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This report concerns a study which has been conducted for the Swedish
Nuclear Power Inspectorate (SKI). The conclusions and viewpoints presented
in the report are those of the author(s) and do not necessarily coincide with
those of the SKI.



PREFACE

This report concerns a study which is part of the SKI performance assessment
project SITE-94. SITE-94 is a performance assessment of a hypothetical repository
at a real site. The main objective of the project is to determine how site specific data
should be assimilated into the performance assessment process and to evaluate how
uncertainties inherent in site characterization will influence performance assessment
results. Other important elements of STTE-94 are the development of 2 practical and
defensible methodology for defining, constructing and analyzing scenarios, the
development of approaches for treatment of uncertainties, evaluation of canister
mtegrity. and the development and application of an appropriate Quality Assurance
plan for Performance Assessments.

Johan Andersson
Project Manager

gotaly S:cononr 1993
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introduction

A preliminary but essentia! stage of the SITE 94 scenario development
process is the identification of all features, events. and processes (FEPs)
which are considered important to the long-term isolation of radicactive
waste. These FEPs may be of natural or of human origins, and should be
relevant te both the disposal site under invesiigation, and the timescales
under consideration. Before combining FEPs into scenarios. an audit of
the FEP list is desirabie. Thus, the objective of this summaryv report is
to document the specifications and methodology by which an independent
FEP list was gernerated Ior audit purposes. The intention of the audit is
to ensure that il relevant natural and human-induced FEPs are ideniified
at this early stage of scenario development.

The SITE 94 Project considers disposal of spent nuclear fuel according to
the KBS3 concept, at a site with characteristics based on the Aspd Hard
Rock Laboratory site.

Description of Methodology

The methodology adopted for preducing such 2 FEP audit list involved
the following tasks:
o Task 1: Compile raw FEP list

Task 2: Categorise and add screering criteria

o Task 3: Consolidation coding of screened lists

o Task 4: Perform FEP audit

The overall process in déveloping the FEP audit list is shown schematically
in Figure 1. Each of the above tasks is discussed in detail in the subsequent
sections.




Figure 1. Schematic diagram of FEP audit list generation
stages

| ¢ Appendix 1
Categorise and

Add Screening e Ageri ?
Arguments a

8 Lists of Screened-out FEPs
sorted according to category
and screening argument

A

8 Lists of Screened FEPS, eac
with consolidation code and
reduced list of new FEPs I i .
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2.1

Task 1: Compile raw FEP list

Identification of FEPs has been performed previously for a variety of na-
tional radioaciive waste management programines, and resultant FEP lists
apply io a number of disposal concepts and cover a range of disposal
sites. As a starting point for the FEP audit list, therefore. the FEP
lists from these national exercises were compiled as an electronic spread-
sheet/database.

The database was compiled from the following published FEP lisis:

¢ Atomic Energy of Canada Limited {AECL): spent fuel: 275 entries:
Goodwin et al., (1991)

¢ UK. Department of Environment Drv Run 3; 305 entries: Thorne

(1992)

¢ Iniernational Atomic Energy Agency (IAEA): Safety Series: general
treatment; 36 entries; IAEA (1981)

e Nagra, Switzerland: Project Gewahr: high level waste {HLW); 44
entries; Project Gewahr (1985)

¢ SKI/SKB: Swedish scenario development; spent fuel; 157 entries:
Andersson (1989)

e Sandia National Laboratory, U.S.A.: HLW; 29 eniries; Cranwell et
al. (1982) ‘

o U.K. Nirex: L/ILW; 131 entries; Hodgkinson and Sumerling (1989)

e UK. Department of Environment: Sellafield Assessment: L/ILW;
79 entries; Miller and Chapman (1992)

¢ Nuclear Energy Agency (NEA): Systematic Approaches to Scenario
Development; 122 entries; NEA (1992)

Although Nagra is conducting a scenario development process for Kristallin-
1, the FEP list was incomplete at the time of compilation. For this reason,
this source of FEPs was not used. In addition, the Kemakta FEP list for
the SFR assessment done for SKB was not included, as it was felt that
Kemakta, who are responsible for developing the original FEP list, would
be influenced by this work.

The final compilation comprises over 1200 entries and is listed in Ap-
pendix 1. The level of FEP detail for each national list 1s highly variable,

3



2.2

as indicated by the respective values for number of entries, and reflects
differing degrees of generalisation. However, no screening or additional
reductions were performed during this task. For some entries, text was
added, but only to provide additional description to FIEEPs, the meaning
of which would otherwise be too vague for subsequent screening.

Task 2: Categorise and add screening criteria

The list in Appendix 1 contains numerous entries which are neither rele-
vant to the Swedish disposal concept nor to the disposal site. In addition.
duplications abound in the raw list. Thus, toc make the subsequent screen-
ing process easier. the first stage of this task was to separate entries into
arbitrary categories. Eight categories ware selected in totai. wiz.:

Waste [W] Contaizer {C]
Buffer/Backfill [B] Repository [R]
Far-field [F} Biosphere [L}

Human actions {H] Geological/climatic evolution {G]

The letters in parentheses were used to code individual eniries, and an
attempt was made to classify FEPs according to where the FEP occurs
(W; C; B; R: F; L) or which category is the responsible agent (G: Hj.
Occasionally, it was difficult to categorise FEPs in this way, in which case
the coding applies more to the category which is effected by the FEP.
In addition, more than one code letter was applied to a FEP if it was
considered to apply to one or more of the categories designated. It should
be emphasised that assigning FEPs to the above categories was performed
as a matter of convenience, and that this separation process is relatively
arbitrary, given the different origins of the original FEP list (Appendix 1).

Screening criteria were then added to identify and to subsequently remove
only those FEPs which are irrelevant to the Swedish disposal concept and
disposal site. The criteria which were used are based on those applied by
Nagra and presented in Sumerling ef al. (1993). The preliminary “cri-
teria” — referred to as screening arguments. are presented in Appendix
2. Included in Appendix 2 are NOTES: specific modifications to cer-
tain screening arguments, based on consultation with SKI (Johan An-
dersson, personal communication). An additional code was provided for
those FEPs which were either too vague or all-encompassing to be useful.
It should be stressed. however, that no FEP entries were destroyed a2s a
result of the screening process — only removed to a separate appendix.



2.3

The modaified screening arguments are summaerised in Table 1, each argu-
ment having a correspoanding code (for convenience, the subsection number
of appropriate text in Appendix 2). The FEP lists, sorted by category,
and with screening code added, are shown in Appendix 3. Finally. the
screening process was periormed on the eight categoryv lists of FEPs to
separate entries with screening codes from those without. As mentioned
previously, no FEPs were removed permanenily, screened-out FEPs being
compiled in Appendix 4.

Task 3: Consolidation coding of screened lists

Eight lists of screened FEPs were produced from the screening process
performed in Task 2 (in additico to the 8 lists of screened-out FEPs in
Appendix 4). In order to consolidate these 8 lists of screened FEPs, an
additional. consolidation code was added, as shown in Appendix 5 (CON.
CODE). The purpose of this consolidation code was to create a reduced
set of ‘processes’ which included all screened FEPs, but which had a suffi-
ciently small number to be manageable. Reduced sets in the range 19-15
‘processes’ were considered an acceptable compromise — small enough to
be manageable, but large enough to retain specific characteristics of the
individual FEPs, z.e. not too general.

Accordingly, Appendix 5 contains the 8 lists of screened FEPs, each cate-
gory list prefaced by the set of censolidated ‘processes’. For ease of review,
individual, screened FEPs are grouped according to consolidation code.



Table 1: Summary of FEP Screening Arguments

Code Screening Argument Specifically Excluded Phenomer
relating to:

Site and Disposal Concept
Waste form and packaging  L/ILW, organic wastes: vitrified wast

Emplacement and repository  cementitious backfll;

BN
b

.3 Host geology salt deposits: clays;
near-surface disposal phenomena
24  Local and regional thick soil/sediment sequences;
surface environment large topographic influences;

Oceanic processes

!\)
n

Geo-climatic development arid climate;
coastal, fluvial erosion

Assessment Basis

3.1  Repository design/closure operational phase; retrievability:
major design changes
3.2  Global/regional disasters meteorites
‘ TREATED SEPARATELY"
3.3  Acts of war/sabotage auclear war; terrerism

TREATED SEPARATELY"

Deliberate intrusion —

3.5  Future human society futuristic assumptions .Lout

and technelogy human behaviour and technology
3.6  Post-closure radiological chemical toxiaty

assessrnent impacts to flora/fauna
3.7  Future life evolution radiation sensitivity;

metabolism changes

Other
4 General issues too vague, general; incomprehensibl.
philosophical
" Arguments 3.2 and 3.3 were assigned screening code ‘D’



2.4

Task 4: Perform FEP audit

The FEP lists contained in Appendix 5 were used to perform an audit of
the Kemakta FEP bist (in Stoeckholm, April 21st, 1993). Participants in the
andit were Neil Chapman and Michael Stenhouse of Intera, and Kristina
Skagius and Marie Wiborg of Kemakta {primarily responsible for develop-
ing the Kemakta system). The objective of this exercise was to ensure that
all relevant features, events and processes had either been incorporated in
the infiuence diagrams already generzied by Kemakta (principaliv of the
waste and the engineered systems), or were available for construction of
influence diagrams of other parts of the Process System.

During the audit, each FEP in the Iniera lists was examined within each
category. A tick mark was added if it had been included in the Kemakta
list, either as a FEP or as a ‘LINK” beiweer two FEPs. Duplicates in the
Intera list were ehiminated at this stage, and externzl FEPs were identi-
fied as ‘EFEP’. For each FEP which was identified for inclusion in the
Kemakta system, either as a new FEP or new LINK, a ncte was made of
the addition, together with its cause and effect.

At the time of the audit. the near-field FEPs had been identified and fully
documented, and the Intera categories which were used for comparison
were WASTE, CANISTER, BUFFER/BACKFILL and REPOSITORY.
Similar treatments for the far field and biosphere systems were incomplete,

though the format of the influence diagram was expected to be similar
to that of the near field. As a result, all Intera FEP categories except
BIOSPHERE were examined in detail. For the biosphere, duplicates were
identified and eliminated. Occasionally, where two shightly different FEPs
overlapped in terms of description, they were combined, thereby reducing
the overall number.

The end product of the audit was a final list of all FEPs, still retained
under the 8 categories, which have to be considered in the scenario de-
velopment for the Swedish waste disposal concept. This list is shown in
Appendix 6, and the main keadings for these FEPs are included in Table
2.



Table 2.  Final FEP List Headings

FEP NAME: HEADER

Radionucfide decay and growth
Radiological/radiation effects

Gas generation and effects

Heat generaiion
Thermo-mechanical effects
Thermo-chemical effects
Electro-chemical eflects

Waste degradation/comosion/dissolution
Geochemical reactions/regime
Radionuclide chemistry

Specific factors

Corrosion/degradaticn processes

Gas production and efiects
Microbiolegical effects/microbial activity
Thermo-mechanical effects
Etectro-chemical efiects
Stress/mechanical effects

Geochemical reactions/regime
Radicnuclide transport through containers

Buffer i characteristics (SYS
Resaturation/desaiuration
Mechanical effects

Thermal effects
Electro-chemical effects

Gas effects

Microbioiogical effects/microbial activity
Backiill degradation

Radionuclide transport processes
Radionuclide chemistry

eld rock;
Repository degradation
Hydraulic etfects/groundwater flow
Mechanical effects
Thermal effects
Gas effects and transport
Microbiciogical/biclogical astivity
Geochemical regime
Radionuclide chemistry
Radionuclide transport processes
Specific factors




Table 2. Final FEP List Headings

Hydrogeological effects
Physicalmechanical effects
Thermal efiects

Gas effects and transport
Microbiclogical/iiclogical activity
Geochemical regime
Radionuclide chemistry
Radionuciide transport processes
Specific factors
Human considerations

Ecological factors

Soil/sediment effects
Surface/near-surface waler processes
Ceastal water/ocean processes

Gas effects

Micrcbiological/bioicgical activity
Geochermricai regime (general)
Radionuclide chemistry

Radionuctide transport processes
Radiclogical factors

Specific factors

Seismic events/ma;or land movement
Rock deformation
Metamorphic processes
Erosion/weathering (surface)
Groundwater flow and efiects
Surface water flow and effects
Sea-evel effects

Magnetic effects
Glaciation/giacial efiects
Climate effects (natural)
Specitic factors

Inadvenent intrusion into repository
Surface activities

Subsurface activities

Water use

Agricultural and fisheries practices
Specific factors
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Appendix 1. Raw FEPs List

The composite list presented in the following pages (19) contains all FEPs
from the following national exercises, listed in order of appearance {the
initial letter coding, ¢.g. AECL, identifies the respective exercises):

e AECL: Canada

e DOE: Dry Ran 3, U.K. Department of Environment

o [AEA: Safety Series

o PGA:Nagra, Switzerland

e SKI: SKI/SKB: Sweden

e SNL: Sandia, U.S.

e UKN: UK. Nirex L/TLW

o HMIP: Sellafield Assessment, U.K. Department of Environment

o NEA: Safety Assessment

NOTE

References for the above lists are given in the main text (page 3). In th
‘DOF’ list, FEPs often exist at the quaternary level ( W.X.Y.Z) and, |-
such cases, the corresponding tertiary heading (W.X.Y) has been incorpo-
rated in each FEP as additional description. As a result, these tertiary en-
tries (shaded) become redundant and are excluded from subsequent edited
lists. In the same way, AECL primary (X.), and HMIP primarv (W.) and
secondary (W.X), headers have been retained for clarnity, but are exciuded
from the reduced Lsts.




RAW FEPs LIST

LAECL1.1t
JAECL1. 12
IAECLL.13
AECL1.12
ASCLE.15
JAECL1.16
IAECL1.17
IAECL1.18
[AECL1 59
IAECL1.20
AECY 1.21

ECL122
AECL123
AECL1.24
AECL1.25
IAECL1.26
JAECL127
AECL128
JAECL1.29
AECL1.30
IAECL1.31
AECL1.32
AECLY.33
AECL1.34
AECL1.35
AECL1.38
JAECL1.37
AECL1.38
IAECL1.35
AECL1.40
AECL1.41
AECL1.42
AECL1.43
AECL1.44
AECL1.45
LAECL1.46
JAECL1.47
AECL1.48
JAECL1.49
JAECL1.59
AECL1.51
AECL1.52
IAECL1.53
AECL1.54
AECL1.55
AECL1.56
[AECL1.57
IAECL1.58
AECL1.59
IAECL1.60
IAECL1.61
JAECL1.62
IAECL1.63
AECL1.64
IAECL1.65
AECL1 66
IAECL1.57
JAECL1.63
AECL1.69

Chemical interaciions (other)

PAGE 1




RAW FEPSLIST

'DENTIFIER

JAECLL70

AECL171

AECL1.72

JAECL1.73

AECL174

JAECLL7S

JAECL1L.76

AECL1.77

JAECL1.78

AECL1.79

AECL180

AECL1.81

AECL1.82

JAECL1.83

IAECL1.84

AECL1.85

AECL1.86

JAECL1.87

JAECL1.88

JAECL1.89

JAZCL1.S0

JAECI 241

JAECL2.42

AECL2.46

PAGE 2



RAW FePs UST

AECL38

JAECL3S Bioconcentration

AECL3.10 Biogas production

IAECE3 11 Biological evolution

AECL3.12 Biotoxicity

JAECL3.13 Biowrbation of soils and sediments
AECL3 14 Buiiding materials

AECL3.15 Burrowing animails

JAECL3.15 Gapllary rise in soi

IAECL317 Cacasses

AECL3.18 Carcinogenic contaminants

AECL3.19 Charcoal production

AECL320 Chemical precipitation

IAECL 321 Chemical toxicity

IAECL3.22 Climate

AECL323 Chmate - evolution

AECL3.24 Coifisions, expiosions, impacts

IAZCL325 Colloids

AECL 326 Convection, turbulence and diision (atmaspheric)
AECL3.27 Correlation

AECL328 Critical group - agricultual labsur
AECL3.29 Critical group - clothing and home lumishings
AZCL3.30 Critical group - evoluiien

AECL3.31 Criical group - house kcation

AECL3.32 Critical group - individuality

AECL3.33 Critical group - leisure pursuits
JAECL334 Caical group - pets

LAECL335 Crop fertiization

AECL3.36 *Crop storage

JAECL337 Cure for cancer

LAECL3.38 Deposition (wet and dry)

AECL3.39 Dermat sorption - nuchdes other then tritkam
AECL340 Dermai sorption - tritum

AECL3.41 Dispersion

AECL342 Dust stomas and desertification (massive}
AECL343 Eanthmoving projects (major)

JAECL3.&4

AECL3.45 Erosion - lateral ranspont

(AECL3.45 Ercsion - wind

PAGE 3




RAW FEPsLIST

JAECL3.47

JAECL248

AECL 3.49

AECL3SO

JAECE3.51

AECL2.52

JAECL.3.53

IAECLIS4

AECL3.55

Gas leakage nto undemrownd fiving space

AECL3.56

Gilaciation

AECL3.57

Greenhouse {food Q(ML

IAECL3.58

Gieenhouse effect

JAECL 359

AECL3.60

Hear storage in akes or undergroundg

JAECL3.61

AECL3.62

Househod dust and fumes

JAECL3.63

AECL3.64

IAECL3.65

AECL366

JAECL367

AECLI.68

Injectingestinhaling locally produced drugs

JAECE3.69

Intusion idebberate}

AECL3.70

AECL3.71

AECL3.72

" JAECta73

IAECL3.74

AECL3.75

AECL3.76

JAECL3.77

JAECL3.7:

IAECL3.79

AECL3.80

AECL3.81

AECL3 82

AECL3.83

JAECL3.84

JAECL3.85

AECL3.96

AECL3.87

JAECL3.88

IAECL2 89

JAECL3.20

AECL3.9%

JAECL3.92

AECL3.93

JAECL3.94

JAECL3.95

AECL3.98

AECL3.97

AECL3.98

JAECL3.99

AECL3.100

AECL3.101

AECL3.102

IAECL3.103

AECL3.104

AECL3.105

AECL3.106

JAECL3.107

JAECL3.108

AECL3. 109

JAECL3.110

IAECL3.111

AECL3.112

AECL3.113

AECL3. 114

PAGE 4




DOE i.‘l.‘lj

Stmmaicontanerme!axco«mlocaﬁsed

DOE1.1.12

:Structural container metal corrosion: Bulk

DOE1.1.1.3

-Sm:cima!coma‘ner metal com:sica: Crevice

DOE1.1.1.4

DOE1.1.42

DOE1.14.3

DOET1.1.44

DCEt.1.45

DOEL146

DOE1.14.7

DOEt21.3

‘Hydrogen:_costosion of strucrural steel

DCE1.21.2 *Hydrogen comosion of container steet
DOE1.21.3 Hudrogen: coeresion of waste steel
DOEs21.4

DOE121.5

DOE1.21.6

COE1.223

DOEL224 Anaerobic degradation

DOE1.225 Effects of temperalure

DCE1.226 Effects of lithostatic pressure

DOE1.227 Effects of microbial growth on properiiles of concrete
DOE1.228 Effects of biofilms

DOE1229 Effects of hydrogen Som metal corrosion
DOEt.22.10 hane02 preduciion:  inhibition due 1o the presswre of 1oxdc materials
D0E1.22.11 :Methane/C02 production: Carbonate/biczibenate exchange with concrete
DOE12212 Memanemz pmducrion' Energy and nutnerd conteet of metabolism
DOE1.22.13 Effects of radiation on microbial pooulations

DOE123

DOE1.2.4.1

COEL.242

DOEL.243

DOE125

DOE1.26.1

DOE1.262

DOE1.263

DOE1.264

DOE1265

DOE1.27.1

DOE1.27.2 Explosions

DOE1.3.1 ‘Radioactve dexay and ingrowth
DOE1.3.2 Nudlear aiically

DOE1.4.1 ‘Canister of cohRiner movement
DOE1.4.2 Changesnn sity stress field

DOE1.4.3

PAGE 5




c@gahmmmmwm%
‘Changes ip moisiure contert Due 10 siress efef

:Groundwater fiow dve 1o gas production
Grommdwater flow (Saturated condiions)

rasispont of Inorganic ions into the near-field

# Trapspog of Humic and fulvic acids imto the near-field
siarenspor of Microbes into the near-field
Transpot of Organic complexes iato the near-field

IDOE1.662
DOE1.6.6.3 i iological effects due to Microbial prodiuct reactions
Meteorite impact .

DOE2.1.1

DOE2.32 Groyndwater losses {direct evaperation, springtiow)

PAGE 6



RAW FEPsLST

Inoiganic coilod transpost: Effects of onic strength
Salinity: implications of evaporite depositsminerals

DCE24.5.10

DCE2.4.5.11

DOEZ.4.5.12 “ Somtion: eifects of major ok migrating fom the near-field
DOE2.4.5.13 i Somsion: elfects of microbial ac.ivity

DOE2.4.7.1

DOE24.7.2

DOE2.4.73

DCE2.4.7.4

DOE2 4.8.1

DOEz.4.82 d

DOE2.4.8.3 :ilnomanic colloid tminsport: Effects of pH and Eh
DOE2.4.8.4 :iInorganic collod transpert: Effects of ionic strength
DOE2.4.9 Transpont of radionuclides bound 1o microbes
COE2.4.10 Isotopic dilution
DOE24.11.1

DOE2.4.112

DCE24.12

DOEZ 4.13.3
DOE2.4.13.2 # Nawurally thermaliy-induced groundwater transpoct
DOE24.14 ;i Biogeochemical changes

PAGE 7



RAW FEPs LiST

DOE3. 1:2.1
DOE3.122
DOE3.123
DOE3. 124
(NOE3.125
DOE3.1.26
DOE3. 127

DOE3.1.3.1
DOEB.! 32

DOE3.2.1.3
DOE32.1.2
DOES.ZI 3

DOE3.22.1
BOS3 222
DOE322.3

Coastal esosion due to seaievel change
i moisture and evaporation due to scallevel change

DOE3.3.2.1
DOE3.3.2.2

Near-surface runolf processes: interfiowr

DOE3.323 “Near-surface runoff processes: Retom fow

DOE3.324 :Nearsurface runoff processes: Macropore flow

DOE3.325 -.Nearsurface runcff processes: Variable source area response

1 ‘Surace flow characieristics (reshwater): Streamviiver fow
DOE3.3.42 “Susface flow dmaaefm (frﬁ\vate) Sediment transport
DOE3.3.4.3 : [- 0): Meander migration cr other fluvial response

DOE2.35.1
DCE33.52

DOEs.4.12 Temesirial ecclogical development: Semi-natsal systems
DOE3.4.1.3 Temestrial ecological development: Natural systems
POE3.4.14 Terresirial ecological devekpment: Effects of succession
DOE3.4.2 = Terrestrial ecological davelopment Estuarine

PAGE 8



RAW FEPsLIST

DOE3.5.2.1

Groundwater discharge 16 sofls: Advective

POE3.522

:Groundwater discharge to soilsc Diffusive

ECE3.523

IDOE3.5.24

IDOE3.53

DOE3.57.4

95)2357'

56E3.5.3.'.

DOE3.5.8.2

D0E3.583

Esiuaries: Bottom sednmems

DOE3 584

Estuaries: Effects of salinity vananon

DOE3.585

DOE3.58.6

DOE3.58.7

DOER.5.9.1

DOE3.5.9.2

DOE3.5.93

D0E3.58.4

DOE3.5.9.5

DOE3.5.9.6

DOE3.5.102

DOE35.10.3

DOE3.5.10.4

; thslmemalu'ans!ocaﬁonandreiemion

:: Plants: Washoff and loaching by minfall

DOE3.5.11.1

Ammals: Uptake by ingestion

DOE3.5.11.2

DOE3.5.11.3

DCER.6.3.1

DOE3.6.3.2

DOE3.6.3.3

COE3.6.34

DOE3.83.5
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RAW FEPs LIST
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{DENTIFIER i FEP NAME
HAEAS.1 Clisnaric change

HAEA.2 :Hydrological change

HAEA13 Sea levet change

IAEAT 4 Cenudation )

IAEA1S Stream erosion

{AEA1.8 -Glacial ecosion

1AEA1T Fooding

IAEA1.8 :Sedimentation

IAEA1S Diagenesis

JAEA1.10 : Diapirisn

TAEAL.11 Faulting/seismicity

FAEATL. 12 Geochemical change

IAEA1.13.1 Fluid interactions: Groundwater fiow

1AEA1.33.2 Ruid interactions: Dissolution

IAEA1 133 Flaid inmtecactions: Brne pockets

TAEA1.14.1 Uplift'Subsidence: Orogenic

tAEA1.14.2 UplifySubsidence: Epeirogenic

!AEA1.14.3 UpiifuSubsidence: Isostatic

TAEA1. 151 Undetected features: Faults, shear zones

AEA1.15.2 Undetected features: Breccia pipes

fAEAL.15.3 Undeiected learsres: Lava tubes

TAZA1.15.4 Undetected fegtures: intrusive dykes

[AEA1.155 Undetected features: Gas or brine pockels

fAEAL16.1 Magmatic activity. Extrusive

TAEAL.17 Meteorile impact

TAEA2.7.1 Undetecled past imusionr Borehaoles

IAEA2.312 Undetected past intrusion: Mine shafts

IAEA22 1 Inadequate desicn Shaft seal failtwe

IAEA22.2 inadequate design: Exploration borehole seal ilure
IAEA23 improper operation: {mproper waste emplacemernt
JAEA2 4.1 Transpori agent introduction: Imigation

AEA2.42 Transpost agent irtroduction: Reservoirs

AEA2.4.3 Transpod agent introduction: Infentional artificial groundwater Recharge oc withdrawal
TAEA2.4.4 Transpor agent introduction: Chemical Bouid waste disposal
IAEA2.S Climatic change (including ciimaie control)

IAEA2 6 ‘Large-scale hydrological change

IAEA2.7.1 Intentional intrasion: War

IAEA272 Intentional intrusion. Sabotage

[IAEA2.7.3 inentiona intrusion: Waste recovery

[TAEA2.8.1 Inadvertent future irerusion: Explorgtory driliing
JIAEA282 Inadvertent future intrusion: Archaeciogical exhumation
AEA2.8.3 inadvertent funsre mirusion: Resource mining {mineral, water. hydrocarbon, geothermal. sall, eic)
fAEA3.1.1 Thennal effects: Differential elastic response
IAEA312 Thermal effects: Non-elastic espoase

IAEA3.1.3 Thermal effects: Fluid pressure. density. viscosity changes
IAEA3.14 Thermal effecs: Fuid migration

{AEA3.2.1 Chemical effects: Corrosion

iAEA322 Chemical effects: Interactions of waste package and rock
IAEA323 Chemical effects: Gas generation

JAEA3.2.4 Chemical effects: Geochemical change

SAEA3.3.1 Mechanica eflects: Canister movement

IAEA3.32 Mechanical eifeas: Local fraciuring

AEA3.4.1 Radiotogical effects: Maleriai broperty changes
IAEA3.42 Radiclogical effects: Radiolysis

IAEA343 Radiotogical etfects: Decay product gas generation
IAEA3.44  :Radiological effects: Nuclear criticafity
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IPGA24 Hooding with extreme erasion
PGA25 Huricane, stonns
PGAZ S Mc

Physico-chemical phenomena/efiects (eg. colicid formation)

Microbiologicad phenomena/etiects

‘= Geothermal energy production in Grystaltine rock
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RAW FEPs LIST

Degradation of the benlonite by chemicai reactions

Saturstion of sorption sites

Uneven swelling of bentonite

Movement of canister in bufler/backiil
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SKI422.2 :Hydraulic conductivity change - Excavation/backdilling effect
“Mechanicat effects - Excavation/backiilling efiects
Extreme channel flow of oxidanis and nuciides
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RAW FEPs LIST

OENTIFER

SKI6.1 Undetected fracture zones

ISKI62

ISKI6.3 Far fie'd hydrochemistry - acids, oxidants, m#frate
ISKIS.4 > K

ISKI6.5

ISKI6.6

SKI&.7

ISKI6.8 Human induced climate change

ISKI6.9 F i

SK16.10

SKI16.11

ISK16.12 inuities

ISK16.13 Geothermally induced fiow

SKi6.14 econic activity - large scale

SKIZ.1 Accumulation in sedinents

SKI72 on

SKI7.3 Intrusion in accumuiaion zone in the biosphere
ISKI7 4 Chemical toxicily of wastes

ISKIZ.5 5 b

ISKI7 .6 “INO ENTRY]

ISKi7.7 “Human indticed changes in surface hydrology
SKIZ.8 ered surface water chemistry by humans
ISKI7.9 :Loss of records

ISKI7.10 ‘Diageness

ISKI7.11 ity on the site
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RAW FEPsLIST

JSNL 1.1
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RAW FEPsLIST

UKNT.1.1

UKN1.1.2

UKN121

UKN1.22

UKN12.3

UKN1.24

UKN1.25

UKN125

UKN127

UKN1.2.8

[GKN12.9

UKN. 210

JUKNT.2 11 lock hefercgeneity (e.g. permeabiiity, mineralogy) affecting water and gas flow

UKNt.2.12 Undetected features {e.g faults, fracture networks, shear zones, brecciation. gas pockes)
UKN1.2.13 i i

UKN1.3.1

UKN1.32

UKN1.3.3

UKN1.3.4

UKN1.35

UKN1.3.6

UKN1.3.7

UKN1.4.1

UKN14.2

[UKN1.4.3

UKN1.4.4

UKN1.4.5

UKN145

UKN147

UKN1.4.8

UKN1.49

UKINT.4.10

UKN1.5.1

UKN1.52

UKNT.5.3

UKN1.54 :Groundwater discharge (lo surface water, 10 springs.to scils, to wells, to marine}

IUKN1.5.5 Groundwater flow (Darey, non-Darcy, imtergranuly fractore, channelfing and preferential pathways)

UKN1.5.6 roundwater conditions ‘smewmwaten\

jUKN1.5.7

UKNi.58

UKN159

UKN1.6.1

UKN162

UKN1.6.3

UKN1.64

UKN1.5.5

UKN1.6.6

UKN1.6.7

UKN1.6.8

UKN1.6.9

UKN1.6.10

UKNt.8.11

UKNt1.8.12

UKN1.6.13 Mass, sotopic and species dilution

UKN1.6.14 hemical gradients (efectrochemical effects and csmosis)

UKN1.7.1 lant uptake

UKN1.72 nimal uptake

UKN1.7.3

UKN1.7.4

UKN1.7.5

UKN1.7.8

UKN1.7.7

UKN1.7.8

UKN1.7.9

UKN1.7.10

UKN2.1.1

UKN21.2

UKN21.3

UKN2.1.4

UKN215 Dewater'mg of host rock
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RAW FEPsUST

Ingdequate backiil or compaction, voidage

UKN223 Co-disposal of reactive wastes (delberte)
UKN224 Inadvertent ndusion of undeswable matenais
UKN225 Heaterogenelly of weste forms (chemical, physical
UKN226 Accidents during cperation

Sabotaoe
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RAW FEPs LIST

HMIP1.1

[HMIP1 32

Physico-chemical degradation of concrete
{EMIP1.1.3 -Physico-chemical degradation of wasies and transport to the far-field
HMIPT.1.4 Electrical effecis of metal corrosion

km:mz*.

IEMiP122 Methane and carbon dioxide by microbiat degradarion
HMIP12.3 Gas generation from concrete

HMIP1.2.4 Radioacdive gases

HMIP125

HMIP1.2.6

[HMiPt27

Desaturation (pumping) effects

HMP1.52 Disturbed zone (hydromechanical) effects
IEMIP1.5.3 Gas production (unsaturated fiow)
HMIP1.5.4

Saturated groundwater flow

HMiP2.3.6

HMIP2.3.7

HMIP2.3.8

HMIP2.3.8

HMIP2.3.10

HMIP2.3.11

HMIP2.3.12

HMIP2.3.13
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RAW FEPsLUST

Hm'nan.induced climate change

Naturat cimate change

Exit from glacialfntergtadial cycling

HMIP.

Intensification of natural cimate change

P2 12
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RAW FEPs LIST

Plate movementectonic change

INEAL22 Changes in the Eanth’s magnetic field

INEAT1 23 agmatic activity {intrusive. extrusive}

[NEA1 24 Metamorphic activity

NEAL2.5 Diagenesss

INEA1.26 Uplift and subsidence (orogenic, isosiatic)

NEA1.2.7 api

INEAT.2.8 Seismicity

INEA12.9 :Fauk activation

INEA1.2.10 3 Fault generation

INEA1 211 ‘Rock hetercgeneity (pesmeability. mmeralogy), affecting wates and gas flow
[NEA1.2.12 _“'Undalected fearures (faults, fracthure networks, shear zones, brecciation, gas pockets)

XEX)

NEA1.3.2

NEA1.3.3

NEAL.3.4

NEA1.3.5

NEA1.3.6

NEA1.6.8

NEA1.6.9

(NEA1.6.10

NEAT1.8.11

NEAL.6.12

NEA1.6.13

NEA1.6.14

“Chemical gradients (electrochemical effects and osmosis)
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RAW FEPsLIST

Ecoiogical change (em fire cycies)
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RAW FEPsLIST

etallic comrosion (pitting/sniform, internai and external agents. gas generation e.g H2y)

‘Interactions of host materfals and groundwater with repository material {e.g concrete carbonation,

‘Interactions cf waste and repository maleniais with host materiats {electrochemical, cotrosive ager

NEA3.4.2 Material property changes
NZA34.3 Nuclear criticality
NEA34.4 ‘Radioactive decay and ingrowsh (chain decay)
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APPENDIX 2
Screening Arguments Applied to FEPs



Screening Arguments for SITE 94 Scenario Develocpment

INTRODUCTION

This Letter Report presents proposed screening arguments for use in the
SKI SITE 94 scenario development project. These will be used to screen
cut features, evenis and processes (FEPs) frcm a comprehensive
catalogue compiled from a number of published and available lists and

catalogues.

Screening arguments develcped for Nagra fcr use in safety assessments
for the Kristallin-1 project (Sumerling et al. 1993) have been taken as a
starting point.  This project considers disposal of vitrified high-level waste
from nuclear fuel reprocessing in crystalline basement rock in northern
Switzerland. The arguments have been adapted to be appropriate to the
SITE ¢4 project, which considers disposal of spent nuclear fuel according
to the KBS3 concept at a site with characteristics based on the Aspo Hard
Rock Laboratory site, and also to take account of the assessment scope for

SITE 94 which differs from the Kristallin-1 project.

Two groups of screening arguments are defined.

1. Site and Disposal Concept — These allow phenomena that are
physically impossible or irrelevant for the given site and disposal

concept to be screened out.

2. Assessmenti Basis - These define the scope of the safety
assessment and allow phenomena outside that scope to be

screened out.

Note that the term argument is preferred to criferion because the conditions
for screening are arguments taking account of knowledge cf the site and
disposal concept, and the desired scope of the assessment. They are not
strict ‘yes/no’ or quantitative criteria that can be rigidly applied rather they
are guidance for the scenario development and screening of FEPs. The

screening arguments are presented in the following sections.




2.1

SITE AND DISPOSAL CONCEPY

Waste Form and Packaging

The wasie is spent nuclear fuel rods from BWR and PWR reaciors. The
fuel rods consist of cylindrical pellels of uranium dioxide in zirconium afloy
(zircaloy) cladding tubes. These are bound together in fuel assemblies
dgesigned to be handled as a unit from supply to the reacior to final
disposal. For disposal 6 to 9 fuel assemblies {depending on fuel type and
respecting thermal loading kmits) are coniained in a steel canister with
copper overpack of external dimensions 4.5m x 0.8m diameter. Voids
within the canister are filled with copper powder or lead. The wasles will

be heat genetating.

Phenomena related specifically to other wasies types, eg. UILW, orgamc
wastes and viltified wastes, can be screened out or modified (if possibie) to

apply o the above concept.

{NOTE ADDED:

2.2

Consideration should be given to the possibility of voids within ihe
canister.]

cmplacement and Repository

The copper-sieel canisters (containing the wastes) are emplaced
individually in veriical deposition holes (7.5m depth x 1.5m diameter)
drilled in the fioor of seli-supporting horizontal tunnels (3.3m width x 4.5m
height). The space between waste canister and deposition hole walls
(~0.5m) and the upper part of the deposition hole is filled with blocks of
highly-compacted sodium bentonite. The horizontal tunneis are backfilled
with a sand-bentonite mix. There will be an axtal decompressed/damaged
zone arcund the hotizontal tunnels which may be excavated by blasting.
The disposal tunnels will be arranged in several panels each consisting of
tunnels on a more or less paraliel grid but avoiding significant water
bearing features. Tunnels and shafts will be sealed with highly compacted
bentonite and/or concrete and concrete shotcrete and steel rockboits may
be used to improve stabifty of the tunnels during the operaiional period.

Phenomena related specifically to cementitious backfil can be screened
out {or modified) but cement-bentonite reactions may be relevant.
Phenomena related to interaction between canisters/waste packages can
be screened out

NOTE ADDED:

Although phenomena related specifically to cementitious backfill should be
screened out, interactions between structural concrete in the repository
and bentonite should be considered.




2.3

2.4

Host Geology

The repository will be siied in crystaifine (granitic) basement rock at a
depth of about 500 meires below ground. The basement rock includes
regional fracture zones with a spacing of one {o a few kilomeires, ranging
from metres to tens of meires in widih, plus connected 2nd order fracture
zones at spacings of typically S500m. a ‘respect zone’ of 100 m is assumed
between disposal tunnels and any such feature. Groundwater at depth
includes both sakine and freshwater zones.

Phenomena related specifically to other host rocks, eg salt deposiis, clays
etc., can be screened out. Phenomena refated fo near-surface disposal,
eg. hurricanes, burrowing animals elfc., can be screened out.

Local and Regional Surface Environment

The Aspé site is located befow a small istand within a sea area enclosed
by other small islands on the Baltic coast of Sweden. The region is low
topography glaciatied basement rock with thin discontinuous soil cover
supporting mainly coniferous woodiand. Under present-day conditions,
possible leakage from the repository is most ikely o occur to the marine
environments with associated dose pathways. Doses through other
pathways are also possible, eg. via a local weil

Phenomena related to large topographic influences, thick scil/'sediment
sequences, perched water tables, [high yield wells] and oceanic
processes can be screened out.

[NOTE ADDED:

2.5

Remove high-yield wells from the previous paragraph.]
Geo-climatic Development

The Scandinavian shieid is rising at the present time due to isostatic
rebound following the last glaciation. This will result in a relative sea-level
fall so that the region will become terrestrial with numerous shallow
freshwater lakes in the order of one {o a few thousand years in the future.
Assuming a continuation of the glacial-interglaciai climaie cycling
observed in the last 0.8 My, the site is expected to be pericdically covered
by ice in the future, up to a depth of a few kilometres. The basement rock
will resist significant erosion and soil/sediment covers (where present) will
be thin and transient.

Phenosmena related to warm climates can be screened out. Phenomena
related o coastal and fluvial erosion can be screened out.

[NOTE ADDED:

Although arid climates can be excluded, the possibility of a greenhouse-
induced warmer, wetter climaie should be considered. ]




Assessment Basis or “Ground-rules”
Repository Design and Cilosure

It is assumed that the repository is construcied and cperated, as planned,
as a final disposal facility for spent nuclear fuel. No other wasies will be
disposed in the facility. Some local variation in quality and minor
deviztions are expected. No repository moniioring or remedial activities

are expected.

Phenomena related to operational accidents {which should be dealt with in
an assessment of the operational phase), major design changes and
disposal of other wastes in the repository can be screened out. However,
long-term effects due to the expected operation of the repository shouid be
considered. Retrievability of the wastes is not a consideration. The
consequences of possible non-closure or improper closure of the

repository should be considered.

[NOTE ADDED:

3.2

Failure of repository due to poor quality assurance should be considered.}
Global and Regiona! Disasiers

It is not reasonable to make assessments of the radiological impacts from a
repository for conditions which are associated with some global or regional
catastrophe or serious accident that has immediate impacts that are orders
of magniiude more serious, eg. in terms of loss of human life. All human
endeavours are at risk from exireme natural and human induced events
that are not usually accounted for in safety assessments of industrial
developments.

Phenomena such as nuclear war, massive sea level rise due to globai
ice-cap melting and large meteorite strike on the site can be screened out.

[NOTE ADDED:

3.3

FEPs in this category will not be coupled to the Process System, and can
be separated out for direct treatment. This applies also to 3.3}

Acts of War and Sabotage

Acts of war, should be excluded from the assessment. Malicious human
acts, eg. terrorist acts, aimed at damaging the repcsitory should be
considered. However, in the pre-closure period, security measures wiil be
in force to minimise the risk of successful attack; risks in this period might
be considered in the assessment of operational plans and impacts; in the
post-closure period, a closed repository will be an extraordinarily hard
target to damage and a considerably less atiractive target than surface
industriai installations or civilian targets.




3.2

Acts of War and Sabotage (continued)

Phenomena related o acis of war should be screened out.

[NOTE ADDED:

3.4

3.5

See previous note (3.3).]
Peliberate Intrusion

Future deliberate intrusive actions, taken with full knowledge of the nature
and content of the repository, eg. io retrieve valuable materials, are

- excluded from the assessment. It is assumed that any such action would

be undertaken aifter due considerafion of safety aspects and with regard to
the economic and environmental values of the time.

Phenomena related specifically to deliberate intrusion can screened out,
phenomena related to inadvertent intrusion are retained.

Future Human Society and Technology

Over the timescales considered in post-closure radiclogical assessment it
is recognised that human civilisation and technology is likely to change
considerably, but it is not possible to estimaie other than in very general
terms what changes may occur. Considering that a general tenet of
post-closure radiological assessment is to aiford future generations and
individuals the same level of protection as that specified for current
generations and individuals, it is appropriate to assume future human
behaviours similar to that observed in the World today. Impacts o
hypcthetical critical groups dwelling in the future and with habits and
technologies broadly similar o some group at some location in the World
today can then be regarded as indicators of safety.

The possibility of cure for cancer is not relevant since the aim is to ensure
environmental and human protection (good public heaith management
should be based on prevention not cure).

Phenomena related to exireme futuristic assumptions about human
behaviour and technology can be screened out.




3.6

Post-Closure Radiologicai Assessment

The scenario analysis is aimed at providing a framework for calculations of
radiological impact (only) to human individuals and populations
representied by a critical group. It is assumed that proiection of human
individuais ensures protection of the environment, see IAEA 1992.

Consideration of radiclogical impacis to fiora and fauna should be
screened out. Chemical toxicily effects of the disposed wastes may be
addressed as a separate issue and can be screened out of the radiological

assessment.

[NOTE ADDED:

3.7

FEPs in this category will not be considered in the SITE 94 scenario
development process, and can be screened out as a separate item.]

Future Life Evolution

Humans and piant and animal species may evolve. Especially evolution of
food plant and domesticated animals is to be expected. Hence
metabolism, radionuclide uptake and radiation sensitivity may change.
These changes cannot be anticipated and should not be accounted for in
quantitative assessments (see also 2.5).

Assessments should be cartied out assuming metabolic and physiological
characteristics and radiosensitivity of humans, animals and plants similar
to that observed today.

REFERENCES

IAEA (1992).  Effects of lonizing Radiation on Plants and Animals at
Levels Implied by Current Radiation Protection Standards. Technical
Series No. 332, IAEA Vienna.

Sumerling T J, Zuidema P, Grogan H A and van Dorp F (1993). Scenario
development for safety demonstration for deep geological disposal in
Switzerland, in proc. Intemational Conference on High-level Radioactive
Waste Management, Las Vegas 1993.




APPENDIX 3
FEP Lists by Category

including screening arguments




Appendix 3. FEP Lists by Category

The 8 FEP lists in the following pages have been sorted according to the
categories identified in section 2.2. "The additional coding “XXXX” which
occasionally appears under the “ARGUMENT" column is used to screen
out those FEPs which, after additional examination, do not belong to
the assigned category, or which are obvious duplicates within the same
national FEP lst. In such cases, the duplicate is identified under the
“COMMMENTS” column.




FEPs LIST: WASTE CATEGORY

IDENTIFER | CAIRGORY ! ARGUMENT [FEPNAME CONMMENT
JAECLL.3 {  WER Biological activity :
IAECL 1 4 weaRr 4 Boundary conditions :
AECL1 S w8 2.1 Buffer addiives :
AECL1.D WER Chemical gradients i
[AECL1.10 WCER_ | 4 Chemical interactions {expected) :
JAECET 11 WCER ! 4 Chemical interactions {fong-tern}

AECLY.T2 wWeeR 4 Chemical interactions: {cther)

JAECL1.13 WwWeeR ! Chemical kinetics .
JAECL1.25 weer | 4 Comelation ‘ncomprehensi
jaECL1.27 wcs ; iCoupled processes :
JAECLI 28 hil 3.1?7 iCriticalty

IAECL1.32 ¢ wee iElectrochemical gradienis :
AECL1I38 ! w iFommation of gases :
IAECLIZD we 2.1 iGaivanic coupling ¢
AECL1.40 WER {Geochemicat pump SEE AECL1.9
JAECL1 .50 WCER I |inertaces {boundary conditicas) 'SEE AECL1.4
AECL1.53 WCR ilnventory {{DESCRIPTION
JAECL! 54 w 3.1 Other wastes {othey than vitriied HLW) i
AECL: .55 wes Long-term physical stabifity :
IAECL1.56 WR 4 iLong-term transients

JAECL1 65, WCER i Precipitation and dissolution

AECLE. 67 we? 'Radiations damage

AECL1.68 w i Radioactive decay

AECE169 | w? ! :Radiolysis

AEC 178 | W i 1Source tens (expected) i
AECL1.79 | W Source terms (other)

AECL1.80 | WCBR ! iSpeciation

AECLL 81 H BCMR i 1Stabiliy .
JAECLt.82 ! W i 2.1 {Stabiiity of giass e
AECL1.B4 WCER {Temperatixe rises {unexpected etiects) ;
AECL1 85 WCER 4 iTime dependence ;
JAECL3.80 WL? XX iRadioactive decay ‘SEE AECL 1.68]
AECL3.81 wL? i Radiotoxic contaminants ‘
IASCL3.104 W 3.6 iTeratogenic contaminants
DOEL.1.2.1 W ‘Metal comosion: wastes !
DOE1.142 w ‘Leachig wastes !
DOE1.1.43 w iComplex formation: _wastes :
DOEL1.4.4 w Colloid formation: wastes ;
DOEL.145 w 2.1 IMicrobial degradation of organic wases: wastes {
DOE1.1.46 W Microbial corcsione wastes i
DOEI.1.47 W i ‘Racholysis: wasies
DOE12.1.3 w 2.1 :Hydrogen: cormosion of waste steel i
DOE12.1.4 W 21 {Hydrogen: corresion of waste Magnox i
DOE1215 | W 2.1 {Hydrogen: corrosion of wasie aluminicrn !
DOE12.1.5 w :Hydrogen: corrosion of waste Ziscaloy
DOE1.2.1.7 w 2.1 iHydrogen: corrosion of other waste metals ;
DOE1.2.1.8 W8 2.1 Hydrogen: effects of microbial growth on concrete i
DOEI227 | W 2.1 Methane/CO2: degradaiion of Celiulosics ;
DOE1 222 w 2.1 ‘Methane/CO2: degradation of Other susceptible rganic materials
DOE1223 W 2.1 iMethane/CO2 production:  Aerobic degradation i
DOE1.224 W ! 217 iMethane/CO2 production:  Anaerobic degradation !
DOE1.225 | w 2.1 !Methane/CC2 production:  Eifects of temperanxe
DOE1226 | WR 2.1 IMethane/CC2 production:  Elfects of Jithostatic pressure :
DOE1.228 | W8 2.2 {Methane/CO2 production:  Eifects of biofims ¢
DOE1.2.2.10 | W 212 :Methane/CO2 production:  Inhibition due lo the pressure of toxic matenials |
0OE1.2.2.11 ¢ W8 { 2.2 ‘Methane/CO2 production:  Carbonate/bicarbonate exchange with concrete !
DOE122.12 WR 2.1 :Methane/CO2 production:  Energy and mutrient contrei of metabolism !
DOEL22.13 WA 2.1 "Methane/CO2 production: __Efiects of radiation on microbial populations |
DOE123 | WwB 2.2 i(Gas generation from concrete {
DOE1.2.4.1 W 2.1 {Tritiated hydrogen ;
DOE1.242 w ! ‘Active methane and carbon dioxide ;
BSOE1243 | w {Other active geses i
DOE12S5 ! W 2.1 Toxic gases ;
SOE13.1 H w ; Radicactive decay and ingrowth !
DOE132 | W i 3.17  iNuclear crificafity
0OE1.4.3 ; we : :Embritttement J
DOE1.6.5.1 ! WCR H :Chemical changes due to Metal corresion i
DOE16.5.3 | WER i ‘Chemical changes due 1o Waste degradation
DOE1554 | WER i :Chesmical changes due to Gas production 1
DOE166.1 | w : 2.1 ‘Microbiological effects due 10 Cellulose degradaticn !
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DOE16.€2 |  Weer IMicrobial activity
IDOEL.6.6.3 ! WEEF Microbiological efieas due 1o Microbial prodist reactions :
1AEA3 2.1 i wc Chemical effects: Comosion H
WEA322 | WR iChemical effects: Imecactions of wasie package and rock ;
IAEA3.23 | ws iChemical effects: Gas generation i
IAFA3 24 | WeR iChemical effeas: Geochemical change i
IAEA3.4.1 } W { ! Radiclcgical effects: Materal propenrty changes :
JAEA3 4.2 i w i iRadiiogical effects: Radiclysis i
IAEA3.4.3 W | Radioiogical effects: Pecay product gas generation !
IAEAZ. 4.4 W 3.12 Radiologicat effects: Nuclear criticaiity
PGA3.1 W Radiarion damage of the matrix i
FGA32 ; W ! : Radiolysis :
PGA3.3 w ! 3.17  iNuclear criticafity !
PGASZ.1 | W ! 2.1 | Difering thesmai expansion of glass mairix and canister i
PGA39 ; w8 i : Themwaily induced chemical changes !
PGA3.10 : wes {Chemicat changes due to corvesion :
PGA3.15 ; w iGas production !
SKI1.1.1 i 3.1? :Criticality i
ISKI. 1.2 ¢ w i iRadicactive decay; hest

SKH.1.3 i W i Recoi of alpha-decay ;
ISKit.1.4 f w i Gas generatioa: He production i
ISIGT.2 1 H w Radiolysis

SK122 W 2.2 ‘H2/02 explosions i
SKi1.2.3 wc iPb-! reactions

S.2.4 ; W :Gas generation

SKit.2.5 w ;\. Cs-migration to glass surface

SKH.2.6 ! w iSclubility within_ fuel matrix

SK.2.7 : w ‘Recrystalfization

SKit2.8 i W Redox poterial

SKn29 W iDissolution chemistry

.3 i W ‘Damaged or deviating fuel

SKi.4 H WrH 2] ‘Sudden enevgy release

SKiz1.3 i w ilnternal corrosion due to wasle

SKi2.1.4 wC {Role of the eventual channeling within the canisier

SKi2.3.1 wC : i Thennal cracking : :
SK13.1.9 i wB : XX Radolysis {SEE SKH2.1
jSiKi.1.10 | wa i Inieractions willk comosion products and wasie :
SKE.6 ! w i 3.1 Co-stosage ol other waste

SKi5.44 i we { Solubility and precipitation

SKI7.4 i w i 3.8 iChemical toxicity of wastes

UKN1.6.14 | WCBRF | {Chemical gradients (electrochemical effects and osmosis)

UKN1.7.6 i weBReL - ‘Chemical transiommations

UKN1.7.7 i owWBRRL iMxrobial iTteractions

UKN22.3 | WH f 3.1 {Co-disposal of reactive wastes (deliberate)

UKN2.2.4 WH f iinadvertent inclusion of undesirable materials

UKN22.5 w xmmw of waste lorms {chemical, phvsical)

UKN3.1.5 w3 iInduced chemical changes (Solubiity, SHDiON, species equiibrium, mmefammL
UKN3.2.1 wC {Mesailic corrosion (piting/umilom, internal and external agents, gas generation eg. H2)
UKN3.2.2 WCER l-retaa:ors of host materials and groundwater with repository materral (eg. concrete carborl
UKN3.2.3 WCER tions of waste and repository malerials with host materials (eq- eleamdwemml coroy
UKN3.2.5 w 2.1 Cellulesic degradation

UKN3.2.6 w 2.1 Introduced complexing agents and celkuiosics

UKN3.2.7 WC :Microbiotogical effects {on corrosion/degradation. on _solubiiity/complexation. gas generaiion
UKN3.3.6 ; wWC 2.1 iCGas effects [pressumiion, disruplion. explosion, fwe) .
UKN3 4.1 | W i Radiolysis :
UKN3 4.2 | w iMazerial property changes i
UKN3.4.3 W 3.1 iNuclear_eriticality '
LKN3.4.4 i w ! : Radicactive decay and ingrowth (chain decay) :
HMIP11.3 W | Physico-chemical degradation of wastes and ransport 1o the far-field .
HMIP1.1.4 We : -Electrical effects of metal corosion :
HMIPY 2.1 ' WC {Hydrogen by metal corrosion !
HMIP1.22 ; W 2.1 iMethane and carbon dioxide by microbial degradation

HMIP1.2.3 W8 2.1 :Gas ceneration from concrete

[HMiP1 2 4 | w { Radioactive g&

HMP125 | w ‘Chemotoxic gases

FMiP127 ] w 2.1 Flammabiéiity ;
HMiIP128 WBR : Thermo-chemical efiects {
HMIPi.3.1 w ; 'Radioactive decay and ingrowth

MiP132 w i 3.1 Nuciear criticaiity

RMIPigt 1 weB Waste-form and backfil consolidation

NEA2.23 ! ws 3.1 iGo-disposal of reactive wastes (defibarate)
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FEPs LIST: WASTE CATEGORY

INEA22 4 . WK nadvertent inciusion of undesicbie mastesials i

NEA225 i w Heterogeneily of waste forms (chemical, physical)

INEA3 25 ! w 2.1 Celiulesic degradation

NEA326 i w 2.1 Introctuced comgiexing agents and celisiosics

INEAS 2.7 i w Microbiclogical (effects on corresion/degradation, solubility/complexaiion, gas generation, e.q
NEA33.5 | wC Fraciuring

NEA3.4.1 W Radiolysis i

NEA3 42 H w Material propery changes

NEA3.43 | w ] 3.1 Nuclear criticaiity

NEA3.4.4 i w i i Radioactive decay and ingrowth (chain cecay)

PAGE3




FEPs LIST: CONTAINER CATEGCRY

DENTRE! . CATEGORY | ARGUMENT (FEPNAME : COMMENT
JAECI1.3 VCER Biological activity :

ASCE14 I wWCeR 4 Boundary conditions

AECE1LI9 | WBR 4 Chemical i tons (expecied)

LAECE 11 i wesR 4 Chemical interactions {fong-esm}

AECL1.12 WCER 4 {Chemical interactions {othen

AECE1.13 WCER | Chemical kinetics

[AECL1.18 [e: ! Container cormosion products

AECL 1.19 o ! {Comtainer fatlure (early}

JAECL1.20 : C ! ‘Contzines fathre (lohg-lterm)

AECLIY c ‘Conminer fadure {oiher long-ierm processes)

JAECL122 | [+ i iContainer healing :

AECL1.23 i [ i ‘Comainers - partial comosion :

(AECL1.25 ! WCBR ' 4 Correlation imcomprehensit
AECE1.26 o] . :Cosrosion i

IAECL 127 ; wes | :Coupled processes

AECL132 | WC8 i :Elearochemical gradients :

AECL13S we 2.1 :Gahanic copling :

JAECL145 & [ 212 IHydride cracking :

AECL149 | [ : 3.1 Incomplele filling of containers :

IAEC1150 | WGBR | 4 ‘interfaces {poundary conditions) SEEAECL14
JAECL 1.53 WCR i ilaventoty {(DESCRIPTION,
AECL1.55 wee ! iLong-term physicat stability :

JAECYL1.58 R ; ‘Microbes 'SESAECLLS
AECL1.59 R ! -Sicrooeganisms. -SEE AECL13
AECL1.63 c ; Pating ‘SEE_AECL11
AECL1.65 WCER ! cracpitation and dssoluiion

AECL1.67 WC7? F= diaton damage R
AECL 1 80 WCEBR ! saation

AECL1.81 BOMR | Stability

IAECL1.84 WCSER i Temperature rises (unexpected effects)

AECL 1.85 WCBR | 4 Trae dependence

AECL1.88 : [ ! iUruorm corrosion

DOEL.1.1.Y | c ; iStructural container metal comosion: Localised

DOEL.112 C ; i Structural container metal commosion: Bulk

DOEL.1.1.3 | [ ! iStructural container metal corosion: Crevice

DOEL.1.1 4 ! C t :Structural container metad corosion. Stress comesion_cracking

pOE1212 | c ! _Hydmgen: corresion of coriainer sieel :

DOE1.2.6.1 C i iG2s transport in the waste comaines :

DOEL.4.1 C . ‘Canisier or confziner meverment )

DOE1.42 we : ;Embriniement

DOE1.6.5.1 WCR ‘Chemical cirariges due 10 Meial corosion

IAEA3 2.1 wC !Chemical effects: Corresion

IAEA3.22 i WCR :Chemical effects: Interactions of waste package ard rock :

IAEA3.3.1 i [o2] ! ‘Mechanical effects: Canister movement :

PGA3.4 ! o) : iCanister movexment in backml !

PGA3E c ; Mecharical canister damage

PGA3.7.Y we : 2.1 Difiering thermal expansion of glass matrix and canister

PGA3.7.2 (023 Differing thermal expansion of canister and backiill

PGAS.10 WC8 {Chemical changes due lo comrosion

SKi1.23 Wwe P reactions

1SKI1.5 C R of radivnuciides from the fEilured canister

SK12.1.3 C Chemical reaCtions {cogper cormroson)

ISKI12.1.2 : o] Coupled effects {electrophoresis) :

SKi2.1.4 : we Role of the eventual channeling within the canister :

SKi2.15 : C i Role of chiorides in coppes corrosion :

SKi2.1.6.1 C {Reposiory induced PR/Cy electrochemical reactions .

SKI2.1.6.2 B ! iNatural teliuric electrochernical reactions :

SKi2.1.7 C ; iPitting :
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FEPs LIST: CONTANNER CATEGORY

[SKI2.1.8 c i iCorresive agents. Stiphides. oxygen eic H

SKI2.1.9 BC Backfill effects on Cu conosicn ;

SKI2.1.10 c Microbes ;

[SKi2 2 3] Creeping cf copper i

ISKi2.3.1 i e Thermal cracking ]

K232 { [ i X0 {Electro-chemical cracking ISEE SK2.1.1
ISKI2.3.3 H C } iStress comosion cracking :

ISKI234 ! [« i iLoss of ductility

ISKI23.5 C i {Radiation effects on camister

SKi236 ! C ! Gracking aiong welds

ISK12.37.1 | c ; {Extemal siress

SKI237.2 | c : ‘Hydrostatic pressire on canises

SKi2.3.8 c i {internal pressure

SKi2. 4 i [ ¢ Voids in the lead fifing

SKi2.5.1 i C : ‘Random canster defects - quaiity control

ISKI2.5.2 i c H iCommon cause canister defects - quality control ;

SKi3.22 | [e=3 H ‘Movement of canisier in bulferbackiid ;

SKI3.2.7 i [o=] i Swelling of corrosion products ;

ISKI5.23 i c i XOX  Changed hydrostatic pressure op casister SEE SK123.7.4
UKN15.314 | WCBRF ¢ iChemical gradients (electrochemical effects and ossnosis) !

UKN21.6 | C ! Materis defects. e.g. early capister taiture '

UKIN3.2.1 WC i Metallic corrosion [pittinguniform, imternal and externai agenis, ¢as generation eq. H2)
UKN322 WCER : {Interactions of host materials and groundwater with repesifory malerial feq. concrete carbon
UKN323 WCER Interactions of waste and repository materiais with host matesials {eg. electrochemical, cores
UKN32.7 WC ¢ Microbiclogical effecis (on corrosionsdegradation. on  saiubibty/complexaicn gs generziicn
UKN33.1 [ : ‘Canister or container movement

UKN3.2.3 C ! iEmbrittlement and cracking

UKN33.4 ! c i Subsidencercoliapse

UKN335 ! c {Fracturing

UKN33.6 | wc i 2.1 :Gas effects (pressuration, disruption, expiosion, fire)

HMIP11.1 : C : :Container metal corrosion

HMIP11.4 wec i iElectricad effects of metal corrcsion

HMIP12.1 we ; :Hydrogen by metal corresion

HMIP14.1 wCs : ‘Waste-form and backfik consofidation

NEA2.1.8 R | IMaterial defects {e.g. early canisier failure)

NEA3.2 % i C ; :Metalfic corrosion {pitting/unifom. internal and exiernai agents. Q-‘-scemmeaHZ\)
NEA33.1 H [ i |Canister or container movernent :

NEA3.3.2 , c i {Changes in m-situ stress feld

NEA333 | [ i IEmbrittlement and cracking

NEA33.4 ! c ' i Subsidence/coliapse

NEA335 | wC i {Fracturing

NEA3.3.8 H [ ! 2.1 {Gas effects {pressurisation, disruption, explesion, fire)
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FEPs LIST: BUFFER/BACKFILL CATEGORY

AECET Y 8 Backill charscteristics
AECE1.2 B Backfl evolution
ECLA3 WCER Biologicai activiy
AECL.4 WeeR 4 Boundary conditions
AECLL.S { w8 2.1 Euffer addifves
AECLLS B Bufier charasteristics :
AECL1.7 B Buffer evoiution
AECE 1.9 WER i Chemical gradronts i
AECL1. 10 VSR 4 Chemical mteractions (expected}
AECLY. 11 WCBR L3 Chemical interaciions (lona-tenm}
AECL .12 WCER 4 Chemiical interactions {=her)
JAECL1.13 WCER Chemical kinetics
AECEL. 17 B 2.2 Concrete
IAECE1.22 =R {Convectioa !
AECE125 |  WCER 4 ‘Correlation :
AECL127 wee Coupred processes !
AECL1.28 e Criticality H
JAECL1.29 =3 Diffusion :
AECL130 ! = ‘Dispersion
AECLI32 wes Hectrochemical aradients :
AECLE.3R ] B I XK ‘Evolution of buffer JSEEAECLL7
AECL1.36 B ‘Faulty buffes emplacemens :
AECT1 .37 B? : : Formation of cracks :
AECL1.40 WBR ¢ ‘Geochemicalpump ISEEAECLLS
AECL1 33 = : ‘Hydraulic conductiviy :
JAECL148 |} R i :Hydrothermal aliertion .
ASCLI 50 1 WeRR ¢ 4 iInterfaces boundary conditions) SEEAECLI.S
ASCL155 ¢ we H iLong-terrn physical stability :
AECL1S8 |  COBR iMicrobes SEEAECL13
AECL1.39 R ; i Micmoorganisms [SEE AECL13
JAECL 1.65 WCER } Precipitation and dissalution :
AECL1.76 ® i Sospion
JAECL1.77 =3 } Sorptiorr. non-linear i
JAECL3.80 WeeR ! Speciation
AECL1.8t | BOMR | Stabifiry
AECL1.83 8 i Swelfing pressure
AECL1.84 Weer | Temperature rises (unexpected effects)
IAECL1.85 WCEBR i 4 {Time dependence :
IAECL1.86 R [ Transpoct in gases or of gases i
AECL1.90 = i Unsaturated transooit i
DOEL.1.2.1 B 2.2 Cracking: concrete !
pOE1.122 B 2.2 iSealing of cracks: concrete :
DOE1.1.24 | 8 2.2 :Alkali-agaregae reaction: concrele
DOE1.1.32 | 2 2.2 Exchange capacity exceeded: concrete
POEL.1.33 | B 2.2 Alkafaggrecate reaction: concrele | i
DOE1.1.34 ! g i 2.2 Cement-sulphate reaction: : concrete. | | 2
COoE1.2.1.8 wB i 2.1 Hydrogen: effects of microbid growth on concrete
DOE1.228 w8 2.2 Methane’CO2 production: | Effects of biofims
COE1.22¢8 R 2.1 iMethane/CO2 production: Effects of hydrogen o meial comosion
DOE1.2.2.11 wB 2.2 ‘Methane/CO2 preduction: Ca'bonarelbmmonaae exchange wih corcrete




FEPsUST: BUFFER/BACKFILL CATEGORY

jooE123 ws_ | 22 Gas generation from concrele ;
iDOE1.52.1 0= 23 :Groundwater fiow: initial conditions i
DOE1 522 = i iGroundwaiar tiow due 10 gas production H
DOE153 i BFF Groundwater flow (saturated conditions)
DOE1653 | wen : :Chemical changes due to Waste degradaticn i
DOEt554 |  wWeR i iChemical changes due 1o Gas production ;
DOEL.655 | BF [ {Chemical changes due to Complex formation
IDOEL 656 ! 2:3 {Chemical changes due to Colloid produxtion
IDOET65.7 | =33 { Chemical changes due 1o Solubility
DOEr8.58 | =33 i {Chemical changes due to Sompton
ID0EL6.59 | &F H Chesnical changes due to Species aquilbrium
DOEI6.62 | WEBRF i Microbial activity
:COE16.6.3 WBRF  © {Microbiciogical efiects due to Microbial product reactions
DOE234.4 B ; Groundwater flow: Fracture
IDOE23.45 EFF :Groundwaier fiow: Effecs of solution channels
DOE2351 | &% Inorganic cofleid ranspor: Effects of pH and Eh
DOE23.52 EFF inorganic colloid tanspost Effects of ionic strength
DOE236 § B {Variations in groendwater temperatiure
jDOE2241 ¥ Advection
D0E2421 i BRF i iBulk difiusion
DOE2422 ! 5F i iMatrix_diffusion
DOE2423 ! B i iSurface diffusion
DOE243 | &FF i iHydrodynamic dispersion
DOE2447 ! BRR. t Soiubility: effects of pH and Eh
DOEz2442 | BRAL Sobility: effects of ionic strengih
DOE24.43 ! BRAL Solubfity: effects of naturaliy-occurring complexing agers
DOER2.4.44 ¢ R Solubility: effects of complexing agents formed in the near-fieid
DOE2445 | BRR Solubility: etfects of naturally-occmring colioids
DOE22¢46 ¢ BR Soiubility: effects of coiloids fcrmed in the near-held
DOE2.4.48 | BRAL Solubijity: Effects of microbial activity
LLE2451 4 B8R Linear sompion
DCE24.52 | PR Noa-inear somption
DOE24.53 3 Bt Reversible somption
DOS2.4.54 ¢ ireversible sorption
DO£24.55 Somption: Effects of pH and Eh :
DOE24.56 Socpriore  Etfects of ionic strergth ¢
COE2457 & Soprion:  Elfects of nanwally-cccurning organic compiexing agents :
DOE24.58 ¢ Sormption:  Eflects of naturally-occuring inorganic complexing agens
DCE2459 ¢ Semption: Effects of complexing agents fonmed D the near-field
DOE24.5.10 Sospiion: effects of naturafiy-occuring colloids
£2.4.5.11 Somtion: effects of colloids forined in the near-field
oOE2.4.543 ¢ . Sosption: effects of microbial activity :
COE2.4.7.1 ; Organic colloid transport in Porous media ]
DCE2.4.72 ! _{Qrganic colloid ranspod ' Fracured media :
COE2.4.7.3 {Organic colioid transport: Sifects of pH and Sh
£OE24.7.4 i 1Organic colloid transpost: Elfects of ionic sirength
DC=2 481 {inorganic colloid transport: Porous media
CCE2432 i ‘ incrganic colioid transport: Fracturad media
DCE2453 ¢ i | incrganic colloid transport: Effects of pH and Eh
: {Incrganic colteid transpo: Efects of ionic strencih ‘
: ; Transport of radionuclides bound 1o microbes .
: | iisctopic dijution ;
¢ : i :Gas yansport: sclution
: Eaah ] (Gas ransport: gas phase
: BF ! iGas-induced groundwaler transpoxt :
= : : Repository thesmally-induced groundwater ransport !
: SFF i Namyrally thermally-induced groundwater transport i
i B {Fhid interactions: Groundwater fiow i
! BRRL ! | Fluid mteractions: Dissolution !
; =33 { :Fluid interactions: 8rne pockets !
! ¥ i iThermal effecs: Fluid pressure, density, viscesity changes
BF ! i Thermal efects; Fluid migration
f s | Chemical offects: Gas generation
! WER iChemicai effeds: Geochemical change
H o] ‘Mechanical effects: Canister movement
! R ' Mechanical affects; Local fracturing
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Canister movement in backfiil

4 ! o] H
PGA3 72 023 Differing thermal expansion of canister and bacifll
PGA3.7.3 =R Differing thermal expansicn of backill and host rock i
PGA39 w8 iThemmally induced chemical changes H
PGA3.10 wes iChemical changes due o comrosion H
PGAS.12.1 B 1Geochemical changes in backfill 1
IPGA3.13 BRAL i Physico-chemical phenomena/elfects (eg. coiloid formation) i
PGA3.14 H BAFL iMicrobiological phenomenaleffects §
ISKI2.1.62 | B i Natural teliuric electrochemical reactions i
SKIZ2.1.9 | B8 IBackiill eflects cn Cu corrosion
SKI3.1.1 i B iDegradation of the bentonite by chemical reactions i
ISKi3.1.2 { = i Sazuration of sorption sites i
ISKIZ1.3 B !Effects of benonite on groundwaler chemisuy
SKI3.1.4 H B 1Colloid generation - SOurce
SKI3.1.5 = iCoagulation of bentonite
SKI3 1.6 =3 Sedimentation of bentonite
ISIG3.1.7 i B Reactions with cement pore waier
1.8 B 4 Near field buffer chemistry
SKI3.1.9 w8 00X Radiolysis SEESKH 2.1
SKizx1.10 ws Hirteractions witt: cosrosion products and waste
[SKI3.1_11 B iRedox iront
SKI31.12 B XXX Penurbed bufier material chemisiry {SEE SKIB.1.1
SKI3.1.13 B iRadiaticn sffects on bentonite
SKI32.1.1 R {Swelling of bentonite into tunnels and cracks
ISKI32.12 =5 iUneven sweifing of bentonie
SKiz22 ¢ [o:] iMovernent of canister in buffeshacksili
SKI32.3 B {Mechanical fadure of butfecbackfill
ISKI32.4 B iErosion of bulierbackiiil
ISKI13.2.5 B IThermai effects oo the buffer material
1SKi32.6 B Diffusion - surface Cfiusion
ISKI32.7 [o:] {Swelling of comosion products
SKi3.2.8 } B iPreferential pathways in the bufier/backfilt
SKi32.9 i B iFlow throygh bufferbackiil
ISKI3.2.10 B Soret_eflect
ISKI3.2.11 B 3.1 Backiil material deficencies {
) 12 B Gas transport in bentonite :SEESKI32.8
jSK14.1.1 BRA. -Oxidizing conditions i
ISK14.1.2 BAR. {pH-deviatiorts :
ISKI4.1.3 i 8rnL XXX iCoiloids. complexing agents (SEE SKIS5.45
SK14.1.4 | BRFL. {Somtion :
ISKI4.1.6 i gL ! Reconcemtration
SKI4.1.7 ER i Thermochemical changes .
ISKi4.1.9 BRAL {Complexing agerts :ALSO SK14.1.3
SK14.2.3 BF :Extremme channel flow of oxidants and nucfides :
SK14.2.4 R IThermal buoyancy :
SKi4.2.5 B !Changes of groundwates fow :
SKi4.2.10 =31 iChemical effects of rock reinforcement i
SKIS.1 BF 1Saline (or fresh) groundwater ntrusion |
SKI5.14 R { Resaturation ;
SKIS.18 B XX iEnhanced groundwater flow SEE SKIl425
SKig2 &F {Gas transpost
SKI6.4 BRAL i Dispersion
SK6.5 BRAL ; Dilution
SNLS.1 23] ‘Subsidence and Caving
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FEPs LIST: BUSFERBACKFILL CATEGORY

UKN1.5.7 8 i iSahine or freshwater intrusion

UKN1.5.8 BFF {Effects at safine-freshwates interface

UKNT.S5.9 B iNatural thermal effects

yUKN 6.1 BRAL iAdvection and dispersion
UKN1.62 SRFL | Diffusion {
UKN1.6.3 BRA {Matrix diffusion :
UKN1.64 BRA. }Gas medizied transport §
LKNT.6.5 BRE. i iMultivhase flow and gas driven flow
tKN1.6.6 BRAL Solubility fmit i
UKN1.6.7 BRA Sorption_(linearmon-inear, reversilefireversibie)

UKN1.68 B Dissoiution, precipitation and crystalisation

UKN1.6.9 BRFL Colloid formation, dissclution and transpert

UKN1.6.10 3R i Complexing agents

UKN1.5.13 B8RFL i {Mass, isotcpic and species diution

UKN1.6.14 weeRr i iChemical gradierts (efectrochemical effects and osmosis)

IUKN.7.6 WBFRAL iChemical wansformations

UKN1.7.7 WBEL Micsobial interactions

o2 110 | &= Thermal etfects {eg. concrete hydration}

UKN222 B 1Inadequate backfill or compaction, voidage !
UKN3.1.5 WwB Induced chemical changes (soiubifity, somiicn. spedies equillbrium, mineraksation)
UKN3 22 WCER Interactions of host materials and groundwater with reposiory maiernal {eq. concrete carbod
UKN3.2.3 WCBR Intecactions of waste and repository materials with host materials (eq. elect; ..roc.fxemxzi_ ooy
HMP123 w8 2.1 iGas generation from concrete

HMIP1.2.6 BFF ;Gas transporst

HMiP1.2.8 WBR i Thermo-chemical effects i
HMIP1.4.1 WCB iWaste-forta and backiill consoiidatica !
HMIP1.53 | R iGas production (unsattrated flow) :
HMIP1.54 | =5 iSaturated groundwater flow

HMIP1 55 i R iTransport of chemically active substances into the near-field

HMIP1.6.1 t =3} {Thermal effects and Rock-mass changes

IHMIP1.52 R {Thermal eflects and Hydrogeokgical changes

HMIP1.6.3 R i Thermai effects and Chemical changes

HMIP1.6.4 = 3] iTheanaf effects and Transport (diffusion) effects :
HMIP2.3.1 B iAdvection i
HMIP2.32 sl i Diffusion
HMIP2.3.3 BRFL __Rydrodynasic dispersicn i
HMiP2.3.4 BRAL iSolubility constraints

HMIP235 1 BRAL iSorption including ion-excivange

HMIP2.3.6 5 Changes in sormptive surfaces i
IHMIP23.7 i 8RR Changes in groundwates chemistry and flow direction !
HMIP2.38 BRFL iCofloid transport i
HMIP2.3.9 | 3RA. } s Transport of radionuciides bound to microbes :
HMiP2.3.10 B ¢ i Transport of active gases

HMIP2311 1 BRRL | iGas induced groundwater transpost

[HMIP2.3:12 BRFAL i {Thermal effects on hydrochemisty

HMIP2.3.13 ] BRR. : {Biogeochemical changes

NEA1.6.1 ! 8RR iAdvection and dispersion

NEA1.82 i BRAL : Diffusion

NEA1.8.3 } BRAL ! Matrix diffusion

INEA1.6.4 : g ! iGas mediaied transport

NEA1.6.5 i B8R ! iMultiphase How and gas-driven fiow

NEA1.6.6 - {Solubiiity Emit

NEA1.6.7 i BRA. : {Sorption _{finear/non-inear, reversiblefirreversible)

NEA1.6.8 i BRL :Dissoluron, peecivitation, and crystallisation

NEA1.6.9 BRA. ! iColloid formation, dissohution. and transpot

NEA1.6.10 | B8R ; iCompleximg agers

NEA16.13 ! BRAL H :Mass, isotopic and species dilution .
NEA1.6.14 ! BRAL i iChemical gradients (elecirochemical eflects and osmesis) i
INEAZ2 2.2 : R ! Inadequate backfi§ or compaction voidage :
NEAZ.T 1 : =R : Differential elastic response

NEA3.1.2 H R : Non-elastic response

NEA3.14 : ¥ : induced hydrological changes {fkuid pressure, density convection, viscosity) -
NEA3.1.5 ! =® ; iinduced chemical changes {solubility. soption, species equifibrum, minerziisation)
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FEPs LIST: REPCSITORY CATEGORY

IDENTRER | CATEGORY | ARGUMENT (FEP NAME > T COMMENT
AECL1.3 i wees iBiofogical activity i

AECLY.4 e 4 :Boundasy conditions i

IAECLL.S } R Cave ins i

JAECE 19 WER Chemical gradients '

AECL1.10 WCER | 4 Chemical Tieractions {(expected)

AECL1.11 WCER 4 Chemical interactions (long-term)

AECLT1.1Z2 | WCBR 4 ‘Chemical imeractions (other) ‘

IAECLL. 13 WCER {Chemical kinetics )

AECLT.15 R Colicids

AECL1.16 R 217 (Complexaton by organics

AECL1.24 23] ‘Convection :

IAECL1.25 wesR 4 iCorrelation :Incomprehensil
AECLTZS R 'Diffusion -

AECL1.30 R Dispession

JAECL1.34 R Excessive hydrosiatic pressures

AECL13S R 3.1 Explosions H
IAECE1.37 =54 Formation of csacks :

AECET.4D WER iGeochesmical pump 'SEEAECLLS
AECL1.43 = iHydraulic conductivity :

AECL144 ! R i Hydrayhic head

AECL146 | R ‘Hydrothermal akteration :

AECL1 47 | R i 3.1 ‘impsoper operation H

JAECL1 48 } R i {incemplete closure !

AECL1S0 ¢ WCBR | 4 linterfaces (poundary conditions) ISEEAECL1A4
AECI153 | WCR jinventory {{DESCRIPTION
AECLYISE WR 4 iLonglerm wransienis :

AECL1S7 R 2.1 iMethyiation 'SEE AECL1.1§)
AECL1.58 i R :Microbes SEEAECLL3
IAECL159 © R iMicroorganisms SEE AECL13
AECL1.60 : B ' 3.1 iMonitoring and remedial activities :

AECL1.61 £ R 3.7 iMutation

AECL1682  ° R : {Percolation in shafts

AECLIS4 | B i 3.1 iPreciosure evernts

JAECL1.65 [ WCBR Precpitation and dissolusion .

AECL1.66 R H Pseudo-colloids {SEE AECL1.13
AECL1.70 R Recharge groundwater :

AECL1.7Y R Refiooding

AECLY.72 R 3.1 iRetrievability

lAECL1.74 R iSeal evolution

IAECL1.75 R Seds fadure

AECL1.76 R iSorplion :

[AECLY.77 23] ;Sorption: non-Enear |

JAECL1.8¢ WCER iSpeciation ;

IAECL1.81 BOWVR iStabifity :

IAECL1.34 WCER {Temperature rises (unexpected effects) :

JAECL1.85 WCEBR 4 Time dependence :

LAECL1.86 &R i Transpodt in geses or of gases f

AECLY .89 R | {Unmodelled design fexitwes

(AECL1.90 R P iUnsaturated traaspoct

JAEGL1.91 R | iVauk geometry :

IAECL2 ¢ |zl { 3.1 :Blasting and vibration i

AECLZ4 2o i Borehoie seal failurefopen boreholes !

JAECLZ 6 HF i ‘Boreholes - unsealed 'SEE AECL24
IAECI2.7 F { 2.3 Cavitation :

AECL2.67 : ZAR] iVault heating effects

DOE1.123 R :Fore bicckage: concrete

DOE1125 . R ; ‘Cement-suiphale reaction: _concrete ;

DOE1.131 | [ : ‘Changes in pore water composition, pH. Eh: concrete ;

DOEt21.1 ! R ; ‘Hydrogen: _corrosion of structurat stee!

DOE12286 WR H 2.1 ‘Methane/CO2 production:  Etfects of fithostatic pressure

DOE1227 R i ‘Methane/CO2 peoduchon: Effects of microbial growth on propesties of conaete
DOE1229 &R H 2.1 iMethanesCO2 production:  Effects of hydrogen from metal corrosion

DOE122.42 ! R j 2.1 iMethane/CO2 production: Energy and nulrient control of metaboksm

DOE12.2.13 ¢ W 2.1 :Methane/COR2 production:  Effects of radiation on microbial populations

DOE1262 R iGas wransport In the vauills between containers '

DOE1263 | R Gas ranspot Between vaulls

DOET126.4 R Gaslmxspmhﬂveneaﬁeﬁ.wnﬁﬂwgmandmndms&a&sandadns

DOE12.7.1 R 3.1 iFres

DOE1272 R 3.1 ! Explosions
{pCE142 R iChanges in in-situ siress feid
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FEPs LIST: REPOSITORY CATEGORY

[DOEY.44.1 R :Repository-mdeced subsidence

IDOEL.45 F 2.37__ Rockcreep

IDOEY .5.1.1 & H ‘Chances in moisture content due 1o dewatering

DOET.5.1.2 T : Changes In moisiure coatent due ic stess rehef

DOES 521 =3 H 2.3 iGroundwater fow: initial conditions

IDOE1.522 R i iGroundwaters flow due to gas production

DOE1.53 gF ‘Groundwater flow (satucaied conditions) i
DOET 541 R i {Transport of Inorganic icns into the near-field !
IDOEt 542 R i iTransport of Humic and fulvic acids mio the near-field i
DOET.543 R : {Transport of Microbes imto the near-field ;
DOE1.544 R Transpoct of Organic compiexes into the near-field |
DOE®.545 R f iTransoort of Colloids into the near-field ;
IDOE1.6.1 = ; ‘Differemtiat elastic response :
IDOE$.62 F i :Non-eiastic resconse i
DOET.63.1 F H -Fracture changes: aperture
DOE?.6.32 = ! Fracture changes: length i
[COES.651 VR s {Chemical changes due to Metal conosion

[DOE1 652 R iChemical chenges due to Concrete degradaticn

DOEt 653 weR | Chemical changes due to Waste degradation

IDOE® 654 VER | ;Chemicat changes gue to Gas production

IDOE$.655 BF !Chemical changes due to Compiex formatioa

DOEL 6586 =F iChemical changes due to Colloid production

DOET.657 5F iChemical changes due to Solubility

DOE$.658 BF :Chemical changes due 1o Sorpiion

DOEE 5659 B ‘Chemical changes due to Species equilbrium

DOEt 652 YWBRF | :Mictobial activity

DOET.653 VWBRF i Microbiclogical effects due to Microbial product reactions

DOE2.261 F i Repository-nduced seismicity

DOE2262 | AG | Externalty-incuced seismicity :
DOE2331 ! F Rock property changes: Porosity i
DOE2332 F {Rock propesty changes: Permeahility :
DOEZ2333 | F ‘Rock property changes: Microbial pore hlocking .
DOE2334 | F : iRock property changes: Channel fermationvciosiwe !
DOE2.34.1 i3 { ‘Groundwater flow: Darcy :
DOE2.342 F i :Groundwater flow: Non-Darcy i
IDOE2.34.3 33 ‘Groundwater flow: Intergranular {matrix) !
DOE2.344 &F ‘Groundwater flow: Fracture i
DOE2345  BF {Groundwaier flow: Eifects of solution channels i
DOE2.345 | = }inorganic colloid transport Porous media i
DOE2.35.1 5 ‘Inorganic collod transport Effects of pH and Eh

DOE2.35.2 BF 'Inorganic colioid transport: Effects of ionic sirengih

DOE2386 = | ‘Varations in groundwater temperature :
DOE2.4.1 - : ‘Advection i
DOE2.421 | 5¥F 'Buik diftusion ;
DOE2422 | o ‘Matrix diffusion |
DOE243 - ; ‘Hydrodynamic dispersion i
D0E2.44.1 BRA. | ‘Solubility: effects of pH and Eh i
IDOE2.44.2 =3 s Solubiiity: etfects of ionic sirength ;
DOE2.44.3 AR ! ‘Solubility: effects of naturally-occusring complexing agents !
DOE2 44.4 R i Solubility: effects of complexing agents formed in the nearfield :
DOE2.445 BRA. | :Solubiity: effects of naturally-cccuring colicids i
COE2.445 R i iSolubility: effeds oi calloids formed in the near-held

DOE244.7 & | Solubility: effects of major ons migrating from the near-field

DOE2.4438 PR ‘Solubility: Effects of microbial activity

DOE2.4.5.1 BRR. ‘Linear sorption ;
DOEZ2452 | BRAL ! ‘Non-linear sorpiion ;
DOE2.453 | BRA. ‘Reversible somiion :
DOE2454 | BRAL ! ‘rreversible somption !
DOE2455 FR. | "Sorption: Effects of pH and Eh i
DOE2458 BRR. :Sorption:  Effects of icnic strength :
DOE2457 EBRR. Sorption:  Effects of naturally-occutting organic complexing agents :
DOE2.45.8 BRR. Scrption:  Effects of naurally-occuring inorganic complexing agerds !
COE2.45.9 =R ] Sorption: Eftects of complexing agents lormad in the near-field :
DOE245.10 BRA. :Sorptioni: effects of naturaily-occuring colioids

DOE2.435.11 = i iScrption: effecs of coflokds formed in the near-field :
DOE245.12 F ; |Sorption: eftects of majer ions migrting from the near-field !
DOE24513 | EBRA iSorption: effects of microbial activity
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FEPs LIST: REPOSITORY CATEGORY

DOE2+ B i 3 H Fraciure mineralisation

lpoE2471 | e 1 iOvganic cofioid ransport in_Porous media H

pOEz472 + BRRL Organic colloid transport In_Fractured media

poE2473 | BRR. tOvganic colioid ranspore: Effects of oH and Eh

DOE2474 i BRA. | iOrganic collowd wansport Effects of jonic sirengiht

DOosz481 ! BRA ‘irorganic colloid transpost: Porous medm

pOEz482 ¢ BRA. | inorganic colloid transport: Fraciured media

DOE2.483 | BERAL Inorganic colloid transport: Effects of pH and Eh

DOQE2484 ' BRA fnorganic colioid transpost;_Etfects of ionic strength

DOEZ49 BRA, : iTranspon of radionuciides bound to microbes

DOE2.440 ;.  BRA ! {isstopic dilution -

DOE2411.1 1 BRA. | iGas transpoit solution |
DOE24.112 ! PBERA ‘Gas transport: gas phase

DOE2 412 ¢ BFF ¢ iGas-induced groundwaler 2nspor

DOE2.4.13.1 | = 51 ; ‘Repository thenmaliy-induced groundwaier transport -

DOE24.132 | BF | iNaturally thermaily-induced groundwater franspost

DOEz4.1¢ ;| RA. | iBiogeochemical changes

DOEST1l | R {Borehiole seai faiture

DOE4.1.12 ¢ L : BSorehole seat degradation

DOE4.12.1 | R i iShaftaunnel seal failure

DOE4I22 | R Shatttunnel_seal degradation J
IAEA1.131 | BF ¢ ‘Fhuid imeractions: Groundwater flow

IAEAT.13.2 BRAL iFiuid interactions: Dissolution

IAEA1.13.3 aF ‘Fuid imeractions: Brine pockets

IAEAZ22.1 [s o : -Inadequate design: Shaft seal tailure

IAEA2 2.2 R ‘Inadequate design: Expioration borehole seal fafure

JAEA23 |21 i 3.1 _Improper operation: improper wasle emplacement

IAEAZ.LT o : “Thermal effects: Differential elasiic response

IAEAZ.1.2 ; 23 Thecmat eﬁecs Non-elastic response

IAEA3{3 | BFF ; ‘Thermat effects: Flukd pressure, densily, viscosily changes

IAEAZ14 | BRF \Thesmal ef:ec:s Fluad srigration

IAEA322 | WCR - ‘Chemical effeds: interactions of waste package and rock

IAEA3.2 4 WBR ‘Chemical effects: Geochemical change

IAEA3.32 ®m_ “Mechanical efleats: Local fracturing

PGA3.5 R ; i Decompressed zones from mming

PGA3T3 R "Differing thermal expansion of backiili and host rock

PGA3.7 4 = : iDitfering thermal expansion of host rock zoaes

PGA3.8 = : [ Thermal convection

PGA3.122 | o : {Geochemical changes in hest rock

PGA3.13 - iPhysico-chemical phenomena/effects feg. cofiod formation}

PGA3.14 BRA ! iMicrobiokogical shenomena/eliects

PGA3.15 R i ‘Failure of shaft sealing

PGA41 33 i :Direct afterations in_hydrogeology

PGA42 R ; “Injection of liquid waste

SKi122 : WR ; 2.2 H2/02 expicsions

SKI13.2.1.1 : = i :Sweiling of bentonite into nunnels and cracks

SKI3212 ¢ <3 H ‘Uneven sweliing of bentoniie

SKi4.1.1 i BRA Oxidizing conditions i
SKi4.1.2 i BRA ‘pH-deviations

SKi4.1.3 8RR XCK  Colloidts, complaxing agents Stt SKi5.45
SKl4.1.4 BRR. Sorption

SKi4.1.5 . “Matrix_diffusion

SK34.1.5 erR. | ‘Reconcentration

SKI$.4.7 R , Thermochemical changes

SKi4.1.8 R Change of groundwater chesusiry in nearby rock ;

SKi4.18 BRA. ‘Compiexing agesis JALSO SKis 1.
SKi4.2.1 R ‘Mechanical failure of repository. . :

SKid.2.2.1 R : ‘Excavation/backiiing effects on nearby rock

SKi4222 R . XXX iHycraufic conduchvity change - Excavaion/tbackiilling effect SEE SKi4.2.2 1]
SKi4223 R ; XXX :Mechanical effecis - Excavarionbackiiiing efiects SEE SKi4.22.%
SK14.2.3 . BF : i Extreme channel fow of oxidants and hucides _{
SK14.2.4 ; ;R i iThesmal buovancy e
SKi4.2.5 - ! ‘Changes of groundwater fow

SKi42.7 i R ! ;Thermo-hydro-mechanical effects

SKi42.8 i R .Enhanced rock fracturing

SK14.2.8 R ‘Creeping of rock mass

SKi4.2.30 ] ER ‘Chenical effects of rock reinforcement
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FEPs LIST: REPOSITORY CATEGORY

SKIS. 1 ! 233 Saline {or fresh) groundwater intrusion

[SKI5.11 i 3 iDegradation of hole- and shall seals

SKi5.12 ; R {Resaturation

S¥I5.18 ; B XXX Enhanced groundwater flow ISEESKMK25
SKIS22 i xR Accurnulation of gases under permairost
SKI5.24 ; R XXX iSwess changes of conductivity ISEE SKI422
SKI5.43 KR Methane inirusion (SEE SKI5.22
SKi5.44 WR Solubifity and precipitation

SKI5.45 F Coltoid generation and franspoxt

SKle2 EF Gas transport

SKiG.4 BRA. {Gispersicn

SKles =228 Dilution

SKis.13 & \Geothermally induced flow .SEE 6.1
SKIZ.5 R ilsotopic dilution

SNLS. 1 = iSubsidence and Caving o

SNLe2 R iShaft and Borehole Seaf ... .. -tion

SNLE.3 ; F _Thermally induced Siress/Fracturing in Host Rock

SNLE 4 : F iExcavation-induced StressFraciuring m Host Rock

UKN12.13 R iNatural gas intrusion

UKN1.5.2 R 2.37  :Site tlooding

UKN15.7 @  BF 'Safine of reshwater intrusion

UKN1.5.8 : F iEffects at saline-treshwater imeriace

UKN1.5.9 H ¥ Naturat thermal efieds

UKN1.5.1 i BRY ‘Advection and dispersion

UKN1.6.2 } BRAL ‘Diffusicn

UKN1.6.3 i BRA. ‘Matrix diffusion

UKN1.6.4 BRAL Gas mediated transoort

UKN1.6.5 BRA ‘Muhtiphase flow and gas driven tlow

UKN1.6.8 BRA. ;Solubility limit

UKN1.6.7 BRA. ;Sorption (linearnon-linear. reversibleimeversiie)

UKN1.5.8 BRAL :Dissolytion. precipitation and crysialisation

UKN1.6.9 ERRL iColloid formation. dissoiuton and transport

UKN1.6.10 BRAR. ,Complexing agents.

UKN1.8.11 | & {Fracture minerciszion and weatherng

UKN1.6.13 | BRA ‘Mass, isotepic and species dilution

UKN1.6.14 | WCEBRF iChemicat gradients (electrochermical effects and osmosis)

UKN1.7.6 | WBFL iChemical wansiormations

UKN1.7.7 WEBRFL iMicrobia interactions

UKN2.1.2 ‘ RA ‘investigation borehole sea faiture and degradaiion

UKN2.1.3 : & ‘Shaft or access wnnel seal failure and degradation

UKN2.1.4 i R ‘Stress Seid changes. seftiing. sutsidence of caving

LKN2.1.5 3 F Dewaterng of host rock

UKN2.1.8 |} R 3.1 :Poor quality censtruction

UKN2.1.8 ! R 3.1 :Design moditication

UKN2.1.10 3 :Thermal effects (eg. concrete hydration)

UKN2.2.8 ¢ R 3.1 iRepository flooding during operation

UKN2.2.10 [3sl Poor closure

UKN3.1.1 F ‘Differenial elastic response

UKN3.1.2 2 ‘Non-elastic response

UKN3.1.3 s :Host rock fradure aperture changes

UKN3.1.4 F \induced hydrological changes (fluid pressure. densily coavecion, viscosily)

UKN3 2.2 WCER interactions of host materals and groundh with repository matenal {eg. concrete carbod
UKN32.3 WCER Interactions of waste and repesitory mazerials with host materals {2q. elecirochermcal. coreq
UKN3.2.4 T ‘Non-—radicactive solute plume in geosphere (effect on redox. effect on pH. sorption)
UKN3.3.2 R .Chanqges in in-siy stress fieid
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FEPs LIST: REPOSITCRY CATEGORY

B R 21 ! i Physico-chemical d ation Ct concrele
HMIP126 | 8F ‘Gas ransposi
P12 | wer ! iThermo-chemical effeds
HMiP14.2 ¢ Rr : iVaoh collapse -~ ;
w151 | B {Desawration {pumping) aifects - i
HMIPLS.2 i R iDisturbed zone {hydromechanicah effecs :
HMIP1.5.3 R . iGas production {(unsaturated flow}
HMIP1.5.4 =3 N iSaturatec groundwater fow ;
HiViP1.5.5 &R {Transport of chemically active substances into the nearield ]
HMIPLE. 1 238 iThermal effeats and Rock-mass Shanges
HMIP1.s2 238 iThermal effects and Hydrogeological changes
HMIP1.6.3 =R ‘Thermat eifects and Chemical changes
HMIP1S 4 =R iThemmal effecis and Yransport (difusion) efiects
HMIP23. 1 BRAL ‘Advection
HMiP2.3.2 BRAL :Ditfusion
IHMIP23.3 BRFL ‘Hydrodyriamic dispersion
HiViP2.3.4 R iSolbifity consiraints
HMIP2.3.5 AR ‘Somtion maluding ion-exchanger
HMIP2 3.6 | {Changes it somtive surtaces
HMIP23.7 : BRR. iChanges in groundwater chemistry and fiow gireciion
HMIP23.8 |  BRAL {Collid tanspet
HMIP239 | BRR Transpost of radionuclides bound 0 microbes
HAMIP2.3.10 Exal {Transport of active gases
HMIP2.3.11 A ‘Gas induced groundwater transoor
jHMIP2 3,12 BRA. IThermaf effeqs on hydrochemistry
HMIP2.3.13 8RR ' Biogeochemical changes
HMIPS5.1.1 R :Loss of integrity ot borehole seak
HMIP5.1.2 R Loss of integrity of shaft or access winnel seals
HMIP5.1.3 R :Incompiete near-field chemical conditionng
NEA12.13 F ‘Natural gas intrusion
NEA16. 1 BRA. ‘Advection and dispersion
NEAL.6.2 BRRY :Diffusion
NEA1LE6.3 BRRL ‘Marrix difusion
NEALE.G 8RAL iGas mediated transpon
NEA1.5.5 = 2 2 N {Multphase flow and gas-driven fiow
NEA1.6.6 BRFL i 1Solubility fima
NEA1.6.7 B {Sorption (linear/non-finear, reversole/reversible)
NEAL&.B R Dissolution, precipitation. and_crystaifisation
NEA1.6.9 BRAL ! Colloid formation, dissolution. and transpost
NEA1.6.10 AR Complexing agents
NEALE. 1Y = i iFracture mineralisation
NEA16.13 1 8RR | iMass, isotopic and species difution
NEA1S. 14 | BFFL | "Chemical gradiens (electrochermical effects and osmasis)
NEA212 i =R iinvestigation borehole seal iafiure and degradation
NEA2.1.3 | 0 iShaft or access tunned seal failure and degradaton ‘
NEA2.1.4 [ Siress §eld changes, settling, subsidence or cavng ]
NEA2.1.5 = ;Dewatering of host rock
§§A21 .6 : xR ‘Material defects (e.g. early canisier fadure}
NEA2.1.7 i [x3] {Common cause fajures
INEA2.1.8 i HR -Poor quaiity construction
NEA2.1.10 R ‘Thermal effects :
NEA22 1 R ' Radioactive wasie Cisposal eror G
NEA22.2 &R {inadequale BackhB of compaciion voidage )
NEA2.2.3 wl 3.1 iCo-disoosal of reactive wastes {(deliberate)
NEAZ.2.4 R ‘inadvertent inciusion of undesirable malenals
NEA22. 86 R 3.1 {Accidernts during operation
NEA22.7 R D Sabetage
NEA22.8 R 3.1 :Repository flooding during cperacn
INTAZ 2.9 R :Abandonment of unsezied reposiony
INEA22.10 R i Poor closure
NEA2 2. 11 R 3.1 ! Post-closure monitodng
NEL22.12 R ‘Effecis of phased operation
NEL3 1.1 i R ‘Differentia} elastic response
NEA312 | B ‘Non-elastic response
NEA3.1.3 i R i Host rock fracture aperture changes
NEA3.1.4 | e ! {induced hydrological changes (fuid pressure, density conveclion, ViSSoSity)
NEA3.1.5 ; o ‘Induced chemical changes (solbilily. saplion, scecies equulbrium, rineralisation)
NEA3 2.2 ; R i ‘Interactions of host materals and groundwater wih _reposiory materiad (2. g concrele carbon
NEA32.3 | A i Tinteractions of wasle and repository materials with host materiak {eiectrochenncal, corrosive
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FEPs LIST: FAR-FIELD CATEGORY

DOE168.3

DENTIFER . CATEGORY | ARGUMENT (FEP NAME i COMNBENT
IAECL2 3 H = 2.4 {Borehole - well i
AECL24 F . {Borehole seal fadure/open borzholes
IAECI 26 HF :Borehoies - unsealed |SEE AECL24
AECL27 = ! 2.3 Cavitation :
AECE 2.9 F i Colloid formation
AECL2.10 £ ; {Compiexation by organics :
AECL2.11 F i tConceptisal medel - hydrology ;

CL2.12 F ; 4 iCorrelation 1 OF PARAMETEN
AECL2.14 H : iDewatering
AECL215 F ! i Diffusion
AECL2.18 R i iDischarge zones
AECI 217 F i i Dispersion i
AECL222 sl H D : Explosion {SEE AECL22
AECL225 F ; iFulvic acd ISEE AECE2.14G
AECL228 | F IGases and gas ranspost !
AECL227 F iGecthermal gradient effects

ECt230 F ‘Groundwaier - evolution
AECE231 F ! Groundwater composition change
AECI232 F ! Huric acid iSEE AECI2.14
AECL2 33 F ; Hydraulic properties - evolution i
AECL233 F IMatrix diffusion X
AECLZ 42 F ‘Methane INDEEP GW
AECL 243 F ‘Microbes ;
AECL245 F Preciptaiion - dissolution :
AECL2.47 F : ; Pseudo-cclloics :SEE AECI2 S
AECL248 | F . XXX .Radioacnve decay .SEZ AECL1.88.
AECL249 F : 2.2 'Radiolysis, radiation damage .SEE AECL: .89
AECL250 | F i :Recharge groundwater :
AECL251 ¢ F : +Rock propersties
AECL2352 F : {Rock properties - undetected features :
AECL254 | F ! Salinity effects on flow
AECL255 F i Saturation ]
AECL238 F ! Shaft seal sire
AECL2S58 ! F { iSorption :
AECL252 ¢ F i {Sorption - non-near !
AECL260 | F i :Speciaticn
AECL263 | F i [Turbuience GIW
AECL285 | £ : iUnsaturated fock
AECI266 | W iVault_closure (incompiete ) ]
AECL2.67 &7 ! iVault heating effects :
DOE1265 £ ; iGas transpoit Into and thwough the ar-field i
DOE145 F P 23?7  (Rock creep :
DOE15.1.1 F I{Changes in moisture content due o dewalering !
DOE15.12 = H IChanges In moisture cortent due to stress relief !
DOE135.3 FF :Groondwater flow {saturated conditions)
DCE1.5.1 oz i : Differential elastic response :
DOE162 F i iNon-elastic response
DOE1.6.3.1 jaad i iFracture changes: aperture
COE1632 F i Fracture changes: length
DOE1.64.1 F i :Hydrological changes: Fluid pressure
DOE16.42 F i iHydrologicat changes: Density
DOE1.64.3 F_ ! iHydrological changes: Viscosiy
DOE165.5 B¥ :Chamical changes due to Complex formation
DOEt.&56 =23 ! ‘Chemical changes due to Colioid preduction
DOE16.5.7 & i {Chemicai thanges due 1o Solubility
DOE16.58 F ! iChemical hanges due 1O Sortion
DOE1.E5.9 5 iChemical changes due to Species equilibrium
DOE1562 VERFE ‘Microbsal_activity
WERF

Microbiological effects due o Microbial product reacticns
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FEPs LIST: FAR-FIELD CATEGORY

DOE2.2.6.3 5 I Repository-induced seismidly ;
DOE2.2.62 G Externally-induced seismicty § s
DOE2.2.83 R Natural seismicity :
POE233.1 a3 Rock property changes: Poresity

DOE2.3.32 5 1Rock propesty changes: Permeability

DOE2.3.3.3 & i Rock provesty changes: Microbial pore blocking

DOE23.3.4 F ' Rock property changes: Channel formagion/closure

DOE2.34.1 33 {Groundwater fiow: Darcy

DOE23.4.2 = iGroundwater flow: Non-Darcy

O0E2.3.4.3 L {Groundwater flow: Intergranular (matrix)

DOE234.4 i Groundwater fiow: Fracure

DOE2.34.5 | BFF | Groundwater flow: Effedts of solution channels

DOE2.3.46 23 : inorganic colioid transport: Porous media

DOEZ2.3.5.1 B \inergenic coloid transpon: Effects of pH and Eh

DOE2.352 BF Inomanic colloid yansport: Effects of ionic strength

DOE2.35.3 F 2.3 Salinity: implications_of evaporite depasis/minerals

DOE2.3.6 BF Variztions in groundwates temperaiure

DOE2 4.1 o Advection

DOsg2.4.2.1 o 1Bulk diffusion

DOE2.4.22 BRF Matrix diffusion

DOE24.3 BRF Hydrodynamic dispersion

DOE2.441 | oA Solubility: effects of pH and Eh

DOE2442 | BRA. Soiubility: effects cf wonic strength

DOE2.4.4.3 BRA de@Leﬁecs of naturaily-occurring complexing agents

DCE2.4.4.5 BrA Sciubility: effects of naturaliy-ocaxing cofloids

DOE24.47 ¥ Sclubiiity: effects of major ions migraimg from the near-field

DOE2 448 | BRA Solubility: Effects of microbial activity

DOE2451 1 BRA Linear soption

DOE2.452 | BRA Non-linear sorption

DOE2453 | BRA {Reversible sorption

DOE2 45.4 BRR. __limeversible sorption

DOE2.4.53 BRAL {Sorpiion: Effeas of pH and Eh

DOE2 455 SR {Sorpion:_ Efiects of ionic strength

DQE2457 BRA. ISeeption: _Effects of najurally-occutting organic compiexing agents
DQER2.4.5.8 SRA. Somtion: Effects of naturaily-occusing inorganic complexing agen:s
DOE2.4.5.10 BRA. Sorption: effects of naturaliy-ocaning coiicids

DOE2.4.5.12 F 1Sorption: effects of major jons migrating from the near-field

DCE2.45.13 BRAL i Sorption: effects of microbial activity

DCE24 6 F ! Fracture minerafisation

DOE24.7.1 SRA. ' Organic colloid wansport in_Poroys media

DCE2.4.72 =358 {Organic _collod transpog in_Fractured media

DOE2 7.3 eRA. ;Organic colioid transport Etfects of pH and Eh

DQE2.4.74 BRAL 'Organic colloid transpott: Eftects of ionic strength

DOE2 4.8.1 BRAL {Inorganic colloid transport Porous media

DOE2.4.8.2 BRRL {incrganic colioid transpont: Fractwed media |

DOE24383 | BAR iInorganic colloid transporn: Effiects of pH and Eh

DOE2.434 | BPR iInorganic colloid transpowt Eilects of ionic strength

DOE2439 BRA. 1 Transport of racionuciides bound io microbes

DOE2.4.1C BEA. ‘isotopic_dilution

DOE24.11.1 BRA Gas transport: s~ tion

DOE2.4.11.2 ¢ SRR Gas transport_gas phase

DCE2.412 | BF {Gas-induced groundwater ransport : :
DOE24.13.2° B¥F i Naturally themmay-induced groundwater na'!sg)n .
DOE2.4.14 R Biogeochemical changes :
DOE3.324 FL Near-surface runoff processes: Macropor ﬂow !
DOE3.325 | [a 8 i Near-surface runc!f processes: Varmabie source area respornse

DOE3S.3.3 F iGroungwater recharge

COE4.1.1.1 528 1Borehole seal failure

DOE4.1.1.2 Bl iBorehole seal degradation
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FEPs LIST: FAR-FIELD CATEGORY

IAEAT. 131 [ 2 | Fluid intesactions: Greundwater flow i

AEAT. 132 -z 2 9] Fluxd interaciions: Dissolution |
IAEA$.13.3 BF i Fluid interactions: Brine Dockels i )
AEA221 | R i Inadequate design: Shaft seal tafiure ;

jAEA222 | R Inadequate design: Exploration borehole seal faiure !

IAEAS.1.1 F i Thermal effects: Differential elastic response

IAEA3.12 a5l ____iThemal effects: Non-elastic response

JAEA3.1.3 5 i Thermal etfeas: Fluid pressure, density. viscosity changes

AEA3.1.4 s iThemal efiects: Fluxd migration

PGAT.11 A i ‘Weathering, mineralisation: i

PGAT.12 F i ‘Groundwaies changes :

PGA3.7.4 lasd } i Differing ihermal expansion of host fck zoes ;

PE438 ! [z ‘Thermal convedtion

?GA3.122 | F Geochernical changes in host rock

PGA3.13 ! BRFRL i Physico-chemical phenomena/effects (eq. colicid formation)

PGA314 | BRR Microbiofogical phenomenaeliects :

PGA4 1 } & iDirect alterations in hydrogeciogy !

SKid.11 i 8RA {Cxidizing conditions [

SKid.12 i R i H-deviations :

SKi4.1.3 I AR § XX iColioids, complexing agenis : SEE SKI5.45
SKis14 | BRA Sorption i

SKI4.1.5 i 2 Matrix diffusion :

SKig.1.6 | BRAR Reconceniration H

K419 | SRR iComplexing agents :ALSO SKI2.1.3
SKig.23 - = = {Extreme channet flow of oxidants and nucides :

SKi4.2.5 i BFF iChanges of groundwater flow :

SKI5.1 = iSaline (or fresh) groundwater intrusion :

SKI5.11 i W | Degradation of hole- and shaft seals :

SKIS.18 i BFF X0 iEnhanced groundwater fow 'SEE SK425
SKI5 25 = Dissolition of fracture filings/precipitations {SEESKISS
SKI5.45 : 33 Colloid generation and iranspost

SKI5.46 : F Groundwater recharge/discharge

SKi6.1 ! F lUndetected fracture 2ones

SKI6.2 FFr Gas transport

SKIB.3 F H Far field hydrochemistry - acids. oxidants, nitrae

SKI6_4 i BRA ¢ i Dispersion

SKB.5 i BRA i Dilytion :

15Ki6.6 : F Weathering of flow paths :SEE SKIS25
[SK16.12 | £ Undetected discontinuities :

Ki6.13 [z Geothermally induced flow

SKIZ.5 RAL | isciopic_digion

SNL&.2 RAL ! Shalt and Boretcle Seal Degradation

SNLS.3 i ~ Thermally Induced Stress/Fraciuring in Hest Rock

SNL6E .4 ! 23 Excavation-induced StressFracturing in Host Rock

UKNi28 i & i Fauht aciivation

UKN1.2.12 ¢ L i Ummamdhmwsweg%m&tmmmmmmm;seaim@abwma‘4gapmmm
UKN1.33 | F H Recharge o groundwater

UKN1.35.4  } a5 H iGroundwater discharge 10 surface waler, 10 sprngs.lo soils, to wells, io marine}
UKN1.5.5 ¢ F ! iGroundwater flow (Darcy. non-Darcy. intergranudar fracture. channelfing and ;'efuemia! nathy
UKN1.5.6 ; F |Greundwater conditions (saturated/unsaturated)

UKN15.7 | ¥ ;Saline or freshwater intrusicn ]
UKN1.5.8 { o {Effects 2t saline-freshwater interface

UKN1.598 | 5= iNaturai thermal efiects

UKN18.1 | BRA 1Advection and dispersion

UKN1.6.2 [ = S i Diffusion

UKM16.3 | BRA iMarrix dittusion

UKN164 | BRA ! ‘Gas mediated ransport

UKN16.S | BRA ‘Multiphase flow and gas driven flow

UKN166 | BRAR | :Solubility Emi

UKN167 | BRA | ‘Somption {linearnon-linear, reversblesirreversioie}

UKN168 | BRAL | : Dissolution, precipiation and crvstaiisation
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UKN1.6.9 i BRAR iColkeid formarion, dissoiution and ransport :
UKN1.6.10 | BRRE iComplexing agents :
UKNI 611 | e iFracwre mineralisation and weathering i
UKN16.13 ! BRFE *Mass, isciopic and species dilution i
UKN16.14 : WCERF ‘Chemical gradiemts (elecirochemical effects and osmosis) !
UKNt.7.6 | WBRA. :Chemical transformations ;
UKN17.7 | WBRA :Microblal imteractions

UKN2.12 | B Tevestigation borehole seal fajlure and degradation ;
UKN2 1.3 ! F -Shait or access twnnel seal failure and degradation ;
UKN2 1.5 ¢ F :Dewatering of host rock ¢
UKN31.1 | F  Differentia) elastic response
UKNS.1.2 I3a ‘Non-elestic response

UKN3.1.3 F :Host rock fracture aperre changes

UKN3.1.4 B iInduced hydrological changes i pressure, density convecsion. viscosityl
UKN324 ¢ F Nuumkwawesameﬁgg;mgg&memg*gaonnﬁcxe&xﬂngggmmmmLﬁ
IHMiIP126 | B {Gas iransport

HMIFTS 4 BRF Saturated groundwater flow

HMiP219 L F iEffeds of nzjural gases

HMIP221 ¢ F :Changes in geomeiry and driving forces of the flow sysiem

HMIP222 F ‘Rock propexty changes .
HMiP223 | F :Groundwater flow ;
HMP231 1 BRAR 'Advection : ]
HMIP232 BRA :Diffusion

HMIP233 | BRAL iHydrodyniamic dispersion

HMIP2.3.4 BRR. Solubiiity constrainis

HMiP2.3.5 BRfL. ‘Sorption inciuding ion-exchange

HMIP2.3.5 BRA. ‘Changes in sorptive surfaces

HMIP2.3.7 BRA. :Changes in groundwater chemistry and fiow direclion

HMIP23.8 BRAL ‘Colloid transport

HMIP23.3 BRA ‘Transport of radionuciides bound to microbes

HMIP2.3.10 BRA ‘Transport of adive gases

HMIP2.3.11 BRR. ‘Gas induced groundwater ransport

HMIP2.3.12 ! BRR :Thermal effects on hydrochemistry

HMMIP2.3.13_ ¢ BRA iBiogeochemical changes

HMIPS.1.1 @ PR iLoss of integrity of borehole seals ‘ i
NEAT2.13 ¢ i8 {Naiural gas intrusion i
NEA1S3 | F ‘Recharge 0 groundwater :
NEA1SS5 F Gnumwamr&mgggqgmmsaqLieggmMasmnme«mamaquupmwmmaiumm
NEA1SS | F Gnmmwmmrammmmsggmaeerzmraa37

NEA1S.7 ! E iSafine or freshwater intrusion

NEA1S8 ¢ E Etfects &t safine-freshwater meariace

NEA1S9 F iNatural thermal effects .
NEA1S1 | BRR ‘Advection and dispersion ]
NEAL.S2 : R : Diffusion i
NEA163 | ERR Mazrix_diffusion ;
NEALE4 : ERR :Gas medigted wanspont i
NEA1 6.5 R ‘Multiphase flow and gas-driven flow ;
NEA16.6 ERAL ‘Solubility_ imit

NEA1 87 BRR ‘Soption _(linear/or-linear, seversbie/irreversile}

NEA1.6.8 BRA. :Dissohition, precipitation, and crysialisation

NEA16S | BAR. 1Coiloid formation, dissoktion. and transport

NEA1.6.10 ! BAFL iComplexing agenis

NEA1.6. 11 ! F iFracture mineralisaticn

NEA16.13 BRA. ‘Mass. isotopic and species diution

NEA1.6.14 BRR Canamammsgﬁcmdmmqﬁﬁwasaﬁaums&

NEA3.1.4 = ;Induced hydrological changes {flud pressure, density convedion, viscosiy)
NEA32.3 F ‘imeractions of waste and repository materials with host materialks (electrochemical. corresive
NEA3.2. 4 F 2.2 Non-radicattive solute piume in geosohere {effect of redex. pH. and sorption) °

PAGE 4




FEPs LIST: BIOSPHERE CATEGORY

DENGFER | CATEGORY | ARGUMENT !FEP NAME i COMMVENT
AZCt151 ! L T 2.3 .imirusion (animal) :
TAECL2.13 = } 2.4 xS i
AECI2.16 | =3 ! i Discharge zones

JAECL3:1 HE { B ACid =in

AECL3.2 a : 2.4 !Akali lats

AECE3 3 t i iAnimal grooming and fighting

AECL3.4 L : iAnimal soil ngestion

AECL3 S } b ! Anirnais® digis

AECL3.5 i H L2372  Amificial lake mixing

AECL38 : L : {Bacteria and microbes {scii)

AECE3.S L i : Bioconcemration

AECL3.11 i L 3.7 i Biological evolution

jAECL3.12 ! L : | Biotaxicity

AECL3.13 |} L : Bioturbation of soiis and sediments

AECL3.14 i L ! 1 Busiiding. materials

AECL3.15 i L i {Burrowing amimals

AECI3 16 L i : Capillary rse m sof

IAECI3.17 ¢ L i iCarcasses

AECL3.18 ! L ; iCarcinogenkc CONtAMINAMTS

IAZCL3.19 : o : {Charcoal production

AECL3.20 |14 : iChemical orecipitation :
AECL3.21 L ! 3.8 :Chemical toxicity ‘SEE 321
AECL3.25 L i - Colioids

AECL3.26 L ! :Convection, turbulence and diffusion {atmospheric)

AECIL3.27 L ! 4 iComeiation CF PARAME TR
AECL3.28 L *Critical group - agricultural labour

AECL3.29 L : iCritical grzup - dothing and home fornishings

ASCL3.30 L : iCritical group - evolution

AECL3.31 L ; iCriticd group - house location

AECL3.32 [N i iCritical group - individuaiity

AECL3.33 . L ! iCritical group - ieisure pursuits

JAECL3.34 ! L } iCritical grovp - pets

AECL335 i H : 2.37  1Crop jertilization

AECL3.36 H ¢ 2.37  iCrop storage

AEC3.38 L : iDeposition (wet and drv}

JAECL3.33 L i iDermad somption - nudides other than tritium

AECL3.40 L ! 2.1 {Cermal somption - iitium

AECL3.41 L : Dispersion

AECL3.45 a ! 2.5 Erosion - wind

AECL347 ! L 2.3? Fes (agricuhural)

AECL3.48 | L 2.37  iFres (forest and grass)

IAECL349 HL iFish farming

AECL3S51 ¢ a 2.3 Flood {short-term)

AECL3S2 ! L iFiusting of water bodies

AECL3.54 | H ‘Garme ranching

AECL3.55 : L iGas lec.- sge into underground living space

AECL3.57 a iGreenhouse {food producsicn}

IAECL3.60 H ‘Heat siorage in lakes cr underground

AECL3.51 H 2.3? iHerbicides, pesticides, fungicides

AECL3.82 L : :Househoid dust and fumes

AECL3.63 L ; ;Houseplants

AECL3.84 L : iHuman diet

AECL3.65 L : ;Human soil ingestion

AECL3.68 H ; 3.5 {Hydroponics

AECL3.71 L : Jlonic exchange in so&

AECL3 72 L ; Herigation

AECL3.73 HL 2.47 iLake nfling

AECL3.74 L ! 3.8 Mutagenic contaminams

AECL3.73 H i iOutdoor spraying of waier
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FEPs LIST: BIOSPHERE CATEGORY

JAECL3.76 i a i B Ozone ayer Rilure :
IAECL3.7T7 H i 2.3? Peat and leaf fiter harvesting H
AECL3.78 L -Plant cool syslems i
JAECL3.79 18 IPrecpitation {meteoxic) }
JAECL3.80 WL? XX0X___ {Radioactive decay ISEE AECL1.68]
JAECL3.81 WL? {Radivtoxic contaminants
IAECL3.82 L FRacdon emission H
AECL3.83 & 24 :Rivercourse meander !
AECL3.84 L ‘Runoff ;
AECL3.85 L I 237 iSakaton H
AECL3.86 i i Scavengers and predators :
AECL3.87 : L ! 4 1Seasons H
AECL3IBS | L iSediment resusoenson in water bodies ;
AECL3.83 i L Sedimeatation in water bodies ]
JAECL390 | [ ! 358 Sensitization 1o radiation i
AECL3.91 H 'Showers and humidifiers i
AECEI.92 HL { {Smoking

AECE3 93 H | Sod

JAECL3.94 i £ Soit depth

IAECL3SS | |3 iSoil leaching i
AECL396 ¢ L [ {Soil porewater pH !
AECL3 97 L i Sod somption :
ASCL398 X ] Soil type i
AECL3.99 : H i Space heating I SOURCESCFEY
(AECL3. 100 L H Surface water bodies :
IAECL3.101 | L i iSurface water pH_

AECE3.102 | L !Suspension n ar

JAECL3.105 ! G ! 4 {Terrestrial surface

AECL3.108_ L ! 2.47 i Toxicity of mined sock

AECL3.307 | L ! iTree sap

AECL3.108 | L i 4 iUncertainties

IAECL3.109 @ H H ;Urbanization on the dischamge site

JAECL3. 130 | L i 23 ‘Water leak into underground living scace :
AECL3.112 | R | iWader source: !
JAECL3.113 | L i 24?7 iWedands . ;
AECIR 114 | G : iwind {
DOE244.1 BRAL ! i Sokshility- e_‘teds of pH and Eh i
DOE2.4.42 BRR. | Solubifity: effecs of ionic strength i
DOE24.43 2 = 1Solubgity: efiects of naturallj-occuning compiexing agenis {
DOE24.45 BRRL ¢ Solubiity: effects of naturally-occuring cofioids :
0CE24438 BRR. i Sobbﬁ'ﬁLErfeds of microbial activity :
DOE24.5.1 BRA. {Linear sorption |

DOE24.52 BRAE. | iNon-linear sorpiion

DOE24.53 | BRFL H }Reversible somption

DOE2454 ¢ BRH. Ireversbie soplion ;
DOE2455 | BRR | Sorption: Effects of pH and Eb !
DOE2456 |  BRRL | Sorption: _EHects of ionic strergth :
DOEZ457 | S | Sorption:  Effects of naturally-occumming omanic complexing aganis.

DOE2458 | 8RRl | Sorption: Effects of naturally-sccuring inorganic complexing agents
DOE24510 | BARL Sorption: effecs of naurally-occring colioids

DOE24.513 ¢  BARL 'Som eltects of microbial activity

DOE2471 | BRA {Drganic collord transport in Porous media

DOE24.72 8A {Organic colloid transpont in_ Fractured media

DOE2473 BRE. :QOrganic colloid transport: Effecs of pH and Eh

DOE2.4.74 i BRRL iOrganic coBoid transport: Effeas of ionic strength

DOE2481 ! B :Inorganic colioid transpoft: Porous media |
DOE2.4.82 B Inorganic colioid transport: Fractured media

DOE2483 3L ‘inorganic colloid transpost: Effects of pH and Eh

DOE2.4.8.4 2 }inorganic colicid transpor: Effects of ionic strength

DOE2.4.9 =3 2 : Transport of radionuciides bound to microbes
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FEPs LIST: BICSPHERE CATEGORY

pOE24.10 ¢ BRAL ilsotopic dilution !
DOE2.4.11.1 BREL Gas transport: soiufion .
DOE24.11.2 B Gas transport gas phase ‘
IDOE2.4.14 L {Biogeocheinical changes i
[D0E3.1.1.5 LG iGreenhouse-induced Ecologicai effects i
DOEA125 ! 1G 'Glacialfintergiacial cyding. Ecological efieds 1
pOE3321 L ‘Near-surface runoff processes: Cverdand fiow

pOE3322 . L ;Nea:-surface runoff proc - Interflow

DOE3323 L ; :Near-surface runofi prog Retun Sow

DCE3 324 "/ t Near-surface runof proc Macropore flow

DOE3.3.25 @ [z ; ‘Near-surface runoff processes: Variable source arca response

DOE3.34.1 3 ‘Surface flow characteristics (freshwater): Stream/river flow

DOE33.42 ! 3 ‘Surtace flow characteristics (freshwater): Sediment Iransporst i
DOE3.343 ¢ L i ‘Syrtace flow characteristics (freshwater): Meander migration or other Juvial re<
IDOE3.3.44 L i ‘Surface flow cheracteristics (reshwater): Lake formation/sedimentation !

3345 | L ! iSurface flow characteristics {freshwater': Effects of sea leved change !

DOE3.351 i L i 1Surface flow characteristics {estuarine). Tidal cycling
IDOE3.352 | L iSurface flow charactenistics {estuarine}: Seduneni transport
|DCE3.353 L :Surtace flow characteristics {estuarine): Successionad development i
DOE3 354 L ! iSurface flow characteristics (estuarice): Effects of sea level chazge !
POER.36.1 L i “Coastal waters: Tidal mixing :
D0OE3.3.62 L : :Coastal waters: Resklual current mixing :
DOE3.363 L Coastal waters: Effects of sea level change ;
DOE3.3.7.1 L : 1Ocean waterss Waler exchange ;
DOE3372 ¢ L ‘Ocean waters: Effects of sea ieved change

DCE34.1.1 | L Terresinal ecological development: Agriculiural systems

pOE3 412 L ; Terrestrial ecolngical development: Semi-natural sy

DOE34.13 L i Temestrial ocoiogical development: Najoral systems

DOE3.4.1.4 | L Terrestrial ecological development: Etfects of succession

IDOE3 4.2 | L ‘Temestrial ecological development: Estuarine

DOE3.4.3 | L : ‘Coastal walers

DOE34.4 ! L ! :Ocesns

DOE3S52.1 L ! Groundwates discharge 1o soils: Advective

DOE35.22 L : {GEroundwater discharge to soils: Diffusive

DOE3.523 | L : ‘Groundwater discharge o soils: Biotic

DOE3.5248 | L ; ‘Groundwater dischame to soiis: Volatifisation !
IDCE3.53 i L : ‘Geoundwater discharge to wells or sorings !
DOE3.54 i L ‘Groundwaiter discharge 10 freshwaters i
DCE3.5.5 ! L ; Groundwater discharge 1o estuaries !
DOE3 56 i L i :Groundwaier discharge 1o coastal waters ;
D0OE3.5.7. ! L : 'Surface water bodies: Water fiow

pOE3S72 ! L ‘Suriace water bodies: Suspended sediments

DOE3.5.73 | L ! ‘Surface water bodies: Boltom sediments i
DOE3.5.74 | i H :Surface water bodies: Effects on vegetation i
DOE35.75 ¢ L i iSurface water bodies: Effects of fuvial system develcoment i
DOE3.5831 | L : {Estuaries: Water flow
DOE3.5.82 | L | Estuanies: Suspended sediments

DCE3.583 ! L iEstuaries: Bottom sediments

pCE3.5.84 L {Estuaries: Effects of safinty variation

DOE3.5.88 L : iEsraaries: Effects on vegetation

DOE3.5.8.6 | L i ‘Estuaries: Efects of estuanine development '
DOE3.58.7 | L ¢ Estuanes: Efects of sea-level change

DOE3.5.6.1 L “{Coastal waters: Wates transport

POE3.5.92 | L H {Coastal waters: Suspended seditment transport

DOE3.5.83 i L : |Coastal waters: Bottom sedimemnt transport i
DOE3.5.9.4 L ; Coastal watess: Eftects of sea level change }
DOE3.585 | L ; :Coastal waters: Effects ol estuarine develiopment ;
DOE3.596 | L ‘Coasial waters: Effects of coastal erosion

DOE3.85.7 ! L {Coastal waters: Effects of sealevel change

DOE3.5.10.1 L Dtamts: Root uptake
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FEPs LIST: BICSPHERE CATEGORY

{DCE3.5.10.2 L {Planis: Depesition on surkices :
DOE3.5.10.3 L iPlanis. Vapour tplake :
DOE3.5.10.4 L {Plants: Intemal transloczaiion and reieniion !
DOE35.105 L {Plants: Washoff and leaching by rainiall !
DOE3.5.40.6 L :Pants: Lesf-fall and senescence :
DOE35.107 ! L iPlants: Cydling processes

DOESS5.11.1 | L Aramals: Uptake by ingestion

DOE3.5.11.2 | L ‘Animals: Uptake by inhalation

DOE3.5.113 L iAnimals: Intemal ranslocaiion and retertion

DOE3.5.114 ¢ L jAnimais: Cydling processes

DOE3.5.11.5 L Animals: Effects of refocation and migration

DOE36ET1 L {External exposure; Land

DOE36.12 L External exposure: Sediments

DOE3.5.1.3 |8 iExtemial exposure: Water bodies

IDOE3621 . L lingestion and Drinking waztet

DOE2.622 L *lngesnon and Agncultural croos

DOE3623 ¢ t iingestion and Domestic arimal products

BOE3824 ¢ L iIngestion and Wild piants

DOE3 625 . L :ingestion and Wild animals

DCE3.626 L 'Ingestion and Soils and sediments

DOES.6.3.1 L “inhalation and Soils and sedimerss

D0E36.32 L : Infralation and Gases and vapours {indoor)

DOE3.6.3.3 L Inhiation and Gases and vapours (outdoos}

DOE3.6.3.4 L i inhalation and Biotic mateqal

DOE3.6.3.5 L Inhalation and Saji particies

DOE4.1.1.1 L :Borehole seal fadure |
DOE4.1.12 333 {Borehole seal degradation

IAEA1.132 ; BRRL -Fluid interactions: Dissoiution

IAEA2.22 339 ‘Inadequate design: Exploration borehole seal failure

PGAT.11 | [ {Weathering. mineralisation

PGA3.13 ¢ BRAL i Physico-chemical phenomena/efiects (eg. coliod formation)

PGA3.14 BRA -Microbiolkogical phenomeng/eliects

SKi4.1.1 SRR ‘Oxidizing conditons

SKI4.1.2 BRAL pH-deviations

SKK.1.3 BRL XXX .Colloids, complexing agents :SEE SKI5.45
SKM4.14 =3 Sorpticn ;
SKIs.1.6 | BRRL i Reconcentsation :
SKH.1.9 ! BRR :Complexing agens *ALSO Sil4.1.
SKI5.41 I R ‘Water producing well .
SKi6.4 | BRA i Dispersion :
SKI6.5 [ BRRL Dilution ' ]
SKi6.S ! L 2.4 :River meandering

SKI7.1 ; L ‘Accumulation i sediments

SKIZ.2 { L :Accumuiation in peat

SKI7.3 ! H {infrusion in atcumulation 2one in the biosphere

SKI7.5 ; a3 i Isotopic dilution

SNLE.2 iR :Shaft and Borehole Seal Degradaiion :
UKN1.3.1 a. i Precipitation, lemperature and soil water balance :
UKNt1 5.4 ! a iGroundwater discharce (1o surtace waler. 10 springs.to soils. 1o wells, 1o mameL
UKN1.6.1 BRAL { Advection and dispersion

UKN1.6.2 BRL i Ditfusion

UKN1.6.3 BRA. Matrix diffusion

UKN1.6.4 3oL Gas mediated trarspont

UKN1.6.5 BRAL iMultiphase fiow and gas driven flow ‘
UKN1.6.5 BRRL iSolubility Brmat

UKN$.8.7 287 {Sorption {linear/non-linear, reversibie/rreversible)

UKN1.6.8 BEAL iDissolytion, precipitation and crysialisation

UKN1.6.9 SRA. Collowd {ormation, dissoluton and transpott

UKN1.6.1C BRAL. Complexing agefts

UKN1.6.12 L Accumulation it soids and organic debris

UKN1.6.13 3RA. ‘Mass, isotopic and species difution

UKN1.7.1 L iPlant uptake

UKN1.7.2 L ‘Anima uplake

LKN1.7.3 L Uptake by ceep rooling species

UKN1.7.4 : L Soil and secimert bioiurbation i ]
UKN175 i L | Pedogeness

UKN1.7.8 i WBRR :Chemical transformations

UKNY.7.7 i WBRA iMicrobial interactions

UKNi.7 8 : L 2.37 _ iEccicgical change, eg. forest fire cydles

UKN1.7.9 i L 2.5 ‘Ecotogical response lo dimate. eg.  desert fomation
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FEPs LIST: BIOSPHERE CATEGORY

UKN1.7.10 L ! 3.7 :Plant and anirmal evolution

UKN2.T.2 R {investigarion borehole seal Bailure and degradation

{UKN2 4 5 L {Altered soil or surtace water chemistry

HMIP23.1 BRE Advection i
EMIP232 BRAL ! Diffusion i
HMIP23.3 BRRL ‘Hydrodynamic dispersion
HMIF23.24 ! BRRL :Solubility constrainis i
HMIP235 | B iSorption induding ion-exchange :
HMIP236 BRA .Changes in soxptive surfaces

HMIP237 BRA. iChanges in groundwater chemistry and flow direciion

HMIP2.3.8 3 ‘Colloid transport

HMIP2.39 BRAL Transport of radionuclides bound to microbes :
HMiP2.3.10 =338 iTransport of active gases :
HMIP2.3.11 BRR. iGas induced groundwater transport :
HMiP2.3.12 BRR. | iThermal etfects on hvdrochemisiry i
HMIP2.3.13 B | {Biogeochermical chenges
HMP4.1.1 L iGrounchwater discharge o soils and surtace waless
HMIP4.12 L 2.3 iSolid discharge via ercsional proc :
HMIP4.1.3 L ] iGas discharge :
HMIP¢.2. 1 L 1Soil moisture and evaposation ;
HMIP422 L {Surface waler mixing i
HMiP4 2.3 L ! iSediment transport inciuding bicturbaiion .
HMIP424 ! L i iSedimentwater/gas interaction with the atmosphere :
HMIP425 |} L | iBioaccumulgtion and transiocation :
EMiP426 | L ; i Biogeochermical prox :
HMIP$31 ! L ‘Terrestrial water use

HMIP4 3.2 i L ! Estuarine water use

HMIP433 ¢ L ! iCoasral waters and waler use

HMIP4.3.4 ! L i ;Seas and water use

HMIP4. 4.1 H L i { External exposure

HMIP4.42 | L ilngestion

HMIP4.4.3 L ! Hnhalation

HMIPS.1.1 . | Loss of integrity of borehole seals :
NEAt.5.1 a ! River flow and izke level changes :
NEAt.5.4 L : Groundwaer discharge {lo surface waler. springs, soils, wells. and marine)  ;
NEA1.8.1 i BRA. i Advection and dispersicn t
NEA1.6.2 B Diftusion ]
NEA1.6.3 =2 Matrix _diffusion
NEA1.6.4 BRRL ! Gas mediated transport

NEA1.6.5 B i iMuttiphase flow and gas-criven flow

NEA1.6.5 B iSoiubiiity Timit

NEA1.6.7 BRRL H {Sorption (linear/non-linear, reversible/kreversibie)

NEA1.6.2 i BRA. ! Dissolution, precipitation, and crystaliisation

NEA169 1 BRR | {Colloid formation, dissolution, and transpott

NEA1.6.10 . B {Complexing agents

NEA16.12 | L ! Accurmuilation in soils and organic debris

NEA16.13 | BRL :Mass. isotopic and spedes dilution

NEA1.6.14 | =228 {Chemical gradients {electrochemical effects and osmosis)

NEA1.7.1 i L {Plant uptake

NEA17.2 i L {Animal uptake

NEA1.7.3 L {Uptake by deep rooling species

NEA1.7 .4 L :Soil and sediment bioturbation

NEA1.7.5 } L ! Pedogeness

NEA1.7.6 i L !Cnemical transformations

NEA17.7 | L ‘Microbeal interactions

NEA1.7.8 : L ; Ecological change {e.g. forest fire cycles)

NEA1.7.9 ! t ! Ecological response 1o climate {e.g. desert formation;

NEA3.7.10 ! [ -Fiant and anima: evoltion

NEA2.4.5 : H ‘Aliered sod or surface water chemisry

NEA24.6 i H :Land use changes

NEA2.4.7 ! H :Agricultural and fisheries practice changes

NEA2.4.8 ; €L i Demoqraphic change, wrban development
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FEPs LIST: GEOLOGIC/CLIMATIC CATEGORY

DENTEHEER | CATEGORY | ARGUMENT FEPNAME COMVENT
AECL114 | G i ;Climate chenge

AECE131 | & i ‘Earthquakes

AECL141 i <] i Glzciation

AECL142 ¢ G 4 iGlobat effeas

AECL28 { G :Climate change :

[AECL218 : G : 25 :Drought ‘SEE AECL28
AECL220 | G ! ‘Earthquakes :

AECL22 : G ! ‘Etosion :

AECL223 G i ‘Faulting 'SEE AECL22]
AECL223 | G i 25 1Rood -SEE AECLZS8
AECL228 i G i ‘Glacation :

AECL229 | G iGreenhouse effect :SEE AECL28
IAEC1234 ! G 2.5 inirusion (magmaiic} _SEE AECL24G
JAEC12.36 i G iisostatic rebound ISEE AECL22d
AECE237 | G 25 _ Magmaic activity iSEE AECL2
AEC1238 | G {Magnetic poles i{SEE AECL238
AECL24D | G ; ‘Metamorphic activity :

JAECE2 41 G H 5 iMeteorite :

AECL2.45 G ; ) iOzone tayer ISEE AECL28
IAEC 261 G ! i Topography - current ;

AECE282 | G {Topography - futre

AEC1268 G ‘ 2.3 Vulcanism

AECL3T HEL i D ‘Acid ran

AECL32 <X H 2.4 ‘Alkali flats

AECLI22 G i iClimate

AECE123 G { :Climate - evolution

AECL324 G i D -Coliisions. explosions, impacts

AECL342 G 2.5 iDust storms and desertification (1 ve)

AECL344 | G : |Earthquakes

AECL345 | [ ‘Ercsion - lateral ranspoa

AECL346 a 2.5 i Erosion - wind

AECL3S0 ! ] :Flipping of eanth’s magnetic poles

AECL351 ! & : 2.3 tFlood (shori-tegm)

AECL33S | G ! i Glaciation

AECLIST | a. H Greenhouse {food production} :

AECLI 53 G ¢ Greenhouse effect !

AECL3.59 G Groundshine, treeshine i

AECL3.76 [c K ; D {Ozone layer failure

AECL383 a ! 2.4  Rivescourse meander ]
AEGLII05 | &b ; 4 {Terrestrial surtace

AECL3.114 | G ! iWind

DOE1442 | G i 2.3 {Natural subsidence

DOE14E | G iFracturing

DOE2.1.1 G ; D ;Metecrite impact

DOE22.1.1 ¢ G {Uplits

DOE2212 ¢ G i Supsidence

DOE2213 i  G___ i iLateral and/or vertical flexure ~

DOE22.2.1 ¢ G 2.5 iMagmatic: Intrusive :

DOE2222 ! G 2.5 iMagmaric. Extrusive

DOEz2223 ' G 2.5 :Magmatic: Hydrothermai ]
COE22.3.1 G !Contact_metamomhism

DOES2232 ! G ! | Regional metamomphisn

DOE2233 | G ; ‘Dislocarion_metamorphism

DOE224 | G i 237 Tagenesis

pOE225 | G i 2.3  .Duapiism

DOE2262 Ra Externally-induced seismicly )
DOE2263 2t :Natural seismicity

DOE22.7.1 G { Faulting/fracturing: Activation

DOR22.72 G :Faulting/iracturing: Generation

DOE22.73 G i Faulting/fracturing: Change of properties

DOE228 G :Major incision

D0E229 ! G ; {Weathering

DOE22.10 ¢ G ) iEffects of natural gases

DOE22.11 i G i {Geothermal effects

DOE23.1 ! G ] | Varigtion in groundwater recharge

DOoE32 | G 1Groundwater losses (direct evaporation, springfiow)

DOE31T.Y [ i Greenhouse-induced Precipitation

DOE3LS2 G iGreerhoyse-induced Tempersture

DOE31.13 | G ! | Greenhouse-induced Sea level fise
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FePs LIST: GEOLOGIC/CUMA' I CATEGORY

BOE3.1.1.8 =] i 2.47 Greenhouse-induced Stom surges

DOE31.1.5 1G i Greenhouse-induced Ecological sfects

DOE3.1.1.6 G i Greenbouse-induced Potenial evaporation
DOE3.1.2.1 G iGlacialfinterclacal cycling: Precipitation

DOE3. 122 | G iGlacialinierglacial cyding: Temperature
IDOE3.1.23 | G P GlagiaVinterglacial oycling: Sea level changes {risefall)
DOE3.1.2.4 G : 2.4 |Glacialfinterglacial cyciing: Storm surges
COE31.2.5 LG ‘Glaciabntergiacial cyciing: Ecological efiects
DOE3.1.2.6 G : iGlacialinterglacial cycling: Seasonally frozen ground
DOE31.2.7 G ' ‘Glacialinterglaciat cychng: Permanently frozen ground
DOE3.1.2.8 G iGlacialintergiacial cycling Gladation

DOE3.1.2.8 G ‘Gladialintergiaciat cycling: Deglaciation
DOE3.12.10 ¢ G ; \Glacialintergiacial cycling: Potental evaporation
DOE3.1.3.1 G ; iGlacialfinterglacial exit. greenhouse ges induced
DOE3.1.32 | G i :Glacial/imterglacial exst due 1o other causes
DOE32.1.1 G 2.5 iGerneralised denudation: Fuvial

DOE32.12 G H 2.5 iGeneralised denudation: Aecian

DOE321.3 | G ; {Genenfised denudation; Glacal

DO=322.1 G . 2.5 Localised denudatica Fluviat {valley incision)
DCE3222 G 2.5 ;Localised denudation: Fluvial (weathering/mass movemen)
DOE322.3 | G t Localfised denudation: Giacal

DOE322.4 G 2.5 iLocaltsed denudation: Coasial

DOE3231 G 25 {Sediment redistribwion: Fuvial

DOE3232 ¢ G 2.5 {Sediment redistributon: Asolian

DOE323.3 | G iSediment redisinbution: Glaciad

DOE324.1 . G 2.4 ‘River incision/sedimeniation due o sealevel change
DCE3242 G :Coastal erosion due 1o sea-level change

DOE3.3.1 G :Soil moisture and evaporeiion due 0 sea-level change
DOE3.5.1.1 G 2.8 | Erosion: Fluvia!

DOE3512 | G 2.5 i Erosion: Aeohian

DOE3.5.1.3 G ; Erosion: Gladial

DOE35.1.4 G 2.5 i Erosion: Coastal

DOE4.1.3.1 G {Subsidence and fault/fractre induction

1AEA1 1 ; G :Chmatic change

IAEA1 2 : G _iHydrelogical change

1AEALS G i iSea level change

1AEAT.4 G ¢ {Denudation

IAEALS G : iSiream erosion

1AEAT .6 ; G ! :Glacial exosion

1AEAL Y : G {Flooding

1AEAL.3 G | i Sedimentation

IAEALS { G [ 2.3? Diagenesis

1AEAL.10 G ; 2.3 !Diapiism

JAEAT.11 G 1 : Faulting/seismicity

1AEAL. 12 : G i :Geochemical change

IAEAT.14.1 ¢ G i Uphit/Subsidence: Orogetic

IAEAL.14.2 G ' . |UpiifySubsidence: Epeirogenic

IAEAYL.14 .3 G ! jUplifSubsidence: Isostatic

1AEAT.151 ¢ G ; iUndetected features. Faulls shear zones
IAEA1.152 ! G i iUndetected features: Breccia pipes

IAEA1.15.3 G ‘ iUndetected features: Lava tubes

[AEA1.15 4 | G ! iUndeiected features: Intrusive dykes

1AEA1.15.5 G tUndetected featwres. Gas or brine pockels
IAEAL.18.1 ¢ G 2.5 iMagmatic _activity: Exirusive

LAEA{.17 i G 3] iMeteorite impact

IAEA25 H G {Climatic change (inctuding clirnate conirol}

1AEA2 6 i G iLarge-scale hiydrological change
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FEPs LIST: GECLOGIC/ICLIMATIC CATEGORY

@u G i IClimate changes
12 G iSea-level charges ;

PGA13 G iErosion (fluvial and glacial) IGLACIAL
POAT 4 G : ‘Sedimeniation ;
PGALS G i 2.5 iTectonic auslai movements

PGALS (<2 2.5  Magma inusion

PGA17 G 25 ‘Voicanism

PGA1S G 2.3 Digpinsm

PGAIS G 2.37  iDiagenesis

PGAT.10 G Metamerphosis

PGA2.1 G Eanfiquakes

PGAZ22Z G 2.5 Voicanic enuption

PGA23 G D Meteor impaci

PGA24 G 24 :Flooding with exgreme erssion

PGA25 G 23 :Huwicane. storms

PEA26 G ; ‘Movements at faolls

PGA27 G : {Formation of new jsclis

SKi426 G - ‘Fautig

SK15.13 G i 2.5 ‘Voicanism

SKIS.15 G ! {Eanhquakes

SKi5.16 G * Upiift and subsidence

BSKi5.17 G : i Permafrost

SKIS 19 G : 2.5 iEffect of ple_mcvemenis

SKi5.20 G : iChanges of the magneic fieid

SKI5.22 R i i Accumulation of gases under permatros!

SKI15.26 G i i Erosion on surfacedsediments

SK15.29 G ) | Meteorite

SKI5.31 G : Change in sealevel

SKi5.32 G ; 2.5 i Desert and unsatuation

SK15.42 G ; 1Glacianion .
SKI5.43 3] i iMethane intrusicn ‘SEE SKIS 22
SK16.10 G ; ‘No ice age :
SKi6.11 G ! 2.5 3 Intruding dykes

SK16.14 G 25 iTectonic actviry - large scale

SKI7.10 G : 2.37  Diageness

JSINE 1.1 G : 3] iMeteorite impact

JSNIL2 1 G : i Erosion/Sedimentation

SNL2.2 G i :Glaciation

SNL2.3 G ! {Pluvial Pedods

SNL2.4 G iSeal evel Variations

ISNL2 S G 2.3  iHumicanes

SNL2.6 G 7?2 iSeiches

SNL2.7 G i Tsunamis

SNL2.8 G iRegional Subsidence or Upkit (alsc applies to subsuriace}
SNL29 G 2.37  iMass Wasting

SNL2.10 G 2.3?7 Fiooding

SNL3.1 G 2.3 Diapirism

SNL32 G ; Seismic Adivity

SNL3.3 G i 2.5  jVokanic Agivity

SNL3.4 G : 2.5 {Magmatic Activity

SNL3.5 G i 2.3 !Formation ¢f Dissolution Gavities

SNL3.6 G i :Formation of Intesconnected Fracture Systems

SNL3.7 G| Fauling.

UKN1.1.1 G i D ‘Meteorite Impact

UKN1,1.2 G : :Solar msolation

UKN1.2.1 G : 2.5 {Plate_movemeninecionic change

UKN1.2.2 G ! :Changes in the Eanh's magnetic field

UKN1.2.3 G | 2.5  Magmatic aqivity (intrusive, exirusive)

UKN1.2.4 G Metamorphic_activity

UKN1.2.5 G i 2.3?7 _ :Diagenesis

UKN1 2.6 G i {Jplift ard subsidence (e.g. orogenic, isostaic)
UKN1.2.7 G ; 2.3 :Diapinism

UKN1.2.8 G i ‘Seismicity
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FEPsLIST: GEOLOGIC/CLIMATIC CATEGORY

fukNizs & ¢ iFault activation i
UKNT.210  § G i ‘Fauk generation i
UKN1.211 ¢ G i [Rock hatercgenefly {e.g. permeability, mineralegy} affecting water and gas flow
UKN1212 | 3] i sUndetected feaiures {e.g. faulis, fracture networks, shear zones, brecciaiion, gas pockets)
UKN1 3.1 : . iPrecpttation, lemperature and soil water balarce } i
UKN1.32 ; 3 iExtremes of precipitation. snow mell and associated Sooding i
UKN1.33 S 2.3 iCoastal surge, storms and humicanes i
UKN1.34 G iSealevel risefalt
UKN1.35 G iPeriglacial efiects (eg. permafrost. high seasonality) i
UKN1.3.6 G "Gladiation (erosion/deposition, gladal loading. hydrogeclogical change) ;
UKN1 .37 G 'No ice age i
UKN1 4.1 i G ! iLand side H
TIKNt 4.2 : G H 2.4 ‘Denudation (aeclian and fluvial) H
UKNt1.4.3 G ! 2.4 {River, stream, channel erosicn (downcuiting) )
UKNT 4.4 G i 2.4 : River meander
UKN1.43 G : :Freshwates sediment transport and deposition !
UKN1.4.6 G ! {Coasial ercsion and estuarine development
UKN1.47 H G ‘Marine sediment transpost and deposition i
UKN1438 i G i iFrost weathesing and solifiucsion
UKNt 49 H G H {Chemical derudation and weathenng i
UKNT.4.10 G ! iFrost weathering
UKNt1.51 } G } iRiver fiow and lake level changes
UKNZ.4.9 HG iAnthropogenic climate change (greenhouse effect)
HMIP2.1.1 G ; 2.5 iRegonal tectonic

HMIP2 12 G 2.4 ‘Magmalic activity

HMIP2.1.3 G i {Metamorphism

HMIP2.1.4 G 2.32 i Diagenesis

HMIP215 G 2.3 Dapnsm

HMiIP218s G i Sesmictty

HMIP21.7 G ‘Faulling/fracturing

HMIPZ2 1.8 i G s Major incision

MIP24.1 } G ! Generalised denudzation

HMIP242 G i Localfised denudation :
HMIP311 HG iHuman induced ciimaie change ;
HMIP312 | G ! INatural cimate change :
-MIP3.13 ¢ G H {Ext from glacialintesgiacial cycling

HMIP31.4 G jintensification of natural climate change

HMIPS.21 ! G D iMeteosite impact i
NEA1.1.1 i G i D iMeotorite impact !
NEAT.12 : G +Solar insolation :
NEA121 i G i 2.5 | Platle movementtectonic change

INEA1.22 : G : iChanges in the Earti's magretic field

INEA1.23 | G 2.5 ‘Magmatic activity (intrusive, extrusive)

NEA1.24 H G :Metamomhic activity

NEA12.5 G 2.3 : Diagenesis

NEA126 G itJolift and subsidence {orogenic, isostaic)

NEA1.27 G 2.3 i Diapnsm

NEA123 ! G ; | Seismicity

NEA129 ¢ G : {Fault_activation

NEA1.210 i G ; {Faul generation H
NEA1.2.11 G ‘Rock heierogeneity (permeabifity, mineralogy). affecting water and gas ficw |
NEA1.2.12 G : ‘Undetected features {faults, fracture networks, shear zones, brecciation, ¢2s mexs)
NEA1.3.1 G i : Precipitation, temperature, and sod water balance :
NEAT1.32 G ! i Extremes of precipitation, snow melt and associated flooging é
NEA1.3.3 G H 2.3 . Coastal surge, storms. and hurricanes ¢
NEA1 34 G i .Sea-levei rise/fall
NEA1.3.5 G : : Periglacia! efiects (permalrost. high seasonality) i
NEA1.35 G i ! Gladiation {erosion/deposition, gladal leading. hydrogeological change)
NEA1.37 G i ‘No ice age !
NEA1.4.1 G : ~Land siide
NEA1.4.2 : G ! 2.4 _Denudation (asolian and fluvian)

NEAL.4.3 : G 2.4 :River, stream, channel erosion {downcuging)

NEA1.44 i G 2.4 iRiver meander

NEA1.48 ! G 2.47 Freshwaler sediment transport and deposition

INEAT AT H G ! 2.47 .Marine sediment transpoct and deposition

NEA1.4.8 G XXX :River meander (REPEAT? - SEE 1.4.4))

NEA1.49 ! G {Cherrical denudation and weathering

NEA1.4.10 G {Frest weathesing ;
NEA1.5.1 | G ‘River fiow and laka level changes i
NEA1S52 | G 3.1 ,Site flooding !
NEA2.49 i = :Arthropogenic climaie change (greenhouse eifect) i
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FEPs LIST: HUMAN FACTORS CATEGORY

[DENTIRER : CATEGORY : ARGUNENT - FEP NAME COMMENT
[AECLT S2 H iprusion (human)
JAECL1.73 H U ISabotage and improper cperation
AECI2 1 R 3.1 iBlasting and viration
AECI22 H D 1Bomb biast
AECL23 H 2.4 {Borehole - well
AECI25 H : i Boreholes - exploration -
AECI26 HF {Boreholes - unsealed :SEE AECI24
JAECL2 33 HL i 2.4 iDams :
AECL2.14 H : iDewatering
AECi2 19 H : ‘Earthmoving MAJOR PROUE]
AECL2 22 |22} : D { Explosion ‘SEE AECL22
|AECL2.35 H i 23 intrusion {mines} i
A=CL2.44 H : 2.3 i Mines ‘SEE AEC12.35
JAECL2.53 H_ D iSabotage '
AECL2.57 H { 2.3 ‘Sohsion mining
1266 HF {Vaull dosure (inconmpiete )
AECL2.69 H H iWells
AECE2 70 H iWells (high demand)
JAECL3.1 HGL ; 3] {Acd rain
AECL3.S HL ! 2.37 | Artificiai iake mixing
AECL3.7 H 2.3? _iAshes and sewage siudge
AECL3.10 H 2.4 {Biogas production
AECL3.19 H {Charecal production
AECL3.24 G B iCollisions. expiosions, impadts
AECL3.35 HL 2.37 _ iCrop tertilizaiion
AECL3.36 HL 2.3?7 iCrop storage
AECL3.37 H 3.7 iCyre for cancer :
AECL3.43 H 2.a; _ {Eanthmoving projects {major) SEE 345
AECL3.49 HL {Fish farming
AECL3.53 H_ . :Food preparation
IAECL3 54 H ! ‘Game ranching |
AECL3.60 H : ‘Heat storage in l2xes or underground
AECL3.61 H | 237 iHerbicides, pesticides. fungicides
AECL3 68 HL : 3.5 | Hydropories
AECL3.67 H i Industrial use of water
AECL3.68 H 2.3?7  iInjectingest/inhaiing locally produced drugs
AECL3.63 H 3.4 imrsion (deliberaie) .
AECL3.70 H iIntrusion _(inadvertent}
AECL3.73 H 2.47 ‘Lake infiling I
AECLR.7S HL 1 Ouidoor spraying of water
AECL3.77 o 2.37  :Peat and leaf liter harvesting
AECL3.91 HL | Showers and humidifiers
AECL3.52 HL TSmoking ‘ -
AECL3.99 B ‘Space heating | SCURCESOF &
AECL3.102 H i35 : Technological advances in food produdion :
AECL3.109 HL : iUrbanization on the discharge site
AECL3.111 H | 2.4 ‘Water management projects (major}
AECL3.112 H | iWater source
 DOEL 2.1 H i 3.4  Delberate recovery of wastes or associated matedals
DOE4 22 H ; 3.4 iMalicious intrusion
DOE42.3 H : | Exploratory dnlling
DOE42.4 H {237  Exploitation driling
DQE42.5 H i iGeothermal energy production
DOE4 2.6 H i 237 !Resouwce miing
DOE42.7 H {Tunneling
DOE4 2.8 H {Construction_of underground storage/disposal _fadlities
DOE4 2.9 H ;Construction of underground dwaeilings'shelers
DOE4.2.10 H ! Archzeological investigations
DOE4.2.11 [l ‘injecticn of fiquid wastes
DOE4.232 H Groundwater abstraction
DOE4 213 H D ; Underground weapons tesiing
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FEFs UST: HUMAN FACTORS CATEGCRY

nsmrm !‘ATEGOR’{ ARGUMENT FEP NAMEE, i COMMENT
IAEA2 1.1 H ! iUndetected past inrusion: Boreholes i
IAEA212 H i ‘Undetected past inrusion: Mine shatts !
iAEAZ 4.1 |} H {Transport agent imroduction: Ierigation :
IAEA242 H iTransport agent inroduction: Reservoirs

IAEAZ4.3 H ‘Transport agent intrc Jucticn: !ntentional astificial groundwater Recharge of w«thcrawal
JAEA2 4.4 ! H | iTransport agerd introduction: Chemical fiquid waste disposaf !
IAEA27.1 H ! D iintentional mtrusion: War :
IABA272 H ; B iintemionai imrusion: Sabotage

IAEA27.3 . H D ‘Intentiona! intrusiorn: Waste recovery

lASA28.1 | H H Inadventent future intrusion: Exploratory drilling

IAFA282 ! H : ‘inadverters future mtrusion: Archaeoiogical exhumation

REA28.3 ! H i ‘inadvertent future intrusion: Resource muaing {mineral, water, hydrocarbon. geomerma! salt.
PGA4 2 ! H ! {injection of fiquid waste

PGA4.3.1 H : 2.4 iDriting. in sediments

PGA432 H ; iDrilfing: 1 host rock

PGA4.4 H i iGeothermal energy production in crystaline rock

ISKI1.4 POWM v Sudden energy rek

SKIz2.11 ¢ BH 3.1 ‘Backiill material deficiencies

SKI5.2 : H ! ‘Non-sealed repository

SKB.3 i H ! ‘Sray materiais feft

SKis .4 H H ‘Decontarnination materials left

SKI5.5 H D ‘Chemical sabctage

SKI5.7 H P 312 :Poorly designed repository

SKI5.8 H i 3.1? ‘Poorly constructed repository

SKI5.9 H ‘Unsealed boreholes and/or shafts

SKi5.10 H 3.1 Accidents during operation

SKI5.12 H 3.1 ‘Near storage of other wasle

SKI5.21 H : i Future borehoies and undetected past boreholes

SKI15.27 : H ; {Human induced actions on groundwaier recharge

SKi5.28 ! H : ‘Underground dwellinas

SKi5.30 ; H : D iUnderground tesi of nuciear devices

SK15.33 : H i 347  iWaste retrievzl, mining

[SKI5.34 : H : iGeothermal energy production

SKI5.35 i H : 3.5 iOther future uses of crystalbne rock

1 SK15.36 H H ; {Reuse of borehoies

SK15.37 i H ! {Archaeological intrusion

SK15.38 H : D : Explosions

SK15.39 H : 3.1 : Posiclosure monitoring

jSKi5.40 H ! 3.1 ;Unsuccesshal atempt of site improverment

SKI5.41 H ‘Water producing well

SKi6.7 H D ‘Nuclear war

SKi6.8 : H ;Human induced dimate change

SKi7.3 : HL Intrysion_m accumulation zone in the biosphere

SKI7.7 ; H iHuman induced changes in surface hydrology

SKTI7.8 : H iAlered surtace waiter chemistrty by humans

SKI17.9 : H ‘Loss of records

SKI7.11 H ‘City on the site

SNL4.1 H ‘Inadvenent Intrusions: Explosions

SNL4.2 H !Inadvertent Intrysions: Drilling

SNL4.3 H 2.3 Hinadvertent intrusions: Mining

SNL4.4 : H ; ‘Inadvenent ingrusions: Injection Wells

SNL4S i H : ‘inadvenient intrusions: Withdrawal Wells

SNL51 i H i “Hydroiogic St : Irrigation

SNL52 : H :Hydralogic Stresses. Damming of Streams or Rivers
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FEPs LIST: HUMAN FACTORS CATEGORY

IDENTEER | CATEGORY | ARGUMENT IFEPNAME

UKNR2 1.1 § H {Undetected past intrusions, (g- boreholes, mining)
UKN218 | HR 3.1 __ iPoor guaily construction

UKN2 18 ¢ = 3.1 :Design modification

UKN2 2.1 ¢ H Radicactive waste disposal error

uUknz22 ! +HB {Inadequate backill or compaction. voidage
UKNZ23 | WH 3.1 .Co-disocsal of reactive wasies (deliberate)
UKN224 ! WH 'nadvertent inciusion of undesirable marerals
UKN2268 ¢ H ! 3.1 Accidenms durning operation

UKN2.2.7 H : D {Sabotage

UKNZ.2.9 H ; iAbandonmesnt of unsaaled repository
UEN2.2_10 2l i :Poor ciesure

UKN22.11 ! H 3.1 ! Posi-closure moniioring

UKN22 12 HD iEffeats of phased operation

UKN23.1 ¢ =D 0 3.4 i Recovery of repository mderials

UKN2.32 H D ‘Mahcioys intrusion, e.q. sabotage. acy of war
UKN23.3 H ] 'Exploratory drilling

UKN234 | H_ ' 23  Exploitation difling

UKN2.3.5 | K i ‘Geothermal energy produdion

UKNZ3.6 | H | 23 - Resourcemmng

UKN23.7 H ‘Tunnelfling

UKN2.3.8 H :Underground construction

UKNZ2.3.9 H ‘Archaeological_investigation

UKN2.3.10 H :Injection of liquid wastes

UKN2.3.11 H_. ‘Groundwater abstraction

UKN2.3.12 H D :Underground nuclear testing

UKNZ2.4.1 H iLoss of records

UKN2 42 H 2.4 Dams and resencirs, buivdrained

LKN2.4.3 H 2.4 | River rechannelied

UKNZ.4.4 H :irrigation

UKN246 - H iLand use changes

UKN2.4.7 ¢ H : {Agricultural and fisheries practice changes
UKN248 ! H : : Demographic change, urban development
UKN249  § G ! {Anthropogenic climate change {greenhouse eflect)
UKN2.4.10 ! H ! 2.3 iQuarrying. peat extraction

HMIP3.11 ! HG i iHuman induced dirnate charge

HMiPs.22 | H i 3.4 iDelberate intrusion

HMIP5.23 | H i 3.4 { Majicious intrusion

HMIPS.2.4 | H jAccidental intrusion

NEAZ 1.1 | H 'Undeiecled past intrusicns (boreholes, mining)
NEA2.1.2 H i Investigation borehole seal failure and degradaion
NEA2.1.3 H i Shaft or access tunnel seal failure and degradation
NEA2. 1.4 H :Siress field changes, sefling, subsidence of caving
NEA2.1.5 H :Dewalering of host rock

NEAZ.16 H IMaterial defects (e.g. early canister failure)
NEA2.17 H ‘Common cause lailures

NEA2 13 . H : Poor_guality construction

NEA2.19 | H 3.1 i Design modiication

NEA23.1 ¢ H 3.1 Recovery of repositocy materials

NEA232 ¢ H 3.4 - Malicious intysion (sabdage. ag of war)
NEA2.3.3 H ' Exploratory dritfing

NEA2.3.4 i H 2.4 | Expicitation drilling

NEAZ35 | H ! Geothermai_energy production

NEAZ238 H ! 2.4 i Resource minng

NEA2.3.7 H ; : Tunneling

NEA2.3.8 H ; ! Underground construction

NEA2 3.9 H | Archaeclogical investigation

NEA2.3.10 H i injection of fiquid wastes

NEA2.3.11 H {Groundwater_abstraction

NEA23.12 i H 3} ‘Underground rudex testing

NEA24.1 | H ‘Loss of recods

NEA242 | H 2.4 !Dams and reservous. buik/dramed

NEA24.3 | H 2.4 i Rivers rechameled

NEA24 4 H !lrigation

NEA2.4.5 H 1 Altered sod or surface water chemisiry
NEA246 | HL ‘Land yse chianges

NEA24.7 H ! Agricuitural and fisherios practice changes
NEA2AS | H : Demnogrephic change, Wwbzn development
NEA2.4S | H { Anthropogenic cimate change (greenhouse effech)
NE»2.4.10 H 2.3  :Quamying. near surace extraction
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APPENDIX 4
Screened-out FEP Lists



WASTE CATEGCRY
SCREENED OUT FEPs

DENTEER | CATEGCRY | ARGUMENT (FEP NAME
IAECLT.S : w8 i 2.1 i Buffes additives
JAECL1.39 we 2.1 Galvanic coupling
JAECL1.82 w P21 Siability of glass
DOEt.1.45 w ! 2.1 Microbial degradation of organic wastes: wasltes
D0E1213 ¢ w ; 2.1 Hydrogen:  corresion of wasie steel
DOE1214 . W ! 2.1 Hydrogen: _corresion of waste Magnox
DOE1.215 | W 2.1 iHydrogen: _corrosion of waste aluminium
DOE1217 w 2.1 Rydrogen: corrosion of other waste meials
pOE1218 | w8 ; 2.1 Hydrogen: effects of microbial growth on concrese
DOE1221 W ! 2.1 iMethaneCOZ. degradation of Celiulosics
DOE1222 \id ; 2.1 iMethane/CO2: degradation of Other susceptibie organic matenals
DOE1223 W : 2.1 IMethane/CO2 production; _ Aerobic degradation
DOEf.225 w ! 2.1 IMethane/CO2 production:  Effects of temperature
DOE1226 | WR i 2.1 Methane/CO2 production:  Eifects of fishostatic pressure
DCE1.2.212 | WR 2.1 Methane/CO2 production:  Energy and nutriem coatrol of mebofism
DOE12213 wR : 2.1 MethaceCO2 production:  Effects of radiation on microbial populstions
DOE124.1 W i 2.1 Tritialed hydrogen
DOE1 25 w i 21 Toxic gases
DOEL.661 | w i 2.1 Microbiological effects due 1o Cefiuiose degracation
PGA3.7.1 ' WC ! 2.1 Differing thermal expansion of glass mainx and camsier
UKN325 | W 2.1 ‘Cellukosic degradation
UKN3.2.5 i W 2.3 :Inroduced complexing agents and cellulosics
UKN3.3.8 wc 2.1 'Cas effects (pressuration, distuption. exglosion. fire}
HMIP1 22 ! \ad : 2.1 iMethane and carbon dioxide by micrebiai degradation
HMIP123 w8 i 2.1 iGas generation from concreie
HMIP127 . w ; 2.1 | Flammabiity
INEA3.2.5 : W ; 2.1 {Cellulosic degradaton
NEA3.26 w i 2.1 Inroduced complexing agenis and cefluiosics
DOE1.22.4 W | 217 _iMethaneCOZ produciion. _ Anaerobic degradation
DOE1 2210 | W 2.17? ‘Methane/CO2 production:  inhibition due 1o the presswre of loxic meserials
DOE1228 | we ! 2.2 Methane/CO2 production:  Effects of biofilms
DOE1.2.2.11 ! wB : 2.2 ;Methane/CO2 production:  Casbonatesbicarbonaie exchange with concrele
DCE12.3 ! WwB i 2.2 Gas generation from concrete
SKi12.2 i WR : 2.2 H2/02 explesions
AECL1.54 : W : 3.1 jCther wastes (oiher than vitriied HLW)Y
SKIS.6 . W 3.1 ;Co-storage of ofher wasie
UKN22 3 i W 3.1 Co-disposal of reactive wastes {defiberate)
UKN3.4.3 ; W 3.1 Nuclear criticality
HMIP1.32 w 3.1 Nuclear criticality
INEA2.2.3 : WR 3.1 1Co-dispasal of reactive wasles (deliberale}
INEA3.4.3 w : 3.1 INuclear criticality
JAECL1.28 w ; 3.12 _ iCriticality
0QE1.3.2 w : 3.17 INvcieur cricalty
JAEA3 4.4 w 3.1?7  {Radioloaical effects: Nuclear criticaiity
PGA3.3 w 3.17  iNuclear cxiticalty
SKI1.1.1 i W 3.17__ iCriticality
) i
AECL3.104 ! W 3.8 { Teratogenic_contaminanis
SKI7 4 W 3.6 {Chemical toxicity of wastes B
3 1
AECL1.4 ! WCER 4 iBoundary conditons
SCL1.10 | ACBR 4 iChemical intesaciions (expected)
AECL1.11 i WCER 4 Chemical iwesmcioas (long-texm)
AECL1.12 ! WCER 4 Chemica riesaciions (oiher)
JAECL1.25 H WCER 4 iCorretation
AECLY.50 i WCER 4 interfaces (boundary congitions)
AECL1.S5 | WR 4 Long-temm transients
AECL1.85 | WCBR 4 i Time cependence
1
AECL3.80 W2 00X | Badioactive decay
SKI3.1.9 i WB XX Radiolysis
SKi1.4 ! W D Sudden energy release I

DACE1



CONTAINER CATEGORY
SCREENED QUT FEPs

DENTIHER | CATEGORY ;| ARGUMENT ‘FEF NAME

AECL139 | W @ 2.1 “Gaivanic couphng
PGA37.1 WC i 2.1 iDiffering thermal expansion of glass matrix and canister
UKN3.3.6 ! wWC 2.1 iGas effects (pressuration. disruption. explosion. fire}
NEA3.3.6 | o] 2.1 iGas effects {pressurtsation, dismuption, explosion. &e)
AECL1.45 C 2.1? i{Hydride cracking
AECL1.49 { [<] i 3.1 ‘incomplete fiting of containers
AECL14 1 WGER 4 {Boundary condiions
AECL1.10 : WCER 4 {Chemical nteractions {expected)
AECL1.11 . WCER 4 :Chemical inieractions flong-ierm)
AECL1.12 : WeER 4 iChemical interactions (other)
AECL1.25 . WCER 4 ;Correlation
AECLIS0 . WA 4 interfaces fpoundary conditions}
AECL1.85 : WCER 4 {Time dependence
i : t
SKI2.3.2 : c . XX {Electro-chemical cracking
SK15.23 : c . XX {Changed hydrostanic pressure on canisies
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DENTFER | CATEGORY : ARGUMENT =P NAME
AECLLS wB 21 Bufler additives
DOE1213 WS : 2.1 ‘Hydrogen: effeas of microbiat growth on concrese
DOE1229 ER 2.1 Methane/CC2 production:  Effects of hydrogen rom mesal corosion
|HMiPT 23 W8 2.1 .Gas generaiion from concrete
AECLLIT B8 2.2 iConcreie
DOE1.121 8 2.2 ‘Cracking: _concrete
DOE:. 122 B 2.2 :Sealing of cracks: concrete
DOET.124 B 2.2 “Alkali-aggregale reactionr _concreie
DOE1.1.32 . B 2.2 ‘Exchange capacity exceeded:  concrete
IDOE1.1.3.3 ¢ B 2.2 ‘Alkaii-aggregaie reacionr concrete
DOE1.i.34 B 2.2 iCement-suiphate reaction. concreie
jDOET 228 | ws 22 ‘Methane/CO2 production:  Eflects of biotims
PCET2211 . Wwe 22 ‘Methane/CO2 production: Carbonate/bicarbonate exchange with concreie
DOEL.23 w8 22 ‘Gas generation from concrete
DOE1.5.2.1 ER 2.3 ‘Groondwater flow.  isitial conditions
SKi3.2.11 Cas 3.1 ‘Backfll matenal deficiencies
AECLT.4 WCER 4 :Boundary conditions
AECL:.10 WCER 4 ‘Chemical interactions {expected}
AECLY.11 WCER 4 “Chemical iieractions {iohgterm)
(AECL1.12 WeBR 4 ‘Chemical :nteractions (cther)
AECL1.25 wCeRr 4 -Coxrelaticn
AECL1.50 L WeeR 4 ilntertaces (boundary conditicns}
AECL1.85 ! WCER 3 :Time dependence
ISKI3.1.8 i 3 4 INear field buffer chomstry
i
AECL1.33 B8 30X iEvolwion of bufies
ISKI3.1.2 we X0 |Radolyss
ISKI3.1.12 ] 00X iPenurbed bulter maierial chemustry
ISKI4.1.3 i BRE 200X iColioids, complexing agerts
SKI5.18 B XX {Enhanced groundwater flow
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REPOSITORY CATEGORY:

SCREENED OUT FEPS

DENTFER @ CATEGORY = ARGUMENT 'FEP NAME
AECL1.57 R 2.1 :Methylation
DOEi226 WR 2.1 :Memhane/CO2 production:  Effects of lthosiatic pressure
DOE1229 ER 2.1 ‘Meathane/CO2 production:  Effects of hvdrogen from metal corrosion
DOE1.2212 VR 2.1 ‘Methane/CO2 production:  Energy and nutrient control of met2boism
DOE1.2213 - R 2.1 Methane/CO2 producton:  Effects of radiation: on microbial popuiations
AECLL.16 R 2.1? Complexation by organics
SKh.22 Wl 2.2 H2fO2 explosions o
AECL27 : w 2.3 :Cavitation
DOE1521 ¢ R 2.3 :Grouncwater flow: indtial conditions
DOE1.4.5 F 237 'Rock creep
UKN152 3] 2.3? :Sie flooding
AECL1.35 R 3.1 - Expicsions
AECL1.47 R 3.1 ‘lmproper operation
AECL.t.60 s R 3.1 'Monitering and remedial activities
AECLI.S4 : R 3.1 ‘Preciosure events
AECL1.72 i R 3.1 - Retrievability
AECL2.1 HR 3.1 'Blastng and vibration
DOE1.2.71 R 3.1 | Fires
DOE1272 R 3.1 | Explosions
IAEA2.3 R 3.1 {improper cperation: Impreper wasie emplacement
UKN2.1.8 R 3.1 ‘Pocr quality construction
UKN21.9 | R 3.1 ‘Design modification
UKN22.8 : R 3.1 ‘Repesitory flooding during operation
INEA2 23 ! WR 3.1 :Co-disposal of reaclive wasies (deiiberate)
NEA2.26 R 3.1 iAccidents duving operation
NEA2.2.8 R 3.1 : Repository flooding during cperation
NEA2.2.11 R 3.1 ‘Postclosure monitoring
AECL1.61 R 3.7 Muiation
JAECL1.4 WCER 4 :Boundary conditions
AECL1.10 WCBR 4 :Chemical interactions {expected)
AECLY. 11 WCER 4 ‘Chemical interactons (long-term)
AECL1.12 WCER 4 ‘Chemical interactions {other)
AZCL125 WCER 4 Correlation
AECL1.5¢ WCER 4 {intestaces {bcundary conditicns)
AECL1.56 WR 4 iLong-lerm transients
IAECL1.88 WCER 4 : Time dependence
SKi4.1.3 S8R 00X iColioids, complexing agents
SKlg.222 R XXX 1Hydraulic conductivily change - Excavation/backfilling effect
SKi4.223 R XX iMechanical effects - Excavationvbackfiiing effecis
SKI5.18 g5+ X0 iEnhanced groundwater flow
SKi5.24 R X0 .Siress changes of conductivity
!
NEA2.2.7 R D iSaborage
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DENTHER : CATEGORY | AKGUMENT FEP NAME

AECL2 49 : = ; 2.2 i Radioiysts. radiaiton damage

NEA3.2 4 2.2 :Non-radioactive solute plume n geosphere (efect of redox, pH. and sorpion)
AECI2.7 s 2.3 Cavilation

DOE23.53 F 2.3 ‘Sahinity: implications of evaporite deposits/minerais

DOE1.45 F 237  Rockcreep

AZCL2.3 H 24 ‘Borehole - well

AECL 212 F 4 Correlation

AECL248 E SOX__ Radwactive decay N
SKik.1.3 BRA 00X :Coliowds. compiexing agenis

SKiS.18 P B XX Enharced groundwater fow

AECl2ze | H T iExplosion ]
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BIOSPHERE CATEGORY:
SCREENED OUT FEPs

PDENTRER | CATEGCORY | ARGUWeNT 'FEP NANME
AECL3.40 ! L : 2.1 iDermal sorpticn - tritium
JAECL3 S i HL I 23?7  -Anificiai lake mixing
AECL3.35 i H 2.3?7 :Crop tenilization
AECL3.36 ; HL 232 ICrop storage
AECL3.47 L 237  iFites (agricuftural)
AECL3.48 L i 232  :Fies {iorest and grass)
AECL3.61 H. . 237 !Herbicides, pesticides. fungicides
JAECL3.77 H_ {  2.37  :Feat and ieaf liter harvesting
AECL3.85 L : 23?7 ‘Saltation
UKN1.7.8 L 2.32 __ iEcoiogical change, eg. forest fire cycles
AECL2.13 H 2.4 :Damns
AECL32 a ! 2.4 "Alkal flais
JAECE 3.83 a i 2.4 i Rivercourse meancer
SKIE.S L 2.4 i River meandering
AECL3.73 e B i 24?7  Lake infiing
AECL3.105 L i 242  Toxicity of mined rock
AECL3.113 L {242  -Wetlands
AECL3.46 a 2.5 ‘ Erosion - wind
UKN1.7.9 L 2.5 .Ecological response o climate, eg.  desort formation
AECL3.66 HL : 3.5 {Hydroponis
AECL3.90 L ; 3.5 iSensitization 1o radrion
AECL321 L 36 _ Chemical toxciy
AECL3.74 i L i 3.5 iMutagenic comtaminanis
AECL3N | L | 37 _ iSiological evolumion
UKN1.7.10 | L i 3.7 {Plamt and animal evoiution
AECL3.27 H L ! 4 Correlaiion
AEC13.87 L : 4 Seasons
AECL3.105 a i 4 iTerrestrial surface
AECL3.108 L 4 iUncernainties
i
AECL3.1 HE D iAcd rain
IAECL3.75 [c& D {Ozone layer tailure
AECL3.80 : W2 X0 |Radicactive decay
SKik.1.3 ; BRE XXX iColloids, complexing agents
AECL1.51 L 2.3 iintrusion (animal)
AECL3.51 G 2.3 Flood {shert-term)
AECL3.110 L 2.3 iWater leak intc underground living space
HMIP4.1.2 L 2.3 i5ofid discharge via erosional processes
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GEOLOGY/CLIMATE CATEGORY

SCREENED OUT FEPs LIST

IDENTERER | CATEGORY | ARGUMENT [FEP NAME
AECL3.Si i a i 2.3 iFlood (shortterm)

DOE1.4.42 | G ‘ 23 ‘Nawral subsidence

DOE225 | G i 23  Diapiism

'AEA110 G 2.3 Diapirism

PGA18 G i 2.3 iDiapinsm

FGA25 G ; 2.3 Heticane, sonms

SNL2.5 G i 23 iHurricanes

SNL3.? G ; 23 | Diapirism

SNL3.S [ i 2.3 . Formation of Dissoiution Cavities

UKN127 G ! 2.3 ;Drapicism

UKN1.33 G : 2.3 iCoastal surge, siorms and hutricanes
HMIP2.1.5 G . 2.3 :Digpinsm

NEA1.2.5 G : 23 :Diagenesis

NEA1.2.7 G : 2.3 ‘ Diapwisin

NEA1.33 G : 2.3 iCoastal surce, slerms, and murricanes
DOE22 4 G 1 237 'Diagenesis

IAEA1.2 G . 237  Diagenesis

PGALY G { 237 'Diagenesis

SKI7.10 G i 237 ‘Diagenesis

SNiz2.9 G : 2.37 iMass Wasiing

SNL2.10 G 237 :Fooding

UKN1.2.5 G 37 Diagenesis ]
HMIP2.1.4 <] 2.3?  Diagenesis

AECL32 G : 2.4 ‘Alkaf flais

AECL3.33 G : 2.4 ‘Rivercourse meander

DOE3 124 G : 2.4 ‘Glacialfinterglacial cyciing: Storm surges
DOE3.24.1 G : 2.4 ‘River incision/sadimantation cue 1o sea-level change
PGA2 4 G : 2.4 :Flooding with extreme erosich

UKN1.42 G : 2.4 \Denudation {aeokan and fhivial)

UKN1.4.3 : G i 2.4 ‘River, stream, channel erosion (downcutting)
UKN1.4.4 : G ; 2.4 {River meander

HMPP212 | G | 2.4 _ Magmatic aclvity _

INEAt 42 [} 2.4 :Denudation (aeokan and fluvian)

NEA1.4.3 G 2.4 iRiver, stream. channel ercsion (downcutling)
NEA1.4.4 G 2.4 iRiver meander

DOE3.1.1.4 G 24?7  Greenhouse-nduced Storm surges

NEA1.4.6 G : 247  Freshwater sediment transpont and depcsition
NEA1.4.7 G i 247  Marine sediment franspert and deposiion
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GEOLOGY/CLIMATE CATEGORY
SCREENED CUT FEPs LIST

DENTFER | CATEGORY | ARGUMENT [FEP NAME

AECL218 ¢ G H 2.5 iDrought

AECL2.24 G 2.5 iFlood

AECL2.34 G 2.5 iintrysion_(magmatic)

AECL237 G 2.5  Magmatic activity

AECL268 G 2.5 Vulcanism

AECL342 G 2.5 iDust stomms and desertilication (massive)}
AECL3.45 (8 2.5 ‘Erosion - wind

DOE2221 G 25  Magmaic Inwusive

DOE2222 G 2.5 iMagmatic: Extrusive

DOE2223 | G 2.5  Magmatic: Hydrothermal

DOE32.1.1 G 2.5 ‘Generafised denudation: Puvial
POE3212 ! G 2.5 iGeneralised denudation; Aeohian
DOE3221 G 2.5 ‘Localised denudation: Fluvial (valley incision)
DOE3222 G ! 2.5 Locafised denudation: Fluvial {weathesing/mass movement)
BOE3224 ¢ G { 25 iLocalised denugation: Coastal
DOE3.2.3.1 G } 2.5 iSedwnent redistribution: Favial
DCE3232 G N 25 ‘Sediment redisirbution: Aeolian
DOE3S5.1.1 ¢ G 2.5 ‘Erosion: Fluviad

DOE3S512 ¢ G ; 2.5 -Erosion: Aeolian

DOE3S5.1.4 ! G i 2.5 ‘Erosion: Coastal

IAEAL1.18.1 ° G ! 2.5 :Magmatic activity: Extrusive

PGA1S5 G : 2.5 Teclonic crusial movements

PGA16 i G ; 2.5 ‘Magma intrusion

PGA17 : G ! 2.5 ‘Volcanism

PGA22 G i 2.5 Volcanic efupiion

SKI5.13 G ! 2.5 Volcamsm

SKis.19 G : 2.5 iEffect of plate movements

SKi5.32 G ; 2.5 iDesert and unsatwation

SK15.11 . G : 2.5 ilntruding dykes

SKIS.14 : G i 2.5 iTectonic activity - iarge scale

SNL3.3 : G i 25 Volcanic Activity

SNL3.4 : G i 2.5 Magrnatic Activity

UKN121 | G i 25 Plate m thectonic change
UKN12.3 i G ! 2.5 ‘Magmatic activily {intrusive. exirusive)
HMIP211 G i 258 iRegional teconic

NEA1.2.1 ! [ § 2.5 |Piate movementtectonk change
NEA123 G i 25 Magmatic actwvity (intrusive, exmusive)
NEA1.5.2 G i 3.1 Site flooding

AECL1.42 G ; 4 iGlobail effects

AECL3.105 a ; 4 \Terrestrial surtace

AECL241 G ; D Metecrite

(AECL2.45 G : D Ozone fayer

AECL3.1 HGEL i D ‘Acid @i

AECL3.24 j2®] i D iColfisions, expiosions, impacts
AECL3.76 a@ D ‘Ozone layer failure

DOE2.1.1 G D ‘Meteorite impact

AEA1.17 G | ) {Meteorite impact

BGA23 G ; D iMeteor impact

SKi5.29 G [»] ‘Meteorite

SNL1.1 G ; D ‘Meteorite Impact

UKN1.1.1 G : D ‘Meteorite impact

HMIP5.2 1 G D ‘Meteorite impact

NEA1.1.1 G ) ‘Meotorite impadt

NEA1.4.3 G XXX 'River meander (REPEAT! — SEE 1.4.4))
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HUMAN FACTORS CATEGORY:

SCREENED QUT FEPs LIST

IDENTFER | CATEGORY | ARGUMENT .FEP NAME

AECL235 | H i 2.3 ‘intrusion (mines)
AECL2.44 H : 23 ‘Mines
JAECL2.57 H H 2.3  Soluton mining
SNE42 H ; 2.3 ‘inadverntent lntrusions: Mining
UKN23.4 H . 2.3 Exploitation driling
UKN23.6 H : 2.3 :Resource mmng
UKN2.4.10 H i 2.2 Quarying, peat exraction
NEAZ4.10 H 2.3 Quarrying, near suriace extraction
IAECL3S6 B i 237 - Agificial lake mixing
AECL3T7 ; H i 237 Ashes and sewaqe sludge
AECL3.35 H i 237  Crop feilization
AECL336 | H 2.3?  Crop storage
AECL361 ! H. . 23?7 ‘"Herbicides, pesiicides. fungicides
AECL3.68 H i 237 iinjectingestinhaling locally produced drugs
AECL3.77 H. i 237 :Pea and leaf liter harvesting
DOE424 H i 237 ‘Exploiation ciifling
DOE4286 H i 23?7 _ 'Resource mining
AECt23 . H ; 2.4 :Borehole - well
AECL213 : HL ‘ 2.4 iDams
AECL3.10 | H i 24  Biogas production
AECL3.111 ¢ H 2.4 _ Waler managemeni preoiects imaior)
PGAL3.1 ; H ; 2.4 Drlling in sedments
UKN24.2 ; H : 2.4 :Dams and reservoirs. buili/drained
UKN24.3 H : 2.4 _ 'River rechannelied
NEA23.4 ; H : 2.4  ‘Expkitation drlfing
NEA23.5 H © 2.4 Resource mining
NEA24.2 H : 2.4 _ :Dams and reservors, buili/drained
INEA2.4.3 H ! 2.4 iRivess rechannekd
AECL343 H ! 247 |Eanhmoving proiects (major)
AECL3.73 HL 2.47 iiake mfiing

i
AECL2. MR .1 _ Btasing and vbration
ISKI3.2.11 BH 3.1 '‘Backill material deficiencies
SKI5.10 H 3.1 Accidents during operation
| SKIS.12 H 3.1 INear storage of other waste
SKI5.39 H 3.1 {Postciosure monitoring
SK15.40 H 3.1 ‘Unsuccessiul attempt of site improvement
UKiN2.1.8 MR .1 _!Poor quality coastruction
UKN2.1.9 R ; 3.1 iDesign modification
UKN2.2.3 Wt ) 3.1 ‘Co-disposal of reactive wastes {delberaie)
UKN22.6 H : 3.1 1Accidenis during operation
UKN2.2.11 HD i 3.1 | Post-closure moniioting
NEAZ.1.9 H { 3.1 | Design_modification
NEAZ.3.1 H : 3.1 Recovery of repository materials
SKi5.7 H {317 !Poory designed repository
SKi5.8 H i 3.1?  [Poorly consiructed reposiosy
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HUMAN FACTORS CATEGORY:

SCREENED OUT FEPs LIST

DENTFER | CATEGORY | ARGUMENT 'FEP NAME
AECL3.69 ; H ! 3.4 jintrusion (delberate)
DOE4.2.1 H { 3.4 iDeliberate recovery of wastes or associated matenals
DOE422 ! H 3.4  MaBdous imrusion
UKN2.3.1 ! HD ! 3.4  !Recovery of repository materials
HMIP52 2 H H 3.4 :Delberate inwusion
HMIPS23 ¢ H i 3.4 “Maficious intrusion
NEA2.3.2 i H ; 3.4  iMaficious intrusiorn {saboiage, act ol war)
SKI5.33 H i 3.4? {Waste retrieval, mining
i ! i
AZCL3.66 HL 3.5 iHydropenics
AEC1.3.103 H 4 3.5 {Technological advances in food production
SKIS.35 H : 3.5 {Other future uses of crysiailine rock
AECL3.37 : H i 3.7 ;Cure for cancer
P t i
AECL1.73 | H t ) iSabotage and impsoper operation
AECL22 ! H : D iBomb blast
AECL222 | H D iExplosion
AECL253 ; H 2] :Sabotage
AECL3.1 HE ] o] {Acid rain
AECL3.24 i Ha i 0 {Coliisions, explosions. impacts
DOE42.13 ¢ M : 0 ‘ Underground weapons tesiing
AEA2.7.1 i H ! D s Intentional intrusion: Was
IAEA2 72 i H D ‘Intentional intrusion: Sabotage
IAEA273 H : D iIntentiona intrusion: Wasle recovery
SKIt1.4 i wH D iSudden energy release
SKISS i H ; D {Chemical sabotage
SKIS.30 ; H i D iUnderground test of nuclear devices
SK15.38 i H ) : Explosions
1SKI6.7 H D {Nudlear war
UKN2.2.7 i [al ; D iSabotage
UKN2.3.2 : H g o] :Mabcious intrusion, e.g. sabotage, act of war
UKN2.3.12 H ; [} {Underground nuclear testing
NEA2.3.12 | H ! D Underground nuciear tesiing
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APPENDIX 5
Screened FEP Lists

sorted accerding to consolidation code



CONSOLIDATED FEPsLISTFORWASTE

1.1

1.2 ‘Radionuciide inveniory

1.3 iRadionuclde decay and growth .

1.4 ‘Radicicgicaliradiation effecs sradiation darmage, radiolysis. embdtiement, He

1.5 ‘Gas generation and effects :

1.8 ‘Heat genertion {chemical changes. radioactive gases, pressurisation

1.7 ‘Themo-mechanicai effects itheramal pulse

1.8 {Thenro-chemical effects imateral propesty changes

1.9 .Electro-chemical effects ‘gradents, galvanic coupling

1.10 ‘Waste degradation/corrosion/dissoluiion metal comrosion, leaching, Zircalov

1.1% ‘Geochemical_regctionsiregime ‘chemical gradients & kinetics, gecchemical pump. redox potential, recryst.
1.12 ‘Radionudiice chemistry ‘solubility, speciation, compiex fomration, colioid fermation

1.13 -Specific factors :Pb-] reactions, Cs migration, damaged/dewviating fuel. channeling




WASTE CATEGORY
SCREENED FEPs
(sorted)

1.1 iWaste charactenstics H
AECL1S3 | W 1.1 'Iveniory
AECLESS | wee : 1.1 ‘Long-ierm physical siability
AECL1er | BowR 1.1 iStability

UKN22.5 W 1.1 ‘Heterocenaiiy of wasie forms (chemical, physical)
EA225 Lid 1 eneity of waste forms (chemical, physical)

1.3 ‘Radionuclide decay and grow

ASCLY. : W : 1.3 ' Radioactive decay

DOEL3 : W 1.3 :Radicactive decay and mgrowth

UKN3.4.4 i kil 1.3 : Radicactive decay and ingrowth {chaip decay)
HMIP1.3.1 ; W 1.3 ! Radioactive decay and ingrowth

NEA3.4.4 w 1.3 Radioactive decay and ingrowth (chain decay)

1.4 iRadiological/radiation effects
AECLIET ! W2 ; 1.4 sRadiation damage
AECLI.SS : w? ; 14 :Radiciysis
DOEY.3147 | w 1.4 :Radiolysis: wasles
COEL4.3 : WC 1.4 ‘Embriutiement
IAEA3.41 ; W 1.4 ‘Radiological efiects: Material property changes
IAEA3.42 W 1.4 Radiclogical effects: Radiofysis
JAEA3.4.3 : W 1.4 :Radiological effects: Decay product gas generation
PGA3 ‘ W 1.4 ‘Radiation damage of the mainx
PGA32 . L 14 ; Radiclysis
ISK11.1.3 : W 14 {Recod of alpha-decay
11.1.4 w 1.4 ‘Gas generation: He production T
SKt12.1 w 1.4 : Radiolysis
UKN3.4.1 w 1.4 Radlysis
UKN3.4.2 W , 1.41.7.1.8 Matenal property changes
HMIPT 24 W i.4.1.5 ‘Radicactive gases
NEA3.4.1 W 1.4 ‘Radiolysis
NEA3.4.2 w Material property changes

1.8 Gas generation and effects

AECL1.27 WCB | 1.5.1.7.1.8.1.9 iCoupled pro
IAECL1.38 w i 1.5 Formation of gases

DOE1215 | W ; 1.5 iHydrogen: _coosion of waste Zircaloy
DOE1.242 w | 1.5 ‘Active methane and carbon dioxide
DOE1243 ¢ w . 1.5 {Other active gases

DOE1654 :  WR | 15.1.11  Chemical changes due [o Gas procucton
IAEA3.2.3 w8 i 1.5.1.11 . Chemical efects. Gas generation
PGA3.15 W : 1.5 ‘Gas production

SK31.2.4 W ; 1.5 ‘Gas generation

HMIP121 we ' 5. iHydrogen by metal corrcsion

1
‘Temperature rises (unexpected effects)
:Radicactive decay: heat

wWee +1.5,1.7.1.8.1.9 |Coupied processes
WC i 1.7 Thermal qacking
WeBR i 1.7.1.8.1.9 linteractions of wasie and repesitcry malenais with host materials (eg. elecirog

1.4.1.7.1.8 Matedal propenty changes
1 ‘Materal property aranges

-Thermo—chemicél effects
AECL1.27 i wC8 1 1.5,1.7.1.8,1.3 {Coupied processes
PGA3.9 : vB : :Thermally inguced chemical changes

UKN3.2.3 ¢ WCBR iinteractions of waste and repository maieriais with host materiais {eq. elediog
UKN3 42 W ‘Material property changes
HMIP128 VER i Thermo-chemical eflects

w

NEA3A2

1.9 i |
ECL1.27 : wCB 11.5.1.7.1.8,1.9 {Ccupled necesses
ABCL132 | wes ' 1.9 | Electrochemical gradients
UKNG.2.3 ! wWeER -~ 1.7.18,1.9 |nteractions of wasle and repesiic:y maeriats with host materials (eg. evecirog
.9

Electrical efiects of meta] corosion

-

HMIP1.1.4 i Vo \

DAGE 1




WASTE CATEGORY

SCREENED FePs
(sorted)

DENTIER | CATEGORY | CON CODE [FEPNAME
1.10 iWaste degradation/corrosion/dissoivtion
IAECL1.65 \ WCBR } 1.10 iPrecipitation and dissolution
AECL178 W i 1.10.1.11.1.12 {Source termns {expected)
AECL1L79 i w 1.10.1.11,1.12 iSource 'erms {other}
IDOE1.1.41 i W 1.10,1.11  Metal comosion:. wasles
DOEL.1.42 | w 1.10 ‘Leaching. wastes
lDOE1651 | WR } 1.1, 1.311 Chemical changes due 1o Meral corrosion
iIDOE16.53 | WeR ! 1.10. 1,11 Chemical changes due to Waste degradation
AEA3.2.1 i We I 110, 111 Chemical effects: Corrosien
SKi2.1.3 : \ad ; 1.10 -Intemnal corrosion due to waste
I8Ki3.1.10 WB 1.10.1.11  Inieraclions with corosion products and weste
UKN3.2.1 wc H 1.10 ‘Merallic corrosion (prting/uniiorm, imtemal and external agents. gas generatioq]
HMIP1.1.3 : had 1.10 Physico-chemical degradation of wastes and transport io the tar-fieid
HMIP121 ) WC 1.5.1.10  Hydrogen by meial corrosicn
INEA33 S ¢ we 1.10 Fracturing

1.11 eochemical reactonsiregi

AECLYLY ! WER : 1.11 :Chemical gradients

AECL1.13 i WEER i 1.11 ‘Chemical kaneics

JAECL140 |  wBR 111 iGeochemical pump

IAECL1.78 i W 1 1.10.1.11.1.12 Source iemms {expected}

AECL1.79 : W 0 1.10.1.11.1. 12 Source terms (other)

DOE1.1.4.7 ! w P 1.10.1.11 Meal comosioa: wasles

DOE1.1.43 ¢ W 1.11.1.12 Complex fommation:. wasles

DOE186.51 WER 1.10. 1.11  Chemicai changes Gue 0 Metal comesion
DOE:1 653 - WER 1.0, 1.11 Chemical chamges due 10 Waste degradaiion
DOE16.54 WBR 1.5,1.11 .Chemicat changes due to Gas production
AEA32 1 { WC 1.19. 1,11 Chemical etleds: Corosion

IAEA32.3 | ws - 15111 ‘Chemical etfegs: Gas generaticn

{AEA3.2 4 : WeR 111 “Chemical effects: Geochemical change
PGAZ.1C : wes i 1.11 Chemical changes due to corrosion
ISKi1.2.6 : w - 1.11.1.12  Sokoihity within el mairix

ISKi1.2.7 W 1.11.1.12  iRecrysiaflization

SKit2.3 ! \ad 1.11 iRedox potential

SKt1 2.9 : w 1.11 ‘Dissolution chemisiry

SK13.1.10 : w8 3.10.1.11  .Interactions wih comosion products and waste
UKNI6.14 | WeeRF ¢ 1.11 ‘Chemicat gradients (electrochremical effects and osmosis)

UKN17.6 oweRRL 1.11 .Chemical transionmations
! i ‘Waste- ¥

1.12 Radionuclide chemistry

AECL1.78 ; W 1.10,1.11,1.12 :Source iems (expected)
IAECL1.79 : W £ 1.310,1.11.1.12 Source tenmns [other}
AECL1.80 ; WCBR 112 :Speciation

DOE1143 W © 1.11.1.12 Complex formation: wasies
SK11.2.6 : \il 1.11.1.12 Sokcbility withm fuel mairx
SKi1.2.7 i W H 1.11.1.12 ‘Recrysiafiization

SK15.44 : WR : 1.12 -Sclubifity ana precipiation
UKN3.1.5 : t.12

.13

DOE11.44 W 1.13 Cotlod formaten.  wastes

S5Ki1.2.3 : WC 1.13 iPb-i reactions

SKI1.2.5 ] w 1.13 1. Cs-migration to glass surdace

SKi13 : w 1.13 Damaged or daviating fuel

SKI2.1.4 : wC 1.13 -Role of the eventual channeling within the canister
UKN2.2.4 : Wr 1.13 inadverent indlusion of undesivable matedals
NEA22.4 R 1.13 ‘Inadvertent inclusion of undesirable materials

AECL1.3 : WCER : XX Biclogical actvity

AECL3.81 i WwL? . XXX ;Radictoxic contaminants

COE1.1.456 W ; X0 ‘Microbial comesion: wasies

DOE16582 | WERF : XK ‘Microbial activity

COE16.83 WERF XX Microbiologncal effecis due to Microbial product reactions

IAEA322 - WR : XXX ‘Chemical etfeas: Interactions of waste package and rock

UKN1.7.7 ioWweRAL - XXX Microbial interactions

UKN3.22 ; WCBR XXX, Interactions of hosi materials and groundwater with reposgory maleria feg. 4
UKN3.2.7 } WwC XX ‘Microbiciogical affecis (on corrosion/degradation. on  soubicy. compiexation,
H“MIP125 ! W : XX “‘Chemoloxic gases

NEA3.2.7 ‘ w XX Microbiciogical (effenis on ccorosicn/degradaton. soiubilily/complexation, gas
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CONSOLIDATED FEPs LISTFORCANISTER

WENTFIER FEP NAME ! COMMENT
2. CANISTER | !

2.1 ‘Canister materals/construction H

22 iCorrosionidegradation processes imetal corvasion, leaching, piting
2.3 iGas production and efiects :

2.4 Microbiologicat effects

2.5 ' Thermno-mechanical effects _thermal puise

2.5 : Electro-chemical effects igradiems, galvanic coupling

2.7 {Stress/mechanical efiects ‘material property changes

238 ‘Geochemical reacticns/regime :

2.9 :Radionudiide transport through coniaimers:

2.10 ‘Specific actors ‘cofioids




CONTAINER CATEGORY
SCREENED FEPs
{sorted)

DENTIFER @ CATEGOLY | CON.CODE (FEPNAME

2.1 :Canister materiais/consiruction
AECL3.53 : YR i 2.1 ‘inventory
SKit 23

wC : 2.1 {Pb reactions

SKiz 4 2.1 oGS in the lead filing

2.2 :Corrosion/degradation processes

JAECL1.19 - c 1 2227 Container failure (early}

AECL1.20 C P 2.227 Container fallure (iong-ierm)

AECL1.22 C 2.2 :Cortainer healing

AECL123 (<] ; 2.2 ‘Contasners - partial corrosion

AECL126 c : 2.2 | Comasicn

AECL1.58 i R 22 ! Microbes

AECL1ES ! [ : 2.2 | Pitting

AECL1.65 WCER i 22,28 Precipitation and dissoiution

AECL1.67 wWe? i 22 i Radiation damage

AECL1.88 C J 2.2 | Uniform corrosion

DOE1.1.1.1 < i 2.2 :Structural container metal corrosion: Localised

DOE1.1.12 o] | 2.2 iStructural contamer metal comesion: Bulk

DOE1.1.1.3 o] i 2.2 | Structurai container metal corrosion: Crevice

DOE11.14 C : 2.2 i Siuctural contamer metal comesion: Siress corrosion  cracking
DOE;.4.3 wWC 2.2,2.7 Embritiiement

DOE1.6.51 YR 2.2 :Chemical changes due 10 Matal corrosicn

{AEA3.2.1 WC 2.2.28 Chemical effects: Comrosion

SKi2.1 .1 C 2.2 iChemicai reactions {copper corrosion}

SKi2.1.5 C 2.2 i Role of chlorides in copper comosion

SKi2.1.7 C 22 i Pifting

SKi21.8 C : 2.2 :Corrosive agents. Sulbhides, oxygen etc

SKI2.1.9 c i 2.2 {Backfill effects on Cu corrosion

SKis.z.7 B i 2227 iSwelling of corrosion preducts

UKN3.2.1 we : 2.2 iMetaliic corrosion (pating/uniform, mternal and externai agents. gas generatiod
UKNS.3.3 c | 2227 Embrtlement and cracking

HMIP1.1.1 [} i 2.2 iContainer metal corresion

HMIP12 1 we | 2222 iHydrogen by metal corosion

NEA3 2.1 C i 2 {meratic. corrosion {pitting/uniform, intemal and external agems. gas generatiof
NEA333 o] i | Embrittiement and cracking

2.3 and affects
DCE1.2.12 [ ! 2.3 !Hydrogen: corrosion of containes steei
DOE1.2.6.1 C | 2.3 {Gas transport In the waste container

HMiP121 i 2223 Hydrogen by matal corrosion

2.5 ‘Thermo-mechanical effects
AECL1.27 : WCB : 2.5,2.6.2.7 !Coupled processes
o] 2.5 ! Differing thermal expansion of canister and backfil

2.5 i Thermal cracking

Electro-chemical effects

AECLY.27 ‘N8 i 2.5.2.5.2.7 ;Coupled processes

AECL1.32 W8 . 2.8 Blectrochemicai gradients

SKiz.1. C z.6 iCoupled effects (electrophoresis)

SKI12.1.8.1 C 26 i Repcsitory induced Pb/Cu electrochemical reactions
SKi2.1.6.2 2] 2.6 iNatural telluric electrochemical reactions
HMIP1.1.4 ! wC 2.5 iElectncal effects of metal corrosion
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CONTAINER CATEGORY

SCREENED FEPs
(sorted)

DENTTER | CATEGJRY | CON.CODE 5P NAME
2.7 {Stressimechanical effects ;
AECL1.19 i C 2.2.27 L« i fadure ‘early)
[> 2.2.2.7 __Container failure (long-term)
Wweg L 2.5.2.6.2.7 :Coupled processes N
wea 27 ‘Long-term physical stabifty
C 2.7 {Canister or comainer movement B
e 2.2.2.7 Embritlement
03 2.7 ‘Mechanical effects: Canister moveinent
o] 2.7 :Canister mecvement in backiil
C : 7 ‘Mechanical ¢ damage ]
c : 27 iCreeping of copper
o] 2.7 iStress corosion cracking
c | 2.7 :Loss of ductiity
c ; 2.7 iCracking alomy welds
c : 2.7 iExiemnal stress
C ! 2.7 iHydrostatic pressure on canister
c ! 2.7 ‘Intermat pressure
@] 2.7 :Movement of canister in buffecbacksi
= 2.2.2.7 :Swelling of corrosion products
C 2.7 :Canister or container movement
C 2.2.2.7 Embrnlement and cracking
C 2.7 i Subsidence/coliapse
C 2.7 iFracturing
C 2.7 ‘Canister or contaner movemert
C ; 2.7 iChanges in in-situ stress field
C V2227
C N 2.7
WwC ! 2.7
reactionsiregime
AECLI13 f 2.8 iChemical kinetics
AECL1.18 ! 2.8 Container comosicn products
AECL1.85 2.2.2.8 |Predpitation and dissohgion
JASCL1.80 i 2.8 iSpeciation
IAEA32 1 2.2.23 _Chemical effects: Corrosion
IAEA322 2.8 :Chemical effects: Interactions of waste package and rock
PGA3.10 2.8 iChemical changes due to cofrosion
UKN1.6.14 2.8 iChemicat gradients (elecirochemical effects and osmosis)
UKN323 2.8 X

AECL1.84 iTemperatyre rises (unexpected effects)

SKI2 1.4 2.10 :Roie of the evemual channeling within the canisier
SK12.3.5 2.10 ‘Radiation effects on canisier

SKi2.5.1 2.10 'Random canister delects - qualiiy control
SKiz.5.2 2.10 {Common cause canister detedts - quality control
UKN2.1.6 2.10 Material defects, e.g. early canister failure

NEA2.18

-Container fadire {other longtem prac

AECL1.81

-Stability

UKN3.22

lInteractions of host maierials and groundwater with repositery matenal

ieg. ¢
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CONSOUDATED FEPs LIST FOR BUFFERVBACKFILL

PENTFER

3.1 iBufferbackiii characteristics ___'hydraulic properties

3.2 | Resatyration/desaturation :

3.3 iMechanical efiecis ‘sweliing

3.4 ‘Thermal eitects :

3.5 ! Blectro-chermical effects

3.6 iGas eflects

3.7 icrobiologicalbiological effects :

3.8 :Backfil degradation chemical/physical changes

3.9 :Geochernical regime ‘chemical gradienis & kiretics, redox potental
3.10 : Radionuclide transpont processes :advection. dispersion, diffusion

2.11 ‘Radionudiide chemisiry isolubflity, sorption, speciation, complex/colicid fermation
13.12 ‘Specific factors :




BUFFER/BACKFLL CATEGORY
SCRERNED FIPs
{sorted)

DENTFER | CATEGORY ;| CON.CODE FEPNAME

3.1 :Butterrbackfill characteristics

AECL1.1 B i 3.1 ‘Backfil characteristics

AECL1.6 B : 3.1 iBuffer characteristics

AECL1.8% 3 BOWR . 3.1.3.8 iStability
C3.13.10

‘Preferental pathways in the bufferbackiil

13.2 esaturatiovdesaturation:
AECLt.2 ; B 3.2.3.3.3.8 :Backfii evoiuton
AECLY.7 8 3.2.33.3.8 Buffer voiution

2.3 ‘Machanical efiects !
JAECL12 i B8 : 3.2.3.3.3.8 iBackfl evoiution
i B8 . 3.2.3.3.3.8 !Bufler evoiuton

8 : 3.3 ISwelling pressure

B 33 {Mechamcal effects: Carister movement

R 3.3 Mechanical effects. Local fracturing

o3 3.3 Canister movemen; in bacidil

=3 33 :Ureven swelling of bentorite

o] 3.3 Movement of canister it buifersoacikiik

B 3.3 ‘Mechanicai fa=iure of bufferbackiit

B 3.3 Sweliing of cotrosion procucts
3.4 rrnal -
AECL1.24 €= 3.2 ‘Convecson
AECL1.27 WC3 3.4,3.9 . .Coupled processes
IAECL1.46 =33 3.4 . Hydrothermai aiteration
AECL1.84 WCER 34 ‘Temoerature dses {unexpected effec’s)
DCE2.3.6 =¥ : 3.4 :Varations in groundwater temperanure
DOE2.4.93.1 =R : 3.4 iRepository thermaily-induced groundwarer ransport
DOE2 4.13.2 ¢ &F : 3.4 :Nanzally thermally-induced groundwater transport
IAEA3.1.3 |} 8 3.4 ' iiTnemmai efiects: Fiusd pressure. densiy, viscosy changes
IAEA3 1.4 : 8F $ 3.4 |\ Themmal effects: Flyid migraton
PGA3.7.2 [o:] i 3.4 + ‘Diffening thermai expansion of canister and back@
IPGA3.7.3 | i 3.4 | :Difenng thermal expansion of backfli and host rock
PGA3.9 WB ! 34 ' Themmally induced chemical changes
ISKI3.2.5 B 3.4 | 'Thermai effects on the bufter matera!
SKR2.2. 10 B8 I 3.4.3.10 | Soret effect
SKK.2.4 R i 3.4.3.10  iThermal buoyancy
UKNY.5.9 ¥ 1 3.4 | Nawral thermai effects
UKN2.1.1C =R : 3.4 | iThermal effects {eg concrete hydrason}
HMIP1.2.8 waR i 3.4. . iThermo-cherscal effects
HMiIP1.6.1 ] J=3] i 3.4 " {Thermai eflects and Rock-mass ¢changes
HMIP1.5.3 =R i 3.4 Thermal effects and Chernicat changes
HMP164 . ]R ! 3.4 ‘Thermal efiects and Transpor: {difusion) effects
HMIP2.3.72 . BFRL | 3.4 Tnermal eflects on hycrochemisty

E!ecﬂ‘o-chemacd otiects
. wCs ! 3.5

i

R i 3.6,3.10 . iTrarsport in gases or of gases

&R { 3.5 :Grourdwater Jow due 1 gas procucten
B | 3.6 || Gas ransport soluhon
=338 H 3.6 . .Gas rransport gas phase -

EFF i 3.6 ' iGas-induced groundwater ransport
we ; 3.6 | Chemicai effects: Gas generaton

8 . 3.6.3.10 .| /Gas transport 3 bentoniie

= 3.6 iGas transoort
B 2.5,3.10 1] iGas mediated ransport
=5 28 3.6.3.70 /| iMuitphase flow ard gas driven flow
5F i 3.6.3.1C !Cas farspont

=R i 3.6 - iGas produchon (unsatsrated fiow)
BRRL ' 36.3.11 iTransport of active gases
8L i 38.3.11
-338 i 3.6.3.11 7 Gas mediated yansoort
BRRL 3.6.3.11  IMultiphase flow ard gas-cnven dow
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BUFFER/BACKRLL CATEGORY
SCREBEDFEPSs
{sorted)

DENTFER | CATEGORY | CON.CODE !FEPNAME

3.7 iMicrobiciogicalbiclogicai _eflects

AECL13 i WaR_ 3.7 ‘Biologicai activity

AECL1.58 R 3.7 :Micobes

AECL:.55 R 3.7 ‘Microorgamsms

DOE16.62 WEEF 3.7 iMicrobia! activity

DOE16.63 WEF 3.7 iMicrobiclogical efiects due 0 Microbiai product reachors
BARL 3.7

‘Microbioiogical phenomena‘effects
M o e

7

ag dé!ion

AECL1.2 . 3.2.3.2.3.8 .Backiill evolution

AECLY.? ¢ 3.2,3.3,3.8 Buffer evolution

JAECL1.37 3.8 iFormanon of cracks

AECL1.SS 3.8 iLong-term physical staodity

AECE .33 { 3.1,3.8 Stabiiity

SKiI3.1.1 H 3.8 ‘Degradaton of the bentonite by chermcal reactions
1.5 3.8 ‘Coagulation of bentorute

SKi3.35.13 3.8 Radmation effects on bentoniie

ISKI! Erosion of pufferback®

3.8

JAECL1.9 WER i 3.9 ‘Chemical gradients

AECL:.13 WCER 3.9 {Chemical knetics

JAECL1.27 wCs 3.4.3.9  Coupied processes

AECL1.40 WER 3.9 iGeocherical purmp

AECL1.85 WCER 3.9.3.11 :Precpitation and dissolunon

DOE1.6.53 WeR 3.9 ‘Chernical changes due 1 Wasie degradation

DOE1.6.5.¢ wER 3.9 iChemical cranges due o Gas production

DOE1.8.55 B¥ 3.9 -Chemical changes due o Complex raien

DOE1.656 ! B 3.3 ‘Chemicai changes due tc Collod procducton

DOE1857 | FF 3.9 ‘Chemical changes due ' Solubifity

DOE1.6.58 | 8 : 3.9 ‘Chemical chancges e v Sorphon

IDOE1.653 5F i 3.9 {Chemical changes due tp Species ecuiiibrium

DOE2.4.18 | B i 3.9 iIsotopsc dilution

{AEA1.133 5¥F i 3.3 iFuid interachons: Brine pockets

HAEAR2 4 WER i 3.9 ‘Chemical efiects: Geochemical change

PGA3.1C W8 i 3.9 !Chemical changes due to corrosion

IPGA3.12.1 B i 3.9 {Geochemical changes n backill

SKI2.1.9 B8 i 3.3 iBackiill effects on Cu corrosion

SKI3.1.2 B 3.9.3.11  Sanraton of sorpion sites

ISKi3.1.3 § B 3.9 iEHects of bentomite on grouncwaler chemistry

SKI3.1.7 H B 3.3 iReactions with cement pore water

ISKI3.1.10 wWB ! 3.9 ‘Interactions with corosien products and waste
[SKI3.1.11 8 3.9 'Redox fron:

SKi4.1.1 BRAL 3.3 :Oxidizing conditions

ISKi4.1.2 BRL i 3.9 .oH-devrations

SKi4.1.7 ;| : 3.3 Thermochemcal changes

SKIS. 1 &F ; 3.9 ‘Satine {or fresh) groundwarer intrusion

JUKN1.8.7 ¥ 3.9 Safine or freshwater intrssion

JUKN1.58 8¥ 3.9 iEffects at sakine-freshwater interface

JUKN1.6.13 BRFL 3.3 iMass, isotopic and species dikition

HUKN1.6.14 WCERE 3.9 ;Chermical gradients (elecrochermicai effects and osmosis}
UKN1.7.€ wBRR. 3.9 :Chemical ransiormavons

UKNS.1.5 w3 i 3.9 ‘Induced chermicai changes {solubiliy, sorption, species equiibrium, mineralisay
[UKN3.22 WCER | 3.3 iInteractions of host matenals and groundwa'er with reposip’y materal (eg.
HMIP1.4.1 WwWCB i 3.9 Waste-form and backfll corsolication

HMIP23.7 2228 ' 3.9.3.11  Changes in groundwater chemstry and fiow direction
MMIP2.3.33 | BRRL ] 3.9 iBiogeochemical changes

NEA1.6.13 ' . BAFL i 3.3 iMass. isctopic and species dik:ton

NEA1.6.14 Bl 3.8 iIChemical gradients (electrochemical effects and osmosis!
NEA3.1.5 23 3.9 'Induced chemical charges (solubifity, sorption, soedes eguiiorium, mmeralisan
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BUFFERBACKFILE. CATEGORY

SCREENED FEPs
{sorted)

DENTFER i CATEGORY | COM.CODE FEP HAME

3.10 I Radé fid port p

IAECLT 29 H =3 3.10 ‘Diffusion

AECL1.3C i =31 : 3.10 Dispersion

JAECLL.8E H 0 ! 3.6.3.1C Transport in gases or of gases
IAECL1.90 : R H 3.10 ‘Unsaturated tansport

DOE1.5.3 &F ! 3.10 .Groundwater flow {saturated conditions)
[DOE2344 ¢ 5 3.i0 -Groundwater flow: Frachre

DOE23 45 | B : 3.10 ‘Grouncgwater fow: Eftects of solution channeis
JDCE2.4.1 BF { 3.18 :Advection

DOE2.421 ¥ ‘ 3.10 ‘Bulk diffusion

DOE2.422 i ;33 3.10 ‘Marx_difesion

D0E2423 | 8 3.10 ;Surface diffusion

IDOE2 4.3 : B 3.10 Hydrodynamic dispersion

IAEAT13.Y B 3.1¢ ‘Flui¢ nteractions: Groundwater Jow
iSKG3.2.5 i B8 3.10 ‘Piftusion - suriace diffusion

{SKi3.2.8 H 3 _ 3.1,3.1C :Preferental pathways in the tulferbackfill
ISKis2 g H B § 3.10 Fiow through buffer/backill

SK18.2.43 ; B i 3.43.10 'Soret effect

HKI3.2.72 i 8 i 3.6,3.10 :Gas ransoort in bentonite

ISKis.2.4 R 3.4.3.10 {Thermai woyancy

SKI4.2.5 aF 3.10 ‘Changes of groundwater flow

SKIE.4 B 3.10 ‘Dispersion

SKIB.5 R 3.10 :Ditution

UKN1.6.1 R 3.10 ! Advection and dispersion

UKNT.S.2 5328 3.10 iDiffusion

UKN1.6.3 R i 3.10 ‘Matrix driusion

UKN1.8.4 B | 3.6.3.10 Gas medmted transoort

[UKNY.6.5 B8R . 3.6.3.1D :Mubiohase fow and gas driven flow
HMIP1.26 B i 36,310 Gas vensport

HMIP1.5.4 55 i 3.10 ‘Sabaared groundwater fow

HMIP1.5.5 251 ; 3.10 ‘Transport of chemically actve substances into the near-feid
HMP2.3.1 B 32.10 {Advection

HMIP2,32 =3 2 N 3.10 iDiftusion

EMIP2.33 BRRL ¢ 3.10 iHydrodyramic dispersion

NEA1.6.1 :2: : ;

NEA1.62 B i

INEA1.6.3 E1x

3.11 tRadionuclide chersistry

AECLIES | WER 3.9.3.11 iPrecipitaton and dissoluton

AECL1.78 ; =® 3.11 :Sarpion

JAECLY.77 i R 3.1 :Sorpiion: non-knear

JAECL1.8C we|e | 3.1t i Speciation

DOE2.4.4.1 = | 3.11 ‘Sowbility: effects of pH and En

DOE2.4.42 ! :228 3.11 Solubility: effects of iomc syength

DOE2. 4.4.3 2z 8 3.11 ‘Soiubility: effects of nawraity-occurring complexing agen’s
DOE24.4.4 R 3.11 i Solubiity: effects of complexing agents formed in he near-fielg
DQE2.4.45 FR 3.11  iSoiubility. eftecss of nanraily-occuring coioids

DOE2 2.4.6 =R 3.11__ :Sohubility: effects ef collods formed in the rear-fieid
ID0E2.4.4.8 R 311 i Solubiity: Effects of microbial activiy

IDCE2.4.5.1 2 2 3.11 iUnear sorpton

DOE24.52 | L i 3.11 :Noninear sarption

DOE2453 BRFL 3.1 {Reversibie sorpion

DOE2.454 | B 3.1% {Irreversibie sorption

DOE2.455 |  BFL 311 iSorpbon: EFecs of pH and Eh

DOE2.456 |} =5 s S 3.11 1Sorption: Effecis cf ionic strength

jDOE2.4.5.7 =2z 3.11 iSorption: Effects of rawraliy-occutring organic complexing agents
DOZ2.4.58 ;| 3.11 {Sorption: Effects of nakrally-occuring inerganic comolexing agents
DOE2.4.5.9 =R : 3.41 iSorption: Effects of compexing, agents formed in the near-fex
IDOE2.4.5.10 B 3.11 iSorption: effacs of raturaliy-occuring colicids.

DOEZ 4.511 =2 | 3.11 {Sorption: effects of coiloids formec in the rear-feid
IDOZ2.4.5.13 R 3.11 ;Sarption: effects of micrabmi actvity

JAEA$.13.2 R ! 3.1 'Fitnd interactions: Qissoiulon

SKI3.1.2 8 i 3.9,3.11 iSaturaton of somption sites

SKI4.1.4 B 3.11 {Sorption

SK14.1.5 22 2 3.11 Reconcentration

iSKI4.1 9 BRRL 3.1t Campiexing agents

UKNT.6.6 sl 3.1 |Sowbiiy imit

HIKNT.6.7 B8R 3.11 iSorption {inearnon-inear, reversibie/irreversidiel

KN .58 BARL. 3.11 . Dissolution, precipiation and crysiadisation
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BUFFER'BACKFILL CATEGORY
SCREENED FEPs
(sorted)

i CATEGORY | CON.CODE |FEP NAME

Flad:crrachde chemistry (coatinued)

B 3.1t iCompiexing agents.

B 3.1 :Solubility consramis

B 3.11 iSorplon incuEng onexchange
2128 3.11 Changes in sorptive surfaces
R 3.3.3.11 Chenges in groundwater chemisry and fow drecton
B {

BRRL

BEFL

B

BHRL

i
L

{ 3.11 ‘Transport of radionucides bound 1 microbes
! 3.6.3.11 ‘Transport of active gases
{ 36.3.17 (Gas incuced groundwaier fransport

i 3.6.3.11 :Gas mediated Tansport
; ! 3.6.3.11 :Multiohase flow and gas-driven fow
i B ! 3.11 ‘Solubiity tirnit
; : 311 ‘Serption {linearmon-inear, reversiblefireversibie}
Dissoiution, precipitation, and crystufisaion

. B8 3.12 Faulty bufler empiacement
DOE2.35.7 ! a¥F 3.12 norgamic coilod transport Effects of pH and En
IDOE2.3.5.2 g ; 3.12 iinorganic collord transport: Effects of onic_stength
DOE2.4.7.1 B |  3.12  'Organic coiloid tansoornt in Porous meda
DCE2.4.72 BEFL 3.1 iCrganic coffoid transpott in Fractured media
DOCE2.4.23 | 2228 ! 212 iOrganic colioid ransport Efects of pH and £
DOE2.4.7.4 =238 : 3.12 ‘Organic colioid transport; Effects of joric swrength
DOE2.4.8.1 =328 i 212 {Inorganic collord ransport Porous media
DOE2.4.82 SR : 3.12 Inorgaric coiloid ransocrt Fracared media
DCE2.4.83 B ! 3.12 iInorganic cofloid transport: Effects of oH and £k
DCE2.4.84 BRFRL 3.12 :irorganic colloid trarsoort: Effects of ionic srength
DOE2.4.3 BRRL ! 3.12 Transport of radionudides bound 1o mcobes
PGA3.13 8L . 3.12  :Physico-chemical phenomena/efiects leg. colioid formanont
SKI3.1.4 B8 H 3.12 iColioid generation - source
SKi4.2.3 o ; 3.12 ‘Extreme channei flow of oxidents and ruclides
UKN1.689 BRh. 3.12 :Cotloid formnation, dissoistion and ransport
UKN2.2.2 B 3.12 iknadequaie backhil or compaction, voidage
[HMiP23.8 =228 H 3.12 iCoiloid_transport
NEAT.6.8 B i 3.12 :Coliokd tormation, dissolution, and fransport
NEA1.6.10 BRA. ! . iComplexing agents
NE 4l {Iradequate backfill or compaction voidege

SKI3. 1. B8 iSedimenztion of bentonite

SKI3.2.1.t R i 00X :Sweifing of bennite intd twnnels and cracks

SKI4.2 10 =R i XX Chemical efects of mck reirforcement

SNLE.1 =3 i XXX :Subsidence and Caving

UKN32.3 WCER H XXXX :interactons of waste and repository rmateriads with hos: matenals leg. electrod
(HMIP1.6.2 R ! XX “Themal effects and Hydrogesiogieai changes

INEA3.1.4 R i X0 Differential elastic response

NEA3.1.2 =38 : XXX ‘Non-efastic response

NEA3.1.4 BF XXX iInduced - “rological changes (fkid oressure, density convection, viscosiy}
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CONSCLIDATED FePs UST FOR REPOSITORY

4.1 iRepository elements/matenais inventory

4.2 Repository degradation inciuding shafts. seals. normal evoiution

4.3 Hydraulic_eHfects/groundwater flow resaturation. dewaienng

4.4 iMechanicai effects isweling

4.5 iThermal effects i

4.6 1Gas elfecrs and wansport i

4.7 iMicrobivlogical/biological activity ;

l4.8 {Gecchemical regime ‘chemical gradients & kinetics. redox potential. thermochemical
4.9 {Radionyciide chemistry isolupilily, speciation, sofption, complex formation

410 ! Radionuciide transport pax ladvection, dispersion. diffusion

14,11 iSpecific faclors icolioids, poor QA, maieridd defecis, undelecied features




REPOSITCRY CATEGORY:
SCREENED FePs
{sorted)

; CATEGORY , COM CODE .FEP NAME

{Repositery slements/materiais

: 4.1 {Eventory

4.1

osit&'yy;r dag?adation

AECL:8 ; 4.2 ‘Cave irs

AECL:.74 . R 4.2 ‘Seal evoiution

AECLL.7S i R a2 "Seal faiture

DOE23.31 23 4.2 :Bock_proverty changes: Porosty

DOE23.3.2 33 4£.2.4.3 Rock property changes: Permeability

DOE23.33 53 " 4.2,4.3.4.7 Rock property changes: Mirobmal pore biocking
DOE23.3.4 F 4.2.4.4 :Rock property changes: Chernel formatoryclosure
DOE4.1.1.1 la il 4.2 ‘Borehole seal Giture

DQEs.1.1.2 L 4.2 Borehote seal degradanhon

DOE41 21 R 4.2 ‘Shaftftunned seal falure

DOEs.1.22 R 4.2 ‘Shaftrtunnel seal degradaton

PGA316 R 4.2.4.17 Faiure of shaft seaiing

SKU29 R 1.2 Creeping of rock mass

SKB.11 T 4.2 ‘Degradabon of hoie- and smaf: seais

SNLS. 1 R 2.2 iSubsidence and Caving

SNILG.2 sl 4.2 "Shaft and Boren 2 Seal Degradation

LGKN2. 1.2 (58 4.2 s investigation borehoie seal iailure and degradaton
JUKN2.1.3 = 4.2 :Shaft o access urnet seal fafure and degradaton
UKN2 1.4 R 4.2.4.4 :Svtess fieid changes, settiing, subsidence or caving
HMPt. 12 R 4.2.4.8 ‘Physicochemical degracaton of concrete

HMiP1. 42 R ‘Vauit coilapse

HMIPS. 3.1 ! (22N -Loss of integrity of borehole seals

HMIP5. 1.2 R Loss of imtegrity of shaf: or access tunnel seals
NEA21.2 ant i investicaton borehsie seal &ilure and degracaton
NEA2.1.3 R :Shaft or access wnnet seal falure and degradaton
NEA2.1.4 R iStess fieid changes. setiing. subsidence ot caving
NEA2.Y cause faiivres.

1.3

‘Hydraulic etiscts/groundwater flow
AECLI 34 : R 4.3 :Excessive_hydrostaic pressures
AECL1.43 = 2.3 iHydradic conducswty
AECL1.44 R 4.3 ‘Hydraufic head
AECLLL7S H R 4.3.4.10  Recharge groundwater
AECLL.7T ¢ R 4.3 :Reficoding
AECL1SC : R 4.3,4.10  ‘Unsawrated Yansport
DOE1.5.1.1 F 4.3 ;Changes in moisture content due o dewatering
DOELS5.1.2 F 4.3.4.4 iChamges in moisiure content due 10 stess relisf
DOELS.2.2 B 4.3 iGroundawater fow due 1 gas producton
DCE1.53 5t 4.3 iGroundwater %ow {saturated conditiors)
DOE16.31 !¢ F 2.3 iFracture changes: aperiure
DCOENL6.3.2 F 4.3 iFracture changes: length
DCe23.3.2 75 4.2.4.3  iRock property cnanges: Permeability
DOE2.3.23 = 2.2.4.3.4.7 jRock property changes: Micobial pore biocking
DCE23.4.1 F . 4.3 {Groundwater fiow: Daroy
DCE23.4.2 F 4.3 iGrouncwater flow: Non-Darcy
DCE23.4.3 F 4.3 (Grouncwater flow: Intergranular {ratrix}
DOE23.4.4 B 4.3 {Grourdwater fow: Fracture
DCE23.4.5 &5F 5.3 iGrouncwater flow: tfects of soluton channeis
DOE2.8.72 BF $.6.4.3 [Gas-induced greundwater transpor:
DOE2.4.13.1 231 4.5.4.3 iRepository thermally-induced grouncwater transpost
DCE2.4.13.2 5 . 4.54.3 iNawraly thermaiy-induced groundwater ranspost
tAEA1. 131 5= i 4.3 iFiuid interactions: Groundwater fow
IAEA3. 1.4 jcas i 4.54.3 |Therral elfects: Fiuid migration
PGA%. Y i lad 4.3 iDirect alterations in hycrogeciogy
SKK235 jsad 4.3 .Changes of groundwater fow
SKr2.7 2] L 4.3,4.4,4 5 [ Thermo-nydro-mechanical Jecls
SKis.1¢ 231 4.3 Resaturaion
SKEB.13 F 4.3.4.5 !'Geothermally nduced flow
UKN2.1.5 F ; 4.3 Dewatering of host rock
UKN3.1.4 3 : 2.3 iinduced hydroiogical chances (fuid pressure, densty convecton, viscos iy}
HMIP: 5.1 R 4.3 {Desatyration {pumsing) effects
HMiP:.5.2 R 4.3.4.4 Disturbed 2one {(nycromecranical} effecss
HMP!.5.4 ¥ 4.3 iSaturated groundwaler fow
HMP1.62 : R 2.5.%.3 Trerrrat etecs and Hydrogedlogical changes
HMP2.3.7 H BRAL i £.8,£4.3 'Changes in goundwater chemistry and fow direction
NEA2.15 ! R j 23 'Dewaterng of nost rock
NEA3.1.4 | FF : 4.3 i Induced hydrological changes (fluid pressure, densiy corvecton, viscosily)
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REPOSITORY CATEGORY:

SCREENED FEPs
{sorted)
[DENTFER | CATEGORY ;| COM.CODE FEPNAME
4.4 ‘Mechanical effects
AECL137 ! R | 4.4 Formation of gacks
[AECL1.81 i owWR a4 Stability
g i 4.4 iChanges in m-sity siress field
R ! 4.4 {Repository-induced subsidence
23 i 4.34.4 Cnanges in moistre content due o siress rehed
F 4.4 Difierential elastic response
=& N 4.4 ‘Non-eiasic response
23 i 4.4 iRepository-induced seisrmaty
G 4.4 Ex liy-induced icity
= T 4.24.4 Rock properly changes Cianmed formatioryciosure
= i 4.44.5 Thenrai effects: Differental elasiic resporse
7+ H 4. 445 Thermal effects: Non-esasic response
FF i 4.445 Thermal effects: Furd pressure. densily, viscosily changes
R i 4.4 ‘Mechanicat effzets: Loc! fraciring
R i 4.4 Decempressed zones from mning
=2 i 4.44.5 [Diferng thermal expansion of backii and hast rock
2 T 4.445 ‘Dianng thermal expansion of host rock zores
= ; 4.4 iSwelling of bentonite mw0 wrnels and cracks
=3 | 4.4 ‘Uneven swelling of bentonite
" 4.4 :Mecharscal fadure of repossory
R 4.4 ‘Excavatonibackfiling effects on nearby rock
3} T 4.3.4.4.45 Thermo-hydro-mechanical effects
Iad : 4.4 \Enhanced rock frachurng
| 2445 Thermaly induced StressFractoring in Hos Rock
= 4.4 ‘Excavation-induced Stress/Fracturing n Host Reek
R 8.2.4.4 :Stess feld changes, seting subsdence or caving
23 4.4 ‘Differentiai elaslic response
|z 4.4 iNon-elasic response
53 4.4 iHost rock_fracwre aperure changes
R 4.2 :Changes in in-sity stress Seld
R £.34.4 iDisawtbed zone (hydromechanical) effects
=38 . 4.54.4 Thertal effects and Rock-mass changes
HR i 4244 !Suess fieid changes. seting subsidence or caving
=38 i 44 ‘Difierental eiastic response
=3 i 4.4 :Nor-elaslic response
" 4.4 Host rock fracawre aperture changes
=33 4.5 Convechon
=3 4.5,4.90 ‘Hydrothermal gheration
WNCER i 4.5 Temperature rises (unexpected eflects)
&7 : 45 \Vzul heating effects
X &F : 4.5 N ARIONS B ground peratre
DOE2.4.13.1 &®R i 4543 Redosiory thermaily-induced groundwater ransport
DOE24.33.2 5F ! 4.54.3 Nawrelly thermaliy-induced groundwater tansport
JAEA3.1. 1 a3 i 4445 Themal efects: Difierential elastic resporse
IAEA3.1.2 = i 4445 Thermal efiects: Non-elasic resporse
IAEA3.1.3 ¥ i 4445 'Thenmal eflecis: Fluid pressure, density. viscosily changes
S EE = T 4543  Themmal eflects: Fluid migratien
PGA3.7.3 i B 4.4435 Diferng thermai expansion of backiit and host rock
PGA3.T.4 F 4.44.5 iDiffering thermal expansion of host ock zones
PGAZE = 4.5 ‘Thermal corvecton
SKis.2.4 B 4.5 iThermat buoyancy
SKic.27 a | 4.3.44.4.5 :Thermo-hydro-mechanice! effects
SKiB.13 a4 4.34.5 Gecthermaliy nduced flow
SHLE.3 ad 4.44.5 ‘Thermaly Induced StressFracturing in Host Rock
UKN1.5.9 BF 4.5 !Naturgl thermal effects
UKN2.1.90 | = 4.5 {Trermal effects (eg. concrete hycration}
HMIP16 1 : = 454 4 (Tremal efects and Rock-mass changes
HMP1.5.2 R ! 4543 Thermai effects and Hydrogeoiogical changes
HMP1.6.3 =51 i 4.54.8 Themal effects and Chemical changes
HMP15.4 : =23 4.5.41C :Thermal effects and Transoofnt (diffusion} effecs
HMP23.42 |  SFL L 4548 Thema! effects on hydrochemistry
NEA21.1C R 4.5 ‘Trermai effects
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REPOSITORY CATEGORY:

SCREENED FEPs
{sorted)
IDENTIIER ;| CATEGORY : CON.CODE (FEP NAME
4.6 !Gas effects and transport |
JAECL 1.86 { 233 4.6.4.10 _ {Transport 1 gases or of gases
DOE1.2.1.1 ! R : 4.6 {Hydrogen: cormosion of structoral sieel
DOE122.7 ] ! 4.6 ‘Methane/COR2 production:  Effects of microbial growth on proverses of concd
DOE126.2 R ; 4.6 {Gas transport In he vanits between containers
D0E1.26.3 R 4.6 ‘Gas wansport Beween vauits
DOE1.26.4 R 4.6 iGas transport In the nea-fiekd. inclucing up and asound access shaits and adi's
DOE2.4.11.1 BARL 4.6.4.1C Gas transoor: sokton
DOE2.4.11.. 12338 4.6 !Gas fransport gas phase
DOE2.4.12 =5 £.6.4.3  .Gas-induced groundwater ranspost
SKi5 22 (€3] 4.6 iAccumuiaion of gases onder permaftest
SKIS 43 R 4.6 ‘Methane intrusion
SKis.2 g 4.6 :Gas tansoort
UKN121:3 R 4.6 :Nawral gas intusion
UKN1.6.¢4 BRRL i 4.6.4.1C .Gas medmied fransport
VKN1.8S BARL i 4.6.4.10 .Multiohase flow ard gas driven Row
HMIP1.28 B ’ 4.6 ,Gas tansvort
HMIP1.5.3 ] R X :Gas production {unsawraied fow)
HMIP235.1C BAFL 4.6.4.10 iTransport of achve gases
HMIP23.11 BRAL 4.6.4.130 :Gas mnduced groundwater trarsport
NEA1.2.33 F 4.6 Naawal ges inusion
NEA1S6.4 5238 4.6.4.10 :Gas medated Transporn
BRAL !

‘Muitiphase fiow and gas-driven fow

‘Biglogicai acawity
Microdes

4.7 :Microorganisms
4.7.4.8 Transpon of Micodes o the near-feld

1.7 :Microbial activity
: a.7 :Microbioiogical effects due o Microbial procuc: reacions
F | £.2,4.3,4.7 :Rock preperty chenges: Micrebia! pore blocking
B 4.7.4.8 iTransporn of radionuciides bounc i microbes
BRR. 4.7 :Microbiological phenomena/eifects
WERRL - 4.7 iMicrobiai interacions
HMP2.3.3 i BFFL 4.7. 4.1C_ {Transposn of radonuclides bound o _microbes

DOE1.54.2 ! 4.8.4.10  iTransport of Humic and fuivic acids into the near-fieid
4.7.4.8 Transoor: of Microbes ino the near-field

4.8.4.10 - Transoor: of Orcaric complexes ino He near-feid

IAECL 13 i WER : 4.8 iChemical gradients
AECL1.13 L wWeeR - 4.8 iChemcal wnetics
JAECY.1.40 weR : 4.8 ‘Geochermical purp
DOE1.123 R 4.8 :Poce blockage: concrete
DOET.125 ¢ R . 4.8 ‘Cement-suiphate reaction: concrete
DOE1.1.3.1 R 4.8 iChanges n pore water composibor, pH, Eh: corcrete
DOE1.5.4 i R 4.8.4.1C iTranspon of Inorgamic jons ino the near-Geld
R
]
R

COE1.8.5. } WR 4.8 {Chernical changes due o Metal corrosion

DOE18.5.2 R 4.8 . iChemical changes due % Concrete degradation

DOE165.3 VR 28 | Chemical changes due tu Waste degradaton

DOE16.5.4 WER 4.8 iChermical changes due o Gas preducton

DOE1.68.5.5 8F 4.8 iChermicai changes due o Compiex formaton

DOE1.6.5.6 B 4.8 {Chermical canges cue  Colloid production

DOE:.6.5.7 5F 2.8 . Chemical cranges due © Solubiday

DOE1.6.5.8 B 4.8 {Chemical changes due o Sorpiion

DOE1.6.5.9 BF 4.8 | iChemicai changes due 1 Spedes equilibrium

DOE2485 F 4.8 | Fracthure mineralisation

DOE24.3 B8R £.7.4.8 . {Transooct of radionuclides bound © microbes

DOE2.4.14 L 4.8 | iBiogeochemicai changes

IAEA1.13.2 SR 4.8 | iFlid interactions: Disscltion

JAEA1.13.3 22l 4.8 1Fluid interactons: Brine pocketls

IAEA3.2.2 WCR 4.8 iChermical effects: Interaction's of waste package anc rock

IAEA3.2.4 WER 4.8 ' iChemical eifects: Geochemicai change

PGA3.12.2 F 4.8 .. iGeocherrical changes in host rock

PGA3.13 B 4.8 iPhysico-chermical ohenomenaieffects {eg. coliod formason)

SKi4. 1.1 B 4.8 Oxidizing conditons

SKi£.1.2 BARL 4.8 ipH~deviatons

SKI&.1.8 BRAL 4.8.4.9 Reconcenranon

SKiks.1.7 R 4.8 iTrermochermical changes

SKM.1.8 R 4.8 iCharge of grouncwaiter chemistry 1 neardy rock
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REPOSITORY CATEGORY:

SCREENED FEPs
{sorted)

DENTFIER | CATEGORY = CON COOE 'FEP NHAME
j2.8 iGeochem'cal_regime {continued)
SKik.1.9 P BAR 1 4.84.9 Complexny agents
SKi.2 10 { B 4.8 Chermical effects of rock reinforcement
SKI5.1 4 5F 4.8 iSaline {or fresh) groundwater intresion
UKN1.5.7 i B¥ 4.8 Saline or Teshwater inusion
UKNt 58 ¢ 8 4.3 Effects at sai'me-ﬁ'esh'uamr nterface
UKN1.6.11 H = ; 4.8 :Fractre minerafiisation and weathering
UKN1.6.14 | WBF | 4.8 :Chemical gradients (electrochemical eflects and osmosis)
UKN3.7.6 P OWEFL 4.8 iChemical transiormations
UKN3.22 I ween 4.8 iinteractions of host materiais and grouncwater with repositery matedai (eg. ¢
UKN3 2.3 i WCER 4.5 Interacions of wasie and reposifory matenials with host malenais (eg. electod
UKN3 2.4 [an 4.8 INon-radioacive sohnte plume W geosphere (eflect on redox, effect on oH, sem
HMP1.1.2 33 4.2 438 Physicochemcal degradation cf concete
HMiP1.28 WER : 4.8 Thermo-chemicai effects
HMIP1.55 231 : 4.8 Transport of chemicaily active substances ito the near-fiexd
HMiP163 [ 0 i 4548 Themalefects and w changes
HMIP2.37 T BHR ! 4843 Lk 1 groend iy and Sow direcon
HMIP23.12 ¢ B | 4548 Them'al effects on rv&od'-ef'ns:ry
NEA1 611 | F H 4.8 {Fractyre minerak:
NEA1.6.14 3 s N 4.8 ‘Chemiczi gradients (elecz:od')emw effects and osMOsis)
NEA3.1.5 | R - 2.8 {induced chemicai changes {soiubtity, sorption, species equilibrum, mir
NEA3.2.2 : R ! 4.8 iinteractions of host materials and groencwater with repository matenal (e.g.
NEA3.2. 33 H 4.8 teracsiors of waste and mteratsm"whos."'zﬂ'z‘s‘e'ec"ocre"

4.9 d fid
AECLI65 @ WCER | ) Precipiation and cssoluton
AECL:T.7B i =3 49 :Somion
AECL1.77 : B 49 ‘Sarption: aon-inear
AECL1.80 i WCER 4.9 :Speciaton
DOE2 441 | BARL . 49  iSolubiily. efiects of pH and £h
DOE2.4.42 B 49 ‘Solubiiy: efects of ionic_strenoth
DOE2.4.4.3 ! B 49 iSolubilty: eflects of naturatiy-occurning cormplexing agerss
DOE2.44.4 |} /R H 4.9 iSclubiity: eflects of compiexing acents formed m the near-Seld
DOE2.445 i BAEL | 4.9  iSoiubihty: eHects of man:mlly-oceuring collods
D0E2.4.46 ! R i 39 Sohxb&f.v‘ effects of coloids {ormed m the rear-feid
DOE24.4.7 | F i 4.9 - eHects of major ions migratng from he near-Seig
DOE2448 | 8L i 4.9 .Sozub&iy‘ Effects of microbial activy
DOE2 451 | BRFL | a9 iLinear sorpticn
DOE2452 | 2338 : 4.9 Non-inear sorpson
453 ¢ B i 4.9 F b Db
02454 BAFL 4.9 irreversble sorption
DOE24535 |  BFL 4.8 iSorption; Effects of pH and ER
DOEZ24.5.8 | By 49 1Somtion: Effects of ionic strength
DOE24.5.7 BR 4.9 iSorption: _EHects of naturally-occuring organic compiexng acents
DOE24.58 B | 4.9 iSortion: Efects of naturaily-occuring norganic comolexng agenss
DOE24.59 =51 ! 4.3 iSomton: Effects of compiexing agents ormed i the rear-feid
DOE2.45.10 BRAL 4.3.4.11  Sorpton: effects of naiurady-occuring coilods
DOE2.4.5.11 ¢ R 4.9 ' !Sorprion: effects of coiloids formed in the near-held
DOE245.12 ! 2 49 Sorption: effects of major ions migrating from e near-jeid
D0E2.45.13 | BAAL 4.3 Sorpton: effects of microbial activity
DOE2.4.1C ; BERL \ 4.9 !sotopic dition
SK4.1.4 i BRFL ! 4.9 |Socoton
SKI4.1.5 i ;3 i 4.9 iMatnx_diftusion
SKi4.1.6 BRRL i 4843 Reconceniration
SKi4.1.9 6FR . 4849 IComplexng agenis
SKB.44 WR : 4.3 iSoiubiliy and precioaation
SKIZ.5 i : 4.9.  lisotopic diution
UKN1.6.6 BRL ! 23 iSolubility bmit
UKN1.8.7 BFF. ! 4.9 Sorption {linear/ron-linear, reversivie/rreversible}
tUKN1.6.3 f BRAL | 49 iDissolution, precipiaton and crysiisation
UKN1.6.10 B ' 2, {Cormpiexing agents
UKN16.13 | e | 4.9 Mass, isototic and species diluton
HMP2.3.4 ! 2 2.9 Sotubility consirain's
HMP2.35 L 8AR. 49! iSorpion inciuding on-exchange
HMIP2.35 ¢ BAA. &9 iChanges in sorpiive sufaces
NEAY.6.6 : BFL 4.9 iSodubllity limit
NEA1.6.7 ¢ B8R, H 29 iSomtion (inear/non-hnear, reversidle/ireversible)
NEA1.6.8 | =2 x N 4.9 iDissolution, orecipuation. and cryswiiisation
NEA1.6.10 | B 4.9 {Complexing agents
NEA1.6.13 | 4.9 iMass isoiope and species ciution
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REPOSITORY CATEGORY:

SCREENED FePs

{sorted)
IDENTFER | CATEGORY | CON.CODE FEP NAME
12.10 :Radionuclide transport p!
AECE1.29 i R i 4.10 iDiffusicn
AECL1.30 i R i 2.10 IDispersion
AECt1.46 =R | 4.5,4.10 Hydrothermal alteration
AECL1.70 R i 4.2.4.10  iRecharge groundwater
JAZCL1.86 R i 4.6.4.1C [Transport in gases or ofigases
LAECTE 1.90 =3 i 4.34.1C :Unsamsrated fansport
DOE1.54.1 ] i 4.8.4.10 |Transport of inorgamic jons into the near-feid
DOE154.2 R 4.8,4.10  {Transport of Hunsc and fulvic acids into the near-feid
DOE1.5.4.4 R i 4.82.10 {Transport of Organic commiexes ino the near-field
DOE2.4.1 BF 4.10 {Advection
OOE2421 B : £.10 {Bulk ddfusion
DOE24.22 8F i 4,10 Matrix diffusion
DOE2.4.3 S H 4.10 Hydrodynarmic cispersion
DOE2.4.11.1 BEFL i 4.6.4.10 iGas transpoct solufion .
SKi6.4 : BRL i 2.10 IDisoersion
1SKIES i BEFL t 4.10 !Dilution
UKN1.6.1 i B 4.10 iAdvecson and dispersions
UKN1.6.2 i BRFL 4.1C IDiffusion
UKN1.63 ; =L 4.10 iMatrix_diffosion
UKN1.6.4 } B 4.6.4.10 iGas mediated ransport
UKN1.8.5 i BAFL 4.6.4.1C  Mulsiphase fow and gas driven fow
HMIP164 | = £.5.4.10 Thermal effects and Transport {diffusion) effects
HMIP2.3.1 i L : 4.10 Advection
HMiIP2 3.2 B : 4.10 Diffusion
HMIP2.3.3 B8R ! £.10 Hydrodynamic cispersion B
HMIP233 8L 4.7, 4.1C  iTransoort of radirucides bound 1o micrcbes T
HMIP2.3.10 B ;  4.6.4.°~ [Transport of aclive gases
HMIP2.3.11 BRFL i 4.6.4.10 iGas induced groundwater Tansport )
NEA16.1 H 8k i 4.10 iAdvection and dispersion
NEA1.6.2 ; 2338 i 4.10 {Diffusion
NEA1.6.3 H BRAL P 410 iMatrix diffusion
NEA1.6.4 AR ! 4.6,4.10  [Gas mediated transport
NEA1.6.5 B8R | 46,410 [Multiphase fioy and ges-driven flow

4.11 iSpecific facte
AECL1.15 R ! 4.11 Colloids
1ACCL1.48 R : 4.11 Incomplete closure
AECL1.62 g H 3.11 Percolaton in shafs
AECL1.66 " H 4.11 Pserdo-coilcids
AECL 1. i R” [ 4.1% Unmodeded desicn featores
AEC12 4 i = 4.11 Borehole seal faurefopen boreholes
AECL26 i HF 4.11 |Boreholes - unseaied
DOE1.545 R 4.11 Transoort of Coiloxds into the near-Geid
DOE23.4.6 = £.11% Inorgarac coBoid transport Porous media
DOE23.5.% B 4.11 Incrgaric colioid ransport: Efects of pH and En
DOE23.52 | 5 i 4.11 jinorganic colloid Tansport Effects of icnic srength
DOE245.10 ¢ 8RR i 2.9.4.11 !Somtion: effects of naturally-occurin: cofeids
DOE24.7.1 BRAL : 4.11 iOrgaric coiloki transport in Porous Tedia
DOE24.7.2 s8R 411 Organic collend transport in Fractred media
DOE24.7.3 S 4.11 Qrgarsc coiloid transpert: Effects of pH and Eh
DOE24.7.4 BAAL .11 iQOrganic coliowd transport Effects of jonic strength
DOE2.48.1 | BAFL 2.11 \inorganic colioid transport: Porous medz
DOE2482 | B 4.1% Inorganic colioid transport Fractured meda
DOE24.8.3 | B 4.11 inorganic cotioid transpert: Effects of pH and Eh
DOE24.84 | BAFL .11 {inorganic cofiord transport Effects of ionic sirength
IAEA2.2.1 i i 4.41 iinadecuate design: Shaft seat faiiure
IAEA2.2.2 R 4.11 _ \Inadequate desigr: Expioration botehote seal failure
R 4.2,4.11  iFalure of shalt seafing
B 4.11 lExreme channed flow of oxicants and nuciides
/ 4.11 iColioid generation and mansport
B ] a1 iColloid_formeaton, dssotution and tansoport
[aal ! 4.11 'Poor clesure
BRRL ; 4.11 :Coiioxd transport
R ; 411 ‘incomplete near-fieid chemical conditioning
BERL 4.11 iCollod formation, dssolution, and transport
R 4.1 {Materal defects {e.q. early canister faiure)
R ; 4.11 iPoor guaiity constucion
R i 4.11 iRadicactve waste disposal eror
= 411 |iradequate backf or compacion voicage
Wk 4.11 fnadvertent inclusicn of undesirable rmatenals
R 4. 11 Avandonmen? of unsealed reposiiory
R 4.11 Poor closure
R 4.11 |£ffects of phased operation
R
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CONSOULIDATED FEPs LIST FOR FAR FIELD

}

=
5.1 Rock property effecis iporosity. permeabifity, fracture changes
5.2 iHydrogeoiogical effects ihydraufic eifects, groundwater flow
5.3 : Physical/mechanical effects iseismicity, fault activation
5.4 iThermal etfecis ielastic-, non-claslic response
5.5 iGas effects and transport

.5 1Microbiologicalbiological activity
5.7 :Geochemical regime chemical gradients & kinetics, redox poiential, themochemical
5. ‘ Radionudide chemistrv isolubility, speciation, sceplion, complex {ormation
5.9 : Radionuclide transport proc tadvection, dispersion, diffusion
15.10 . Specific factors icolloids, poor QA & design, borehole seal failure, undetected features




FARAELD CATEGORY:
SCREENED FEPs
(sorted)

[DENTIFER | CATEGORY | CON.CODE [FEPNAME
5.1 ‘Rock property effects ;
JAECL2.14 ¢ M i 5152 Dewaterng
IAEC1 2 51 : < ! 5.1 ;Bock propecties
DOE1 631 F i €.1 iFracture changes: apesiure
DOE1.63.2 F : 5.1 {Fraczure changes: length
DOE23.3.1 & : 5.1 :Rock property changes: Porcsily
DOE233.2 F 5.1 :Rock property changes: Permeabiliry.
DOE2.33.3 F 5.1 iRock property changes: Microbial pore blocking
POE2334 23 5.1 {Rock property changes: Channed formation/ciosure
DOE2.4.6 F i 5.75.1 iFracure mineralisaton
UKNi6.11 | ~ {5.75.1 [fracture mineralisation and weathering
UKN2.1.5 & i 5.152 iDewatering of host rock
HMIP2.22 | F i 5.1 1Rock property changes
F tal model - hydrology
(AECL2.14 ! H ! 51,52 !Dewalering
JAECL2.16 ; A i 5.2 Discharge zones
AECL2 27 i F 5.4,52 |Geothermai gradient effects
JAECL2 30 F 5.2 :Groyndwater - evoiution
AECL2.33 F : 5.2 {Hydraulic properties - evolupon
IAECL2 So F i 5.2 |Recharge groundwarer
AECL2.5¢ F j 5.2 iSafinity efiects on fiow
JAECL2.55 F 5.2 : Saturation
AECL2 63 F i 5.2 i Turbulence
AECL2.65 i F ! 52 ‘Unsaturated rock
DOE1S1.1 F ! 5.2 :Changes in moistire content due o dewsatering
DOE1S.12 ! 23 ! 5.253 !Changes in moistre conien: due 0 syess refief
DOE153 ¢ BAF i 5.2 :Grouncwater flow (satwated conditions)
DOE16.4.1 F H 5.2 {Hydrological changes: Flud pressure
DOE$.642 F i 5.2 {Hydrological changes: Density
DOE1.64.3 F 52 iHydrologeeal changes: Viscosity
IDOE23.4.1 F 52 {Groundwates Sow: Darcy
DOE2.34.2 i 5.2 iGroundwater flow: Non-Darcy
DOE2.34.3 F i 5.2 iGroundwarer flow: Intergranular (matrix)
DOE2.3.4.4 BRF i 5.2 iGrouncwater fiow: Fracture
[IDOE2.345 BF 52 Groundwater flow: Effects of soluton chanrels
DOE2.38 i B 5.4,5.2 {Variations in groundwaier temperanire
DOE2.4.12 B 5.6.5.2 |Gas-induced groundwater bansport
JDOE2 4.13.2 B 5.4.5.2 INawrally thermally-induced groundwaler transpon
IDOE3.32.4 a 5.2 Near-surface runoff processes: Macropore fow
DOE3.325 A 5.2 Near-surface runoff processes: Variable sowree area resoorse
IDOE3.33 } E 1 5.2 Groundwater recharge
IAEA1.13.1 ! BF 5.2 Fluid interactions: Groundwater fow
HAEAT 132 | BRA. 5.2,5.8 Huid imeractions: Dissolution
IAEA1.13.3 | BF ;5257 |Fuid interactions: Brine pockets
IAEA3.1.3 B i 5.452 |Thermal effects: Puid presswre. density, viscosity changes
1AEA3.1.4 BF 5.4.5.2 (Thermal effects: Fluid migration
PGA4.1 ! F 5.2 Direct afterations in hydrogeology
SKM 23 | B 5.2.5.10  [Exreme channel flow of oxidants and nudides
ISK4U 25 ! BF 5.2 iChanges of groundwater flow
ISKIS.1 | BF 5.2 |Safine (or fresh) groundwater intrusion
SKI5.46 { F 5.2 iGroundwatec recharge/discharge
SKi5.13 ; i3 i 5452 Geothermally induced flow
UKN1.5.3 F ! 5.2 iRecharge to groundwater
UKN1.5.4 R 5.2 i Groundwater discharge (to surface water, 10 springs,o sods, 0 wells, o marm
UKN1.55 F 5.2 ' Groundwater flow (Darcy. non-Darey. intergranular iracture, channelling and pi
TUKN1.5.6 F i 5.2 i Groundwater conditions {saturatediunsaturated)
LIKN2.1.5 F ! 5.1,5.2 ;Dewatesing of host rock
UKN3.1.4 B : 5.2 finduced hydrological changes {fluid pressure, densily convecton, VISCOSity)
HMP1.54 B ; 5.2 {Saturated groundwater flow
HMIP2 2.1 F 5.2 Changes in geomelry ané driving forces of the flow system
HMIP2.2.3 - F ! 5.2 Groundwater flow
HMIP2.3.7 BRAL t5.7.5.2 .Changes in groundwater chemisty and fow dwecion
HMIP2.3.11 BRR. ;. 5.55.2 |Gas nduced groundwaler wansport
NEA1.53 F : 5.2 !Recharge 1o groundwater
NZA1.55 F i 5.2 {Groundwater flow [Darey. non-Darcy, intergranular Sacture. channeling and ped
NEA1.5.6 : F i 5.2 {Groundwater conditions {sajurated/unsatrated)
NEA3.3.4 i BEF i 5.2 jinduced hydrological changes (£uid pressure, dersity convecton, viscosay)
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FAR-FIEL D CATEGCRY:
SCREENED FEPs
{sorted)

[OENTHRER | CAIEGORY ;| CON.CODE [FEP RAME

I5.3 ‘Physical/mechanical efiects

IDOE1S512 ! i 5253 iChanges in moisture conient due Io stress refief
DOE226.1 | 5.3 Repaository-induced seistaicty

DOE2262 | 5.3 Externally-induced seismicity

DOE2263 ! 5.3 Natural seismicily

SNL6.3 H i 54,53 iThermally Snduced Swess/Frachuming v Host Rock
SNLE 4 § : 5.2 Excavason-Induced Stress/Fracaring in Host Rock
DKN1.2.9 5.3 Fault activaion

UKNS. 1.1 5.3 Differental elastic response

UKN3.1.2 i i 5.3 Nor-elastic response

UKN3.1.3 ! H 5.3 Host rock fracture apertize changes

F
;3
G
it]
|33
F
e
33
3
&
5.4 rmal eflects :
IAECt 227 F ! §.4,52 iGeothermaf gradient effects
DOE1.6.1 T 1 5.4 iDifferential elastc response
DOE1.£2 23 i 5.4 {Non-efasic response
DOE2.35 &F S.4.52 [Varatons in groend peramre
DOE2.4.132 B 5.4.5.2 [Nawrlly themafly-induced groundwaier ransport
IAEA3.1.1 F 5.4 Thamal effects: Diferential elastic response
IAEAZ. 1.2 s H 5.4 ' Thernal effecss: Non-elastic response
IAEA3.13 B i 5452 !Thernd effects: Fluid pressure, density, Viscosity changes
IAEA3.1. B i 5452 !Thermal effects: Fluid migration
PGA3.74 F ; 54 Differing thermal expansion of host rock zones
PGA3.8 Ga i 5.4 Thennai convecton
SKi6.13 7 i 5452 Geothermaily induced fiow
SNLE63 = i 54,53 [Thermaliy Induced Stress/Fractunng in Hast Rock
UKN1.59 ERF 5.4 Natural thermal efiects
HMIP2.3.12 BRI 5.4 i Thermal effects on hydrochemsstry
NEA159 F 5.4 Namral hermal effects
AECL2.26 F i 55 Gases and gas ransport
IAECL2.42 F i 5.5 Methane
DOET1265 F i 5.5 Gas ransport Info and through the far-field
ISKi6.2 B ! 5559 |Gas yanspon
B i
BAFL
¥
F
8RAL
BRFL
F
8RR
8.
| vity
AECL2.43 F 5.6 'Microbes
DOE1.66.2 WBHF 5.6 iMicrobial activity
DOE1 663 VWeRF S.6 Mcrobiological effects due o Microbia product reactions
DOE24.8 BAFL 5.6,5.9 |Transport of radionuciides bound 1o microbes
DOE2.4.11.1 BRFL i _5.6,5.9 |Gas tvansport soton
DOE24.112 | BRR. i 58659 [Gas transport gas phase
DOE24.12 ¢ = 5.6.5.2 iGas-induced grouncwater ranspoct
PGA3 14 BRAL 5.6 Microbiological phenomena/efiects
UKN1.7.7 WBRF. 5.6 Microbial interactions
HMIP2.3.5 138 5.5.5.8 Transport of radionuciides bound © microbes
HMIP2.3.13 BFR. 5.6.5.7 |Biogeochemical changes
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FAR-FIELD CATECORY:
- SCREENED FEPs
(sorted)

EIDBJTFIER i CATEGORY | CON.CODE {FEPNAME

T :Geochemical regime
AECL23% : £ i 5.7 Groundwater composition change
DOEL6SS | BRF i 5.7,58 |[Chemical changes due ® Complex formation
DOELS56 ¢ B ! 5.7.5.8 !Chemical changes due  Colioid production
DOE1657 | BF | 5.7.58 IChemical changes due To Soubility
DOE1658 . BRF . 5738 iChemical changes due v Sexvion
DOEi1.658 ! S ! 5758 iChermcal changes due  Speces scuiibrium
DCE2.486 F { S5.7.5.1 .iFracture minerafisabon
DOE24.14 338 i 5.7 Biogeochemical changes
IAEAT.133 B¥F 5257 Fluid interactions: Brine pockets
PGA1.1Y : 28 5.7 Weathering, minerafisation
PGA3.12 § F 5.7 {Groundwater changes
PGA3.122 3 57 {Geochemical changes in host rock
IPGA3.13 i 8RR 57 | Physico-chemical phenomenaieifecss {eg. colicid formation)
SKl4.1.1 i BRAL 5.7 iOxidizing conitions
SKI4.1.2 j BRA 5.7 ipti-deviations
SKI5.25 3 F i 57 Dissotution of fracture filfings/precpitasons
SKI6.3 i F . 57 Far field hycrochemistry - acds, axdants, rirate
SKES i F ; 57 Weathering of flow paths
UKN1.5.7 § 8 H 5.7 Safine or freshwater intrusion
UKN1.58 BEF ! 5.7 |Effects at safine-reshwater imerface
UKNi6.51 ! R ! §.7.5.1 {Fracwre mireralisaion and weathering
UKN16.14 | WCBRRF ! 5.7 |Chemical gradients (electrochemicai effacts and csmosis)
UKN1.7.6 H WBRAL 5.7 iChemical ransiomations
UKN32.4 : F 5.7 ‘Non-radicacive solute piume in geosphere feffect on redox, effect on pH. sor
HMIP237 | BRARL 5752 iChanges in groundwater chemiswy and fow drecion
|HMIP23.13 BRFL i 5.6.5.7 iBiogeochemrcal changes
NEATST7 H F . 5.7 Saline or freshwaler intrusion
NEA1 S8 i F : 5.7 Effects at saline-reshwater meriace
NEA16.11 33 ) 5.7 Fracture mineraiisaion
NER$.6.14 BRR 5.7

Chemical gradients {electrochemicai effects and osmosis})

{interactions of

ch
F i 5.8 Complexation by organics

i F i $.8 i Fulvic acid
i F ¢ 5.8 iHumic acid
i F i 5.8 i Precipitation - dissotution
i F ; 8 ‘Sorption
H F ! 5.8 iSorption - non-linear
i F T 5.8 iSpecamon
i B8F ; 5.758 Chemical changes due 0 Comolex ormaton
B © 5758 |{Chemicai changes due o Coiloid production
i BrF 5.7.5.8 !Chemical changes due 0 Soiubsdity
i SR i 5.7.5.8 |Chemical changes due ®© Sopton
; BRF i 5.758 Chemical changes due v Species eguiliboum

B8RAL H 5.8 Solubiiity: effects of pH and &h

BRAL ! 5.8 Sohubility: effects of fonic stength

BRA. ! 5.8 Solubility: effects of naturafly-occurring complexing agen’s
! BRRL ! 5.8 ' Solubifity: effects of mawrally-occuing colloids
i F 5.8 | Sclubility: effects of major jons rmigrating from the near-feld
i 8RR | 5.8 iSolubifity: Effects of microbial actvity

BRARL : 58 iLmear sorpiion

BRA. S.8 iNon-jinear sorpsion

R 5.8 [Reversible Sorption
: BRAL i 58 {Irreversible somtion
; SRR S.8 iSomtion: EYects of pH and B

BSRA. 5.8 {Sorption:  Effects of ionic srength

BRA. 5.8 iSorption: Elects of naturally-oceurning organic compiexing agents
i s 5.8 iSorpion: Effects of natwraily-occuring inorganic complexing agents

|DCE2.4.5.10 | BRRL i 5.8 iSorption: eflects of natirally-occuring colloids
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{sorted)

DENTIFER | CAJEGORY | CON.CODE [FEPNANME
5.8 |Radionuclide chemistry ( ¥ d)
DOE2.4.5.12 ! F 5.8 i Sorption: efiects of major jons migrating ‘rom the neas-field
DOE2.45.13 & 8RR 5.8 {Sorpton: effects of microbial acuvity
DOE24.10 BRRL 5.8 Isotopic diluton ]
IAEA1.132 BRAL 5.25.8 |Fuid interactions: Dissoluton
SKK.1.4 ; 8L 5.8 Sorpsion
SKK4.1.6 J BRAL 5.8 Reconcentration
ISKI4.1.9 H 8RE 5.8 Complexing agents
SKi6.5 3 S8 Diluticn
SKI7S i R 5.8 Isotopic dilution
UKNi.6.6 ; - 238 5.8 Sotubiiity imit
UKN1.6.7 | BER 58 Sorption (lincar/non-finear, reversibiefirreversible)
UKNi68 | BaR. 58 Dissolution. precipitation and crystalisation
UKN1.6.10 B 58 Compiexing agents
UKN16.13 | 8RR 58 Mass, isoopic and species difution
HMEP2.3 .4 s 5.8 Solubility conswamts
HMIP23 5 s8R 5.8 Soption inciuding ion-exchange
HMiP2 3.6 BRA 58 Changes it somptive surfaces
NEA1S6 1 BRAL 58 Soisbility mit
NEA1.6.7 BRRL 5.8 {Sorption flinear/non-linear. reversibiedimeversible)
NEA1.6.8 BRAL S8 | Dissolution__precipitation, and cryswllisation
F
F
F
. BF - 1
DOE2.42.1 B 5.9 Bulk diffusion
DOE2422 8 59 Mazrix diffusion
DOE24.3 BF 59 Hydrodynamic dispersion
DOE24.9 BRAL 5.6,5.9 | Transpor of radionuchdes bound to microbes
DOE2.4.11.1 BrA. 5.6,5.9 !Gas wranspofrt sokition
DOE24.11.2 ! B8R 5.6.5.9 [Gas ransport gas phase
SKi2.1.5 { = S9 Marix difusion
SK¥%.2 | BRF 5.5.5.8 Gas Fansport
SKi5.4 8RR 5.9 Dispersion
UKN1.6.1 BRAL 5.8 Advection and discersion
UKN1 62 BRR 5.9 Diffusion
UKN1.6.3 BRA. i 5.9 Magix _difiusion
UKN1.6.4 B ! 5585.9 |Gas mediated transport
UKN1.ES BERL | 5559 [Multphase fiow and gas driven flow
HMIP126 BFF 5.5,5.8 |Gas wansport
HMIP23.1 8RR 5.9 Advection
HMIP2 3.2 i BRA. 5.9 Difiusion
HMIP233 : B8R : 5.9 | HyGrodynamic gispersion
HMIP2.3.9 i BRA i 5,659 !Transpor: of radiorucides bound to microbes
HMiP23.10 ¢ 2338 i 5.53.5.8 !Transport of active gases
NEA1.6.1 ! 5L 5.9 Advection and dispersion
NEAI L2 i 8= 5.9 Diffusion
NEA1.63 | BRAL : 5.9 Matrix difusien
NEA164 | BRRL ' 5559 IGas rmedakrd trensport
NEA1.6.5 t =358 ©  5.5,59 Muliphase fiow and gas-driven Sow
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FAR-FELD CATEGORY:
SCREENED FEPs
{sorted)

JDENTINER | CAIEGORY | CON.CODE [FEPNAME

15,10 Specific facto H

IAECL24 G i 5.10  iBorehole seal failre/open boreholes

IAECL2 6 HF i 5.10 Bcerehoies - unsealed

AECL2.8 F ¢ 5.0 Coilcid formation

IAECL2 47 i F ¢ 5.10 Pseudo-colloids

JAECL252 | F 5.10  |Rock properties - undetecied feaures

AECL2 88 F 5.1 iShaft seal faitre

AECL2 .66 H ; 5.10  {Vaul closre (incomplete )

AECL267 B2 i 5.10  |Vauk heatng effects

DOE23.48 & ; 5.18  ilnorganic colloid ransport: Porous media
DOE235.1 - B 5.10 jinorganic colloid ransport EHects of pH and Eh
JIDOE2352 | BF 5.10 _ !Inorganic colioid ransport Effects of ionic swrengtr
DOE247.1 BRAL 5.10  Organic codoid ransport in Porous media
DOE2.4.72 BRAL i 5.10 iOrganic colloid ransport.in_ Fractured media
DOE24.7.3 BRA. ! 5.10 Organic coitoid ranspors Slfects of pH and Bh
|IDOE247.4 BRA. 5.10 Organic colicid transport: Effects of ionic strength
DOE248.1 | g 5.10 _ inorganic colloid Fansport Porous media
D0E24.82 ! s 5.10  !Inorganic colloid transport: Fractured media
iDOE2.48.3 B 5.10 jInorganic colloid ransport Efects of pH and Bh
DOE24.38.4 BRAL 5.10  !knorgarvic colloid ransport EHecs of ionic sirength
DOE4.1.1.1 | 5.10 Borehole seal failre

DOE4.1.12 338 i 5.10 Borehoie seal degradation

1AEA2.21 o 570 Inadequate design: Shaft seal failure

AEA2 22 B ! 5.10 Inadequate design: Exploration borzhole seal Gilure
SKK23 B 5.2.5.10 |Exreme channel fiow of oxdanis and nuclides
SKi5.11 F i 510 _ [Degadaton of hole and shaft seals

SKI5.45 T ! 5.10 Colloid geteraton and transport

SKI5.1 F i 5.10 Undetected fracture zones

SKI6.12 F i 5.10 Undetecled ciscontinuiies i
SNL62 - R i 5.1 {Shaft and Borehole Seal Degradation

UKNt1.2 12 i< ; 5.10  itUndetected feamres (e g. faulls, fraciure neworks, shear zones. brecaaton,
UKN1.69 ' BRA. i 5.10 Colloid formation, dissoiution and fransvor:
UKN2.12 AR ! 510 !invesngation borehole seal Giture and degradation
UKN2.1.3 F H 5.10 Shalt or access unnel sea failure and degradation
HMIP2.3.8 BPFL i 5.10 Colloid transport

HMIPS.1.1 RAL ! 5.10 Loss of inegrity of borehole seals

NEA1.6.9 BRAL i 5.10 Coiloid formation, dissolution, and transport
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CONSOLIDATED FEPs LIST FOR BIOSPHERE

" {Human considerations

iiving conditions (spece heating). land use

B2 Ecological factors ‘plants, animais
5.3 Soillsediment_effecss ttefrestrial sediment, including organic component. peat
6.4 Surface/near-surace waler pocesses igroundwater discharge
6.5 Coastal wateriocean processes lincluding deep ocean sediment
5.6 iGas efleais :
5.7 I Microbiologicaibiological acivity ‘Biotasbation,
.8 {Geochemical reqime (genesa) ichemical gradients & kinetics. redox potemial, thermochesmical
5.9 iRadionudide chemisiry isolbiiity, spedation. sorption, complex formation
16.10 | Radionuciide Transpost processes :advection, dispersion, difiusion
6.11 ! Ragiologicat factors icritical group. wind, air suspension, irmigation
5.12 ' Specific factors ismoking, shaftborehole seal failure, undetected jeanaes




BICSPHERE CATEGORY:

SCREENED FEPs UST
{screened)

!Ecclog}cal factors

DENTHER | CATEGORY | CON.CODE FEPNAME

6.1 Human consldentions

IAECL3.19 H 6.3 Charcoal producton

IAFCL3.49 H 6.7 iFish farming

AECI354 | H 6.1.6.2 Game ranching

AECI360 ! H i 6.1 {Heat starage in takes or undergreurd

IAECL3.99 i HL i 6.1.6.17  iSpace heating

AECL3.109 | H. t 6.1 ;Urbanizaton on the discharge site

DOE3.1.1 i G i 6.1,62 iGreenhouse-induced Ecoiogical effects

SKI7.3 : HL { 6.1.6.2.5.12 jintrusion in accumuiation zone in the biosghere

NEA2.4.6 ! HL i 6.1 iLand use changes

NEA2.4.7 HL [ 6.3 {Agncuitural and fisheries practice changes
H

AECL33 L ! 6.2 Anima! grooming and fighting

AECL34 L 6.2 LAnimat soil ingestion

AECL3S L 5.2 Anitmals’ diets

AECL3.54 i H i 6182 Game ranching

IAECL3.63 L { 6.2 {Housepiants

AECL378 L i 62 iPlant root sysiems

AECL3.86 L &2 {Scavengers and predators

JAECL3.107 | 6.2.6.11 [Treesap

DOE3.1.135 G 5.1.6.2  iGreenhouse-induced Ecological effecs

DCE3.1.25 (] : 5.2 Glacialinterclacial cydiing: Ecciogicat efiecs
DOE3.4.1.1 L i 6.2 Temestial ecological development Agriculrat systems
DOE3.4.12 L 6.2 Temestrial ecciogical cevelopment: Semi-nalural systems
DOE34.13 | L 6.2 i Terresinal ecological development: Nakural sysiems
DCE3.4.1.4 L 6.2 i Terrestrial ecological ceveloorment: Etfects of succession
DOE3.42 L { 6.2 iTerrestrial ecoicgical develooment Estuatne
DOE3.S.10.1 L 6.2 iPlants: Root upiake

DOE3.5.10.2 L 6.2 1Plants: Depesition on suriaces

DOES.5.16.3 L 6.2 {Ptants: Vapour uptake

DOE35.10.4 | L 62 {Plantst Internal fransiocation and retenticn
DOE3.510.5 L § 6.2 Plants: Washoff and leaching by ririafl

DCES5.10.8 L 62 Plants: Leaf-iafl and senescence

DOE3S.10.7 L 8.2 Ptants: Cyciing processes

DOE35.11.1 L 62 Animais: Uptake by ingestion:

DOE3S5.11.2 | L 6.2 Animals: Uptake by intalation

DOE3.5.11.3 | L 6.2 Animails: internal tansiocaton and retention
DOE35.11.8 | L 5.2 Animais: Cycing processes

DCE3.5.11.5 L 6.2 LAnimals: Effects of relocation and migration

SKi7.3 i HL £.1,6.2.5.12 lintrysion in accumulation Zone in the biosohere
UKN1.3.1 i a 6.2.6.4 Predpitation, termmperature and soil waief balance
JOKN1.7.1 ¢ L 6.2 Plant uptake

UKN1.7.2 i L 6.2 Animal uptake

UKNL.?.3 L | 6.2 Upiake by deep rooting species

NEA1.7.1 L 6.2 Ptant uptake

NEA1.72 : L 6.2 Animal upiake

NEA1.7.3 H L 6.2 Uptake by deep reoting species

NEAL7.8 i L 6.2 |Ecoiogical change (e.q. forest fire cycles)

INEA1.7.9 | L 6.2 |Ecelogical response © cirmare (e.g. deser: formation)
NEA1.7.1C | L 6.2 {Ptant and animal evolution
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SCREENED FEPs UST
{screened)

i CATEGORY | CON.CODE FEPNAME

WENTHER |
6.3 iSolifsediment efiects
JAECL2.16 ¢ L 63 Capiiiary rise in SH
JAECE365 L 6.3.6.11 iHuman scif ingeston
IAECL271 b 6.3 Honic exchange in soil
JAECI3.72 ¢ L H €3 Hrigatien-
AEC1375 7 HE. 6.3,6.4 !Oumioor spraying of water
AECL3.88 L 6.3.6.4  iSediment resuspensicn in water bodies
AECL3.89 L 6.3 ! Sedimentation in water bodies
AECL3.93 L 6.2 1 So8
AECE3.94 | L 6.2 Soit decth ]
AECIL385 & L 6.3 iSoil leaching
IAECI39€ L 6.3.6.8 1SoR porewater pH
JAECE3.97 L 6.3.6.9 _|Sof samptica
AECL3.58 L 6.3 Sof type
DOE3.S5.2.% L 63.6.4 !Grouncwater discharge 0 sois. Advective
(IDOE3.522 |5 6.3.6.4  {Gmuyrdwater discharge  sois: Diffusive
[DOE3.523 | L 6.3.6.4 iGroundwater dischaige o sois: Biotic
DOE3S5.24 | L 6.3.6.4 Grogncwater discharge ® spiis: Voiauisaion
DOE3.5.3 H L 6.3,6.4 iGroundwdter discharge o wells or Sixings
DOE3S.4 | L 5.3,6.4  iGrouncwater discharge o freshwaters
SK7.1 } L ] 6.3 { Accurmuzation in sediments
SKI72 : L ¢ 6.3 *Accurnuiation in peat _
UKN1.6.12 L i 6.3 [Accumitation in soils and orgaric debris
UKNT.7.8 i L : §.3 :Soit and sediment bioturparon
UKN1.7.5 | [ i 6.3 Pedogenesis ]
UKN2.45 ¢ L . 6.36.8 :aAitered soil or surface water chemisty
HMIP4.1.3 i L i 6.3,6.4 iGroundwater discharge 1 scils and surface waters
HMIP4.21 & t { 6.3 iSoil moisire and evaporation

P423 L i 6.3.6.7 iSediment fransport including bioturbation
HMiP3.24 | L 1 6.3.6.4,6.11 |Sedimenywater/gas inleracion wiith the amosphere
NEA1.6.12 L i 6.2 Accurmdaion in soils and organic detris
NEAT.7.4 L §3 Soil and sedimert bictsrbaon
NEA1.7.5 i 5.3 Ped: T

Hi

FL

3

HL

L : X
AECL3.88 L i 63,64 Sediment resuspension in waier bodies
IAECL 3.100 E : 6.4 Surface water bodies
AECL 3.101 L 6.4 Sutface water oH
JAECL3.112 Ml 6.46.5 iWater source
DOE3.3.2.1 i |4 6.4 Near-surface runoff processes: Overtand fiow
DOE3322 |8 1 6.4 Near-surface runc!f processes: interfiow
00E3323 ! L i 8.4 Near-surface runoff processes: Return: fiow
DOE332.4 ! L i 5.4 Near-surtace funoli processes: Macropore fow
DOE3325 2% i 54 Near-surface runoft processes: Variable source area response
DOE334.1 t i 6.4 Surtace flow characerstics |freshwater); Streamy/river flow
DOE334.2 | [N L 6.4 iSurface flow characenstics (fres Y Seciment ansport
DOE3343 ¢ L ; 6.4 iSurface fow characlensics (frestwater): Meander migration or other fluvial rey
DOE33.44 L 5.4 iSurface flow characenslics {freshwater): Lake formabor/sedimentation
DOE3345 L H 6.4 Surtace flow characedstics (freshwater): Effects of sea levei ¢hange
DOE3.35.1 L f 5.4 Surface flow characenstcs (esmarine): Tidal cycling
DOE3.35.2 L ; 6.4 Surface fiow charagienstics (estizarine): Saciment fransort
DOE3353 L ; 5.4 iSurtace flow characierisics (eswarine): Successional deveiopment
DOE3354 i : 6.4 i Surface Sow characterstics (estuarine): Effiects of sea tevel change
DOE3S2.1 L i 6.35.4 Groundwater distharge 1o sois: Advectve
DOE3522 L I 6.3.6.4 iGroundwater discharge 1o sois: Diffusive
DOE3S23 L 6.3.6.4 |Groundwater dischame o sois: Biotic
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BIOSPHERE CATEGORY:
SCREENED FEPs LIST
(screened)

DENTFER ! CATEGORY | CON.CODE FEPNAME
6.4 Surface/near-surface water p {continued)
DOE3.524 L 6.3.6.4  Groundwater discharge I soils: Volatiisation
DOE3.53 b 63.6.4 :Groundwaler discharge o wells or springs
DOE3.52 : L i £5.3.6.4 iGrouncwater ¢ scharge 0 Teshwaters
DOE3S7.y | E : 6.4 iSurface water bodies: Water fow
DOE3S572 | £ t 6.4 Surface water bodies: Suspended sediments
POE3S73 ¢ | & 5.4 Surface water bodies: Boftom sedments
DOE3574 | 14 5.4 Suriace water bodies: Effects on vegetation
DOE3S75 ¢ L 6.4 Suriace water bodies: Effects of fluvial system developrnent
SKIS .41 ; HL ! 6.4.6.11 iWaler producing well
IUKN1.3.% ; Q@ i 8264 Precipitation, emperarre and soil waler balance
UKN 154 H FlL 6.4 Groundwater discharge (fo surface waler, 10 springs, o soils, 0 weils, o Marin
HMIPS 1.1 : L 6.3.6.4 |Groundwater discharge 1o soils and surface waers
HMIP4 22 i L 6.4 Suriace water mixing
HMIP224 L { 6.3.6.4.6.11 |Sedimentiwaterrgas i jon with_the armosphere
THMIP4.3.1 i 3 6.4 [Terestial water use
INEA1.5.1 H a River flow and lake ievel changes

£
6.5 ICoastal water/ocean procasses
AECE2.16 H 7 ! 65.465 iDischamge 2ones
IAECE3.112 HL | 54865 {Waer source
DOE336.8 | L ; 6.5 Coasiai waters: Tidal mixing
DOE3362 X i 6.5 Ceastal waters: Residual current mixing
DOE3363 L i §.5 \Ceasial waters: Efects of sea levet change
DOE337.1 | L i 5.5 {Ocean waters: Water exchange
DOE3372 | |3 i 6.5 {Ocean waters: Efiects of sea level change
DOE3.43 i L 6.5 ICeastl waers
DOE3.4.4 ; L 65 Ocsans
DOE3.5.5 L §.5 Greungwaier discharge 10 eswanies
DOE3.56 ! L 6.5 Grounrowater discharge to coasial waters
DOE358.1 | L 6.5 Estzaries: Water fow
DOE3S582 ¢ L 6.5 Estuaries: Suspended sediments
DOE3583 | L 6.5 Estaries: Boliom sediments
DOE3584 | i 6.5 Estuaries: Effects of salinity variation
DOE356S | L 6.5 Estarsies: Effects on vegetation
DOE3586 i L 6.5 iEstaries: Effects of esarine development
DOE358.7 ! L i 6.5 | Esnzaries: Effects of sea-evel change
DOE359.1 | L ! 6.5 Ceoastal waters: Water ransoort
DOE35982 ! L ! 6.5 Coastal maiers: Suspended sediment ransport
DOE3593.3 | L 6.5 Coastal waters: Bolibm sediment ranspoct
DOE3SH.Q L 6.5 Ceoastal valers: Eifects of sea level change
IDOE3.59.5 L 6.5 Coastal waters: Effects of esiuarine develoomen:
DCE35.9.86 L 5.5 Coastal waters: Effects of coasial eresion
DOE3S9.7 L i 6.5 Ceastal waters: Effects oi seatevel change
HMIP3.32 L i 6.5 Esiarine waiker use
HMIP43.3 L i 6.5 Coastal waters and waier use
RMIP4.3 4 L T &5 Seas and waiter use
6.6 IGas effects
JAECL3.55 i [ % 6.5 Gas leakage info uncergroung living space
IAECL3.82 i L 6.6 Radon emission
DOE2.4.11.1 i BAFL 6.6 Gas gansport solution
DOE24.11.2 BRAL 6.6 Gas ransport gas phase
UKN1.64 BRFL 6.6,5.10 |Gas mediated transport
UKN1.65 BRRL 5.6.6.10_ ] Mutiphase fiow and gas Criven fJow
HMiIP2.3.10 BARL i 6.6.6.10 !Transpon of active gases
HMIP2.3.11 BEARL 5.6.6.1C !Gas induced groundwater transport
HMIP4.1.3 L 6.5 1Gas discharge
INEA1.6.4 BRAL 6.6.6.10  'Gas medraied ransport
NEA16.5 BAL | 6.6.6.1C 'Mutiphase flow and gas-Criven fow
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DENTFER | CATEGORY | CON.CODE FEP NAME
6.7 IMicrobiolagicaliblological activity

AECL38 i L 6.7 {Bacteria and migobes (Soil}
AECL3S i L 6.7 IBicconcentration
AECL3.12 | L 6.7 Biotoxicity
JAECL3.13 H L 6.7 i&aturbation cf scﬂs ard sediments
JAECL3.15 |} L £.7 [Burrowing animal
DOE2 49 i B} 6.7 Transport of md»onudxdes bound 1o microbes
DOE2.8.14 | A i 6.7.6.8 |Biogeochemicai changes
PGA3.14 i B ' 6.7 {Microbitiogical phenomera/eliecs
UKN1.7.7 H WEBRSL i 6.7 IsMEcrobial nmaractions
HMIP239 i ERRL i 6.7.6.10 (Transport of racionudides bound 1o microbes
HMIP2.3.13 BAEFL 6.7.6.8  Biogeochermical changes.
HMIP4 23 L 6.3,6.7 |Sediment tansport inciuding biotrbasion
HMIP4.25 L 6.7 ,Bioaccumulaton and ransiocaton
HMIPS 26 { L i 6.7,6.8 Biogeochemical processes

'y ——— -

NEAT.7.7 67

L
L
: BRFL 538 Fluad interactions: Dissolution
L 5.8 |Weathering, mineralisation
i BFFL ! £.8.6.12 [Physicochemicad phencmeraefiects (eq. colioid formation)
- 6.8 {Oxidizing conditicns
: BAAL i 6.8 ipH-deviations
i wer | 6.8 {Chemical ssnsformatons
i L ! 6.368 lAltered soil or surface waier chemisty
i 8. H 6.8 IChanges in groundwater chemisuy and flow directon
i B i 6.8 iThermmat effects on hydrochemisgy
i 8L 6.7.6.8 _ iBiogecchernical changes
L 6.7.6.8 !Biogeochemical processes
BAFL 6.8 Chemical gradients (electrochemice’ effects and osmosis)
L Chemical ransforma
6.9 {Radioauctide {
AECE397 ¢ L So# serption
DOE2.44.1 BFL 6.9 Solubility: effects of pH and Eh
DOE2.442 | SR [X] |Soksbility: effects of iomic strength
DOE2443 BARL 5.9 Solubiiity: effects of rawraliy-occurring compiexing agents
DOE2.445 | B 6.9 iSohubisity: effects of nanmally-occuring colicids
DOE24.48 | BRFL ! 53 !Solupdity: Effears of microbial acuvity
DOE2.45.1 8L 639 iLinear sorption
DOE2452 ¢ BAFL 6.9 !Non-Jinear sorption
DOE2.4.53 BeEFL 6.9 Reversidie sorption
DOE2.4.54 BEL 5.8 ikreversible sorpion
DOEZ2455 ¢ BAFAL i 6.3 Sorption: Effects of pH and Eh
DOE2455 | 8L 6.9 Sarption: _Effects of ionic srength
DOE2457 ! BRAL 6.9 Sorption:  Effects of nauraliy-occuring organic complexing agents
DOE2458 =2 28 6.3 iSorption:  Effects of naluraify-occuring inorganic complexng agens
DOE2.4.5.30 BAAL X} iSorption- eflects of narally-occuring colloids
DOE2.45.13 !¢ BARL 6.9 \Sorption: effects of micrebiat acivily
DOE2.4.10 BAAL 6.9 !Isompic_dilution
SKK.1.4 ! BARL 6.9 Sorption
SKI£.1.6 i BAAL 6.8 Reconcenystion
SKI8.19 ! B 6.3 iComplexing agents
SKi6.S i BRAL 59 Dilution
SKI75 ! AR 5.9 Isotopic dilution
UKN1.6.6 B 6.9 Solubdily Smit
UKN1.6.7 8 6.9 Sorption (finearnon-linear, reversibleirreversibie)
UKN1.6.8 BRR. 6.9 Dissohution, precinitation and gystaisation
UKN1.6.10 a0 6.3 iComplexing agents
UKN1.6.13 8. 5.8 Mass, isotopic and spedies diluton
HMIP2.3.4 =52 SN 6.2 -Sqlubiity consirginis
HMIP2.35 B ! 6.9 *Sorption inciLding ion-exchange
HMIP23.6 8RR 69 iChanges in somptive surfaces
NEA1.6.6 BRRL 69 iSelubsity Smit
NEA1.6.7 i BEFL ! 6.9 ‘Sorption (Fnear/nen-Eneas, reversiblefirreversibia)
NEA1 6.8 ; SAFL 6.9 iDissoksion, precpitation, and cryswalisation
NEA1.5.10 B 5.8 iComplexing agents
NEA1.6.13 8RF 59 Mass, isotopic and spedies dluton
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BIOSPHERE CATEGORY:
SCREENED FEPs LIST
{screened)

[OENTFER | CATEGCRY @ CON CODE |FEP NAME

l6.10 ‘Radionuclide transport processes
IAECL3.38 L f 6.10 iDepositon (wei and &)
AECE2 41 b H €.10 Dispersion
SKI6.4 BRRL : 6.%0 Dispersion
UKN1.6.1 BRAL. 6.10 Advection and dispersion
UKN1.62 BRA. H 6.10 Diffusion
UKN1.63 BERL €.10  'Mamix diffusion
UKN1.6.4 BRR. | 6.66.10 !Gas mediared ranspot
UKN1S.S BaFL ! 5.6.6.10 !Multiphase fiow and gas griven flow
HMIP2.3.1 B 6.10 Advection
HMP2.32 ¢ BEAL 6.18 Diffusion
HAP233 | BAFL 6.10  iHycrodynamic dispersion
HMP2.3.3 BREL 6.7.6.10 iTransport of radionucides bound o micrebes
HMIP23.10 BEFL 6.6.6.10 _iTransport of active gases
HMIP23.11 |} BEFL 6.6.6.10 i
INEA16.1 BHAL 6.10
NEA1.6.2 B : §.10
EA16.3 BRRL i 6.10
NEAL6.4 i 8L 6.6.6.10
INEA1 BRA. 6.6.6.10
16-11 Radiclogical factors
AECL2.14 i | 5 : 6.11 Builéing mraterais
JAECI3.17 i L 6.1 Carcasses
IAFCL3.18 L 6.11 Carcinogenic conaminants
JAECL3.26 L R 6.51 Convection, Rurbuience and diffusion (armoespheric)
AEC13.28 L R Critical group - agricuiural abour
IAECL3298 ! L ! 6.11 Critical group - clothing 2nd home fumishings
IAECI330 | [ : §.11 Critical group - evolution
IAECL3 31 L i 6.11 Critical group - house jocation
IAECL3.32 | 8 5.11 Critical group - individuality
JAECL3.33 L 6.11 {Critical group - feisure puUrSuis
JAECL3.34 L 5.11 1Critical group - pels
AECEL3.3: L 8.11 iDermal sorpiicn - nucides other than mitum
AECI3.Z L 6.11  !Househeid dust and fumes
JAECE3 - L 65.11  Human diet
AECL3.65 L 6.3,5.11 iHuman soil ingession
AECL3.73 L 6.11  :Precipitation (meteotic)
AECL3.81 WL ? 5.11 | Radicioxic contaminants
AECL3 91 L ! 6.11 i Showers and humidiiers
AECL3.99 H ! 6.1,6.11 |Space healing
lAEC13.102 | L i 6.91 _ !Suspension in ar
AECL3.107 | b i 6.2,6.11 (Tree sap
AECL3.114 | a ! 5.11 iWina
DOE36.1.1 | L i 6.11  'Externd exposure: Land
COE3.6.1.2 L i 6.11 \Externaj exposure: Sediments
DOE3S.13 L 6.11 iExtamal exposwe: Water bodies
DOE3.62.1 L 6.11 {ingestion and Drinking water
DOE3S2-L L i 5.11 Hngestion and Agricutaral ¢reps
DOE362.3 L i 5.11 ‘ingestion and Domestc animal products
DOE36.2.4 i §.11 iirgestion and Wild plants
DOE3B2.5 | [ 6.11 Ingestion and Wikd animals
DOE3626 | L 6.11 Ingestion and Sois and sediments
DOE£3.53.1 ¢ L 6.11 Inhaiation and Soiis and secdiments
DOE3B32 ! L ! 6.11 Inhajation and Gases and vapours {ingoor)
DOE3B33 | [ 1 §.11 Inhatation and Gases and vapours (ouicoon
IDOE3634 | L . 6.11 inhalation and Biotic material
DOE3.635 L 6.11 inhalation and Sait partcies
SKIS.41 HL 6.4.6.11 iWaier producing well
jHMIP4.2.4 i L 1 65.3.6.4,6.11 |Sedimeniwater/gas interaction with the atmosohere
HMIP4.4.1 : L : 6.11 External exposure
HMIP4.4.2 : L ! 11 Ingestion
(HMIPS 23 | L ; 6.11 {inhataton
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BIOSPHERE CATEGORY:
SCREENED FEPs LIST
{screened)

| CATEGORY ;| CONLCODE FEP NAME

Is.12 Speciflc factors i

JAECL3.25 L §.12 1 Colicids

[AECL3.57 [} 6.12  iGreennouse {food prodr.ciion)

IAECL3.82 H §.12 Sthoking

DOE2.4.7.1 BRL 6.12 Organic cofoid transport B Porous media
IDOE2_4.7.2 3R 6.12  Oganic coffloid ransport in_Fracturec media
DOE2.4.7.3 BARL 5.12 COrganic colfoid ransport Effects of pH and Eh
DOE247.4 ! SHL i 6.1z QOrganic coileid anspert Effects of ionic swength
DOE2.4.8.7 B i 6.12  :inorganic colloid ransport Porous media
DOE24.82 SHL 1 6.12 ! Inorganic colioid transport Fractured media
DOE2.4.8.3 SFRL : 6.12  iinorganmic colioid transport Effacts of pH and Eh
DOE2 484 SAFL 6.12  }norganic colicid wansport Effects of ionic strengh
DOE4.1.1.1 i2 : 6.12 _ {Borehoie seal faiire

DOE4.1.12 AL i 6.12 Borehole seal degradation

IAEA22 2 P 6.12 imadequate design: Expioraion borehole seal talure
PGA3.13 BAL i 6.8.6.12 iPhysico-chemical pheromena/eliscts {eg. coloid fonmaiion)
K173 } H ! 6.1,6.2,6.12 ilnusion it aczumulation Zone in the Hosphere
ISNLE 2 B i 6.12 {Shafi and Borehoie Seal Degracation

LUKN1.6.S BARL i 6.12 1Coitcid formation, disseiution and lransport
UKN2.1.2 L | 6512 Invesngation turehole seal filure and degracaiion
HMIP2.3.8 BFL 6.12  iColioid transoort

HMIPS. 1.1 518 6.12  iLoss of mtegrity of borehoie seals

INEA1.6.9 BARL 6.12 iColloid formaton, dissolution, and Tanspors
NEA24.8 ¢ H. . _6.1.6.12 !Demographic change, urcan deveiopment
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CONSOLIDATED FEPs LIST FOR GEOLOGY/CLIMATE

‘including wpiift, subsidence
fauts, fractures
i

Erosion/weathering (surface) :inciuding denudation and topography effects, land slide
{Groundwater flow and effects lincduding denudation and tobography effects, land side
iSurface watec flow and effects
{Seg-level effects i
iMagnetic effects i
Glacistion/glaciat effects iincluding permakost

7.10 Chimate effects (natural) igeneral effects. inciuding extremes

7.11 ‘Specific factors. igreenhouse-induced climate effect, undetected {ealures, gas effects. ge




GEOLOGY/CLIMATE CATERSORY:
SCREENED FEPs LIST
{sorted)

DENTEER CATEGORY | CON.CODE [FEPNAME

7.1 Seismic_events/major land movement

AECL1.31 G i 7.1 {Eanhquakes

AECL220 G | 7.1 | Earthquakes

JAECLZ 35 G ] 7.1 Isostatic rebound

AECL3.44 G ; 7.1 {Eanhauakes

DOE2.2.1.1 G : 7.1 iUpift

DOE22.12 G 7.1 iSubsidence

DOE2262 HG i 71 Extemnally-induced seismicity

DOE2.26.3 G 7.1 iNatural seismicity

DOE4.1.3.1 G 7.1 iSubsidence and fault/fracture induction

IACAT 1 G 7.10 iClimatic change

IAEA1.14.3 G i 7.1 iUphtt/Subsidence: Isostatic

PGA2.1 G t 7.1 iEarthquakes

SKI5.15 G 7.1 :Eanhquakes

ISNL2 7 G 7.1.7.11  iTsunamis

SNL2.8 ! G 7.1 {Regionai Subsidence or Lplift {also apeiies 10 subsuriace}

ISNL32 i G 7.1 {Seismic Activity

UKN12s§ | G 71 Upiiit and subsidence (e.g._orogenic, iscstatic)

UKN1.2.8 G 7.1 Seismicity

HMiP2.1.6 : G 7.1 Seismiciy

HMIP3.1.2 i G 7.10 iNatwral climate change

NEA1.28 | G 7.1 {Upiift and subsidence {orogenic. isostatic)
! G Setsmici

NEA1 28

7.2 :Rock deformation

AECL223 i G ¢ 7.2 i Fautiing

DOE1.4.6 : G { 7.2 {Fradiuri

DOE2.21.3 G i 7.2 iLateral andlor vertical flexure
DOE2.2.7.1 | G i 7.2 {Fauiting/fracturing:  Activation
DOE2272 ! G ; 7.2 ! Faulting/iracturing; Generation
DOE227.3 | G 7.2 Fauhing/fracturing: Change of preperties
DOE228 i G 7.2 Major mcision

1AEAL.11 G . 72 Fauiting/seismicity

PGA2.6 G 7.2 Movemenis at faults

PGA27 G i 7.2 Fomation of new faults

SKI4.26 G 7.2 Fauhing

SKIS. 16 G 7.2 Upiift and subsidence

SNi36 G 72 Formation of Interconnected Fracture Sysitems
SNL3.7 { G ! 7.2 {Fauling

UKN1.2.9 : &F i 72 {Fault activation

UKN1.2.10 G § 7.2 Faull generation

HMIP2.1.7 G ; 7.2 {Fauking/tracturing

HMIP21.8 ; G H 7.2 IMajer indision

NEAT1.2ZS } G ; 7.2 iFaul activation

{ G i 7.3 Metamorphic activity

G } 7.3 iContact metamorphism

! G i 7.3 :Regional metamorphism

} G i 7.3 i Dislocation metamorphism
Q 7.3 iMetamorphosis

i G ; 7.3 Metamorphic activity

H G H 7.3 {Metamorphism

: G f 7.3 i Metamorphic activity
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GEOLOGY/CLIMATE CATEGORY:
SCREENED FEPs LIST
{sorted)

DENTFER ; CATEGORY | CONCODE |FEP NAME

7.4 iErosionsweathering {surface}

AECL2.21 G 7.4 i Erosion

AECL2 61 ! G 7.4 {Topography - cument

AECL2.62 G 7.4 "Topography - future

AECL3.45 H G 7.4 Erosion - {ateral transpost

DOE229 : G 7.4 {Weathering

DOE3.2.4.3 ! G : 7.4 Generalised denudation: Glaciat
DOE3223 G i 7.47.9 lLocaPsed denudation: Glacial

DOE3.24.2 G ¢ 7.47.7 1Coastat erosion due to sealevel change
DOE3.5.3.3 |} G i 7.47.9 iErosion: Giadd

AEA14 ; G 7.4 Denudation

JAEAL.S { G 7.4.7.6 IStream erosion

1AEA1 6 [ G 7.4.7.9 iGlacal esosion

iAEALS i G 7.4 Sedimentation

PGA13 i G 7.4 jErosion (fluvial and glacial)

PGA1.4 ¢ G 7.4 Sedimenation

SKIS.26 H G i 7.4 ! Erosion on surface/sediments

SNE2.1 G 7.4 | Erosicn/Sedimentation

UKN1.4.1 H G ; 7.4 'Land shde

UKN1.4.5 : G 7.4 Freshwater secdiment transpot and deposition
UKN1.4.6 : G i 7.4 Coastal erosion and estuarine development
UKN1.4.7 ; G i 7.4 Marine sedimers transport and deposition
UKN1.4.8 G i 7.4 Frost weathering and soRfluction
UKN14.9 ; G 7.4 Chemical denudation and weathering
UKN1.4.90 ¢ G 7.4 Frost weathering

HMIP2.4.1 | G 7.4 Generalised denudation

HMIP2.4.2 G 7.4 tocalised denudation

NEA1.4.1 G 7.4 Land slide

NEAT1.4.9 G

Chemical deftudation and weaihering

Variation in groundwater recharge

Groundwater lesses (direct evaporation, springfiow}
Hydrolegical change
hydrological

ects
{Hydrological change

iStream erosion

i Fiooding

{Large-scale hydrolegicat change

i Precipiiation, lemperature and soil water balance

Extreines of precipitation. snow melt and assoczted flocding
River flow and izke ievel changes

i Precipitation, temperature, and sod water balance

jRiver flow and lake level changes

Rlo|olw|R|eo|n|e

{Sea-level effects ¢

7.7 ¢
i 7.7,7.11 Gresnhoyse-induced Sea level rise

DOE3.1.1.3 G

DOE3.12.3 G i 7.7.7.9 Gacalinterglacial cycling: Sea level changes (riseall)
DOE3.24.2 G i 7.4.7.7 iCoasial erosion due 10 sea-level change

DOE331 i G H 7.7 {Sod meisture and evaporation due lo sea-fevel change
IAEA13 i G 1 7.7 iSea level change

PGA12 : G ; 7.7 |Sea-level changes

SKi5.31 G ! 7.7 iChange in sealevel

SNL2.4 G ; 7.7 :Sea-Level Variations

UKN1.3.4 G i 7.7 iSea-level rise/fall

NEA1.3.4 i G | 7.7 {Sea-leved risestall
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GECLOGY/CLIMATE CATEGORY:
SCREENED FEPs LIST
{sorted)

[DENIFIER | CAIEGORY | CON CODE FPNA!E
7.8 Magnebc effecfs
AECL238 !

7.8 -:Magnaic poles

0

IAECL3.50 G i 7.8 {Flipping of easth's magnetic poles
SKI5.20 i G i 7.8 Chianges of the magnetic fieid
UKNt22 G i 7.8 Changes in the Earth’s ‘naqnetlc fieid
i G ! 7.8 Changes in the Ean feld
7.9 Glaciation/glacial effects
AECL1.41 : G : 7.9 Glaciation
AECL228 G 7.9 Glaciation
AECL3.56 G 7.9 Glaciation
DOE31.2.1 ¢} el 7.9 Qlacialintergiadial cycing: Precpitation
DOE3122 ! G 7.9 Glacialfinterglacia! cycing: Temperature
DOE3.1.2.3 G T 7.7.7.9 |Glacialinterglacial cyding: Sea level changes (nse/fall)
DOE31.25 LG | 7.9 Glacalimrergtadial cvcling: Ecclogical effecis
DOE3.1.26 G H 7.9 {Gladialfinterglactal cycling: Seasonally frozen ground
DOE3127 G i 7.9 Glacialintergtadal cycling Permarently frozen ground
DOE3.128 | G 7.9 Gladialintergladiai cyding: Glaciation
DOE3.12.9 ! G Glacialfintergiacial cycling: Deglaciation
DOE3.1.2.10 G |Glacialfinterglacial cyding: Polential evaporation ]
DOE3.1.3.1 G i Gladialfinterglacial exir greenhouse gas induced
DOE3.1.32 G {Glacialinterglacial exit due 1o other causes
DOE3223 G it ocalised denudation: Glaciat
DOE3 233 | G i {Sediment redistibution: Glacal
DOE3S5.1.3 | G ; : Erosion; Glaciad
IAEA1.S i G ! {Giacial ercsion
SKi5.17 i G H iParmatost
SKi5.22 R ; {Accumutation of gases undes permalrest |
ISKIS.42 G i iGlaciation
ISK16.10 G ! iNo ice age ’ ]
SNL22 G | Glaciation
UKN1.35 ! G i Perigiacial effects (eq. permalrost. high seasonafity)
UKN136 | G 5 Glaciation {erosic/deposition, gladial loading, hydrogeciogical change)
AMIP313 G i Exi fom glacatimerglacai cyding
INEA1.3.5 ; G Penglacial effects (permairost, high seascnality)
NEA1.3.6 G ; Glaciation (ercsion/deposition, glaciail loading. hydrogeciogical change)
NEA1.3.7 G No ice age

i

7.10 ‘Climate effects (natural) |

AECLI.14 ! G : 7.19 iClimate change

AECL28 i G 7.10 {Climate chance

AECL3.22 ] G 7.10 Chmate

AECL3 23 G 7.10 Climate - evolution

JAEA1.1 G 7.10 Climatic change

IAEA1.7 i G 7.6.7.10  iFlooding

1AEA2.5 i G 7.10 Climatic change (including chmate control)
PGAT.1 G 7.10 Climate changes

SKi6.10 G 7.5.7.10 Nokeage

Shit23 G i 7.10 ; Pluvial Periods

UKN1.1.2 ; G 7.10 Solar insclation

UKN1.3.1 i a6 7.6,7.10 iPrecipitation, temperature and soil water balance
UKN1.32 H G 7.6,7.10 iExremes of precipitation, snow mek and associaled flooding
UKN1.3.7 G : 7.10 1NO ice age

HMIP3.1.2 G i 7.10 iNatural clirnate change

HMIP3.1.3 G ' 7.9.7.10 Exit from glacialiniergiacial cycling

HMIP3.1.4 G : 7.10 'intensibcation of natural climate change
NEA1.1.2 G i 7.10 _ :Solar insolation

NEA1.3.1 G 7.8.7.10 [Precipitation, lemperature, and sod water balance
NEA1.3.2 G 7.10 :Extremes ol precipitation, snow meit and associated flooding
NEA1.3.7 | [ 7.9.7.10 ;Noice age
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GEOLOGY/CLIMATE CATEGORY:
SCREENED FEPs LIST
{sorted)

DENTRER | CATEGCRY | COM.CODE |FEP HAME

7.11 |Swecific factors

AECL229 | G i 7.11 Greethouse effect

IAECL3S57 | a i 711 Greerhiouse {jood production)

AECL3.58 i G } 71 Greenhouse effect

IAECL3.59 G 7.11 Groundshine, reeshine

AECL3.114 [cd : 7.1 Wind

DOE2.2.10 G i 7.11 Effects of natural gases

DOE22.11 G 711 Geothermal effects

DOE3.1.11 G 714 Greenhouse-nduced Precipitation

DOE3.1.1.2 G 7.11 {Greenhouse-induced Temperaiure

DOE21.1.3 G 7.77.11  |Greenhouse-induced Sea Jevel nise

DOEZ.1.15 ! G 7.11 |Greenhouse-induced Ecologica eflects

DOE3.1.16 | G 7.14 ;Greenhouse-ndiced Potential evaporation

DOE3.1.3.1 | G 7.9.7.11  !Glacialinterglacial exit: greenhouse gas induced

{AEAL.12 i G 7.1 {Geochemicsi change

{AEAL.1S5.1 G 7.1t {Undetected features: Fauits. shear 2cnes

1AEA1.152 | G 7.11 ‘Undetected leatures: Brecda pipes

JAEA1.15.3 | G 7.11 iUndetected features: Lava wbes

{AEAL.15.4 G 7.11 iUndetected fearures: intrusive dykes

TAEA1.155 G 7.11 {Undetected features: Gas or brine pockets

SKIs22 H =R 7.9.7.41 Accumulation of gases under permafrost

SKI5.43 ! xR i 7.11 iMethane intrusion

SNL27 . G {0 7.1,7.11  iTsunams

UKN1.2.11 ¢ G : 7.11 Rock heterogeneity (e.g. permeability, mineralogy) affecting water and gas flo|

UKN12.12 e i 7.11 iUndetected feaiures {e.g. faulls, fraciure networks, shear zones. brecsiation,

UKN24.9 : G 7.11 ! Anthropogenic climate change {greenhouse efiect)

HMIP3.1.1 H3 ; 7.1 |Hurnan induced climate change

NEA1.2 11 G 7.11 {Rock heterogeneity (permeability, mineralegy), affecting water and gas low

NEA1.2.12 G ! 7.1 iUndetected features {faults, fractre neiworks, shear zones, brecciation. gas
7 ic climate ouse effect)

{AEA1.14.1 | G XX Uplift/Subsidence: Orogenic

IAEA1142 | G XOX  iUplitt/Subsidence: Epeirogenic
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CONSCLIDATED FEPs UST FOR HUMAN INFLUENCES

Idrilling {borehcles), archaeoiogical investigations
8.2 {Suriace aczivities iland/earth moving, fand use practices {non-agricuhturai)
8.3 Subsiface acivities itunneling. underground construction, injection of fiquid wastes
3.4 Water use !groundwater abslaction (wells), ndustrial, geothermal
3.5 Agricatiural and fisheries practices icharcoal production, fanming
8.6 Radickegical factors isqoking. transport agents,
8.7 Specific factors ‘'shafiborehole seaj failure. undetected features, urbanisation, ioss of records




HUMAN FACTORS CATEGORY:
SCREENED FEPsS LIST
(soried)

|DENTFER ; CATEGORY | CON.CODE FEP NAME

8.1 ‘Inedvertent inttusion i

AECL152 ¢ B i 8.1 iIntrusion (human}

AECL2S H 8.1 {Borehdles - exploration

AECL370 H ¢ 8.1 Intrusion  (inadvestent)

DOE423 H 8.1 ‘Exploratory drilling

DOE4.2.10 B ; 8.1 :Archaeoiogical investigations

IAEA281 H { 8.1 \Inadvenedt future intrusion: Exploratory drilling
AEA232 i H 8.1 iinadverient future intrusion: Archaeological exhumaricn
JAEA28.3 H : 3.1 iinadvertent future intrusion: Resource ining {mineral, waier. hydrocarbon, gd
PGA4.3.2 + H ! 8.1 iDrifing. in host rock

SKI521 : = 8.1.8.7 ifuture boreholes and indetected past boreholes
SKI5.36 H H 8.1 iReuse of borehcles

SKI5.37 i H 8.1 ‘Archaeological intrasion

SKI7.3 H : 8.1 {Intrusion in accurmulation zone in the biosphere
SNL4.1 H i 8.1 Inadvertent lnteusions: Explosions

SNL4.2 i H 8.1 Inadvertent Intrusions: Driling

SNLS4 H 8.1 Inadvertent Intrusions: Injection Wells

SNL4.5 i H 8.1 {Inadvertent intrusions: Withdrawal Wells
UKN233 ¢ H i 81 | Explomtory drilling

UKN23.9 : H 8.1 iArchaeciogical investigation

HMIP52.4 : H 8.1 ‘Accidental intrusion

NEA23.3 { H

8.1 {Expioratory drifling

ace 3
H Earthmoving
H ‘Hurnan induced changes in suriace hydrology
; H ‘Altered surtace water chemistty by humans

ISNLS.1 H ! 828.4 :Hvdrologic Siresses: Irigation
SNL52 H | 8.2 iHydrologic Sir Damming of Sireams or Rivers
UKN24 .6 H i 8.2 iLand use changes
NEA2.4.5 = 8.2,8.4 iAltered soii or surface water chemistry

HL iLand
AECL214 ¢ i } 8.3 :Dewatering
AECL2.69 H 8.3 iWells
AECL270 H 8.3 iWelis {tigh demand)
AECL3.60 HL 8.3.8.4 Heat storage in lakes or underground
DOE425 H 8.3 iGeothestnal energy production
DOE427 H ! 8.3 iTunneling
DOE428 ; H 8.3 {Consruction of underground storage/dispesal tacilities
DCE429 ! H 8.3  [Construction of underground dwelings/shelters
DOES2.11 H 8.3 iinjection of kpid wastes
PGA42 H 8.3 _ilnjection of liquid waste
PGA44 H 8.3 iGecthermal energy production in crystaline rock
SKI5.28 ; H 8.3 iUnderground dwellings
SKI5.34 H ! 8.3 iGeothermal energy production
UKN23.5 | H i 8.3 [Geocthermal enefgy production
UKN2.3.7 i H ] 8.3 i Tunnelling
UKN23.8 i H i 8.3 Underground construction
UKN2.3.10 | _H i 8.3 iInjection of fiquid wastes
NEA2.3.5 ! H 8.3 iGeothermal energy production
NEA23.7 ; H 8.3 ITunneling
NEA2.3.8 - H 8.3 iUnderground construction
NEA23.10 ! H 8.3 ‘injection of liquid wastes
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HUMAN FACTORS CATEGORY:
SCREENED FEPs LIST

(sorted)

[DENTIFER | CAIEGORY | CON.CODE |FEP NAME

8.4 Water use |

AECL3.60 HL ! 8384 IHeal storage in lakes or underground
JAECL3.67 H 8.4 Industrial use of water

AECL37S H_ | 84.8.56 'Outdoor spraying of water

AECL3.112 H 8.4 iWater source

DOE42.12 H 8.4 {Groundwater abstragion

SKi5.27 ! H 8.4 'Human induced actions on groundwaters recharge
SKi5.41 i H ] 8.4 |Water producing well

SKI7.8 ! H ‘8284 |Allered surface water chemssiry by humans
SNLS. 1 ] H | 828.4 [Hydoogc Sir : Imigation

UKN2.3.11 | B 8.4 Groundwater abstragion

UKN244 | B 8.485 ilrrigation

NEA2 3,11 ¢ iz 8.4 Groundwater absiraction

NEA2.4.4 i H 8.4.8.5 iGatk

3.5 |

AECL319 | iz 8.5 Charcoal production

AECL3.49 ! Ho 8.5 iFish larming

AECL354 | H i 85 {Game ranching _

UKN2 4.4 ! H 8.4.8.5  ilmigation

UKN2.4.7 i H 85 Agricultural and fisheries practice changes
NEA2 4.4 { H

chan

IAEA2.4.4

8.

AECL3.53 H 8.6 Food preparation

AECL3.75 H 8.4.8.6  |Outdoor spraying of watef

AECL3.91 HL i 8.6 Showers and humidifiers

AECE3.92 ! H_ 8.6 Smoking

AECL3.99 HL 8.6 Space heating

IAEAZ 4.1 ¢ H ! 8.6 Transpost agent introduction: Irrigation

IAEA242 | H 3.6 Transpost agent introduction: Resenvoirs

IAEA2 43 @ H 8.6 Transport agent intreduction: Intertional artificial groundwater Recharge o wi
H

| Transpor agent introcuction: Chemical fiquid waste disposal

8.7 !Specific factors {

AECL2S : H¥F 8.7 {Borenoles - unsealed

AECL266 s 8.7 Vauk closure (incomplete )

AECL3.109 H 8.7 Urbanization on the discharge siie

{AEA211 ! H i 8.7 Undetected past intrusion: Boreholes

IAEA212 | H T 87 __ Undetected past intrusion: Mine shafis

SKi5.2 i H ; 8.7 {Non-sealed repository

SKi5.3 H i 3.7 iStray materials left

SKi5.4 i H 8.7 iDecontamination maenals left

SKI5.9 : H : 8.7 iUnsealed boreholes and/or shafts

SKi5.21 i H i 8.1,8.7  iFumse boreholes and undetected past boreholes
SKIS.8 { H 87 ;Human nduced chimate change

SKI7.9 i =] : 3.7 iLoss of records

SKI7.11 i H 8.7 iCity on the site

UKN2.1.1 ] H ; 8.7 {Undetected past intrusions, {eq. boretroles. mining)
UKN2 2.1 ol ! 8.7 {Radicactive waste disposal error

UKN2.2.2 =B 8.7 {Inadequate hackfil or compaction, voidage
UKN2.2.4 WH 8.7 | inadvenent indusion of undesirable matenals
UKN2 29 [a) 8.7 |Abandonment of ur led repository
UKN2.2.10 M 8.7 i Poor closure

UKNZ:2.12 HO : 8.7 \Effects of phased operation

UKN2.4.1 H ) 3.7 iLoss of records

UKN2 4.8 : H ! 8.7 iDemographic ciange. urban devekpment

UKN2 4.9 ; H3 : 8.7 { Anthropogenic climate change {greenhouse effect)
HMIP1d K - 87 IHuman induced chmate ¢hange

NEA2.1.1 ! H i 8.7 iUndetected past intrusions (boreholes. mining)
NEA2.1.7 i R : 8.7 ‘Common cause filures

NEA2.1.8 HR ‘ 8.7 :Pocr_quaiity construction

INEAZ 4.1 : H ; 8.7 ‘Loss of records

NEA2.4.8 { I 8 } 8.7 ‘Demographic change. urban develooment

NEAZ 4.9 | B L 87 -Anshropogenic climate change {greenhause effedt)
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HUMAN FACTORS CATEGORY:
SCREENED FEPs LIST
{sorted)

DENTEER | CATEGORY ; CON.CODE (FEP NAME

OTHER (not refevant)

NEA2.1.2 i R XXX investigation borehole seal faiure and degradation
NEA2.1.3 R 000K Shaft o access iunnel sedl taiiure and degradation
NEA2 1.4 i R X0 Stress field changes, selfing, subsidence or caving
NEAZ 1.5 R XX | Dewatering of host rock
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Appendix 6. Final List of FEPs

The following pages (13) contain the final list of FEPs generated as a
result of the audit held at Kemakta on April 21st, 1993. Additions to
FEP descriptions, based on discussions during the audit, have been added
in parentheses, mainly in UPPER CASE.

The key to the coding (letters) added to the left-hand colurn of the tables
(AUDIT CODE) 1s given below.

EFEP A feature, event or process (FEP) which is external
to the Process Systern.
F new FEP
L new lirk in the influence diagram
L*  new link to other parts cf the Process System
(e.g. far-field, biosphere)
The eight categories have been retained for FEP descriptions. For the bio-
sphere, several FEP descriptions may be combined. Rather than reduce
these FEPs to one entry, however, the original descriptions have been re-

tained and ‘stoup’ has been added to one of the first two columns. Shading
has also been added, where appropriate, to help identify individual groups.




FINAL FEPs: WASTE CATEGORY

AUDIT |

|FEP NAME

Waste characteristics (initial):  SYSTEM DESCRIPTION

ilnvermory

iLong-term physical stabiity

i [Hetesogeneity of waste forms (chemical, physical)

{Waste: radicnuclide decay and growth

!Waste: tadiological/radiation effects

: 1Radiolysis
t {Radiation damage of the matrix_inciuding embrittlement

Becoil of aiphadecay

Waste: gas generation and effects

IFormation of gases

jActive methane, carbon dioxide and ciher active gases

Chemical changes due fo gas production

iHydrogen by metal comesion

{Waste: heat generation

{Radicactive de(zy' heat

Waste‘ thermo-mechanical effects

i "Thesmal cracking

t iMaterial property changes

Waste: themmo-chemical effects
: {Thermally induced chemical changes (water chemistry)

‘Waste_ electro-chemicai effects

{Blectrochemical gradients

iElecrical effects of metal corrosion

Waste degradation/corrosion/dissotution

Precipitation and dissolution

Source terms {expected)

Source terms (other)

' SN G v

Metal cormosion. wastes

Leaching: wastes

Chemical changes due lo metal corosion

internal corrosion due 1o waste

IMetalic corrosion {pitting/uriform, infemal and external agents, gas generation eg H2)

s 2

Waste: gecchemical reactionsiregime

iChermical gradients, osmosis [INCLUDE in FEP description)

iChemical kinetics {INGLUDE in FEP descrption)_

iCompiex formation: wastes

Chemical changes due to metai comosion

} Coemical changes due 1o gas production

i Chemicat effects: geochemical change

! Recrystailization

iRedox potential

| imteractions with comosion producis and waste

Waste: radionuciide chemistry

T

Complex formation: wastes

Solubifity within fuel matrix

iRecrystallization

i Solubility and precipitation

Waste: specific factors

iColloid lormaiion: wastes

1. Cs-migragion 1o fuel surface

Damaged or deviating fuel

T iRote of the evennal channeling within the canister (new FEP: PREFERENTIAL PATHWAYS)




FiNAL FEPs: CANISTER

AUDIT}

CODE |

FEP NAME

i Canister materiel struction: SYSTEM DESCRIPTION

ilnventory

iCanister: corrosion/degradation processes

{Coriainer failuwre (early)

iContainer failure (long-term}

iCortainer healing (inciude in FEP descripticn: corrosion)

Corrosion (including partial corrosion)

Phting

Precipitation and dissoidtion

M

; Radiation damage to container {embsitiiement}

iUnilorm corrosion

Structural container metal corrosion: localised

Strectural coriainer meial comosion: butk

Structural container metal corrosion: crevice

Structural container metal corosion: Stress corasion  cracking

Chemical changes due to metal comosion

Chremical reactions {coppes cormsion)}

;

iRole of chiorides in copper cosrosion

1

{Comosive agents, Sulphides, oxygen eic

i

i Backiill effects on Cu corrosion

1Swelling of corrosion products

‘Canist

er: gas production and effects

iHydrogen: corrosion of comainer geel
iGas transport [ the waste container

Canister: microbioiogical effects/microbiat aclivity

Canister: thermo-mechenical effacts

n

Ditfering thermal expansion of canisier and backfifi

-

Thereal cracking

Canister: electro-chemical effects

)}

| Electrochemical gradients

Coupled eifects {electrophoresis)

Natural telluric slectrochernical reactions {INCLUDE in FEP description}

iCanister: stress/mechanical effects

!Container faifure (eariy)

i

{Canister movement

iMechanical canster damage (failure)

iCreeping of copper

i

i Swelling of corrosion produdis

iCanister: geochemical reactions/regime

Container corrosion prodocts

Precioiation and dSSoluti

Speciation of corosion products (NCLUDE in water chemistry)

Chemicai effects: Imteractions of waste package and rock

i

Chemical gradients {electrochemical effects and osmosis)

Canister: radionuclide ransport through containers

| Release of radionuclides from the failured canister

Canister: specific faciors

Role of the eventual_channeling within the canister (PREFERENTIAL PATHAAYS)

Radiation effects on canister

{Random canister defects - quaiity control

{Common cause tanistes delects - guality conitrol

:Material defects. e.g. easly canister faiire
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FINAL FEPs: BUFFER/BACKFILL

AUDIT

coDE!  FEPNAME

iBuffer/backfill characteristics: SYSTEM DESCRIPTION

i :Backfiil characte

Hydranlic concduciyiy

Long-term physicgl st2

iBuffer/backfill: resz ‘esaturation

Buffer/backiill: meci ects

iPreferential pathways & the buffer/backiill

iMechanical etfects: local fracturesicracks (PREFERENTIAL PATHWAYS)

Mechanical faiture of butferrbackfil (PREFERENTIAL PATHWAYS)

i Swelling pressure

i ‘Movement of canister in butfer/backfill

;Uneven sweliing of bentonite

!Swelling of corrosion products

Buffer/backfill: thermal effects

!Convection (contaminant transport)

{Hydrothermal alteration

{Variations in groundwater temperature

:Differing thermal expansion (canister-backfill; buffer-host rock)

Thermat eifects on the buffer material

Soret effect

T

Natural thermal effects {temperature LUINK ¢ FAR FIELD)

L

Thermat effects {eg. concrete hydration: LINK to FAR FIELD)

iThermo-chemical effects

{Thermal effects and transport (diffusion) effects

Butffer/backfili: electro-chemical effects

Natural telluric electrochemical reactions

i Buffer/backfill: gas effects -

i [Groundwater fiow due 1o gas production

!Gas transport: gas phase and in solution

iChemical effects: gas generation

{Transport of active gases

i Butfer/backiill: microbiological effects/microbial activity

!Buffer/backfill: degradation

; : Degradation of the bentonite by chemical reactions

iCoagulation of Sentonite

{Radiation effects cn bentenite

{ {Erosion of buffer/backfil
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FINAL FEPs: BUFFER/BACKFILL

AUDIT}

} FEP NAME

:Buffer/backfill: geochemical regime

H iChemical gradients (INCLUDE in FEP description: water chemistry)

!Chemical kinetics (INCLUDE in FEP description: water chemisity)

i {Precipitation and dissolution

i iChemical changes due to waste degradation {CHEMICAL CHANGES)

L iChemical changes due to gas production {CHEMICAL CHANGES)

{Chemical changes due to complex formation (CHEMICAL CHANGES)

iChemical changes due to colioid production (CHEMICAL CHANGES)

{Chemical changes due to sorption (CHEMICAL CHANGES)

iChermical changes due to spedation (CHEMICAL CHANGES)

F i :Isotopic dilution

{Chemical changes due to corrcsion

{Saturation of sorpticn sites

iEffects of bentcnite on groundwater chemistry

:Reactions with cement pore water {INCLUDE in chemica! degradation}

‘Redox front

; Themochernical changes

iSaline {(or fresh) groundwater intrusion

Effects at saline-freshwater interface

!Changes in groundwater fiow direction {INCLUDE in FEP description)

L : iBiogeochemical changes

Buffer/backfii): radionuclide transport processes

i iGroundwater flow; advection/dispersion (saturated conditions)

L Diffusion (bulk, matrix, surface)
FLL {Unsaturated transpor:
Croundwater flow: fracture
L Groundwater ffow: effects ¢f sciution channels (PREFERENTIAL PATHWAYS)
! ;Soret effect
B | {Transport of chemically active substances into the near-field

éBufferfbackﬁIl: radionuclide chemisiry

; iPrecipitation, dissolution, recrystallisation, reconcentration

!Sorption {linecr, non-iinear, irreversible)

i {Spediation
:Solubility effects (cH and Eh; ionic strength, complexing agents, colicids)

iSorption effects (pH and Eh; ionic strength, complexing agents, cclioids)

{Changes In scrptive surfaces

i Transport of radicnuclides bound to microbes

:Buffer/backfill: specific factors

B2 iFaulty buffer emplacement

: iColloid transport {inorganic and organic; porous and fractured media)

: iExtreme chennel flow of cxidants and nudlides (PREFERENTIAL PATHWAYS
5= . i inadequate backfill or compaction, voidage

iAnion exchange

PAGE 4




FIMAL FEPs: REPOSITORY/NEAR-FIELD ROCK

AUDIT H

CODE | {FEP NAME
Near—ﬁeid rock: elements/materiais: SYSTEM DESCRIPTION
; »lnvemmy
H IVault geometry

é i Fock properties {porosity, permeability, hydraulic head, conductivity}

{Near-field -ock: dagradation

H iRock property changes (fractures, pere blocking, channel formationfciosure)

Borehole seal failure (induding investigation boreholes and shaftfiunnel}

i Borehole seal degradation (induding investigation boreholes and shaft/tunnel)

iCreeping of rock mass

Subsidence and caving

; Physico-chemicai degradation of concrete

Near-field rock: hydraulic effects/groundwates flow

FLL Unsaturated ransport

Groundwater fiow due to cas procuction

Groundwater flow (saturated conditions; mciuding fracture flow)

Groundwater flow: effects of solution channels (PREFERENTIAL PATHWAYS)

Repository thermally-induced groundwater transport

(e

i Naturally thesmally-induced groundwater Tansport
‘ Thermo-hydro-mechanicai effects

' Resaturation
i Disturbed 2one (hydromechanical} effecls

iSaturated groundwater fiow

!Changes in groundwater chemistty and flow direction

Near-held rock: mechanical effects

Formation of cracks

-Clanges in in-sity stress field

Changes i moisture content due 0 stess rebef

; iDifferential elastic response

Non-elastic response

Externally-induced seismicty

i i Differing thermal expansion of host rock zones

@ ?%““mi

i Uneven swelling of bentonite

1 Thermally-induced stress/fractuting in host rock

{ Excavation-induced siressffracturing in host rock

4.5 Near-held tock: thermal effects

:Convection

iMydrothermal alteration

i {Thermal effects (e.g. concrete hydration)

Thermal effects and transport (diffusion) properties

Thermal effects on hydrochermistry
L Thermal differential elastic response
L {Thermal non-elaslic response
INear-field rock: gas eifecis and transport
i { Transport in gases or of gases

{Hydrogen: comresion of structural steel

i Methane/CO2 production: effects of microbial growth on properties of concrete

iGas transport in the near field, as gas phase and in solution

Accumulation of gases under permatrost

B Methane intrusion

i Transport of active gases
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FINAL FEPs: REPOSITORY/NEAR-AELD ROCK

AUDIT

i
§

,FEP NAME

Near-field rock: microbiological/bioiogical activity

iMicrobial activity

1 Transport of microbes into the near-feid
i ;Rock property changes: mictobial pore blocking

; :Biogeochemical changes

iNear-fiekd rock: geochemical regime

i{Chemical gradients (INCLUDE in FEP description: water chemistry)

iPore biockage: concrete

t
i iChemical kinetics {INCLUDE in FEP description: water chemistry)

iCement-sulphate reaction: concrete

!Changes in pore water composition. pH, Eh:_concrete

iChemicat changes due to waste degradation (CHEMICAL CHANGES)

Chemical changes due o gas production (CHEMICAL CHANGES)

Chemical changes due Io complex formation (CHEMICAL CHANGES)

Chemical changes due to colloid production (CHEMICAL CHANGES)

{Chemical changes due I sorption (CHEMICAL CHANGES)

iChemical changes due o speciation {CHEMICAL CHANGES)

iFracture mineralisation

iFiuid interactions: dissoiution

[Chemical effects: interactions of waste package and rock

Physico-chemical phenomena/effects {eg. colicid formation)

Reconcentration

Thermochemical changes

{Chemical effects of rack reinforcement

5= Saline (or fresh) groundwater intrusion

Effects at safine-freshwater interface

{Physico-chemical degradation of concrete

iChanges in groundwater flow direction

Near-ﬁefd rock: radionuclide chemistry

Precigitation, dissolution, recrystallisation, reconcentration

Sorption (inear, non-linear, ureversible)

Solubdity effects (pH and Eh; ionic strength, complexing agents, colioids)

Sotption effects (pH and Eh: ionic strength, complexing agents, codoids)

Changes in sorptive surfaces

H

{Dilution (mass, isotopic, species)

!

Near-ﬁeld rock: radionucfide transport processes

iGroundwater flow; advection/dispersion (saturated conditions)

L

iDiffusion (bulk, manrix, surface)

Soret effect

s

ITransport of radionucides bound to microbes

iNear-field rock: specific factors

Colloids

incomplete vault or borehole closure

Urmodelled design features

Inadequate design: shaft seal and exploration borehole seal failure

{Open borehicles

Extreme channel fiow of oxidants and nudides (PREFERENTIAL PATHWAYS)

Poor quality construction

iMaterial defects (e.g. early canister failure)

‘Abandonment of unsealed repository

{Effects of phased operations
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FINAL FEPs: FAR-FIELD

AUDIT |

T

CODE ;

i
3
i

|FEP NAME

iﬁod(p-

» SYSTEM DESCRIFTION

4

iRock prooerties (porosity, permeabiiily, discharge zones, fractures)

Hydrogeological effects

t

Rock property changes (porosiiy. pemeability, fraciures. pore biocking)

i

Dewatering

4

Geothermal gradiem effects

i

Sansated groundwater fow

Variatons in groundwaier temperature

Gas-indoved groundwater ransport

Naturally thermaiy-induced grouncwater Tansporl

Groundwater recharge

Trermal effects: fitéd presscre, density, viscosily changes

[Sajine (or fresh) groundwarer intrusion

Groundwater conditions (saturatedunsaturated)

IChanges in geometry and driving forces of the flow system

{Changes in groundwazer flow direction

Physzcal.lm hanical sffects

Reposmﬂdwedw

Externally-induced seismicty

Faudt activation

‘Differential elastic response

iNon-elastic response

'Thermal effects

iGeothermad gradent effects

-

Thermal differentiat elasiic respotse

iGas ransport Into and through the far-Sield {gas ohase and iz schudon)

iMusitiphase fiow and gas driven flow

iE%ects of nalural gases

[ Transgort of active gases

‘Umb-oiogicallblobg:cd activity

Microbiad activity

[Transport of radionudlides bound o microbes

Biogeochemical changes
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FINAL FEPs: FAR-FIELD

CODE |

FEP NAME

iGeochemicaj regime

iGrounawater compositon changes {pH, Eh, chemical composition)

H

Fracwre minealisation

Weathering, mineralisation

Dissolution of iraciure fillings/precipimations

L Far feld hydrochemisty - acids, oxdaris, nirawe
|=3=3 Safine oc freshwaler intusion
5= Effects at safine-fresthwater imeriace
Chemical gradients (electrochemical effects and osmosis)
| N deoawvesdumpkzmeageosphere(eﬁeczonremeﬁeamp&mwr)

(LINK 1o NEAR FIELD)

Radicnruclide chemistry

iComplexation by organics (including humic and fuivic acids)

{Precipitation, dissolution, recrystafiisation. reconcentaion

iSorption {iinezx, nor-jinear, ireversbie)

iSpedciaton

Chemicai changes due o somtion, complex formation, specration, gas. solubiity

Solubiity effects (eH and El; ionic strength. compiexing agents, coiloidsy

Sorption effects (pH and Ehy; ionic syength, complexing agenis. cotldids)

iChanges in sorpiive surfaces

iTransport of mdonuclides bound 1o microbes

i Difution: {mass, isoiopic, speces)

5.9 'Radlonuc!ide transport processes

iGroundwater fiow; advecion/dspersion {sauraled conditionsy

Diffusion (bulk, marrix, surface)

FLL |

! Groundwater fow: fractere
L Groundwater fiow: effects of soiution channels (PREFERENTIAL PATHWAYS)
i Soret eifect
; i Transport of radionuciides bound 1 microbes
{Gas-mediated transport
Specific factors
Si= iBoreholes - aled
i ‘Cofloids: mnaﬁon 2 eflects {inciuding inorganic and organic colloid ranspory)
=3 dl iincompiete vauli closure
5 {Rock properties - undetected features
55 ¢ {inadequate desigrr shaht seal or exploraton borehole seai failure
[=3= {Exreme charnei flow of oxicants and nucides
iz |{Undetected feaiures {e.g. faulls, fracture networks, shear zones, disconinuites, gat

iShaft and borehole seal degradation |
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FINAL FEPs: BIOCSPHERE

AUDIT
coDE FEP NAME
iHuman considerations
Charcoal production

heating
5= tand gse changes

iEcological factors

i Animal habits {grooming and fighting, soil ingestion, diets; scavengers/predalors}
P Treesap
i Tetrestrial ecological development: natural and agricultural systems
Teyrestrial ecological development: Effects of succession
Terestrial ecoiogical development- Estuarine
Plants: Root uptake, including deep-rooting species (PLANTS)
¢ Plarts: Deposition on surfaces (PLANTS)
IPlants” Vapour uptake (PLANTS)
Plants: intemal transiocation and retention (PLANTS)
Plants: Washoff and feaching by rainfall (PLANTS)
Plants: Leaf-fali and senescence (PLANTS)
iPlarts: Cyding processes. (PLANTS}
:Animals: Upiake by ingesiion {ANIMALS)
Arimals: Uptake by inhalation (ANIMALS)
! ;Animats: Internal transiocation: and refeniion {ANIMALS)
{Animals: Cydiing processes (ANIMALS)
: : Animals: Effects of relocation and migration /ANIMALS)
{ Precipitation, temperature and soil water balance

! iEcological change {eg. forest fire cycles)
[N Ecologicat response o dimate, induding glacialmterglaciai cyciing {e.q. desert iosraation)

| (LINK to CLIMATE)

iSoil/sediment effects
Capillagy rise in sod
Soil properties {type. depih, porewater pH, moisure, soption)
Soil leaching
lonic exchange in soil
Sediment resuspension in water bodies
Sedimertation in wates bodies
i Groundwater discharme to soils: advective, difiusive. biotic, volatifisation
Accumulation in sediments
Mammanon in Soils and organic debxis, including peat

E\@a'anmofseﬁmostm'e
Surface/near-surface pro

| iGroundwater discharge (o surface water, springs, and weils)
Flushing of water bodies

Surface wates bodies: properties fe.g. pH)

Near-surface runoff procosses: overiand flow. irterfiow, rtnm fiow, macropore flow
Near-surface nmoif processes: Variable source area response

Surtace flow characterigtics (estuarine): Tidal cycling
Surface fow charactesistics {estuarine): Sediment transport

Surface flow characteristics (estuarine): Successioral development
Surlace flow characteristics (estuarine): Effects of sea level change

iSyrface water mixing
{Safimentwater/gas interaction with the atmosphere
i iTetrestrial water use (inciuding well)
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FINAL FEPs: BIOSPHERE

group Ocean waiers: Water exchange

| group }Ocean waters: Efiects of sea level change

i Groundwater discharge 10 estuaries

:Groyndwaier discharge 10 marine waters including coastal

group jCoastat waters: Stuspended sediment transport

group [Coastal waters: Boliom sediment transport

group |Coastal waters: Elfects of sea ilevel change

¢ group [Coastal waters: Effects of estuerine developmernt

i group [Ccastal waiers: Elfects of coastal erosion

group jCoastal waters: Effects of sea-level change

i Estuarine water use

i Coastal water use

{Sea water use

Gas zffects

iGas leakage into underground fving space

| Radon emission

{Gas transport: gas phase and n solution

!Gas discharge

Micrcbiological/biological activity

i Bicaccunulation and iransiocation

i Biotoxicity

iSoll and sediment transport induding bicturbation

i ; Burrowing animals

; | Transport of radionuciides bound 10 micrebes
T {Bicgeochemical changes

Geochemical regime {genera)

Soit and surface water chemistry (pH, Eh)

Fluid irveractions: dissciution, precipitation

Weathering, mineraiisation

: i Physico-chemical phenomena/effects eg. cotloid formation)

i Alered soil or surdace water chemisiry (pH, Eh)

Thermal effects on hydrochemistiry

§ Chemicad gradients (electrochemical effects and esmcsis)

Rad‘ onuclide chemistry
H Complexation by organics {including humic and tulvic acids}

Precipitation, dissolution. recrysialiisation, reconcem:anm

Sorption {linear, norHinear, ireversible)

i Speciation

{Chemical changes due to sorption, complex formation, speciation, gas, solubllity

Sotubitity effects (pH and Eh: ionic strength, complexing agents. colicids)

Sorption effects (pH and Eh: ionic strength. complexing agents, coiloids)

Changes in sorpiive surfaces

1 Dilution (mass, isotopic, species)
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FINAL FEPs: BIOSPHERE

AUDST

CODE FEP NAME

Radionuclide transport processes

Water {low: advection and dispersion

Diffusion (bulk, matrix. swriace}

Gas mediated transport

Transport of active gases: gas phase and in soitsiion

iTransport of radionudides bound to microbes

Radiologicel fectors

Builfing maierials

Carcasses

Carcinogeni contaminarts

Convection, lurbulence and diffusion (atmospherc)

{Precitation {meteoric)

iDeposition (wet and dry)

i {Radiotoxic contaminants
i {Showers and hurmidifiers
| Suspension & air

IWind

group _lingest
group _lingestion and Agricultural crops

group [ingestion and Domestic animal products

|_group [ingestion and Wild plarzs

i group [ingestion and Wld animnals

Soits

|Sedimentwater/gas inzeraction with the aimosphere

iSpecific factors

‘Colloids: lormation and efledts (including inorganic and organic colloikd (ranspot)

:Greenhouse-indced ecological effects (induding food production)

Smcking

e ‘Boseholes - unsealed

Hoss of integry of borehole Seals: seal failure oc degradation

5= : iinadequae design: Expioration borehole seat faiiure

J !intrusion in accurmilation zone in the biosphere {animais)

‘Demographe change, wiben development




FANAL FEPs: GEOLOGY/CLIMATE CATEGORY

AUDIT

FEP NAME

Seismic_events/imajor land movement

Eanthquakes

Regionat upliit and subsidence (e.g. orogenic, isosiaic)

Externally-induced seismicity

Natural seismicity

{Rock deformalion

| Faulting/fracturing: activation

Faultingfiracturing: generston

Faukingfiraciuring: change of properties

P iMajor nctsion

iMovements & faols

1Formation: of new faults

iFocmanion: of interconnected fracture systems

Hetxmorg‘uc pr

:Erosion/weathering (suriace)

j Erosion

] iChanges in tpography

Weathering

Extreme erosion and denuydation: glaciakinduced (e.g. coastal/sSiream erosiony

Coastal erosion due 1o sea-ievel change

i Ercsion: Glacial
{ {Siream erosion
i Sedimentation
== Land side
o Freshwater sediment transpor and deposition (LINK to BIOSPHERE)
L Marine sediment transport and deposition (LINK 1o BICSPHEREY
Salifluction
Groundwater flow and effects
L |Variation in groundwater recharge {LINK o BIOSPHERE)
Surface water fiow and sffects
Hydrclogical change
Flooding
i Pracipitation, tefperature and sod water bajance
{Show melt
{River flow and lake level changes
See-level effects
=35 iSea level change
.Msgneuc effects
P | —_IChanges m the Eanh’s magnetic field
{Glaciation/glacial_effects
= | {Glaciation
B iGlacialinterglacial cycling effeds (inclusding Sea ievel changes)
R {Permafrest
iAccumutation of gases under pemmafrost
B No ice age
Climate eoffects (natural)
g2 i Climate change |
= | Pluvial petiods
= | Insolation | i
Specific factors .
5P iAnthropogenic dimate change (greenhouse cffect
L Greemouse-mdmedeﬁecs(ag sea kevel change, precipiation, temp.)
=P iwind '
5 Tsunamis




FINAL FEPs: HUMAN CATEGORY

AUDIT
CODE FEP NAME
Inadvertent intrusion into repository
= }Archaeological investigations
=P Futyre intrusion: exploratory boreholes
= Future intrusion: resource mining (e.q. water, hydrocarbon, geothermal).
[=3= Reuse of boreholes
B | inmrusion in accumulation zone in the biosphere
5= Explosions
=32 Injection wells
= ! Withdrawal wells
iSurface activities
== Earthmoving
L Alterad soil or surface water chemistry by hwnan activities (LINK 1o BIOSPHERE)
=P Human nduced changes in surface hydrofogy
5= Heat storage in iakes
2354 Hydrologic St irngation
=L IHydrologic Str darmming of streams or rivers
iSubsurface activities
IDewatering
Iwets
Wells (high demand}
= Heat storage underground
5= | Geotherma! energy production
BeT= Tunneling
|=3= Construction of underground storage/disposal facilities
BEP Construction of underground dwellingsishelters
P Injection of liquid wastes
Water use
Industrial use of water
Outdoor spraying of water
Groundwater abstraction
5P Human induced actions on groundwater recharge
Irigation
|=3=34 Reservoirs
=P Intentional artificial groundwater recharge or withdrawal
!Agricultural and fisheries practices
i Fish farming
iSpecific factors
=P Defmographic change, usban development
B2 | Undetected past intrusions {boreholes. mining)
5= | Stray materials left
5P ! Decontamination matenials left
=P Loss of records
5= Radicactive wasle disposa efror
== inadvertent inciusion of undesirable materials
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