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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 SITE-94 are the development of a practical and 
defensible methodoky for defining, constructing and analyzing scenarios, the 
development of approaches for treatment of uncertainties, evalm&ion of canister 
integrity. and the development anti application of an appropriate Quality Assurance 
plan for Performance Assessments. 

Johan Andersson 
Project Manager 
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Introduction 

-1 p r d i r i n q -  but essential stage of the SITE 94 scenario devebpnent 
pyocess is the identification of all feztures, events. and Frocesses (FEPs) 
~ b c b  are considered &portant to the iong-tern isolation of radioaci.ix-e 
\v.zste. These FE?s ma>- be of natural or of h - m a i ~  origins, anc! should be 
relevant to both the disposal site wider in\-esiigatio~i, a d  the timescales 
ucder cocsideiation. Before conbining FEPs into scenarios. an audit. of 
the FEP list is desirzble. Thus, the objective of this s u m a n -  report is 
to docu~en :  tine speci5catioizs and me tho do lo^ by n-hich a n  indepeodent 
FEZ' Est mrs generstd for audit purposes. The intertion of the audit is 
to ensrire ; t a t  dl relecant natvraI azd  hzmalz-induced FEPs idenii,Sed 
ai i hi3 ezi~it- st age oi scenario deve!op~eni. 

The SITE 94 Project corsiders disposd of spem E Z C ~ ~  fcel according to 
the K3S3 concept. at a site xi th cbaracierist.ics baed on zhe . i s 6  Hard 
Rock Laboratoq site. 

Description of Methodology 

The methodoloz- adopted for producing such a FEP audit list involved 
the follo\~in,o task: 

Task 1: Coinpile raw FEP list 

0 Task 2: Categorise and add screecing criteria 

Task 3: Consdidation coding of screened lists 

Task $: Perform FEP audit 

The o\-eraE process in developing the FEP audit list is shovm schematically 
in Figure 1. Each cf the above tasks is disc~ssed in detaii in the subsequent 
sections. 



Figure 1. Schematic dia,o;ram of FEP audit list generation 
stages 
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Task 1: Compile raw FEP list 

Identification of FEPs has Seen perfomed previoasly for a \-ariet- of na- 
tional radioactive waste management. programmes, agd resultant FEP lists 
apply to a number of disposal concepts aod 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 electrmic spread- 
sheeildatabase. 

The d a t a h e  KZS compiled from the following pubikhed FEP lists: 

r Atoiaic Enerz- of Canada Limited (XECL): spent fuel: 275 enbria: 
Goodn-in e t  al.. (1991) 

r tY.'.K. Department of Environment DQ- Run 3; 30.5 e2trie-s: Thome 
(i992) 

r International -Atomic Energy Agency (1XE.A): Safety Series: general 
treatment; -56 e~tries;  IAEA (1981) 

Kagra, Switzerland: Project Gewiihr: high levelel !\-ate (HLW); 44 
entries; Project G e ~ 2 h r  (1983) 

r SKI/SKB: Swedish scenario development; spent fuel: 1-57 entries: 
Andersson (1989) 

r Smdia Xational Laboratory, UU.S.-4.: HLW; 29 eotries: Crannrell et 
al. (1982) 

r V.K. Xirex: L,/IL?i,'; 131 entries; Hodgkinson and Sumerling (19SS) 

C.K. Department of Environment: Sellafield Assessment: L/ILl\-; 
79 entries; Miller and Chapman (1992) 

r Xticlear E n e r 3  Agency (XEA): Sy stematic Approaches to Scenzrio 
Development; 122 entries; XEA (1992) 

Although Xaga is conducting a scenario development process for Kristaliin- 
1. the FEP list was incomplete at the time of compilation. For this reason, 
this source of FEPs wzs not used. In addition, the Kernakta 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, ~ o u l d  
be iofluenced by this work. 

The final compilation comprises over 1200 e~tries and is listed in Xp- 
pendix 1. The level of FEP detail for each national list is highly variable. 



as indicated by the respective ~alues for  umber of ent*, and reflects 
c!Zering degrees of generalisation. Hower:er, no screening or additional 
reducticns were performed during this task. For some entries, text was 
added, but oniy to provide additionai description to FEPs, the m r i n g  
oi which -would othe*se be too t-zigue for subsqpent screening. 

2.2 Task 2: Categorise and add screening criteria 

,The list in Appendl-u 1 contains numerous entries which we neither rele- 
tmt to the Swedish dicposl concept Eoi to the & s p d  site. Ix additie~, 
duplications abound in the raw list. Thus, to make tth subsequent screen- 
k g  process easier, the first stage of this task ras to separate entries Into 
arbit.rar_v categories. Egh t  categories T e e  seIect.ed in tot& riz. : 

F&J-ask 'IVl 
L J  Contzicer jC] 

BdTer/BacMiil IB] Repositor?; [El 
Far-field [F] Biosphere [L] 
Human actions [HI Gecilogical/climatic evolution fG] 

The let tes in parentheses mere used t o  code individual entries, and an 
attempt FZLS made to classify FEPs acording to where the FEP occzs  
(\I7; C; B; R: F; L) or xhich catcgory is the responsible agent (G:  Hj. 
occasion ail^, it \as dficult, to categorise FEPs in this wa5 in which case 
the coding applies rnore to the categov rrhich is aflected 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 assjaping FEPs to the above categories =as performed 
as a matter of convenieace, and that this separation process is relati\-el>- 
xbitrarj-, given the different ori,&s of the original FEP list (-Appendix 1). 

Screening criteria were then added to identify and to subsequentk remove 
o d y  ihose FEPs zchich are irreiecant to the Swedish disposcl concept and 
disposal site. The criteria which were used are based on those appiied by 
Sagra and presented in Sumerling rt al. (199.3). The preliminary "cri- 
teria' - referred to as screening aquments .  are presented in -Appendix 
2. hcluded in Appendix 2 are NOTES: specific modiiicat' ~ons  to cer- 
tain screening arguments, based on consultation with SKI (Johzn Xn- 
dersson, personal communication). An additional code w-as prokided for 
those FEPs which were either tco q p e  or all-encompzssiilg to be useful. 
It should be stressed. however: thzt no FEP e~ t r i e s  were destroyed u a 
result of the screening process - oni? removed to a separate appendix. 



l%e modified screenkg arguments are s u m n ~ + d  in Table 1, each aigu- 
nent hatiog a corresponding code (for coovenience, the slrbsection number 
of appropriate text in Appendix 2). 'The FEP lists, sorted by category: 
and with screening code zidded, are shorn in Appendix 3. Finally. the 
screeoing process  as performed on the eight categoq- Lists of FEPs to 
separate entries ~ i t h  screeizing codes from those nithout. As mentioned 
pre\iously3 no FEPs were zernot-ed pemaneatly7 screened-ozt FEPs beiog 
compiled 21 Appendix 4. 

Task 3: Consolidation coding of screened lists 

Eight lists of screened FEPs were produced from the screening process 
perfarmed in Task 2 (in additica to the 8 lists of screened-out FEPs in 
Appendis 4). h order to consolidate these 8 lists of screened FEPs, an 
additional. conso!idation code was added, as shown in Appendix 5 (CON. 
CODE). The purpose of this consolid~tion code w.zs to create a reduced 
set of 'pr~cesses' which included all screened FEPs, but which had a suffi- 
ciently small nun'ber to be manageable. Reduced sets in the raoge 1 3 i . 7  
'processes' were considered an acceptable comprxnise - smali enough to 
be manageable, biit large enough to retain specific characteristics of the 
irditidual FEPs, i -e .  n ~ +  too general. 

Xccordiogly, Appendix 5 contains the 8 iists of screened FEPs: each cat e- 

gory list prefaced by the set of ccilsolidated 'processes'. For ease of review: 
individual, screened FEPs x e  grouped according to cooso1ida:ion code. 



Table 1: Summary of FEP Screeiling Arguments 

Code Screeoihg .Argument Specifically Exciuded Phenome~l 
relating to: 

Site and Dis~osal Conce~t 

2.1 iVaste form and pacl;ab..ing LJILN,  orgaoic ~ast.es; ijtrified Kast 

2.2 Emplii.cemeat and repository cementi thus backfill; 

2.3 Host geology salt deposits: days; 
near--ace disposal phenoneila. 

2.4 Local a d  regional thick soil jsedirnent -quences; 

surface ertviroment large topographic influences; 

oceanic processes 

2.5 Geeclimatic development arid climate; 
coastal, fluvial erosion 

Assessrn eo t Basis 
3.1 Repository design/dosure 

3.3 Globzl/regional disasters 

3.4 Deliberate intrusion 

3.5 Futurehumansociety 

and technologq- 

3.6 Post-closure radioiogcal 

assessment 
3.7 Future life evolution 

operational phase reirievabili ty: 

major design changes 

meteor;, tes 

TFSA'IED SEPXRATELY 
nudear war; terrcrism 

TREATED SEPAX-ITELE" 
- 

futuristic assumptions '-bout 

human behaviour and technoiogy 

chemical toxlcii;y 

impacts to aora/fauna 

radiation sensitivity; 

metabolism chacgs 

Other 

4 General issues too \ague, general; incornpreheosibl, 

philosophical 

: A:gurmnts 3.2 and 3.3 were assiped screening code 'D' 



Task 4: Perform FEP audit 

'The FEP Iists contained ia Appendix 5 were ~med to perform an audit of 
the Kemakta FEP list (in Stodkhoh, Apiil21st: 1993). Pslrticipaats in the 
wdit were Neil Chapman md Sfichad Stezhouse of Intera, a-nb Kristin; 
Shagius and Mxie FVibrg of Kemakta fprinzrily responsible for ds-eiop- 
ing the K e r n a h  system). The objective of this exercise was to enswe that 
all relevaat features, events and processes had either been incorporated in 
the d iuence  diagrams alr-cad_r generated by Kemakta (priocipaiiy of the 
vcaste and the engineered systems), or Tere a ~ s l ~ b k  for onst.ruction of 
iduence diagrams of other _parts &.the Process System. 

D i L i g  the audit, each FEP in the hiera lists VGZS exaIcjned within s c h  
category. .A tick nark was added % it had been include3 in i.he Kemakta 
list, either as a FFEP or as a 'LnK7 be:.~eer: two FEPs. Dcplicates in the 
Intera list were elizliinated at this stzge: a d  external FEPs were identi- 
Eed as 'EFEP7. For each FEF which was identifid for iaclusion i;l the 
Kzrnakta system: either as a nem FEP or netv LTXK: a ncte was made of 
the addition, together with its cause 2nd effect. 

At the time of the audit, the near-field FEPs had been identified and full? 
documented, and the Intera categories which were used for compaiison 
Kere \VTi4STE7 CAXISTER, BUFFER/BXCKFILL and REPOSITORY- 
Similar tratments for the far &Id and biasphere system ;\-ere incomplete. 
akhough the format of the influence diagram was expected to be similar 
to that of the near field. As a result, Intera FEP categories except 
i3IOSPHERE were exanined in detail. Fbr the biosphere, duplicates trerz 
identified and e!iminated. Occasionallc: where t ~ o  slight.1~ diEereot FEPs 
overlapped in terms of description, they were coabined: thereby reducing 
the overall nunber. 

The end product of the audit \vas 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 shot- io 
Appendix g7 and the main headings for these FEPs are included in Table 
2. 



FEP W E :  HEADER 
* 
I 

~ ' . . i " * ~ ~ . ~ ~ y . : ; . : . : . , : . : ; , ;  . . , ,  . : . . :  ..i;::;,::i-l;i i;: . :i;;:;::.,. .:i....-: .:.:;:: :;::,:: ,:i;: 
.\_ ......... :..:.:.:.:.:.:.. .............. : :: . : ............... ; . : .  : :  .............................. .................... i.............. 

Waste ~ Q C I J - :  inW (SYSTEM CESCRiPTION) 
/ Racfionudide deczy and growth 
1 R a d i o i o g ~ d i z t i o n  effects 
/ pjas genemion a i d  effects 
/ Heat generabn 
I Rxxmo-mxhanicA effects 

T h m h e i i d  effects 
, € I d e m i d  efects 

Waste d e g r a ~ c w r ~ ~ l ~ o n  
Geochemical reachid;egime 
~ - ~ ] ~ ~ c f i d e  chemistry 

w'= - ~ ~ ~ ~ ~ ; ~ ~ ~ y s g $ g g ~ ~ g $ @ g g $ g ~ ~ . j ; $ ~ ~ ~ $ $ > . ; ; ' i :  ......... 
... .. ;- ..: ...................... ........ ..,. ......... ;; ................, ..,. . .  .;...;....-........-% ............................. ;; <..... .,., :... ..,:.: : :  . ;.::.:. -::< ?!i. .?..-- ........ .... . .  .................... ......... .: - -  

&ffer/bacM;.ii &aac&Ma (SYSTEM DESCRIPTION) 
Resaturationldesaturatbn 
W k a J  effects 
%.mi effects 
Electm-chemical effects 
Gas effects 
M i c r ~ ~  eff@c:s/rrticrobi activity 
bddil decjradation 
Ge3dxm:d regime 
Radicnucf-detansportprocesses 
R a d i d d e  chemistry 
specific fact3rs D"mm" . 

... -. . -.- ...... ... ~=;15$$;g39g$;;;$.;$$$:: .................. ............. ........ : .\ ..................... ,. .......... : ........ .:...: .<:. : .;<. %. : .:.:. iiiiii ......... ;;; ... * ; ...... ;": ...,... + . . .  -..; ; ........ 

~ear-fiefd rock, r w - t q  elem~wmaterinls (SYSTEM) 
Repositmy aegmdaticn 
Hydraulic eff@cts/groundwater fiow 
tvk=ct~&cal effects 
Themral effects 
Gas effects and transport 
~ r o b i o l ~ i ~ o I ~ i c a l  z~tivity 
Cmckern'aa; reg7ne  
wnuslide chemkay 
wronlxw transport pm?sses 
*fi factors 



Table 2 Final FEP List Headings 

7 FEP NAME: HEADER 1 

f4ydrogeologicai effects 
PhysicaYrnechanid effects 
Thermal effects 
Gas effects and tranapofl 
Microbiu!ogi&iological activity - regbne 
iladionucrKfe chemistry 
Fkdonuciide transport pcocess~~  

Ecological factors 
SoiVd;nent effects 
Surfaceinear-surface w e :  pmeses 
C c a M  mterlocean proassee 

Microbi~icaVbidcgkal activity 
Qochemicai reg& (general) 
Radmdtde chemistry 
RadionucEde processes 
R a d i i c a l  factors 

I SDecific factors 

Rock deformation 
Metmmphic processes 
Erosion/weathering (surface) 
Grwndwate: flow and etiects 
Surface water Paw and effects 
Sea-levei effects 
ldagnetic effects 
Giaciatian/giacial eKects 
Climate effects (natural) 
Specific factors 

IFadvertent intrusion into repsitory 
Surface activities 
Subsurface activities 
w2ts tlse ~~ and fisheries practices 
SpecZc kcton 
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Appendix 1. Raw FEPs List 

TSe composite tist presented in the foU~3wing pages (19) contains all FEPs 
horn the foilowing national exercises, listed in order d ap-pearance (the 
hitial letter coding, e-g. ,GCL, identises the respective exercises j: 

AECL: Canada 

DOE: Dry R-m 3, U.K. Department of Environment 

I-MZA: Safety Series 

o SKI: SKI/SKB: Svreden 

9 Ram: Sella5eld -Assessnent: U.K. Department of Environment 

o hTEA: Safety Assessment 

References for the above lists axe given in the main text  age 3). h tl- 
'DOE' list, FWs often exist at  the quaternary leveI ( kJi.X.Y.Z) and. 
such cases, the corresponding tertiaq- heading (1V.X.Y) has been i n c o r p  
rated in each FEP as additionat description- As a result, these tertiary en- 
tries (shaded) become redundant and are excluded horn subsequent edited 
lists. En the sane  Tay, AECL primar_v (X.), and H A W  primary (W.) and 
secondary (IV-X), headers have ?xen zetained for claritv, but are exciuded 
from the reduced lists. 
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RAW FEPsUST 

PAGE 1 



RAW FEFSs 

PAGE 2 



RAW F* UST 

PAGE 3 



RAW FEPsm 

PAGE 4 
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RAW FEPsLDST 

PAGE 6 



RAW FEALlST 

1-3 32 Rock mmemr dxanaes Permeab&i  I 

.................. :... . . . .  . . . . . . . . . . .  ;: ..-........ : .:...:.:..:. .: -. 
: !.. . . 

:... .... .:::.I.:.:.::>:";.. i:. . .  .:'..':. .. 
:;.. 

. . . . . . . . .  

[~OE24.4.1 :i;SdubiMy: ~~ of DH and Eh I 
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RAW FEFS LST 
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IW3-13.3 ;;;aeeen- Sea Wf%e 1 
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RAW FEF'SLIsT 
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RAW ~ ~ L B T  

feamr&~aulls. shear zm+s 
f e a  Breccia pipes 

tAEA1.15.4 $Undeteaed k€msive dykes 
IBEA1.15.5 $~UX%S#XI k t ~ ? ~  Gas Or brirPe pxkS 

I1AEAl.fl<jMereorite impaa f 
flAEA2.?2 <:-&de~esed pas: inmsion: Mime &tls 

. ~ I 

kmssDnr SatPtage 
&rusix Waste ~ e t ~ v e c y  I 

liAEA3.22 :!;Chemk& eKeas IraefaSms of rw package and r-c* 
MEA3.23 ~~&b?iidetteaS:Gasgenecambn 

l 1 ~ ~ ~ 3 . 4 . 4  . R a d i i  e:fecs: N- artieali;y 
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RAW F E L t S F  
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RAW fEPs LlST 

PAGE 18 



RAW FEPSUST 
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RAW FEPsUST 
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RAW FEF% UST 

Demdanx (aedh and fRNian) 
River. Seam. -el erowon f & ~ u i m )  

alddqKdiC0 

NEAt.5.1 River h a n d  take ite change 
NEA1.5.2 Site I 

G r m N a f e c  dtidrarge (ii surface water. spings. soils. wfk and marinef 
Growdwef ffovv ( D a q .  mhq. rnterqanukr kactrae. cbmekng wd prefem-d pal'nvrays) 



RAW FEPsUST 

1- -=FEPNAhE 
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RAW FEPsLlST 

tysama~ cd x8e and repscq mraonth - menafs (p camswe -4 
s%ii m e  m geas.2- !&fa d redor ril. and s o p i f  I 

NEaS.4.2 :$Mate* p q x s y  d a q e s  I 
w . 4 . 3  .Nu=!ea criricaIity 
W . 4 . 4  F-Radiorrfive decay and ingr& (chain &cay) 

PAGE 23 
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Screening Arguments for SlTE 94 Scenario Development 

This Letter Report presents proposed screening arguments for use in the 
SKI SR€ 94 scenario development project. These wiil be used to screen 
cut features, events and processes (FEPs) from a comprehensive 
catalogue compiied from a number of published and available fists and 
catizlogues. 

Screening arguments developed far Nagra fcr use in safety assessments 
ior the Krlstallin-1 proj& (Sumding et aL 1993) have been taken as a 
startilag point This project considers disposal of vitrified high-level waste 
frcrn nudear fuel reprocessing in crystaJline basement rock in  ort them 
S1&zert&nd. The arguments have been adapted to be appropriafe to the 
S E  94 project, which considers disposal 3f spent nllcfear fuel acmr&ng 
to the KBS3 mncept at st site with characteristics based on the Asp6 Hud 
Rock Laboratory si?e, and also to take account of the assessment scope f ~ r  
SITE 94 which differs from the Kristalfin-1 project. 

Two groups of screening arguments are dsfined- 

1. Site and Disposal Concept - These &low phenomena that are 
physically impossible or irrelevant for the given site and disposal 
concept to be screened out. 

2. Assessment 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 crifen'on because the andtions 
for screening are arguments taking account of knowledge cf the site and 
disposal concept, and the desired scupe of the assessmerit They are not 
strict 'yedno' or quanftative criteria that can be rigidly applied railer they 
are guidance for the scenario development and screening of FEPs. The 
screening arguments are presented in the following sectiofis. 



ThewastejSspentnudearWroctsftom~andPtWRreactors. TfPe 
hit r e  cons& of qiindrical[ peUets of uranium cbxkie in dmmksrn &by 
(r irdoy)  ctadc6ir~g tubes. These are bound togefher in kret assembk 
designed to be k m d M  as a una froan suppiy to the readof to final 
disposal F w ~ 6 t u 9 f u e l ~ { d e p e ~ n g o r r ~ ~ ~  
respeding t k d  b d h g  limits) are co- in a steel cdsler with 
cupper owpack of externat dmensbns 4.- x 0.8n diameter- V& 
within the c z m k k r  are fiieed with copper po-vder or lead- The &es will 
t=-w==W& 
Ph- redated s p e d i d f y  to of fie^ wastes types, eg. MLW, organic 
wades and i&Sed wastes, can be s c r d  art or modified (id pc&bie) to 
~ t o t h e ~ v e c o n c e p t ,  

WOTE ADDED: 
Consideration sfmutd be given to the possibility of wds within the 
canister.] 

2-2 Emptacemnt and Repository 

The copper-steel canisters (containing the wastes) ars emplaced 
inc5.dfdualty in vertical de-n holes (7.5m deQth x I.5m diameter} 
drilled in the fioor of setE-supporting W r k o ~ A  tunnels (3.m width x 4.5m 
height). The space between waste canister and deposition hole walk 
(-0-5m) and the upper part of the deposition hole is filled &th W s  of 
highlycowed sodium bentonite. The horizontal tunrpeis are baMiUed 
with a sanbbentonite mix. There wiU be an axial decompressecVdamaged 
zmz arrxlnd the horizontal tunnels which may he excavated by blasting. 
The diy>osal tunnels wiR be anaraged in s e t ~ r a l  panels eact, consisting of 
tunnels on a more or less parallel grid but avoiding significant water 
W n g  features. Tunnels and strafts wiii IE seated with highiy compacted 
benton& and/or concrete and concrete shotcrete and steel rod<bois may 
be used to improve M f i t y  of the tunrcgk during the operatioad period. 

Phenomena retated specifically to cementitials backfili can be screened 
out (or modified) but cement-bentonite reactions may be relevant. 
Phenomena related to interaction between canistershmste packages can 
be screened out 

MOTE ADDED: 
ABhough phenomena related specifically to cernentitious bad<fiil should be 
screened out, interadons between stnrdural concrete in the repository 
and bntonite should be considered. 



The repsitory be sited in crystaf5ine (granitic) basement rock at a 
~ o f ~ 5 0 0 m e t r e s ~ w g r w r t d .  Tbebsemntrodcinctbdes 
regional fracture zones with a spacing of m e  to a few kikmetres, ranging 
fmm metres to tens of metres m uMh, &is connected 2nd order fr-re 
z c m e s a t s p a c i n g s o f t y ~ ~ .  a c ~ r o n e ' d 1 0 O m i s a s s u r n e d  
between cEispusai tunnets and any such feature. Groundwater at depth 
icedudes both sahe and freshwater zones 

f related speciiicaey to o h r  host rods, eg & deposits, days 
eQc., can be screened FWmmena reIated to near-surface cfisposal, 
eg- h m ,  btmcvPir;g animsds etc., can be screened out 

2.4 Local and Regimd Surface Environment 

The kp6  site is W e d  M o w  a small island a sea area endosed 
by other small isiands on the Battic coast of S-R. The region is low 
topography gtac&ed basement rock with ~n c)iscontinuous sail a v e r  
supporting mainly coniferous \firoodBnd- Under present-day conditions, 
possiMe W a g e  from the iqmsitory is most likely to occur to the marine 
envimnmerits with assxiat& dose pathways. Doses through other 
pathways are also possibie, eg. via a kcd ma 

Phenomena related to Wge topgraphiic influences, thick soil/sedinzent 
sequences, perched water tabtes, [high yield wells] and oceanic 
processes can be screened out. 

[NOTE ADDED: 
Remove highyield wells from the previous paragraph] 

2.5 Geo-climatic Development 

The Scandinavian shieid is rising at the present time due to isostztic 
rebund fobwing the lasf glaciation. This wit? result in a relative sea-level 
fail so that the region will become terrestrial with numerous shallow 
freshwater lakes in the order of one to a few thousand years in the future. 
Assuming a cont;lnuation of the glaciai-intergtaciai dimate cycling 
observsd in the last 0.8 My, the site is expected to be periodically covered 
by ice in the future, up to a depth of a f ~ w  kibmetres. The basement rock 
will resist significant erosion and suilkedirnent covers (where present) will 
be thin d transient. 

Phenw~ena related to w m  climates can be screened wt. Phenomena 
related to coastal and fluvial erosion can be screened out. 

EMOTE AQDEP: 
A!though arid climates can be excluded, the possibility d a greenhouse- 
induced warmer, wetter dinate s , h k i  be mnsidered. ] 



3.1 Repository W g n  and Closure 

kt is assumed that the repository is comtmtecf and operated, as pkmiied: 
as a final disposai faciGty for spent nucfear fueL t3o other wastes wiU be 
disposed in the facility. Some focal variation in quafSty and minor 
deviczns are expected. No repository monitoring or remedia! activities 
are expected 

Phenomena rekited to operational accidents { w h i i  shrwid be &?aft with in 
an assessment of the operations4 phase), major design changes and 
disposal of &her wastes in the repxitory can be screened out. However, 
long-term effeds due to the expected operation of the repository should be 
considered. RefrievaSiFQ of the wastes is not a consideration. The 
consequences of possible m-ciosure or improper closilre of the 
repository should be considered 

[NOTE ADDED: 
Faihre of repository due to poor quality assurme should be ccnsidersa.j 

3.2 GIobal and Regiona! Disasters 

it is not reasunable to make assessments of the radiological impacts from a 
repository for conditions which are assodated with some g W  or regional 
catastrophe or serious accident that has irnmxhte impacts that are orders 
of magnitude more serious, eg. in t e r n  of boss of hmam life. All human 
endeavours a ~ e  af risk kom extreme natural arid human induced events 
that are not usual!y accountsd for in safety assessments of industrial 
developments. 

Phenomena such as nuclear war, rnzssive sea ievel rise dire to gbbai 
ioe-cap melting and hrge meteorite stn'ke on the site can be screened out. 

[MOTE ADDED: 
FEPs in this category will not be coupled to the Process System, and can 
be separated out for direct treatment. This app4ies also to 3-35 

3.3 Acts of War and Sabotage 

Acts of war, should be exduded from the assessment. Malidous human 
acts, eg. terrorist acts, aimed at damaging the repcsitory shoutd be 
considered. However, in tfie pre-chure period, security measures will be 
in force to minirnise the risk of successful attack; risks in this period might 
be considered in the assessment of operational plans and impacts; in the 
post-cksure period, a ciosed repository will be an extraordinarily hard 
target to damage and a considerably less alimtive target than surface 
industrial instaltations or civilian targets. 



3.3 Acts of War and Sabotage (continued) 

Phenomena related to acts of war should be screened out. 

[NOTE ADDED: 
See previous note (3.3).j 

3.4 Deliberate intrusion 

Future ddiberafe intnrsive actions, taken with fufl knowledge of the mure 
and content of the repository, eg. to retrieve vafuable materials, sre 
excluded frorn the assessment. It is assumed that any such action would 
be undertaken after due considerafion of safety aspects and with regad to 
the economic and environment4 vafues of t f ~  Erne. 

Phenomena refat& speci5cally to defiberate intrusion can screened out, 
phenomena relaed to inadvertent intvsion are retained. 

3-5 Future Human Society and Technology 

Over the timescales considered in post-cicsure radiological assessment it 
is reqnised that human civilisation and technology is likely to change 
considerably, but it is not possible to estimate other than in very general 
terms what changes may occur. Considering #at a general tenet of 
post-ckxure radiotogical assessment is to aiford future generations arid 
individuals the same levei of protection as that specified for current 
generations and individuals, it is appropriate to assume future human 
behaviours similar to that observed in the Worfd today. impacts to 
tiypcthetical critical groups dwelling in the future and with habits and 
technologies brozdiy similar to some group at some location in the World 
today can then be regarded as indicators of safety. 

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

Phenomena re!ated to extreme futuristic assumptions about human 
behaviour and technology can be out. 



3.6 Post-Closure RadiologicaO Assessment 

The scenario analysis is aimed at providirig a framework fcr calcufations of 
radiological impact (only) f o human i~dividuafs and populations 
represenfed by 2 critical group. If is assumed tbat protection of human 
indrvibuab ensures protection of the environment, see JAEA 1992. 

Consideration of radiological impacts to flora and fauna shouIci be 
screened olEt Chemical toxicity effects cf the disposed wastes may be 
addressed as a separate issue and can be screened out of the radiological 
assessment 

[NOTE ADDED: 
FEPs h this category will pat be considered in the SlTE 94 scenario 
development pracess, and rn be weened out as a separate item.J 

3.7 Future Life Evolution 

Humans md plant and animal species may evolve. Especialty evofution o: 
food plant and domesticated animals is to be expected. Heme 
metabofism, radionuclide uptake and radiation sensitivity may cknge. 
These changes cannot be anticipated and should not be accounted for in 
quantiite assessments (see &so 2.5). 

Assessments should be canied out assuming metabolic and physiobgical 
characteristics and radiosensitivrty of humans, animals and ptants similar 
to that observed today. 
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Appendix 3. FEP Lists by Category 

The 8 FEP lip6 in the follovriing pages have been sorbed zccording to the 
categories identsed in section 2.2. The additional coding "XCXXz which 
occaskndy appears mder the "ARGLBiENT" c o l ~  is used to screen 
out those FEPs which, after additional examinatiin, do not belong to 
the assigned cat;egoq-> or which aze obvious dnpscates within the same 
national FEP list. In s ~ c h  cases, the  duplicate is ideniSed mder the 
"CO3t'3fME3?Sn c o l m .  
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RPs W. WASTE CATEGORY 

PAGE l 



- - ---- 

APs LlST: WASIE CATEGORY 

PAGE 2 



-- 

FEps m: WASTE CATEGORY 

PAGE 3 

. .-.- 



FEPs IlST: CONTAINER CATEGORY 

PAGE 1 



%!iP1.1.1 C : :Container met& conosioo 
IE l~ef fecSotrneraiooncsion Wi1.1.4 ! 'rlC ! 

i-MP121 I W 1 i Hyd- by m a 1  com&m 
1 4 . 1  i WS i :kYase-fm and baMiE cmso!5daFion 
'NEA21.6 i CR I IMateid Mecs (e.g. early can&# Muref 
N E F U 2 i  I C i M a k  axrosion p ihghhm.  intermi anb exmnd a. g2s e . g H 2 )  
NEA3.3.i ! C ! ! W e r  a container nowmenr 
NEA3.32 i c i iGhqes Q in-siiu snea &eld : 4 
N W 3 . 3  i C i 1 E~nbakmm . . arldc%diMJ 
NEA3.3.4 ! C j s & s d e r W o ) ~  
NEA3.3.5 i V C  i i Fraailring 
NEA3.96 I C ! 2.1 iGrs etfeds i v w .  dimprion. -_n?ksP30, fuel 1 

PAGE 2 





FEPSUST: ~ ' B A ~  CATEGORY 

PAGE 2 



PAGE 3 

- - 



- 

FEPsL3ST: ~ B A c K F u  CATEGORY 

PAGE 4 



PAGE 1 



PAGE 2 

. . 
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RPs LET: REFOsTrnY CATEGORY 

PAGE 3 



! S F :  iSaiine ;or fresh) , f . m w d ~ ~  irfrrision 
tkwadaicn of h o b  and shat seals 

SiCi5.14 j W i !Resarilratioc; 
S K I I l 8  : BFiF : XXXX ! E n M g i o u n d w n s W  SEE -2.5 
SGS22 i G3 !Accurnuhtkn of gases under ~ r c s . 8  
SIC524 : R i :SIreSs danges of CXdlSc~ty :SEE sKI 4 2 2  
SK15.43 (31 r !Methane inimicr, :SEE 
Sil;t4 1 W : ISoiubiiiq and p-sc+:z~ion - 
SU5.45 R lCdlaid g e m i o n  snd *mnsqxx 

%1&5 : !Dilution 
SK16.13 : S= icorherrnally hduced Bow . S G  5.1 
W . 5  : iIsotopic 6ilmim 
SNi6.1 Subsidence ad C~J%.F -- 
1,,2 ; * ;  arid b t i i  Seal i_ .L .. ,h 
SNi6.3 ; g i  ~%ma!Jy lmh~ed St(esyFradrning in HoS aocic 

: f f l  i~xcawatisr?-lndaced ~tregr~raclaing rn HCCS aodc 

PAGE 4 
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FEPs LET FkRFlELD CATEGORY 

PAGE 1 



RPs LIST: FAR-FIEiD CATEGORY 

PAGE 2 





~ ~ 1 . 6 . 9  i BF(R i icolba f o m h .  disa:dicn a n d d s p w t  
:CoIl-t?lexky agents 

1 iF j i F f a ~ ~ r e  r n i ~ ~ s r i c n  ard weathering 
'hss. -kacpic and so- &l&n 

XN1.6.14 i t w  i Chernicaf gradients [ e k m a k m i c a !  effWs & mmosis) 
UKNt.7.6 i MRFL I Chemical barn- 
UKN1.7.7 ! WFR 'Wizrctd imemuhs 
U W : 2  : FIR ! :Im@a brelde seal :&re and degractzbn 
UKN21.3 j FF t :Shahaaxesrunnelsealtailiae~deSndatia, 
UKNZ1.S R : ~i3ewaf~o: tKsrra l r  
WN3-1.1 I R i i Differerniaf eksic -me 

PAGE 4 
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FEF% LIST: GHKOGICI'CL:h¶AlE CATEGORY 

PAGE 1 



i * i  deaodaran: Giadai 
2.5 :L&& SmodaticR: R d  (vailey incision) 
2.5 ;bcakA Cemdaiw: FEwi+t lweaihenng/m insemex! 

MX322.3 i G : !Localised U m a i  G l a d  
,DOE322-4 i G . 2-5 i L d &  denudation: -at 
-323-1 : G i 2 5  iSedinenr redisr&m: F b i a l  
DOE3232 G , 2 5 !Sediment redistribtmon: Aeolian 
DOE323.3 i G I : Sedimem red&rn-n: G W  
DOE3.24.1 : G 2.4 -River indsionisedimratim due io sea-level charge 
DCE3242  1 G ' :coastal m i o n  due to =a-level change 

- - - ~p 

WE33.1 : G &&wre and evamraka dr;e io ss+tevel c fwp  - 
XB.5.1.1 . G ' 2.5 :Erosion: Flwia: 
00E3.5.? 2 i G : 2.5 i b s i c a  A e o i i i  
WE3.5.1.3 G i iEroscn:Ghdal 
DOE3.5.1.4 G i 2.5 :Erosion: Coasd 
DOE4.1.3.1 : G :Subsidence and fau!r/fmame induaion 

PAGE 2 



FEPs UST: GEOLM;#XXIMATK: CATEGORY 

PAGE 3 



FEPs LIST: GEotOGKXCtlMAllC CATEGORY 

PAGE 4 



-- 

FEPs LET: HUMAN FACTORSCATEGORY 

PAGE 1 



SKl7.l; . H : C i  or! ?he site 
SNtJ.! : H '  i!naAenenr Innusiw: E q k s h s  
SNi4.2 I H :InadvenerS In-: Drillmg 
XJL4.3 H ' 2.3 :Ina&enea~ Intrusans: Mining 
SNL4.4 : H 1 ~ l n a d w x l ~  trPrrtsion+: Injmz?ion We15 
SNLC.5 i H i ilnadvenen Inmrsions: WnMnwai W e b  
SNC5.1 H Stressesr lrriqabn 
1SNL52 ' H . : l-k&doaic Cl-: Darnmino d S?reams or Rvers 

PAGE 2 
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Screened-out FEF Lists 
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P & i  CATEGORY. ffimENr mHAIIB 
AEC'LI .S V'W 2 1 Botfera&~!rves 
5 2 ~ 2 1  a W3 2.1 H y d q n  effeas (14 mtcrob?al grow!! on rn- 
DOE1 22% W 2 1 MehneCG2 E!feps of ,Fqdqen froin neial OXTOEQ: 
f i M @ ? 2 3  2. t Gas gmerainri bn fromcocle 

PAGE 1 



I E N W s ?  :CATEGORY A I # U ~ ! R P N # E  i 
AHX1.57  ' R 2.1 :Methyfation 
DOE:.226 i W 2.1 : Mebane422 wdcicn: Effects d ruhcsazt pressure 
DOEl.225 . iR 2.? 'WhaneKC2 p-cdmiorr: Et!- of hyd- from metal cocrosicx~ 
30E1.2212 ' W . 2.? 'MEthaneCQ2 produCiecr Enerqy anb nurieni conrrd cf m e z k o i i i  
30E1.2213 - W- 2.: .MethaneKO2 pf03~~1on: Eflec~~ d rad-aion on rmJobial poputahm 

W 22 93 2.2 HZ02 eqk?scm -- -. 

-- 
FF 2.3 . C a V a a r ~  

DOE1 5 2 t  2R 2.3 'Giur&wSer Ron- cmdUmft3 

PAGE 1 





i a ! 2.4 .A&&- 
-83 : (r ! 2.4 IRivercpursernean.5e-r 

t : 2-4 !River rneandenng 
AKX3.73 ! K i 2 4 7  :Lake infiffing 

t 

AECL3.106 1 L i 2.4? iTo*jcity of mined nn% 
AECL3.113 i L 1 2.4? Werbnds 

A w l  51 L 2 3  , l f~bus~n (XIIKIZI) 
AKX3.51 Q 2.3 :R& (stm?-:m} i 
A i C W  113 L 2.3 ~'Watet lesk iotc underyamd l i i  mace 1 
HMIP4.1.2 L 2.3 Soiid dscharge wa wssroral mxesses 

PAGE 1 
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SK8.29 . G : O :Me!eociie 
SNLI .1 G I D ;Meteorite lnrpacr 
UKNi.1.; : G i D .MeteorieLmpac? 
liMiP521 G i D :Meteoriteinpa2 
NEA!.l.: G i D ' h l e a r d  irnpaa 

NEA!.c.a ' G ; XXXX i R k  meander (REFAT! - SF& 1.4.4)) 

PAGE 2 



HUBL4N FACTORS CL\TEGORY: 
~ ~ F E P s L D S T  

kECi2.3 kF i 2.4 ; k & ~ k - w d l  1 
AECt2:3 . HI. : 2.4 :Darrs I 
AECW.10 i H i 2.4 :Biogaspc&UM 
AEC~3.111 H . 2.4 iWata fmf'iq- p r c w  jm-) 
PGA4.3.1 : H 1 2.4 iDrilling insedbnerns 
WW42 H 1 2.4 :Dam Md resemis. bv&c?raM 
UKN24.3 i H ' 2.4 ' R i v e r d & d & d  
NEA23.4 i H 1 2.4 :ExpMaricn? 
NEA23.5 I H 2.4 iRestx-m 
NEA242 i H ! 2.4 :Wsadreservars. ~~ 
NEA24.3 ! H ! 2.4 :Rivet$-d 
AECL3.43 i H ! 2.4? IEahmouiq pmjeds (major) 
AECL3.73 i 1 2.4? iL&e infiikq 

I 

FAGS 1 

- -- 



HUBllAN FACTORS CATEGORY: 
SCREPlEDOiTTFEF'sUST 

I 

.37 a H 3.7 .Cure for cancer 
I 



APPEhWIX 5 

Screened FEP Lists 

sorted according to consolidation code 



- 

CONSOUDATED FEFs UST FOR WASTE 

1.1 Waste cbzcleristks tuel siabiiity. helerogeneiry I 

7.2 i-w mi- 

l .S iZaa0ioncpctide decay and p w i b  
1.4 rRadjdogi&rad&h e&as :radiation damace. .adic&jsis. enSriekmenr. lie 
1.5 genemix s?d eft- 

< .  
:Xea g e n e r z  :- & z z q s  radicaaii gases. p e s m i s s b n  1 
:-Rlao-- MeQs i3?€ma: pulse I 
iri&mical e m  ;natertat p r w  c&inges 
UecYxhemid effects 1.9 :g:aa-m coupkg I 

1 .'a : Waae d e g a & o ~ ' a x r ~ i d s s d u i h ~ m &  corrosion. k a c . !  z k d c v  
1 .I 1 :Geodiemjcai reachs^regirne ;&mid pdients & ki-. - m i d  purr@. redox m r U .  reays~. 
: -12 Radionudide cfiernisry isolubili. speciation. mmpkx fcmaion. c d h d  lcma~ion 
1.13 .SpKific 5%Xxs :PbI :eaabm, Cs niqation dunqed/deriz!ing &I. dannekqg 
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AXi. l .3 '  : XXXX Biolcqica! aciivny 
!L=X~? i WL? . XXXX ,Fladicroxic m t m i r z n t s  
-WE!.;.4.6 , W XXXX Microbial con&x: wZSieS 1 
!?&1.6.6.2 , 'm XXXX .Miactmi =wiry 
COE1.6.5.3 i 'm XXXX W i m  effecS d i ~  to E&&d ~ x c h ~ 3  reacliots 

.IAEA32.2 VKZ XXXX ' C k m i d  e%s: h:eracm d wage c d q e  wd rock 
1~~~1.7.7 W8ilR . XXXX Microbid m l e f a C ! h  
'WN3.22 I YXER X#X - ! m b r r s  o! ksi rnaekk and gwn&ve!ff w ~ h  re-ecrr rnizerid ;q. C 
lXW.2.7 1 XxXX UicrcbbioqA e ! i e s  (on m ~ & i M e p e a r k a .  -7 sc&tiky;~x$exaion. j 
:%$!??2.5 i W XXXX 'Chem~Ioxk p € S  

l X a . 2 . 7  : W XXXX Mkf-icd 
1 

(eY~3.s 07 =3nosknidwpada:m. soikilirv;c;.~;~x1~n. Gas 4 

PAGE 2 
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:2.1 :-ster r n a ; e ~ c o n s t ~ ~ c t i a n  

22 - i C o r r c s i o ~ c i ~ i c a  pweses ;meal corrasion. &aching. pining 
2.3 i Gas padudion and effects 
2.4 i M'i&ioiqical effeas 

I 
2.5 'Tho-mechanical effects ttwnalpuise 

I 



CONTAlNEFtcATEGORY 
SaEEXBlFEirs 

(sorted) 



wNTIUNERcATK;OR( 
saEEHEDFEE3 

(sorted; 
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-CATEGORY 
SaZEENB)rW 

(sorted) 

PAGE 1 
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!3.?.10 , WE5 1 3.9 ~ h t ~ s w i ~  m m  proOl;C3 2nd waSe 1 
t3.1.11 i B 3.9 'Redox !roo: 

Kl4.1.2 ' BFP! : 3.9 .oHCeraEo.s 
Sad.:.? W 4 3.9 . ~ h e ! n u A  char46 
S E . 7  ; BF i 3.9 IS!! ( x  fre&)~nx;rCwae *s ion 

KN1.57 I BF i a 9  * l xm:e?*&?  
KN1.58 i BF i 3.9 :Effects a: dr!e-ksha%e io?er%ice 
KNY.6.13 1 i 3.9 :Mass. ka+5c and spedes di4iio:: 

WKN1.6.:4 . 'B : 3.9 :C- gradients (&c?.ocicai effects and o m ;  
UKN1.7.6 I WEH3- ! 3.9 lchamical ans.'ormapom 
UKM.l .5  W3 i 3.9 Ilx3~~ed cknjQi chmges (soktuWy. s r p m f x .  s x c k  eaur2xl;n. %wc2isa 
UKM.22 HCER ! 3.3 ~l!?tem&x~of FmS !na!e%ts ad q0brrdwa.e w?h rWsiDy m:er%i (evj. \ 
1HMLFI.4.1 ' ; 3.9 Waste-kum and badtf;U mcdi&tian 
h ~ ~ ~ 3 . 7  SFL , 3.9.3.: 1 ICh- in gwwha!~ &emsny a d  f;ow ai.ec:on 
~ H M I P ~ Z : ~  I BFFI. 3.9 i w  

'NEA:.S.13 ' . SFK 1 3.9 !Mass .  isctooic and -es di!~?cz? 
NEAl.6.14 ; . eFR i 3.9 !Ckernical srdiecm (-cai effects acd csoss) 
NEA3.1.5 . W : 3.9 'kxhced c M  -5-eqes (ulub&y. s c ? p t ' i  -es eq!d:mor?.. %e!lsag 
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4.8 :-&we ichemicai @.en& 8 'kinel& redox ptmhi. -0chemid 

iFkzuimudideci.lemw i s o h ~ b l y ,  q~mtm. 
. . 

2.9 sorption. q x  fccna?bri 
4.:G iftadioca&etransw;tprocesses ladveclion. dispersion difksioo 
4.1 1 ispedfw: tadm icd!o& poa QA ,merid defeds. mde~ecfed feaf~res I 
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scFENEDFEP+ 
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SKFS i Fg, i 5.8 ilsclDpicdilurrrx! 
UKNi.6.6 i SFlR 5.8 iSo(ubiiiq amit 
OIOul.6.7 ! a 1 5.8 ISoroM (linezulmlinear. reversiWmrsible) 
UKM.6.8 i 1 5.8 IWufion. pr-n and ~~ 

'5.9 / Radioncelidc transport muses 
R E a 2 . 1 5  F i 5.9 jDiffusior: 
AKX2.17 ! F i 5.9 r9scefsm 

. . 

PHW.39 ! F 1 5.9 ;Mi &4.~sjon 
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BisPH=Ecmaxm: 
SaEESDRRLm 

[screened) 

& I 0  !Radlmucllda transport pmusrss I 

l~ECL3.102 ! L i 6.11 !Suspensar . . 
ln air 

AECL3.:07 i L i 62.6.11 iireesap 
~ ~ ~ 3 . 1 1 4  I a i s.11 i w i  
DOE3.6.1.: L 1 6.11 I- eVLznj 

. W 3 - 6 2 - 4  i L i 5.1 1 ikgesbn and Wild planrs 
-362.5 i L 1 6.: 1 ilngeStion ard Wild ar&& 
-3.62.6 L i 6.1 1 IhgesMxl and So& and s- 
00E3.S.3.7 i L i 6.11 ! ~ a n d S o i % & s e d m e n ~  
DOEX632 I L 6.1 1 jlnba%ond Gasesarulva~oun Ci'nboor) 
-3.633 i i ! S.l? ilnh&*Onand Gases snd ~ p o l l r s  (0- 

3.6.3.4 ; L : 6.1 1 ! t n W o n  and Biok merial 
35 ! L i 6.11 !lnha!ahn&Sair- 

I H i 6.4.6.11 :Waier Dm- we! 
P4.24 i t 6.3.6.4.6.71 !SedimenWef/gas bteracwn wiZh a m m e r e  
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NEA21.3 f bR F1 i )XO(Shatr orxcesiunneiseal faiureand deCpc!ariOn 
NEA21.4 j HI i XCfX jSressfi&anges. &g. s&&enoeorcaving 
N W r . 5  i iR i I D e w a r ~ n g  of h a  rodr 
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APPEXDIX 6 

Final List of FEPs 



Appendix 6. List FEPs 

The follox-in$ pages (13) contain the final list of FEPs generated as a 
resdt  of the audit held at Kenaba on April 21st, 1993. Additions to 
FEP descriptions, baed  on discussions during the audit, have been added 
in parentheses, mainly in LTPER CASE. 

The key $0 the coding (letters) added to the left-hand col-;lm of the tables 
(AUDIT CODE) is given below. 

EFEP A feztxie; event or process (FEP) which  is extern-zl 

to the Process System 

F nerr FEP 
L nen; li& in the influence diagiam 

La neK Link to other parts cf the Process System 

( e-g. fu-field, biosphere') 

Tne eight categories have 'ken retained for FEP descriptions. For t.he hi* 
sphere, sever& FEP descriptions may be anbined. Rather than reduce 
these FEPs to one entry, however: the ori,Plnal descripticos have bee9 re- 
tained and 'group7 has been added to one of the first t w ~  colamns. Shading 
has also beec added, =here appropriate: to heip iaentih- bdisidua! groonps. 





AUDKi ! 
CODE1 ! FEP NAME I 

(Container fafrrre (bng4erm) 
iConainer M g  (indude in FE? dexnptirm amxim) I 
iConcsion (idding parriaI 0x~osi01-1) 

/Uniform cumion 
iSruUid mraainer metal 

iSmanaai cmaix!f metal QITC&OE a- 
IS!ructcsal cDRtainer metai axrosion- stress conosion aackin 
!CbemW ctanges due to metal mrrosion 
:Chernicalreaaiors--j 
iRaieofddolidesmayperanmGm 

i :~msive acpm. ~ulph:de~. o m  erc 
.&cMiII effecs CG Cu orrcsion 
1SwdIii of sxnasion ~ ~ d ? ? a s  

:Canister: gas produetion end effects 

I Ikiydrqen: caroYon ot wltarner $eel 
Gas mqm In  he waste mavler 

I L I  I Coupled etfods (-) 

I ! ~ u r a ~  t e~unc  ~~ reasons (IMXUDE n FEP dsqmcm)  

. - - ~~ -~ 

! 1.- i~hemicaj gdielns efteas and osmosis) 

1 
! m i s t &  d o n u d d e  t r t ! S *  containers 
! 1 Reiezse of radmiides frm the f a h d  canister 
I Canister: specific facton 
I i W  d the chame(ing wrkhin the canister ( ~ R D E R E ~ J J L  PAThYJAYS) 

!Fh&tim eneQs on canker 
E W ;  !Random carristerdefeas -quaWycmml 
9EP 1 ,C6sunoncarsecanhtezddects-~conlrd 

i ;Mat& defects. e.g. early canister fake 
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CODE! jFR'kIAME 
iBuffer/backfiit: geochemical regime 

:Chemical gradients (IKCLUDE m FEP description: water cherr,istry) 

I !,Chemid kind= (lNCLUOE in FEP description: water chemisw) 
I ! I Precinitatian and disdshoo I 

I iChemical changes due to w s e  d-darim (CHEMlC:At CHANGES) 
L / ; C M  than* due to gas produdon @HEMEAL CHANGES) 

t IChsnkA charis due to con?p(ex h a S o n  (CHEMEAL C 

! 
F j ; Isatook: dilution 1 

i Chemicd changes due to corrosion 
i iStmatii3n af sorp3cn sites 
f !Effects of bmtcnite on ground~er  chern-&ry 

if(eacii~rts with ma pore wzter (INCLdDE in chemka: degradation! 
: Redox frorr! 
,fiwmc&emical c h q e s  
;Saline (or fresh) ycundwa:er intmsion 

I :Effects at dine-freshwater interface 
1Cbges in groundwaler Cow diredon jlhiCLLIDE in FEP descrip3cn) 

! BuffertBackfiit: radionuclide transport processes 
1 
I iGroundarater flow; a d v e u b n l d ' i i o n  (sZwated mnditionsj 

L ! lDiffusion@uik,matrk,slpface) 
F L L !  iUnsamaedtranswc 

IGmmdwater Oovr: fracture 
L ; l e o d w a t e r  ffow: decs cf sof& cham& (PREFEREKRAL P A W A Y S f  

f i-? effect I 
Fei iT-rt of &embiIy suhsacw :nto €he nesr-field 

! Sufferibackfll: radio~uclide chemistry 
.~~&@aion, dissolution, ieaystatlieion, recamt-@on 
f.Sorgim (lines, nan-iinear. ineverriblef 
'Spedation 
r W b i i i i  efiech Qf! ar~! 91: ionic ~~~, ampiexing agents, col!~5&) I 
:Sorption effects (pH and a; ionic strecm. complexing agents, ccIlo;uls) 
icharrges in Scrpaive wdaces 
;Transport of radjmudides bound to Maobes 

Bufferlbackfilk specific factors 
iFa&ty bluffer emplacement 
lCoUoid $xqanic and organic; porous ar;d factursd media) 
'Extreme &and ffow of cxdimls and nudides (PREFERENT7AL P A M A Y S  

ef, fcadeqcale backfill or compactkn, voldage 
,Anion exchange 
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I i Near-*@ rock elemen*r/materiaIs: SYSTEM DESCRWTION f 

j 

i i /~rwndv&er ilcm e- of solutnn dzumek (PREFERENTIAL PATHWAYS) 
L j  !Repository ---hdw& goundwater transpS 
L i i Naturalty !hemally-induced gromdwata t ~ m p o r t  

i 
~ThennWydro-med?miCai effects 
i Resanrrah 
: Dstnbecl zone (hycfromedamcal) elf& 
;Sam- groundwater Cow 
 changes in gmmAWer che1135ry and Row dkeaon 

Near-fidd rock: mechanical effects 
i Formatiion a' cracks 
l€hanges m mSan stress field L 

jThermally-indirced in hosl rodc 
'Excavariorrim&ced s%es%acaring m host ;ode 

4.5 . Near-field rock: thermal effects 
4 

: i Convectvecton 
! iliydrothermal aWath  

iVari&ons ?n gorsldwases temq)emure 
, Thermal e m  (eg. concrete hydmon) 

!Thermal eSecfs and trampat (dtfftmon) p r a m  
*Thenal effecbon l?ydrod?fm&y 

L .  :Thermal differwmal eCastic reqmme 
, L 1  :Thwmafnorcetasbcresporse 

I aNear-Geld rock: gas effectr and transport 



t effect 
$ransport sd radkxwcfides M b microbes 

L iNear-field rodr: specific factors 
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I' I g r o c r p l S I l r f a e e f l o r s ~ ~ j ~ ! : S e d f m e r r t ~  
I orom ISurfaca Uow ~~ (&tiel: Sxce&ud -m 
! giow ~~ ls face  ~ a r  m e r i s k s  k?suaine): U R ? ~  of sea levd chanae 

i iSdace w e r  mixitxj 
L ~ a t e c I g a s  &eraah with use 

! iTenenriaJ water use { W i g  we@ 
' ~ ~ a n d i a k e ~ ~  
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i group miecs warer ex- 
I : group i ~ c e a n  waoe~: ~ f b e  of sea k x d  change I 

I 

gwq Iccasmi vratersr mxas 03 eYu2me ~ ~ e r t t  
, grow ICixsW wers: Effeas d a s m l  erosion 

I 8 gro~p I ~ o a ~ t a l  waters Effeas of -level change 

I I :Gas leakage into wderground Kt-ing spixe 
! :&&.,emission 
I [Gas %mqmc gas chzsie and m & ! n  

(Gas disdtxge J 
iMicrobioiogicaUbigiesl activity 
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RNAL RPs: GEOLOGYICUUTE CATEGORY 

\Seismic evenWmajw lend movement 
i ; Earhqcaks 
! iMkd qm slhs&me feg. omgenic. ksaic) 

jmw-ir?dmseismm 
w I iW& setimiciry 

iR& Q f o ~ t i o n  
/ l FauBingmaauringr aaivation 
i IFaultiWmauringr g e m r z  
1 ifauhitwffrauuring: ctrange o: propmi- 
i > - 

1.Mqr.X -ncision - 

t isurfscs ratat Row and &feeis 
I 1-change I 

'e! 
- 

r Permahest 
f rhxmuhEan of gases under permafrasl 
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