
l
i
n
e
 
(
o
r
 
f
r
e
s
h
)
 
w
a
t
e
r
 
i
n
t
r
u
s
i
o
n

D
r
i
v
i
n
g
 
f
o
r
c
e
s
 
a
n
d
 
s
a
l
i
n
i
t
y

H
e
a
d
i
n
g
,
 
p
.
 
7
2

S
e
i
s
m
i
c
 
a
c
t
i
v
i
t
y

N
O
T
 
I
N
C
L
U
D
E
D

E
x
t
e
r
n
a
l
 
F
E
P
 
i
n
 
S
P
A
R
T
A
 
P
I
D

S
o
r
p
t
i
o
n

S
o
r
p
t
i
o
n
,
 
R
a
d
i
o
n
u
c
l
i
d
e
s
 
a
n
d
 
t
o
x
i
c
a
n
t
s

H
e
a
d
i
n
g
,
 
p
.
 
7
6

S
t
r
e
s
s
 
f
i
e
l
d
 
(
i
n
 
s
i
t
u
)

R
o
c
k
 
m
e
c
h
a
n
i
c
s
;
 
S
t
r
e
s
s
 
c
o
n
d
i
t
i
o
n
s
,
 
1
4
.
1
4

S
e
c
t
i
o
n
 
4
.
3
.
8
,
 
p
.
 
7
;
 
T
a
b
l
e
 
4
-
2

T
h
e
r
m
a
l
 
f
i
e
l
d

T
e
m
p
e
r
a
t
u
r
e
,
 
1
3
.
1
3

T
a
b
l
e
 
4
-
2

T
r
a
n
s
p
o
r
t
 
a
n
d
 
r
e
l
e
a
s
e
 
o
f
 
n
u
c
l
i
d
e
s

A
d
v
e
c
t
i
o
n
/
d
i
s
p
e
r
s
i
o
n
,
 
R
a
d
i
o
n
u
c
l
i
d
e
s
,
 
t
o
x
i
c
a
n
t
s

H
e
a
d
i
n
g
,
 
p
.
 
7
5

U
p
l
i
f
t
/
s
u
b
s
i
d
e
n
c
e

N
O
T
 
I
N
C
L
U
D
E
D

E
x
t
e
r
n
a
l
 
F
E
P
 
i
n
 
S
P
A
R
T
A
 
P
I
D

A-15



16

T
ab

le
 A

-5
: 

R
ev

ie
w

 o
f 

S
K

B
 R

E
S

 M
at

ri
x 

F
E

P
s 

w
it

h
 S

K
B

’s
 I

n
fo

rm
at

io
n

 F
lo

w
 D

ia
gr

am
: 

N
ea

r-
fi

el
d

 (
F

ig
u

re
 5

-2
, S

K
B

 R
ep

or
t 

R
-0

1-
13

)

S
K
B
 
N
E
A
R
-
F
I
E
L
D
 
F
E
P
s

F
E
P
 
N
a
m
e

R
E
S
 
M
A
T
R
I
X

F
I
G
U
R
E
 
5
-
2

A
D
D
I
T
I
O
N
A
L
 
I
N
P
U
T
 
F
R
O
M
 
S
K
B
 
R
E
P
O
R
T

O
F
F
-
D
I
A
G
O
N
A
L
 
E
L
E
M
E
N
T
S

T
r
e
a
t
e
d

P
o
s
s
i
b
l
y

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
D
I
F
F
E
R
E
N
T
 
W
A
S
T
E
 
F
O
R
M
S

R
e
c
r
y
s
t
a
l
l
i
s
a
t
i
o
n
/
m
i
n
e
r
a
l
i
s
a
t
i
o
n

1
.
1

A
l
t
e
r
a
t
i
o
n
 
o
f
 
w
a
s
t
e
 
a
n
d
 
b
a
r
r
i
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c
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c
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c
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p
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c
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b
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p
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c
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c
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i
e
r
s

T
a
k
e
s
 
i
n
t
o
 
a
c
c
o
u
n
t
 
v
o
l
u
m
e
-
e
x
p
a
n
d
i
n
g
 
c
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p
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.
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c
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p
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p
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c
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r
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c
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c
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.
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c
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i
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p
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p
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p
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p
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r
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p
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u
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c
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i
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,
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;
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n
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f
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i
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i
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c
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c
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c
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c
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,
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n
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c
 
p
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p
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c
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c
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c
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c
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i
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c
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c
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c
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c
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c
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c
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c
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C
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c
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b
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c
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c
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c
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S
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at
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 D
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u
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R
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R
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R
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R
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R
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R
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b
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C
O
N
C
R
E
T
E
 
B
A
C
K
F
I
L
L
 
A
N
D
 
C
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l
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i
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;
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l
 
c
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,
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;
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p
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c
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c
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x
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c
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n
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.
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6
.
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d
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r
i
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;
 
D
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m
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i
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;
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t
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r
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t
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w
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c
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p
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c
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)
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.
1
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,
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1
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r
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,
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;
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i
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i
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c
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c
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e
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n
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c
 
p
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p
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/
p
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c
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i
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c
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p
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c
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c
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c
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.
7
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i
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c
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c
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c
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c
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C
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c
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r
e
d

1
5
.
6
,
 
1
5
.
7

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
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i
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t
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o
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y
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i
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c
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c
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c
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b
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e
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r
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c
a
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i
l
l
a
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u
c
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)
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1
1

T
i
m
e
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o
r
 
r
e
s
a
t
u
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o
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,
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l
o
;
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a
u
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t
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f
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c
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s
 
p
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c
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c
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i
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p
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p
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i
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c
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u
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c
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c
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e
s
;
 
l
o
n
g
-
t
e
r
m
 
p
r
o
p
e
r
t
i
e
s
 
m
a
y
 
b
e
 
a
f
f
e
c
t
e
d

C
r
a
c
k
i
n
g
 
o
f
 
c
o
n
c
r
e
t
e
 
i
n
 
p
l
u
g
s

1
4
.
6

P
l
u
g
s
 
-
 
c
o
n
d
i
t
i
o
n
s
 

P
o
t
e
n
t
i
a
l
 
d
a
m
a
g
e
 
d
u
e
 
t
o
 
s
w
e
l
l
i
n
g
 
p
r
e
s
s
u
r
e
 
o
f
 
b
e
n
t
o
n
i
t
e

C
o
r
r
o
s
i
o
n
 
(
o
f
 
r
e
i
n
f
o
r
c
e
m
e
n
t
)

6
.
1
2
,
1
0
.
6
,
1
1
.
6

P
l
u
g
s
 
-
 
c
o
n
d
i
t
i
o
n
s
 

M
a
y
 
c
a
u
s
e
 
v
o
l
u
m
e
 
c
h
a
n
g
e
s
 
a
n
d
 
c
o
n
c
r
e
t
e
 
p
r
o
p
e
r
t
i
e
s

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

6
.
1
0
,
1
0
.
6
,
1
1
.
6

P
l
u
g
s
 
-
 
c
o
n
d
i
t
i
o
n
s
 

C
h
a
n
g
e
s
 
i
n
 
p
r
i
m
a
r
y
 
m
i
n
e
r
a
l
s
 
m
a
y
 
a
f
f
e
c
t
 
p
r
o
p
e
r
t
i
e
s

I
o
n
 
e
x
c
h
a
n
g
e
 
a
n
d
 
s
o
r
p
t
i
o
n

6
.
1
0
,
 
1
0
.
6

P
r
i
m
a
r
i
l
y
 
i
m
p
o
r
t
a
n
t
 
f
o
r
 
b
e
n
t
o
n
i
t
e
;
 
p
o
s
s
i
b
l
e
 
c
h
a
n
g
e
s
 
i
n
 
p
r
o
p
e
r
t
i
e
s

M
i
c
r
o
b
i
a
l
 
a
c
t
i
v
i
t
y

1
5
.
6

N
O
T
 
C
O
N
S
I
D
E
R
E
D

M
a
y
 
a
f
f
e
c
t
 
c
o
m
p
o
s
i
t
i
o
n
 
a
n
d
 
p
o
r
o
s
i
t
y
;
 
a
l
s
o
 
s
u
r
f
a
c
e
s
 
o
f
 
m
a
t
e
r
i
a
l
s

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
R
O
C
K
 
M
A
T
R
I
X
 
A
N
D
 
F
R
A
C
T
U
R
E
S

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

7
.
1
0
,
8
.
1
0
.
9
.
1
0

M
i
n
e
r
a
l
o
g
y
,
 
m
a
t
r
i
x
 
p
o
r
o
s
i
t
y
;
 
H
y
d
r
a
u
l
i
c
 
c
o
n
d
u
c
t
i
v
i
t
y
 
-
 
f
r
a
c
t
u
M
i
n
e
r
a
l
 
c
o
m
p
o
s
i
t
i
o
n
 
o
f
 
f
r
a
c
t
u
r
e
 
s
u
r
f
a
c
e
s
 
m
a
y
 
b
e
 
a
f
f
e
c
t
e
d
;
 
s
e
c
o
n
d
a
r
y
 
m
i
n
e
r
a
l
s

1
0
.
7
,
1
0
.
8
,
1
0
.
9

i
n
 
f
r
a
c
t
u
r
e
s
 
a
n
d
 
p
o
r
e
s
 
m
a
y
 
a
f
f
e
c
t
 
p
o
r
o
s
i
t
y
.
 
E
f
f
e
c
t
s
 
o
f
 
a
l
k
a
l
i
n
e
 
p
l
u
m
e
 
m
a
y
 
c
h
a
n
g
e

m
i
n
e
r
a
l
o
g
y
 
o
f
 
r
o
c
k
;
 
p
o
s
s
i
b
l
e
 
r
e
d
u
c
t
i
o
n
 
i
n
 
p
e
r
m
e
a
b
i
l
i
t
y
 
(
m
o
r
e
 
c
o
n
s
e
r
v
a
t
i
v
e
)

R
e
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
s
t
r
e
s
s

7
.
1
4
,
 
8
.
1
4

N
O
T
 
E
V
A
L
U
A
T
E
D

H
y
d
r
o
-
m
e
c
h
a
n
i
c
a
l
 
i
n
t
e
r
a
c
t
i
o
n
 
m
a
y
 
a
f
f
e
c
t
 
f
r
a
c
t
u
r
e
 
a
p
e
r
t
u
r
e
s
 
a
n
d
 
r
o
c
k
 
p
o
r
o
s
i
t
y

E
f
f
e
c
t
s
 
c
o
n
s
i
d
e
r
e
d
 
t
o
o
 
s
m
a
l
l
 
t
o
 
b
e
 
s
i
g
n
i
f
i
c
a
n
t
;
 
n
o
 
q
u
a
n
t
i
t
a
t
i
v
e
 
e
v
a
l
u
a
t
i
o
n

M
i
c
r
o
b
i
a
l
 
g
r
o
w
t
h

1
5
.
7
,
1
5
.
8
,
1
5
.
9

I
G
N
O
R
E
D

B
i
o
f
i
l
m
s
 
w
i
l
l
 
a
f
f
e
c
t
 
r
o
c
k
 
s
u
r
f
a
c
e
s
,
 
e
n
h
a
n
c
e
 
m
i
n
e
r
a
l
 
c
h
a
n
g
e
s
;
 
c
h
a
n
g
e
 
p
o
r
o
s
i
t
y
;

1
4
.
7
,
1
4
.
8
,
1
4
.
9

e
f
f
e
c
t
s
 
c
o
n
s
i
d
e
r
e
d
 
i
n
s
i
g
n
i
f
i
c
a
n
t
;
 
d
i
s
c
a
r
d
e
d

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
G
R
O
U
N
D
W
A
T
E
R
 
C
O
M
P
O
S
I
T
I
O
N
 
(
I
N
C
L
U
D
I
N
G
 
D
I
S
S
O
L
V
E
D
 
G
A
S
,
 
C
O
L
L
O
I
D
S
 
A
N
D
 
P
A
R
T
I
C
L
E
S
)

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

[
5
 
t
o
 
9
]
.
1
0

E
v
o
l
u
t
i
o
n
 
o
f
 
g
e
o
s
p
h
e
r
e
 
w
a
t
e
r
;
 
S
e
l
e
c
t
i
o
n
 
o
f
 
m
i
g
r
a
t
i
o
n
 
d
a
t
a
;
 
s
o
r
p
t
i
o
n

R
o
c
k
-
w
a
t
e
r
 
i
n
t
e
r
a
c
t
i
o
n
s
 
g
e
n
e
r
a
l
l
y
 
s
l
o
w
;
 
t
r
a
n
s
i
e
n
t
 
e
f
f
e
c
t
 
(
b
u
f
f
e
r
i
n
g
 
o
f
 
p
H
,
 
a
n
d

1
0
.
[
6
 
t
o
 
9
]

d
i
s
s
o
l
u
t
i
o
n
 
o
f
 
s
i
l
i
c
a
)
 
c
a
n
 
g
e
n
e
r
a
t
e
 
c
o
l
l
o
i
d
s
;
 
n
o
t
 
s
p
e
c
i
f
i
c
a
l
l
y
 
a
n
a
l
y
s
e
d
 
i
n
 
S
A
F
E
;

c
o
v
e
r
e
d
 
i
n
d
i
r
e
c
t
l
y
 
b
y
 
s
e
l
e
c
t
i
o
n
 
o
f
 
c
a
l
c
u
l
a
t
i
o
n
a
l
 
c
a
s
e
s
 
a
n
d
 
d
a
t
a

D
i
f
f
u
s
i
o
n

1
0
.
1
6

S
e
l
e
c
t
i
o
n
 
o
f
 
m
i
g
r
a
t
i
o
n
 
d
a
t
a
;
 
d
i
f
f
u
s
i
v
i
t
y

G
e
o
m
e
t
r
y
,
 
p
o
r
o
s
i
t
y
 
a
n
d
 
c
o
n
e
c
t
i
v
i
t
y
 
o
f
 
b
a
c
k
f
i
l
l
,
 
p
l
u
g
s
 
e
t
c
.
 
c
a
n
 
a
f
f
e
c
t
 
d
i
f
f
u
s
i
o
n
;

[
5
 
t
o
 
9
]
.
1
0

n
o
t
 
q
u
a
n
t
i
t
a
t
i
v
e
l
y
 
a
n
a
l
y
s
e
d
 
w
i
t
h
i
n
 
S
A
F
E

A
d
v
e
c
t
i
o
n
/
d
i
s
p
e
r
s
i
o
n

1
1
.
1

F
r
e
s
h
 
w
a
t
e
r
/
s
a
l
i
n
e
 
w
a
t
e
r
 
i
n
t
e
r
f
a
c
e
;
 
E
v
o
l
u
t
i
o
n
 
o
f
 
g
e
o
s
p
h
e
r
e
 
w
a
t
e
r

I
m
p
a
c
t
 
o
f
 
a
d
v
e
c
t
i
o
n
 
o
n
 
g
r
o
u
n
d
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n
 
i
s
 
c
o
n
s
i
d
e
r
e
d
 
i
n
 
e
s
t
i
m
a
t
i
n
g
 
t
i
m
e

f
o
r
 
s
a
l
i
n
e
-
f
r
e
s
h
 
w
a
t
e
r
 
i
n
t
e
r
f
a
c
e
 
t
o
 
r
e
a
c
h
 
r
e
p
o
s
i
t
o
r
y

C
o
l
l
o
i
d
 
f
o
r
m
a
t
i
o
n
 
a
n
d
 
t
r
a
n
s
p
o
r
t

1
0
.
1
0
,
1
0
.
1
6

A
S
S
U
M
P
T
I
O
N
;
 
n
o
 
R
N
 
r
e
t
e
n
t
i
o
n
 
i
n
 
g
e
o
s
p
h
e
r
e

G
e
n
e
r
a
l
l
y
 
d
i
s
c
u
s
s
e
d
 
i
n
 
S
R
9
7
;
 
g
r
o
u
n
d
w
a
t
e
r
s
 
a
t
 
F
o
r
s
m
a
r
k
 
e
x
p
e
c
t
e
d
 
t
o
 
h
a
v
e
 
l
o
w
 

[
C
a
]
 
a
n
d
 
t
h
e
r
e
f
o
r
e
 
l
o
w
 
c
o
l
l
o
i
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
;
 
c
o
l
l
o
i
d
s
 
c
o
n
s
i
d
e
r
e
d
 
b
y
 
a
s
s
u
m
i
n
g

n
o
 
r
a
d
i
o
n
u
c
l
i
d
e
 
r
e
t
e
n
t
i
o
n
 
i
n
 
g
e
o
s
p
h
e
r
e

G
a
s
 
d
i
s
s
o
l
u
t
i
o
n
/
d
e
g
a
s
s
i
n
g

1
0
.
1
2
,
 
1
2
.
1
0

N
O
T
 
E
X
P
L
I
C
I
T

N
a
t
u
r
a
l
l
y
 
d
i
s
s
o
l
v
e
d
 
g
a
s
e
s
 
c
o
n
s
i
d
e
r
e
d
 
i
n
d
i
r
e
c
t
l
y
 
i
n
 
g
r
o
u
n
d
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n

M
i
c
r
o
b
i
a
l
 
d
e
g
r
a
d
a
t
i
o
n

1
0
.
1
5
,
 
1
5
.
1
0

I
G
N
O
R
E
D

W
i
l
l
 
a
f
f
e
c
t
 
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n
;
 
e
n
s
u
r
e
 
r
e
d
u
c
i
n
g
 
c
o
n
d
i
t
i
o
n
s
;
 
n
o
 
d
e
t
r
i
m
e
n
t
a
l
 
e
f
f
e
c
t
s

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

I
n
t
e
r
a
c
t
i
o
n
 
o
f
 
d
i
f
f
e
r
e
n
t
 
w
a
t
e
r
s
 
(
v
a
u
l
t
s
,
 
e
x
t
e
r
n
a
l
 
b
o
u
n
d
a
r
i
e
s
)
 
w
i
l
l
 
a
f
f
e
c
t
 
w
a
t
e
r

c
o
m
p
o
s
i
t
i
o
n
;
 
i
n
t
e
r
a
c
t
i
o
n
s
 
c
o
n
s
i
d
e
r
e
d
 
v
i
a
 
s
e
l
e
c
t
i
o
n
 
o
f
 
g
e
o
s
p
h
e
r
e
 
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n

R
E
S
 
M
A
T
R
I
X
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T
ab

le
 A

-6
 (

co
n

ti
n

u
ed

):
 R

ev
ie

w
 o

f 
S

K
B

 R
E

S
 M

at
ri

x 
F

E
P

s 
w

it
h

 S
K

B
’s

 I
n

fo
rm

at
io

n
 F

lo
w

 D
ia

gr
am

: 
G

eo
sp

h
er

e 
(F

ig
u

re
 5

-3
, S

K
B

R
ep

or
t 

R
-0

1-
13

)

S
K
B
 
G
E
O
S
P
H
E
R
E
 
F
E
P
s

F
E
P
 
N
a
m
e

R
E
S
 
M
A
T
R
I
X

I
N
T
E
R
A
C
T
I
O
N
 
F
L
O
W
 
D
I
A
G
R
A
M

A
D
D
I
T
I
O
N
A
L
 
I
N
P
U
T
 
F
R
O
M
 
S
K
B
 
R
E
P
O
R
T
 
R
-
0
1
-
1
3

O
F
F
-
D
I
A
G
O
N
A
L
 
E
L
E
M
E
N
T
S

T
r
e
a
t
e
d

P
o
s
s
i
b
l
y

F
I
G
U
R
E
 
5
-
3

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
H
Y
D
R
O
L
O
G
Y

R
o
c
k
 
p
e
r
m
e
a
b
i
l
i
t
y
 
a
n
d
 
i
t
s
 
d
i
s
t
r
i
b
u
t
i
o
n

N
o
t
 
e
x
p
l
i
c
i
t

H
y
d
r
a
u
l
i
c
 
c
o
n
d
u
c
t
i
v
i
t
y
 
(
f
r
a
c
t
u
r
e
s
,
 
r
o
c
k
)
;
 
L
o
c
a
l
 
h
y
d
r
o
l
o
g
y
 
(
p
a
D
a
r
c
y
'
s
 
l
a
w
,
 
p
e
r
m
e
a
b
i
l
i
t
y
 
d
i
s
t
r
i
b
u
t
i
o
n
 
c
o
n
s
i
d
e
r
e
d
 
i
n
 
u
p
d
a
t
e
d
 
H
G
 
m
o
d
e
l
l
i
n
g

D
r
i
v
i
n
g
 
f
o
r
c
e
s
 
a
n
d
 
s
a
l
i
n
i
t
y

1
1
.
1
0

D
E
N
S
I
T
Y
-
D
E
P
E
N
D
E
N
T
 
F
L
O
W
 
N
E
G
L
E
C
T
E
D

S
a
l
i
n
i
t
y
/
d
e
n
s
i
t
y
 
g
r
a
d
i
e
n
t
s
;
 
f
l
u
i
d
 
d
e
n
s
i
t
y
 
(
b
u
o
y
a
n
c
y
 
e
f
f
e
c
t
s
)
;
 
s
c
o
p
i
n
g
 
c
a
l
c
u
l
a
t
i
o
n
s

i
n
d
i
c
a
t
e
s
 
d
e
n
s
i
t
y
-
d
e
p
e
n
d
e
n
t
 
f
l
o
w
 
c
a
n
 
b
e
 
n
e
g
l
e
c
t
e
d

G
a
s
 
f
l
o
w
 
a
n
d
 
s
a
t
u
r
a
t
i
o
n

1
1
.
1
2

T
W
O
-
P
H
A
S
E
 
F
L
O
W
 
D
I
S
C
A
R
D
E
D

T
w
o
-
p
h
a
s
e
 
f
l
o
w
 
a
s
p
e
c
t
s
 
f
o
r
 
s
a
t
u
r
a
t
i
o
n
 
p
r
o
c
e
s
s
 
i
s
 
d
i
s
c
a
r
d
e
d
 
i
n
 
S
A
F
E
;
 
s
a
t
u
r
a
t
i
o
n

t
i
m
e
 
a
p
p
r
o
x
i
m
a
t
e
d
 
b
y
 
t
i
m
e
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
"
s
a
t
u
r
a
t
e
d
"
 
a
n
a
l
y
s
i
s
 
[
?
?
]

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

H
y
d
r
a
u
l
i
c
 
h
e
a
d
 
g
r
a
d
i
e
n
t
 
o
r
i
g
i
n
a
t
e
s
 
f
r
o
m
 
b
o
u
n
d
a
r
i
e
s
;
 
r
o
c
k
/
b
i
o
s
p
h
e
r
e
 
b
o
u
n
d
a
r
y

i
m
p
o
r
t
a
n
t
 
(
S
e
a
 
l
e
v
e
l
,
 
i
n
f
i
l
t
r
a
t
i
o
n
,
 
r
e
c
h
a
r
g
e
/
d
i
s
c
h
a
r
g
e
,
 
w
e
l
l
s
)
;
 
d
e
t
a
i
l
e
d
 

h
y
d
r
a
u
l
i
c
 
a
n
a
l
y
s
i
s
.

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
G
A
S
 
(
D
I
S
T
R
I
B
U
T
I
O
N
 
A
N
D
 
M
O
V
E
M
E
N
T
)
;
 
I
N
C
L
U
D
I
N
G
 
N
A
T
U
R
A
L
L
Y
 
O
C
C
U
R
R
I
N
G
 
R
A
D
I
O
N
U
C
L
I
D
E
S

G
a
s
 
p
e
r
m
e
a
b
i
l
i
t
y

8
.
1
2
,
 
9
.
1
2

G
e
o
m
e
t
r
y
:
 
l
o
c
a
t
i
o
n
s
,
 
f
r
a
c
t
u
r
e
s
;
 
G
a
s
 
t
r
a
n
s
p
o
r
t
 
i
n
 
f
a
r
 
f
i
e
l
d

S
i
g
n
i
f
i
c
a
n
t
 
f
o
r
 
c
r
y
s
t
a
l
l
i
n
e
 
r
o
c
k
;
 
s
c
o
p
i
n
g
 
c
a
l
c
u
l
a
t
i
o
n
s
 
i
n
d
i
c
a
t
e
 
f
a
s
t
 
g
a
s
 
f
l
o
w

G
a
s
 
p
r
e
s
s
u
r
e

N
O
 
E
V
I
D
E
N
C
E
 
O
F
 
C
O
N
S
I
D
E
R
A
T
I
O
N
 
I
N
 
F
I
G
U
R
E
 
5
-
3

G
a
s
 
p
r
e
s
s
u
r
e
 
g
r
a
d
i
e
n
t
s
 
o
n
e
 
o
f
 
t
h
e
 
m
a
i
n
 
d
r
i
v
i
n
g
 
f
o
r
c
e
s
 
f
o
r
 
g
a
s
 
f
l
o
w

W
a
t
e
r
 
p
r
e
s
s
u
r
e

1
2
.
1
1

N
O
 
E
V
I
D
E
N
C
E
 
O
F
 
C
O
N
S
I
D
E
R
A
T
I
O
N
 
I
N
 
F
I
G
U
R
E
 
5
-
3

P
r
e
s
s
u
r
e
 
a
n
d
 
p
r
e
s
s
u
r
e
 
g
r
a
d
i
e
n
t
s
 
c
a
n
 
a
f
f
e
c
t
 
g
a
s
 
d
i
s
t
r
i
b
u
t
i
o
n
;
 
i
m
p
a
c
t
 
c
o
n
s
i
d
e
r
e
d
 

8
.
1
2
,
 
9
.
1
2

o
f
 
m
i
n
o
r
 
i
m
p
o
r
t
a
n
c
e
;
 
e
f
f
e
c
t
 
o
n
 
g
a
s
 
s
o
l
u
b
i
l
i
t
y
 
a
l
s
o
 
o
f
 
m
i
n
o
r
 
i
m
p
o
r
t
a
n
c
e

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

T
r
a
n
s
p
o
r
t
 
a
n
d
 
r
e
l
e
a
s
e
 
o
f
 
g
a
s
 
f
r
o
m
 
d
i
f
f
e
r
e
n
t
 
s
e
c
t
i
o
n
s
 
o
f
 
r
e
p
o
s
i
t
o
r
y

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
R
O
C
K
 
M
E
C
H
A
N
I
C
S

P
r
o
p
e
r
t
i
e
s
 
a
f
f
e
c
t
i
n
g
 
d
e
f
o
r
m
a
t
i
o
n
 
a
n
d
 

7
.
1
4
,
 
8
.
1
4

M
i
n
e
r
a
l
o
g
y
,
 
m
a
t
r
i
x
 
p
o
r
o
s
i
t
y

(
r
o
c
k
 
t
y
p
e
,
 
m
i
n
e
r
a
l
o
g
y
,
 
m
i
c
r
o
s
t
r
u
c
t
u
r
e
)
;
 
i
n
i
t
i
a
l
 
r
o
c
k
 
s
t
r
e
n
g
t
h
 
g
o
o
d

s
t
a
b
i
l
i
t
y

E
f
f
e
c
t
s
 
o
f
 
b
e
n
t
o
n
i
t
e
/
c
e
m
e
n
t
 
p
l
u
g
s
 
n
o
t
 
a
d
d
r
e
s
s
e
d
 
(
f
i
n
a
l
 
d
e
s
i
g
n
 
n
o
t
 
a
v
a
i
l
a
b
l
e
)

D
e
g
r
a
d
a
t
i
o
n
 
o
f
 
r
o
c
k
 
r
e
i
n
f
o
r
c
e
m
e
n
t

N
O
T
 
E
X
P
L
I
C
I
T
 
I
N
 
F
I
G
.
 
5
-
3
;
 
L
o
c
a
l
 
h
y
d
r
o
l
o
g
y
 
(
p
a
t
h
l
i
n
e
s
,
 
f
l
o
w
)

W
i
l
l
 
a
f
f
e
c
t
 
r
o
c
k
 
s
t
r
e
n
g
t
h
;
 
e
f
f
e
c
t
s
 
o
n
 
r
o
c
k
 
f
a
l
l
 
i
n
 
v
a
u
l
t
s
 
a
s
s
e
s
s
e
d

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

C
h
a
n
g
e
s
 
i
n
 
s
t
r
e
s
s
 
a
n
d
 
s
t
r
a
i
n
 
a
t
 
r
e
p
o
s
i
t
o
r
y
-
g
e
o
s
p
h
e
r
e
 
b
o
u
n
d
a
r
y
 
w
i
l
l
 
h
a
v
e
 
e
f
f
e
c
t
 

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
B
I
O
L
O
G
I
C
A
L
 
S
T
A
T
E

M
i
c
r
o
b
i
a
l
 
a
c
t
i
v
i
t
y

C
o
l
u
m
n
 
1
5

I
G
N
O
R
E
D

O
r
g
a
n
i
c
 
c
a
r
b
o
n
 
i
n
 
g
e
o
s
p
h
e
r
e
 
l
e
s
s
 
t
h
a
n
 
i
n
 
r
e
p
o
s
i
t
o
r
y
;
 
n
o
 
d
e
t
r
i
m
e
n
t
a
l
 
e
f
f
e
c
t
s

a
p
a
r
t
 
f
r
o
m
 
(
p
o
s
s
i
b
l
y
)
 
m
e
t
h
y
l
a
t
i
o
n
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

B
i
o
m
a
s
s
 
f
r
o
m
 
v
a
u
l
t
s
;
 
e
x
c
h
a
n
g
e
 
o
f
 
b
i
o
m
a
s
s
 
b
e
t
w
e
e
n
 
b
i
o
s
p
h
e
r
e
 
a
n
d
 
g
e
o
s
p
h
e
r
e
 
b
y

r
e
c
h
a
r
g
i
n
g
/
d
i
s
c
h
a
r
g
i
n
g
 
w
a
t
e
r

I
M
P
O
R
T
A
N
T
 
I
N
T
E
R
A
C
T
I
O
N
S
 
(
P
R
O
C
E
S
S
E
S
)
 
F
O
R
 
R
A
D
I
O
N
U
C
L
I
D
E
S
 
A
N
D
 
T
O
X
I
C
A
N
T
S
 
(
S
O
L
I
D
,
 
L
I
Q
U
I
D
 
A
N
D
 
G
A
S
 
P
H
A
S
E
S
)

A
d
v
e
c
t
i
o
n
/
d
i
s
p
e
r
s
i
o
n

1
1
.
1
6

W
a
t
e
r
 
p
h
a
s
e
 
t
r
a
n
s
p
o
r
t
 
o
f
 
R
N
 
w
i
t
h
i
n
 
f
a
r
 
f
i
e
l
d

G
r
o
u
n
d
w
a
t
e
r
 
f
l
o
w
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
u
s
e
d
 
a
s
 
i
n
p
u
t
 
t
o
 
s
e
l
e
c
t
i
o
n
 
o
f
 
c
a
s
e
s
/
d
a
t
a

D
i
f
f
u
s
i
o
n
 
a
n
d
 
m
a
t
r
i
x
 
d
i
f
f
u
s
i
o
n

7
.
1
6
,
8
.
1
6
,
9
.
1
6

M
a
t
r
i
x
 
p
o
r
o
s
i
t
y
;
 
S
e
l
e
c
t
i
o
n
 
o
f
 
m
i
g
r
a
t
i
o
n
 
d
a
t
a
 
(
m
a
t
r
i
x
 
d
i
f
f
u
s
i
v
i
t
y
)

R
e
s
u
l
t
s
 
o
f
 
H
G
 
m
o
d
e
l
i
n
g
 
u
s
e
d
 
a
s
 
i
n
p
u
t
 
t
o
 
s
e
l
e
c
t
i
o
n
 
o
f
 
t
r
a
n
s
p
o
r
t
 
r
e
s
i
s
t
a
n
c
e

(
F
-
p
a
r
a
m
e
t
e
r
)

S
o
r
p
t
i
o
n

5
.
1
6
,
7
.
1
6
,
8
.
1
6

M
i
n
e
r
a
l
o
g
y
;
 
S
e
l
e
c
t
i
o
n
 
o
f
 
m
i
g
r
a
t
i
o
n
 
d
a
t
a
 
(
s
o
r
p
t
i
o
n
)
I
m
p
a
c
t
 
o
f
 
m
i
n
e
r
a
l
o
g
y
 
a
n
d
 
w
a
t
e
r
 
c
o
m
p
o
s
i
t
i
o
n
 
r
e
f
l
e
c
t
e
d
 
i
n
 
s
e
l
e
c
t
i
o
n
 
o
f
 
c
a
s
e
s
/
d
a
t
a

9
.
1
6

D
i
s
s
o
l
u
t
i
o
n
/
p
r
e
c
i
p
i
t
a
t
i
o
n

1
0
.
1
6

N
O
T
 
E
X
P
L
I
C
I
T
 
I
N
 
F
I
G
.
 
5
-
3
;
 
n
o
 
f
a
r
-
f
i
e
l
d
 
s
o
l
u
b
i
l
i
t
y
 
d
a
t
a

P
r
e
c
i
p
i
t
a
t
i
o
n
 
o
f
 
R
N
 
o
r
 
t
o
x
i
c
a
n
t
s
 
n
o
t
 
e
x
p
e
c
t
e
d
 
b
e
c
a
u
s
e
 
o
f
 
l
o
w
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
;

C
o
-
p
r
e
c
i
p
i
t
a
t
i
o
n
 
w
i
t
h
 
c
a
l
c
i
t
e
 
+
 
F
e
 
h
y
d
r
o
x
i
d
e
s
 
c
o
u
l
d
 
r
e
t
a
r
d
 
t
r
a
n
s
p
o
r
t

T
r
a
n
s
p
o
r
t
 
w
i
t
h
 
g
a
s

1
2
.
1
6

G
a
s
 
t
r
a
n
s
p
o
r
t
 
i
n
 
f
a
r
 
f
i
e
l
d
 
(
R
N
 
n
o
t
 
e
x
p
l
i
c
i
t
)

M
a
i
n
 
t
r
a
n
s
p
o
r
t
 
m
e
c
h
a
n
i
s
m
 
f
o
r
 
t
r
a
n
s
p
o
r
t
 
o
f
 
g
a
s
e
o
u
s
 
r
a
d
i
o
n
u
c
l
i
d
e
s

T
r
a
n
s
p
o
r
t
 
w
i
t
h
 
c
o
l
l
o
i
d
s
 
o
r
 
m
i
c
r
o
b
e
s

1
0
.
1
6

N
O
T
 
E
X
P
L
I
C
I
T
;
 
W
a
t
e
r
 
p
h
a
s
e
 
t
r
a
n
s
p
o
r
 
o
f
 
R
N
 
w
i
t
h
i
n
 
f
a
r
 
f
i
e
l
d

C
o
l
l
o
i
d
a
l
 
m
a
t
e
r
i
a
l
 
e
x
p
e
c
t
e
d
 
t
o
 
b
e
 
l
o
w
 
(
l
o
w
 
[
C
a
]
)
;
 
m
i
c
r
o
b
e
 
t
r
a
n
s
p
o
r
t
 
c
o
n
s
i
d
e
r
e
d

n
o
t
 
t
o
 
b
e
 
s
i
g
n
i
f
i
c
a
n
t
 
e
n
o
u
g
h
;
 
f
a
s
t
 
t
r
a
n
s
p
o
r
t
 
I
S
 
c
o
n
s
i
d
e
r
e
d
 
h
o
w
e
v
e
r
,
 
v
i
a
 
c
a
s
e
s
/
d
a
t
a

M
e
t
h
y
l
a
t
i
o
n
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

1
5
.
1
6

N
O
T
 
E
X
P
L
I
C
I
T
 
I
N
 
F
I
G
.
 
5
-
3
;
 
G
a
s
 
f
l
u
x
 
f
r
o
m
 
d
i
f
f
e
r
e
n
t
 
r
e
l
e
a
s
e
 
p
o
i
n
t
s

W
i
l
l
 
a
f
f
e
c
t
 
m
o
b
i
l
i
t
y
 
o
f
 
c
e
r
t
a
i
n
 
r
a
d
i
o
n
u
c
l
i
d
e
s
 
(
C
1
4
)
;
 
s
e
l
e
c
t
i
o
n
 
o
f
 
c
a
s
e
s
/
d
a
t
a

R
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y

1
6
.
1
6

N
O
T
 
E
X
P
L
I
C
I
T
 
I
N
 
F
I
G
.
 
5
-
3

W
i
l
l
 
a
f
f
e
c
t
 
t
y
p
e
 
a
n
d
 
a
m
o
u
n
t
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
r
a
d
i
o
n
u
c
l
i
d
e
s

B
o
u
n
d
a
r
y
 
c
o
n
d
i
t
i
o
n
s

R
e
l
e
a
s
e
 
f
r
o
m
 
o
t
h
e
r
 
p
a
r
t
s
 
o
f
 
t
h
e
 
r
e
p
o
s
i
t
o
r
y
 
w
i
l
l
 
h
a
v
e
 
a
n
 
e
f
f
e
c
t
;
 
s
o
u
r
c
e
 
t
e
r
m
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