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Preface

The Swedish Nuclear Fuel and Waste Management Company (SKB) is undertaking site
characterisation at two different locations, the Forsmark and Simpevarp areas, with the objective of
siting a geological repository for spent nuclear fuel. An integrated component in the characterisation
work is the development of a site descriptive model that constitutes a description of the site and

its regional setting, covering the current state of the geosphere and the biosphere as well as those
ongoing natural processes that affect their long-term evolution.

The Simpevarp candidate area consists of two subareas, named the Laxemar subarea and the
Simpevarp subarea, that were prioritised for further investigations. The present report documents the
site descriptive modelling activities (version 1.2) for the Simpevarp subarea. The overall objectives
of the version 1.2 site descriptive modelling are to produce and document an integrated description
of the site and its regional environments based on the site-specific data available from the initial

site investigations and to give recommendations on continued investigations. The modelling work

is based on primary data, i.e. quality-assured, geoscientific and ecological field data available in the
SKB databases SICADA and GIS, available April 1, 2004.

The work has been conducted by a project group and associated discipline-specific working groups.
The members of the project group represent the disciplines of geology, rock mechanics, thermal
properties, hydrogeology, hydrogeochemistry, transport properties and surface ecosystems (including
overburden, surface hydrogeochemistry and hydrology). In addition, some group members have
specific qualifications of importance in this type of project e.g. expertise in RVS (Rock Visualisation
System) modelling, GIS-modelling and in statistical data analysis.

The overall strategy to achieve a site description is to develop discipline-specific models by
interpretation and analyses of the primary data. The different discipline-specific models are then
integrated into a site description. Methodologies for developing the discipline-specific models are
documented in methodology reports or strategy reports. A forum for technical coordination between
the sites/projects sees to that the methodology is applied as intended and developed if necessary. The
forum consists of specialists in each field as well as the project leaders of both modelling projects.

The following individuals and expert groups contributed to the project and/or to the report:
* Anders Winberg — project leader and editor,
» Karl-Erik Almén, Henrik Ask, Roy Stanfors — investigation data,

e Carl-Henric Wahlgren, Jan Hermanson, Philip Curtis, Ola Forssberg, Paul La Pointe,
Eva-Lena Tullborg — geology,

* Eva Hakami, Flavio Lanaro, Isabelle Olofsson, Anders Fredriksson — rock mechanics,
» Jan Sundberg and co-workers — thermal properties,

» Ingvar Rhén, Sven Follin, Lee Hartley and the members of the HydroNET Group
— hydrogeology,

e Marcus Laaksoharju and the members of the HAG group — hydrogeochemistry,
« Sten Berglund, Johan Byegard and co-workers — transport properties,

e Tobias Lindborg and the members of the SurfaceNET group — surface ecosystems
(including overburden),

* Johan Andersson — confidence assessment,
e Fredrik Hartz and Anders Lindblom — production of maps and figures.

The report has been reviewed by the following members of SKB’s international Site Investigation
Expert Review Group (SIERG): Per-Eric Ahlstrom (Chairman); Jordi Bruno (Enviros, Spain); John
Hudson (Rock Engineering Consultants, UK); Ivars Neretnieks (Royal Institute of Technology,



Sweden); Lars Soderberg (SKB); Mike Thorne (Mike Thorne and Associates Ltd, UK); Gunnar
Gustafson (Chalmers University); Roland Pusch (GeoDevelopment AB). The group provided many
valuable comments and suggestions for this work and also for future work. The latter group is not to
be held responsible for any remaining shortcomings of the report. Additional review comments on
the geological models were also provided by Raymond Munier (SKB).

Anders Strom
Site Investigations — Analysis



Summary

The objectives of the version 1.2 site descriptive modelling (SDM) of the Simpevarp subarea are
to: produce and document an integrated description of the site and its regional environments based
on the site-specific data available from the initial site investigations and to give recommendations
on continued investigations on a continuous basis. The modelling work is based on primary data
available at the time of the data freeze for Simpevarp 1.2, April 1, 2004.

The local scale model area (24 km?) for the Simpevarp 1.2 modelling encompasses both the
Simpevarp and Laxemar subareas. The local model area is located in the centre of a regional scale
model area (273 km?).

The surface data is in terms of geology essentially equitable to those used for SDM Simpevarp 1.1
and consequently large uncertainties still remain for the Laxemar subarea. The borehole data
available for Simpevarp 1.2 are foremost related to the Simpevarp subarea where there are four new
cored boreholes (KSHO1A/B, KSH02, KSHO3A/B and KAV04), new complementary data from two
existing boreholes, KAV01 and KLX02, and three percussion boreholes positioned on the Simpevarp
peninsula (HSHO1-HSHO03).

Model results

Surface ecosystem models in terms of pools and fluxes of carbon have been developed for the
terrestrial (e.g. plants and animals) and limnic (e.g. algae and fish) systems using the Lake Frisksjon
drainage area. Furthermore, a first marine ecosystem model has been developed for the Basin
Borholmsfjérden.

The parts of the Simpevarp subarea located above sea level are largely outlined by the Simpevarp
peninsula and the H&l6 and Avro islands. The investigated area features a relatively flat topography
(c. 0.4% topographical gradient), which largely reflects the surface of the underlying bedrock
surface, and is also characterised by a high degree of bedrock exposures (38%). Till is the dominant
Quaternary deposit which covers about 35% of the subarea.

Three principal lithological domains have been defined in the subarea, an A domain that is
dominated by the Avré granite and which dominates on the island of Avrd, Hal6 and the northern
parts of the peninsula, a domain B that is dominated by the fine-grained dioritoid and dominates the
Simpevarp peninsula, a C domain that is characterised by a mixture of of Avré granite and quartz
monzodiorite on the cape of the peninsula. A fourth domain is made up a few scattered domains of
diorite to gabbro.

The ore potential in the area is considered negligible, with a real potential only for quarrying of
building- and ornamental stone associated with the Gétemar and Uthammar granite intrusions to
the north and south of the investigated area, respectively.

In total, 22 deformation zones with high confidence of occurrence have been interpreted in the local
scale model area. The understanding of the interpreted deformation zones of the Simpevarp subarea
is considered adequate to make a preliminary assessment of available storage volumes for a deep
repository. The two most important and volume-delineating deformation zones are ZSMNEQ012A,
which trends north of the islands of Hal6 and Avro, dipping towards the southeast under the
Simpevarp peninsula, and ZSMNEO024A which strikes northeast along the coast of the Avrd island
and the Simpevarp peninsula. The remaining uncertainty in the developed deformation zone

model is primarily related to the interpreted “possible” zones (of low or intermediate confidence

of occurrence), for the most part located in the neighbouring Laxemar subarea and throughout the
regional scale model volume.

High rock stresses do not appear to be a major concern for the Simpevarp subarea. The current
stress model indicates two stress domains, one with lower stresses in the Simpevarp subarea, east
of deformation zone ZSMNEOQ12A, compared with the area west thereof (including the Laxemar
subarea) which shows comparatively higher stress levels. The magnitude of the maximum principal



stress (o3) at 500 m in the Simpevarp subarea is estimated at 10-22 MPa. This situation, supported
by numerical stress modelling, is attributed to unloading of a wedge-formed rock volume underneath
the Simpevarp peninsula and Halé and Avro islands, as delineated by the intersecting deformation
zones. Quantification of mechanical properties of the naturally fractured rock mass and rock
associated with interpreted deformation zones is supported by new laboratory data on intact rock
samples, underpinned by empirical and theoretical relationships.

The analysis of the thermal conductivity has developed considerably since Simpevarp 1.1. Our
current understanding is that the thermal conductivity in the Simpevarp subarea is generally low.

In terms of interpreted mean values for the identified lithological domains, the thermal conductivity
varies within a relatively narrow interval (2.6-2.8 W/(m-K)). A methodology for upscaling of
thermal conductivity data from core scale has also been developed. At the canister scale (L=2 m)
the standard deviations span between 0.20 and 0.28.

The hydraulic properties of the Hydraulic Rock Domains are described in terms of a network of
discrete fractures (DFN) with a geometrical description taken from the geological DFN model.
A fracture transmissivity distribution is superimposed, and calibrated against existing hydraulic
borehole data. The working hypothesis employed is that the hydraulic DFN model couples
transmissivity (T) and size (L) through an inferred power-law relationship (T=aL"), up to the
size of the local minor deformation zones (L < 1,000 m).

All together 13 of the interpreted deformation zones have been tested hydraulically in boreholes.
The range of interpreted transmissivity of these tested intercepts range from 10-8 to about

4x10-* m?/s. Different alternative hydraulic DFN models have been used to simulate effective
values of hydraulic conductivity at different scales. The results of the generation of block hydraulic
conductivities show that 20 m blocks on the average are less permeable than 10 m/s. Local
groundwater flow regimes are assumed to develop at the Laxemar and Simpevarp subareas and are
considered to extend down to depths of around 600-1,000 m, depending on local topography. In the
Simpevarp subarea, close to the Baltic Sea coastline, where topographical variation is limited, depth
penetration of local groundwater flow cells will be less marked. In contrast, the Laxemar subarea is
characterised by higher topography, resulting in a much more profound groundwater circulation that
appears to extend to approximately 1,000 m depth in the vicinity of borehole KLX02. Numerical
modelling shows that groundwater flow is controlled by topography and the geometry of the system
of modelled deformation zones. The modelling also identifies the Simpevarp subarea as an area of
groundwater discharge (upward directed flow) at repository depth.

Three groundwater types have been identified in the Simpevarp subarea; the Type A (dilute

and mainly of Na-HCO3) is found at shallow depths (< 100 m), Type B (brackish, mainly

Na-Ca-Cl) at shallow to intermediate depths (150-300 m), Type C (saline (6,000-20,000 mg/I ClI,
25-30 g/L TDS), mainly Na-Ca-Cl) at intermediate to deep levels (> 300 m). The marked differences
in the groundwater flow regimes (in terms of depth penetration of local flow cells) between the
Laxemar and Simpevarp subareas are reflected in differences in measured groundwater chemistry.
Furthermore, our current understanding is that the hydrochemical stability critera as set up by SKB
are met, as inferred from groundwater sampling.

Applications of the hydraulic DFN models, and block hydraulic conductivites derived there from,
show that all hydraulic DFN models defined for Simpevarp 1.2 can be made to match measured
hydrogeochemical in situ data if the flow porosity is increased. Transient simulation of present day
salinity distribution, on the basis of inferred transient boundary conditions (shore-line displacement
due to isostatic land uplift and variable salinity of the water of the Baltic Sea), show results
compatible with measured geochemical signatures in selected reference boreholes. The results
further suggest that Littorina water, indicated by the characterisation, may be present near the

coast and below the Baltic Sea.

The current retardation model provides a parameterisation for fresh intact (unaltered) and altered
varieties of the rock types and modelled lithological domains in the subarea. Suggested porosities
for intact fresh rock (in terms mean values in vol-%) on lithological domain level vary from 0.17
(Fine-grained dioritoid) to 0.40 (Avrogranit). Suggested formation factors for intact fresh (reflecting
diffusion characteristics, mean values) on lithological domain level vary from about 1.0x10
(Fine-grained dioritoid) to 2.9x10~ (Avro granite).



Uncertainties

Important modelling steps have been taken in Simpevarp 1.2 and the main uncertainties are
identified, in some cases quantified, or explored as model alternatives. Notwithstanding, some
uncertainties still remain unquantified at this stage, and alternative hypotheses are retained only as
hypotheses. Additional data, collected in the Simpevarp subarea following the Simpevarp 1.2 data
freeze, may allow additional quantification, and may help further reduce the observed uncertainties.

For the geological model various possible alternative descriptions are inherent in uncertainties
related to geometry (size/extent in lateral and vertical directions, dip and termination), uncertainties
in characteristics/properties and confidence of existence of modelled lithological domains and
deformations zones. No analysis of possible alternatives has however been pursued explicitly in the
current modelling. This applies also to the possible existence of subhorizontal deformation zones.

It should however be noted that only limited indications of subhorizontal deformation zones exist

in the Simpevarp subarea. Similarly, no major subhorizontal deformation zones have been identified
in the boreholes and underground openings of the Asp6 Hard Rock Laboratory.

Alternatives for the geological DFN model have been developed based on alternative size models
for the identified fracture sets. In hydrogeology, alternative hydraulic DFN models (with alternative
assumptions regarding the correlation between fracture size and transmissivity) have been
developed, and subsequently propagated in estimating block hydraulic conductivities and in the
assignment of material properties to continuum regional scale hydrogeological flow models.

For the other disciplines, other alternative models (hypotheses) are possible, but have not been
elaborated in model version Simpevarp 1.2.

Possible interactions between disciplines, and the interactions considered for version Simpevarp

1.2 are discussed. It is obvious that changes to the lithological model have a strong impact on most
disciplines (e.g. rock mechanics, thermal and transport properties). The deformation zone model in
particular influences the hydrogeological and rock mechanics models. Likewise, there is a strong
interdependence between hydrogeology and hydrogeochemistry, primarily through the description
of mixing, proposed as being mainly responsible for the evolution of the groundwater chemistry,
including the distribution of salinity, over time. The hydrogeochemical model in turn is to a limited
degree dependent on the chemical composition of the bedrock and the fracture minerals. There is
also the coupling between geology (mineralogy), hydrogeochemistry and the transport model, for
the sorption characteristics of the rock. Other aspects on the transport model stem from rock stress
effects, both in virgin rock (affecting in situ measurements to establish the formation factor along
boreholes) and in drill core rock samples (effects of unloading of rock stresses on laboratory results),
on the magnitude and anisotropy of diffusion properties, possibly associated with any existing fabric
(foliation) of the bedrock. However, what still remains to be better established and quantified are
the interactions between the surface system and the bedrock system. This applies primarily to the
turnover of water and chemical mass balances.

Conclusions

The Simpevarp 1.2 site descriptive model is found to be in general agreement with current
understanding of the past evolution. This applies e.g. to the composition of present groundwater

in relation to the bedrock lithology and fracture mineralogy. Furthermore, the hydrogeological
modelling of groundwater chemical evolution arrives at reasonable present day groundwater
compositions when compared with borehole data. No major surprises have been noted in the
Simpevarp 1.2 modelling. In summary, more quantitative data have been produced for Simpevarp
1.2 compared with Simpevarp 1.1. Some alternatives have been explored and even propagated in the
analysis, but uncertainty remains, particularly in the Laxemar subarea and the regional scale model
volume. The modelling for Simpevarp 1.2 is furthermore characterised by a stronger element of
interaction between disciplines.



Sammanfattning

Malen med version 1.2 av den platsspecifika modelleringen (SDM) av delomrade Simpevarp &r

att: ta fram och dokumentera en integrerad beskrivning av platsen och dess regionala omgivning
baserad pa platsspecifika data som tagits fram inom ramen av de pagaende platsundersékningarna

i Oskarshamn och att kontinuerligt avge rekommendationer vad avser pagaende undersokningar.
Modellarbetet &r baserat pa primardata som fanns vid datafrystillfallet for Simpevarp 1.2 den 1 april,
2004.

Det lokala modellomradet (24 km?) for Simpevarp 1.2 modelleringen innefattar bade delomrade
Simpevarp och delomrade Laxemar. Det lokala modellomradet &r centrerat i det regionala
modellomradet (273 km?).

Utnyttjade geologiska ytdata Overensstammer i stort med de som utnyttjats for SDM Simpevarp 1.1
och foljaktligen kvarstar stora osakerheter kopplade till delomrade Laxemar. Primardata fran
borrhal for Simpevarp 1.2 kommer huvudsakligen fran delomrade Simpevarp dér det finns fyra
karnborrhal (KSHO1A/B, KSH02, KSHO3A/B samt KAV04), nya kompletterande data fran tva
existerande borrhal, KAV01 och KLX02, samt tre hammarborrhal (HLX01-HLXO03) placerade pa
Simpevarpshalvon.

Modellresultat

Ytekologiska modeller i termer av reservoarer for, och fléden av kol har utvecklats for terresta
(t.ex. véxter och djur) och liminiska (t.ex. alger och fiskar) system med utgangspunkt fran data
fran Frisksjons avrinningsomrade. Vidare har en forsta marin ekologisk modell utvecklats for
Borholmsfjérden.

De delar av delomrade Simpevarp som ligger ovan havsnivan avgransas oversiktligt av
Simpevarpshalvon och darna Halo och Avrd. Det undersokta omradet karakteriseras av en relativt
flack topografi (c. 0.4 % topografisk gradient), som till stor del aterger formen pa den underliggande
bergytan. Omradet ar ocksa karakteriserat av en hog andel berg i dagen (38 %). Den vanligaste
kvartara avdelningen &r moran som tacker ungefar 35 % av delomradet.

Tre huvudsakliga litologiska doméaner har definierats i delomradet, en doman A som domineras av
Awvrogranit och som aterfinns p& Avrd, Halo och de norra delarna av Simpevarpshalvon, en domén B
som domineras av den finkorniga dioritoiden och ar det dominerande inslaget pa halvén, en doméan
C pé halvons dstra udde, som karakteriseras av en blandning av Avrdgranit och kvartsmonzodiorit.
En fjarde doman utgors av ett fatal spridda domaner bestaende av diorit och gabbro.

Malmpotentialen i omradet bedoms som negligerbar med en reell potential endast for brytning av
byggnadssten och prydnadssten associerad med Gotemar- och Uthammargraniterna i norr respektive
soder.

I det lokala modellomradet har totalt 22 deformationer med hog konfidensgrad i existens tolkats.
Forstaelsen av tolkade deformationszoner i delomrade Simpevarp bedéms som tillrackligt for

att gora en preliminar bedémning av tillgangliga forvarsvolymer for ett djupforvar. De tva mest
betydelsefulla och volymsavgréansande deformationszonerna a&r ZSMNEO12A, som dr beldgen
norr om Halé och Avrd, och stupar in under Simpevarpshalvon, och ZSMNEO024A som stryker i
nordostlig riktning langs Avrds och Simpevarpshalvéns kuster. Den kvarstaende osakerheten i den
framtagna deformationszonsmodellen dr huvudsakligen kopplad till "troliga” deformationszoner
(med 14g eller medium konfidensgrad kopplad till existens). De senare ar till storsta del belagna i
det nérliggande delomrade Laxemar och genomgaende i det regionala modellomradet.

Hoga bergspanningar verkar inte utgora ett problem for delomrade Simpevarp. Den aktuella
spanningsmodellen indikerar tva spanningsdoméaner, en med mindre spanningsnivaer i delomrade
Simpevarp (6ster om deformationszon ZSMO012A), jamfort med situationen i omradet vaster darom
(inklusive delomrade Laxemar) som uppvisar jamforelsevis hogre spanningsnivaer. Storleken pa
den storsta huvudspanningen (i medeltal) pa 500 m djup i delomrade Simpevarp uppskattas till



10-22 MPa. Denna situation, understddd av numerisk modellering, tillskrivs avlastning av en
kilformad bergvolym under Simpevarpshalvén och 6arna Halé och Avrd, som avgransas av i
huvudsak tva lutande, och skarande deformationszoner. Kvantifiering av den naturligt sprickiga
bergmassans mekaniska egenskaper samt for berg associerat med tolkade deformationszoner
understods av nya laboratoriedata pa intakta bergprover, understddda av empiriska och teoretiska
samband.

Analysen av termisk ledningsférmaga har utvecklats markant sedan SDM Simpevarp 1.1. Var
nuvarande forstaelse ar att den termiska ledningsformagan i delomrade Simpevarp generellt ar
Iag. | termer av tolkade medelvarden for de tolkade litologiska doméanerna varierar den termiska
ledningsférmagan i ett relativt smalt intervall (2.6-2.8 W/(m-K)). En metodologi fér uppskalning
av termiska data erhallna pa decimeterskala (borrkarna) har utvecklats. Pa kanisterskala (L=2 m)
har kopplade skattats i ett intervall 0.2 till 0.28.

De hydrauliska egenskaperna hos tolkade hydrauliska bergdomaner beskrivs utgaende fran ett
diskret spricknatverk (DFN) med den geometrisk beskrivning som erhalls fran den geologiska
DFN-beskrivningen. DFN-modellen tillskrivs en férdelning av spricktransmissiviteter, som sedan
kalibreras mot existerande resultat fran hydrauliska tester i borrhal. En arbetshypotes &r att den
hydrauliska DFN-modellen kopplar transmissivitet (T) och storlek pa konduktiva sprickor/strukturer
(L) med hjalp av en potensfunktion (pa formen T=aL"), upp till en storlek motsvarande mindre
deformationszoner (L <1 000 m).

Totalt 13 av de tolkade deformationszonerna har testats hydrauliskt i borrhal. Variations-bredden i
tolkad transmissivitet fran dessa borrhalsintercept varierar fran 102 till 4x10* m?s. Olika alternativa
hydrauliska DFN-modeller har utnyttjats for att simulera effektiva blockmedelvérden av hydraulisk
konduktivitet pa olika skalor. Resultatet av berakningen av blockmedelvérden visar att 20 m block

i medeltal & mindre konduktiva an 10 m/s. Lokala grundvattenflédesregimer antas utvecklas i

de tva delomradena, och bedoms ha en vertikal utstrackning till cirka 600-1 000 m djup, beroende
pé lokal topografi. | delomrade Simpevarp, nara Ostersjons kustlinje, och dar den topografiska
variationen &r begrénsad, ar den vertikala utstrackningen av lokala flédesceller mer begransad. Detta
star i kontrast till delomrade Laxemar, med en hogre topografi, som resulterar i en mer markerad
grundvattencirkulation som verkar ha en utstrackning till cirka 1 000 m djup i narheten av borrhal
KLX02. Numerisk flodesmodellering visar att grundvattenfléde bestdéms av topografi och geometrin
hos det system av modellerade deformationszoner. Modelleringen identifierar delomrade Simpevarp
som ett omrade karakteriserat av uppatriktat grundvattenflode (utstromningsomrade) pa forvarsdjup.

Tre huvudsakliga grundvattenytyper har identifierats i delomrade Simpevarp: Typ A (utspatt

och av Na-HCO3 karaktar) som aterfinns pa ytliga djup (< 100 m); Typ B (brackt, huvudsakligen
av Na-Ca-Cl karaktar) som aterfinns pa ytliga till intermediara djup (150-300 m); Typ C

(salt (6 000-20 000 mg/I Cl, 25-30 g/L TDS), huvudsakligen Na-Ca-Cl) pa intermediéra till stora
djup (> 300 m). De markerade skillnaderna i grundvattenflédesregimer (i termer av penetration
av lokala flodesceller) mellan delomrade Simpevarp och Laxemar aterspeglas i méatt vattenkemi.
Déarutdver visar var nuvarande kunskap att matta parametrar i grundvattenprover svarar upp pa de
hydrokemiska stabilitetskriteria som definierats av SKB.

Tillampning av hydrauliska DFN-modeller och blockegenskaper deriverade pa basis av dessa,
visar att alla hydrauliska DFN-modeller som definierats for Simpevarp 1.2 kan anvandas for att
rekonstruera matta hydrokemiska parametrar i borrhal, om flodesporositeten i modellerna ékas.
Transienta berdkningar av aktuell fordelning av salt, med hansyn taget till transienta randvillkor
(strandlinjeforskjutning pa grund av isostatisk landhéjning och variabel salthalt i tidigare
motsvarigheter till dagens Ostersjon), visare resultat som &r kompatibla med méatta geokemiska
signaturer i utvalda referensborrhal. Resultaten visar dessutom att Littorinavatten, som ocksa
pavisats i platsundersokningarna, bor kunna aterfinnas néra kusten och under Ostersjon.

Den aktuella retardationsmodellen redovisar en parameterisering for intakt (ej omvandlad) och
omvandlade varianter av de bergarter och modellerade litologiska domaner i delomradet. Féreslagna
porositeter for intakt berg (i termer av medelvarden i volymsprocent) pa domanniva varierar fran
0.17 (finkorning dioritoid) till 0.40 (Avrogranit). Foreslagna formationsfaktorer (motsvarande
diffusionsegenskaper, i termer av medelvarden) for intakt berg pa litologisk doméanniva varierar

fran 1.0x10 (finkorning dioritoid) till 2.9x10* (Avrdgranit).
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Osakerheter

Som redovisats ovan har viktiga modelleringssteg tagits under Simpevarp 1.2. De huvudsakliga
osakerheterna &r identifierade, i vissa fall kvantifierade, eller belysta i form av alternativa modeller.
Trots allt s ar vissa osakerheter i detta skede inte kvantifierade och alternativa hypoteser behalls
just som hypoteser, utan att behandlas explicit i modellanalyserna. Ytterligare data, som samlats in
i delomrade Simpevarp efter datafrysen for Simpevarp 1.2 kan mojliggora ytterligare kvantifiering,
och kan anvandas till att reducera observerade osakerheter ytterligare.

For de geologiska modellerna sa &r olika alternativa beskrivningar maéjliga givet osakerheter i
geometri (storlek/utstrackning lateralt och vertikalt, stupning och avslutning (bl.a. mot andra zoner)),
osakerheter i karaktdr och egenskaper och konfidensgrad hos modellerade litologiska domaner och
deformationszoner. Ingen analys av mojliga alternativa modeller har dock genomforts som en del

av den aktuella modellversionen. Detta galler ocksa majlig forekomst av subhorisontella zoner. Det
bor patalas att endast begransade indikationer av méjliga subhorisontella deformationszoner finns

i delomréade Simpevarp. P& motsvarande satt har inga storre subhorisontella zoner identifierats i
borrhél och underjordsanlaggningar pa Aspo.

Alternativa geologiska DFN-modeller har utarbetats pa basis av alternativa storleksmodeller for de
identifierade sprickseten. | hydrogeologi har alternativa hydrauliska DFN-modeller (med alternativa
antaganden om Kkorrelationen mellan sprickstorlek och transmissivitet) tagits fram, som sedan har
propagerats i berdkning av blockkonduktiviteter och i tillskrivning av egenskaper till uppréttade
regionala flédesmodeller.

For ovriga amnesomraden ar andra alternativa modeller (hypoteser) majliga, men har inte bearbetats
vidare inom ramen for modellversion Simpevarp 1.2.

Mojliga interaktioner mellan &mnesomraden, och de faktiska interaktioner som beaktats for version
Simpevarp 1.2 diskuteras. Det &r uppenbart att fordndringar i den litologiska modellen har ett stort
genomslag pa de flesta &mnesomradesmodellerna (t.ex. bergmekanik, termiska egenskaper och
transportegenskaper). Deformationszonsmodellen paverkar i synnerhet de bergmekaniska och
hydrogeologiska modellerna. P4 motsvarande sétt existerar ett stort inslag av 6msesidigt beroende
mellan hydrogeologi och hydrogeokemi, fremst genom beskrivningen av blandningsprocesser, som
foreslas som huvudsakligen ansvarig for utvecklingen av grundvattenkemin, inklusive fordelning av
salt, ver tiden. Den hydrogeokemiska modellen &r vidare i begransad omfattning beroende av den
kemiska sammansattningen hos berggrunden och sprickmineral. Dessutom finns ocksa kopplingen
mellan geologi (mineralogi), hydrogeokemi och transportmodellen, for beskrivningen av bergets
sorptionsegenskaper. Andra aspekter rérande den framtagna transportmodellen &r kopplade till
bergspanningseffekter, bade i bergmassan (som kan paverka in situ-matningar for bestamning av
formationsfaktor langs borrhal) och i laboratorium (effekter av spanningsavlastning), pa bestamning
av storlek och anisotropi hos bergets diffusionsegenskaper, delvis paverkat av bergets inneboende
textur och foliation. VVad som dock aterstar att etablera och béttre kvantifiera ar samspelen mellan
"ytsystemet” och “bergsystemet”. Detta géller i forsta hand omséttning av vatten och kemiska
masshalanser.

Slutsatser

Modellversion Simpevarp 1.2 med tillhérande beskrivning ar i generell samklang och konsistens
med nuvarande kunskap om omradets tidigare utveckling. Detta galler t.ex. aktuell grundvatt
ensammansattning stallt mot berggrundsgeologi och aktuella sprickmineral. Vidare sa ger den
hydrogeologiska modelleringen av grundvattnets kemiska utveckling rimliga aktuella kemier vid
jamforelse med tillgangliga analysresultat fran provtagning i borrhal. Inga stora 6verraskningar har
noterats under modelleringen fér modellversion Simpevarp 1.2. Mer kvantitativa data producerats
for Simpevarp 1.2 jamfort med Simpevarp 1.1. Nagra alternativa modeller/hypoteser har undersokts,
och dven propagerats i analysen, men osakerheter bestar, framforallt i delomrade Laxemar och i den
regionala modellvolymen. Vidare karakteriseras modelleringen for Simpevarp 1.2 av ett storre inslag
av interaktion mellan de &mnesvisa modellerna.

11
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1 Introduction

1.1 Background

The Swedish Nuclear Fuel and Waste Management Company (SKB) is undertaking site character-
isation at two different locations, the Forsmark and Simpevarp areas, with the objective of siting a
geological repository for spent nuclear fuel. The characterisation work is divided into an initial site
investigation phase and a complete site investigation phase, /SKB, 2001a/. The results of the initial
investigation phase will be used as a basis for deciding on a subsequent complete investigation
phase. The results of the complete site investigations will form the basis for selection of a reposi-
tory site and the license application to construct a repository at that site. During the subsequent
Construction and Detailed Investigation Phase additional (detailed) investigations will be performed.

An integrated component in the characterisation work is the development of a site descriptive model
that constitutes a description of the site and its regional setting, covering the current state of the
geosphere and the biosphere as well as those ongoing natural processes that affect their long-term
evolution. The site description includes two main components:

e awritten synthesis of each site summarising the current state of knowledge as well as describing
ongoing natural processes which affect its long-term evolution, and

 asite descriptive model (made up of discipline-specific models), in which the collected
information is interpreted and presented in a form which can be used in numerical models for
rock engineering, environmental impact and long-term safety assessments.

More about the general principles for site descriptive modelling and its role in the site investigation
programme can be found in the general execution programme for the site investigations /SKB,
2001a/. Figure 1-1 shows a graphical attempt to put the site-descriptive modelling into its context
with mutual interdependencies with the various clients, the Site Investigations on the one hand, and
Repository Engineering (Design) and Safety Assessment on the other. Based on Site-Descriptive
Model (SDM) version 1.2, Repository Engineering produces layout D1 which jointly with SDM
version Simpevarp 1.2 form the basis for the PSE (Preliminary Safety Evaluation) on the Simpevarp
subarea. The Safety Report SR-Can is based on SDM version 1.2 for Forsmark and the Laxemar
subarea. Another important recipient of the SDM is Environmental Impact Assessment, (the latter
entity not illustrated in Figure 1-1) .

Central in the modelling work is the geological model which provides the geometrical context in
terms of the characteristics, location, geometry and extent of deformation zones! and the rock mass
units between the zones. Using the geological and geometrical description as a basis, descriptive
models for other scientific disciplines (hydrogeology, hydrogeochemistry, rock mechanics, thermal
properties and transport properties) are developed /SKB, 2000b/. In addition, a description is
provided of the surface ecological system which includes the interface between the geosphere and
the biosphere, as well as being the domain in which the radiological impacts of any releases of
radionuclides from the repository are assessed.

Great care is taken to arrive at a general consistency in the description of the various models. In
addition, a comprehensive assessment of uncertainty is undertaken and possible needs for alternative
models are identified /Andersson, 2003/. First attempts along this path in the actual site descriptive
modelling have been taken with the version 1.1 models of the Forsmark /SKB, 2004a/ and the
Simpevarp subarea /SKB, 2004b/.

1 The term deformation zone is used to designate an essentially 2-dimensional structure (sub-planar structure
with a small thickness relative to its lateral extent) along which deformation has been concentrated /Munier
et al. 2003/. See also Chapter 5 for use in this modelling.
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Figure 1-1. Site Descriptive Modelling (SDM) and its main product in a context. Illustrated is also the
exchange of information (deliveries and feedback) between the main technical activities which provide
data to the site modelling, or which makes use of the site modelling and the associated description.

Models are developed at a regional scale (hundreds of square kilometres) and on a local scale (tens
of square kilometres). The model on the regional scale serves to provide boundary conditions and

a geological and hydrological context for the local scale models. Unlike the Forsmark area, two
models are developed in the Simpevarp area, one for the Simpevarp subarea and one for the Laxemar
subarea, cf. Section 1.3 and Figure 1-1. Descriptive model versions are produced at specified times
that are adapted to the needs of the primary users, i.e. repository design and safety assessment. These
specified times define a “data freeze” which defines the database that provides input to the model
version in question. The results of the descriptive modelling also serve to produce feedback to, and
set the priorities for the ongoing site characterisation.

1.2 Objectives and scope

The main overall objectives of the site modelling project are to develop and present a preliminary
site description of the Simpevarp area based on field data collected during the initial site investiga-
tion. Furthermore, to give recommendations on continued field investigations based on results and
experiences gained during the work with the development of site descriptive model versions.

The Simpevarp candidate area was originally about 50 km? in size. Early 2003 SKB identified
two subareas, named the Laxemar subarea and the Simpevarp subarea, that were prioritised for
further investigations /SKB, 2003b/, see Figure 1-2. As investigation activities proceeded with
different speed at the two subareas it was decided to produce separate modelling reports for the
two subareas.
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The basis for both the interim version (model version Simpevarp 1.1 /SKB, 2004b/) and the
preliminary site description (model version Simpevarp 1.2 (this report) and the subsequent

Laxemar 1.2 site-descriptive model) are quality-assured, geoscientific and ecological field data

from the Simpevarp area available in the SKB databases SICADA and GIS at the pre-defined dates.
These dates for “data freeze” are April 1*t 2004 for the preliminary site description of the Simpevarp
subarea (model version Simpevarp 1.2) and November 1% 2004 for the Laxemar subarea (model
version Laxemar 1.2). All new information that became available up to these dates has been used to
re-evaluate the pre-existing knowledge built into the version 0 and version 1.1 of the site description,
respectively, in order to re-asses the validity of the previous model version.

The specific objectives of the current version (version 1.2) of the preliminary site description for the
Simpevarp subarea (this report) are to:

e produce and document an integrated description of the site and its regional environments based
on the site-specific data available from the initial site investigations;

— analyse the primary data available in data package Simpevarp 1.2,
— build a three-dimensional site descriptive model,

— perform an overall confidence assessment including systematic treatment of uncertainties and
evaluation of alternative interpretations,

— develop, document and evaluate alternative models in a systematic way,

— perform modelling activities in close interaction with safety analysis and repository
engineering,

— highlight and, when the available data allow, answer all current site specific geoscientific and
ecological key issues for understanding the site.

» perform the safety related geosphere and biosphere analyses as specified as Site Modelling in the
planning document for the Preliminary Safety Evaluation (PSE) /SKB, 2002a/;

» give recommendations on continued investigations in the final document as well as on a
continuous basis.

The current report constitutes the second (version 1.2 of the) preliminary site description for the
Simpevarp subarea. As in all site investigations, there are still substantial uncertainties in the
developed descriptive model. Not all of these uncertainties are crucial to the overall function and
safety of a conceived repository. The concluding chapters discuss the relative importance of the
various uncertainties identified, and also outline future work required to minimise or eliminate the
important uncertainties.

1.3 Setting

The Simpevarp area is located in the province of Smaland (County of Kalmar), within the munici-
pality of Oskarshamn, and immediately adjacent to the Oskarshamn nuclear power plant (OI-OlIlI)
and the Central interim storage facility for spent fuel (Clab), cf. Figure 1-2 and Figure 2-1. The
Simpevarp area (including the Simpevarp and Laxemar subareas) is located close to the shoreline of
the Baltic Sea. The easternmost part (Simpevarp subarea) includes the Simpevarp peninsula (which
hosts the power plants and the interim storage facility for spent fuel (Clab), cf. Figure 2-1) and the
islands Halo and Avro. The island of Aspd, under which the Aspé Hard Rock Laboratory (Aspo
HRL) is developed, is located some two kilometres north of the Simpevarp peninsula. The areal
size of the Simevarp subarea is approximately 6.6 km?, whereas the Laxemar subarea covers some
12.5 km?. A detailed description of underlying primary data for the site-descriptive model, including
geographical information and definition of modelling areas is provided in Chapter 2.
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Figure 1-2. Overview of the Simpevarp area and identification of the Simpevarp and Laxemar
subareas.

1.4 Methodology and organisation of work
1.4.1 Methodology

The project is multi-disciplinary in that it covers all potential properties of the site that are of
importance for the overall understanding of the site, for the design of the deep repository, for

safety assessment and for the environmental impact assessment. The overall strategy to achieve

this (illustrated in Figure 1-3) is to develop discipline-specific models by interpretation and analyses
of the quality-assured primary data stored in the two SKB databases, SICADA and GIS. The
different discipline-specific models are then integrated into a unified site description. Old existing
data from the construction of the power plants, the Clab facility and the Aspo Hard Rock Laboratory
(Asp6 HRL) are also incorporated in the analysis, see below.

The site descriptive modelling comprises the iterative steps of primary data evaluation, of descriptive
and quantitative modelling in 3D, and of overall confidence evaluation. A strategy for achieving
sufficient integration between disciplines in producing site descriptive models is documented in a
separate strategy document for integrated evaluation /Andersson, 2003/, but has been developed
further during the work with model versions 1.1 for Forsmark and Simpevarp. An account of the
application of this integration strategy in the current modelling is accounted for in Chapter 12.
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Figure 1-3. From site investigations to site description. Primary data from site investigations are
collected in databases. Data are interpreted and presented in a site descriptive model, which consists of
a description of the geometry of different units in the model and the corresponding properties of the site
/from SKB, 2002a/.

Data are first evaluated within each discipline and then the evaluations are cross-checked between
the disciplines. Three-dimensional modelling, with the purpose of estimating the distribution of
parameter values in space, as well as their uncertainties, follows. The geometrical framework for
modelling is taken from the geological model, and is subsequently used by the rock mechanics,
thermal and hydrogeological modelling etc. (see Figure 1-4). The three-dimensional description
should present the parameters with their spatial variability over a relevant and specified scale, with
the uncertainty included in this description. If required, different alternative descriptions should be
provided.
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Figure 1-4. Interrelations and feedback loops between the different disciplines in site descriptive
modelling where geology provides the geometrical framework /from Andersson, 2003/.

Methodologies for developing site descriptive models are based on experiences from earlier SKB
projects, e.g. the Aspé HRL and the Laxemar modelling test projects. Before the underground labo-
ratory at Asp6 was built, forecasts of the geosphere properties and conditions at depth were made
based on pre-investigations carried out around the Aspd island. Comparisons of these forecasts with
observations and measurements in tunnels and boreholes underground and evaluation of the results
showed that it is possible to reliably describe geological properties and conditions with the aid of
analyses and modelling /Rhén et al. 1997a,b; Stanfors et al. 1997/. The Laxemar modelling test
project /Andersson et al. 2002a/ was set up with the intention to explore the adequacy of the avail-
able methodology for site descriptive modelling based on surface and borehole data and to identify
potential needs for developments and improvements in methodology. The project was a methodology
test using available data from the Laxemar area. Subsequently, as previously mentioned, full applica-
tion of the developed methodologies has been undertaken in the version 1.1 descriptive modelling of
the Forsmark /SKB, 2004a/ and Simpevarp /SKB, 2004b/ areas.

The current methodologies for developing the discipline-specific models are documented in
methodology reports or strategy reports. In the present work, the guidelines given in those reports
have been followed to the extent possible with the data and information available at the time for
data freeze for model version Simpevarp 1.2. How the work was carried out is described further in
Chapters 4 through 11. For more detailed information on the methodologies the reader is referred to
the methodology reports. These are:

» Geological Site Descriptive Modelling /Munier et al. 2003; Munier, 2004/.

» Rock Mechanical Site Descriptive Modelling /Andersson et al. 2002b/.

e Thermal Site Descriptive Modelling /Sundberg, 2003a/.

» Hydrogeological Site Descriptive Modelling /Rhén et al. 2003/.

» Hydrogeochemical Site Descriptive Modelling /Smellie et al. 2002/.

» Transport Properties Site Descriptive Modelling /Berglund and Selroos, 2003/.

» Ecosystem Descriptive Modelling /Léfgren and Lindborg, 2003/.

According to /Andersson, 2003/, the overall confidence evaluation should be based on the results
of the individual discipline modelling and involve the different modelling teams. The confidence is
assessed by carrying out checks concerning e.g. the status and use of primary data, uncertainties in
derived models, and various consistency checks such as between models and with previous model
versions. This strategy has been followed when assessing the overall confidence in model version
Simepvarp 1.2. The core members of the project and the activity leaders from the Simpevarp site
investigation group together accomplished protocols addressing uncertainties and biases in primary
data, uncertainty in models and potential for alternative interpretations, consistency at interfaces

between disciplines, consistency with understanding of past evolution and consistency with previous
model versions. The results are described in Chapter 12.
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1.4.2 Organisation of work

The work has been conducted by a project group and associated discipline-specific working groups,
or persons engaged by members of the project group. The members of the project group represent
the disciplines of geology, rock mechanics, thermal properties, hydrogeology, hydrogeochemistry,
transport properties and surface ecosystems (including overburden, surface hydrogeochemistry and
hydrology). In addition, some group members have specific qualifications of importance in this
type of project e.g. expertise in RVS (Rock Visualisation System) modelling, GIS-modelling and in
statistical data analysis.

Each discipline representative in the project group was given the responsibility for the assessment
and evaluation of primary data and for the modelling work concerning his/her specific discipline.
This task was then done either by the representatives themselves, or together with other experts
or groups of experts outside the project group. In this context the discipline-specific groups set
up by SKB play an important role. These are essentially run by the person responsible for the
given discipline and are used for carrying out site modelling tasks, and for providing technical
links between the site organisation, the site modelling team and the principal clients (Repository
Engineering, Safety Assessment and Environmental Impact Assessment). Table 1-1 identifies the
NET-groups actively involved in the site modelling work. Supporting reports have been produced
for some of the discipline-specific work carried out within the framework of model version
Simpevarp 1.2. References to these supporting reports are given at the appropriate places in
subsequent chapters of this report.

The project group has met at regular intervals to discuss the progress and integration of the work

and specific questions that have emerged during the modelling work. In addition, the project group
has had a workshop addressing uncertainties, integration of and interaction between disciplines and
overall confidence in the analysis made and models produced. The information exchange between
the modelling project and the site investigation team is an important component of the project, which
is facilitated by the fact that some of the project members are also engaged as experts in the site
investigation team. In addition, the investigation leader of the site investigations at Simpevarp has
participated in most of the modelling project meetings.

Table 1-1. Discipline-related analysis groups active in the site modelling work and their
mandates/objectives.

Dicipline NET-Group Mandate

Geology GeoNET Constitute the group for execution of the geological modelling
as specified by the geological part of the site modelling projects
promote and to promote technical exchange of experiences
and coordination between the two modelling projects and the
site organisations.

Rock Mechanics and MekNET Coordination of modelling tasks for rock mechanics and
Thermal Properties thermal properties at both sites. Resource for development
and maintenance of method descriptions.

Hydrogeology HydroNET Execution of the hydrogeological modelling, constitute a forum
for all modellers within hydrogeology (nheeds of site modelling
and safety assessment and design), promote technical
exchange of experiences

Hydrogeochemistry HAG To model the groundwater data from the sites and assure
that the data quality is sufficient. Produce site descriptive
hydrogeochemical models. Integrate the description with
other disciplines and make recommendations for further site
investigations

Surface system SurfaceNET To model and describe the surface system by description
by subdiscipline (biotic and abiotic), model the properties
in a distributed way (maps and 3D), model the processes
interdisciplinary (space and time), describe the different
ecosystems (conceptually and site specific), describe and
model the flow of matter in the landscape, define and connect
the biosphere objects, produce site descriptions to support
environmental impact assessment (EIA).
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1.4.3 Important changes compared to Simpevarp 1.1 work

Simpevarp 1.1 suffered from a planned delay of the geological model in order to make use of a new
lineament analysis. This planned delay implied that the hydrogeological modelling for Simpevarp
1.1 was based on the version 0 regional structural model. The availability of a full geological model
for Simpevarp 1.2 allows for a full hydrogeological modelling sequence as reported in Chapter 8.
Overall, the proper sequencing of modelling activities, with availability of a comprehensive
geological model has provided a much better opportunity for integration of results of individual
disciplines and confidence building.

Important changes to the overall modelling strategies include development of an updated appendix
/Munier, 2004/ to the strategy document for Geology /Munier et al. 2003/ which details and clarifies
the foreseen products expected from the geological Discrete Feature Network (DFN) modelling.

An additional change in premises is related to redistribution of work on transport parameterisation
between the site-descriptive modelling and Safety Assessment to the effect that flow-related
transport parameters are handled by Safety Assessment and are not presented as part of the bedrock
transport properties modelling herein. The hydrogeological site-descriptive modelling may still use
flow-related transport parameters for their analysis, but the results are in this case used/presented in a
context of site-understanding, rather than as measures of solute transport.

Compared with the structure of the version 1.1 reports, the version 1.2 reports have been changed to
the effect that all major disciplines now are covered by individual chapters that encompass the full
chain going from primary data screening, exploratory analysis to 3D modelling and assessment of
uncertainties. This report is a first trial of this new approach to presentation, cf. Section 1.5.

1.5 This report

This report presents the preliminary site description for the Simpevarp subarea. For reasons
explained in Section 2.8 the local model volume also includes the Laxemar subarea. However,
new data for updating of previous model versions — at the time of the data freeze — essentially only
existed for the Simpevarp subarea. Hence, uncertainties for the Laxemar subarea are significantly
higher than those for the Simpevarp subarea.

This report follows an updated structure for descriptive modelling reports for the initial investiga-
tion phase which differs significantly from that applied to the version 1.1 reports for Forsmark and
Simpevarp. Chapter 2 summarises available primary data and provide an overview of their usage.
Chapter 3 provides an account of the development of the geosphere and the surface systems in an
evolutionary perspective. Chapters 4 through 10 in sequence provide accounts of the modelling of
surface ecology, geology, rock mechanics, thermal properties, hydrogeology, hydrogeochemistry
and transport properties, respectively. Each chapter includes the discipline-based accounts of evalu-
ation of the primary data, three-dimensional modelling and discussion of identified uncertainties
associated with the developed models. Chapter 11 encapsulates the resulting descriptive model of
the Simpevarp subarea in a condensed form. Chapter 12 discusses overall consistency between the
various disciplines and identifies the interactions between disciplines, and finally outlines possible
alternative interpretations in light of observed uncertainties. Chapter 13 provides the overall conclu-
sions of the work performed and i.a. discusses implications for the continued site investigation work
and the future modelling process.
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2 Available data and other prerequisites for
the modelling

The database used for the site-descriptive modelling is evolving, successively adding more data, as
more boreholes are completed. Each defined model version is associated with a “data freeze” defined
at a discrete point in time. This chapter sets out to define the database used for the Simpevarp 1.2
modelling, and other associated premises and prerequisites for the modelling work. The account
given here is provided primarily for future reference and for traceability. Specific data are not
provided, nor discussed. References are however given to the appropriate data sources. Details of the
data are to be found in other reports in the SKB P-series! of reports relating to the Site Investigation.
Discussions on specific data and how they have been used can be found Chapters 4 through 10.
Chapter 12 discusses what data were available, but not used, and explains why those data were

not used.

2.1 Overview

Investigations have been in process at the Simpevarp subarea from about March 2002. The data
freeze for the Simpevarp 1.1 model version was set at July 1, 2003. The position in relation to the
availability of important geological data at that time is described in /SKB, 2004b/. The data freeze
for version Simpevarp 1.2 was set at April 1, 2004. At that time the stature of geological database
was significantly improved and the associated modelling had been undertaken. However, although
the lineament data and analysis was essentially complete and fully covered the whole regional

scale modelling area, one important component — the lithological mapping of the Laxemar subarea
and regional surroundings — was yet to be completed and delivered. In fact, access to the Laxemar
area was not granted until December 2003. Apart from the geological component, the database

at April 1, 2004 comprised additional elements of surface and borehole investigations. The latter
component comprised data from three new cored boreholes, complementary data from two old cored
boreholes, and data from three percussion-drilled boreholes. The surface investigation data included
work primarily focused on the Simpevarp subarea (investigations of outcrop solid geology and

the overburden (Quaternary deposits)). Review of old geological data from the construction of the
nuclear power plants and the Clab facility) had not been carried out to the extent originally proposed.
The database for the site-descriptive modelling for Simpevarp 1.2 consequently comprises:

e Primary data used in Simpevarp model versions 0 /SKB, 2002b/ and 1.1 /SKB, 2004b/.

» Data previously not considered (i.e. the new primary data obtained from the second stage of the
initial site investigations and, partially, data arising from review of old geological information).

2.1.1 Primary data collected before the start of the site investigation

The major data sources for the version 0 model of the Simpevarp area, developed before the
beginning of the site investigations in the Simpevarp area, were:

« Information from the feasibility study /SKB, 2000a/.
» Selected sources of “old data”.

e Additional data collected and compiled during the preparatory work for the site investigations,
especially relating to the discipline “Surface Ecosystems”.

! The P-series report the results of the ongoing site investigations at Oskarshamn (Simpevarp and Laxemar
subareas) and Forsmark. These reports are available on the SKB web page together with reports in the SKB
R- and TR-series (www.skb.se).
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The version 0 descriptive model of the Simpevarp area /SKB, 2002b/ was based on data available
before the beginning of the site investigations, for the most part not collected for reasons directly
related to deep disposal of spent nuclear fuel. An important component of the work was the
compilation of a data inventory, in which the location and scope of all potential sources of relevant
data were detailed and evaluated with respect to potential usefulness in future descriptive modelling.
This included a general description of existing geographically based data, most of which are stored
in the SKB GIS, a survey of data already stored in the SICADA database, and an inventory of other
sources of data, whose information content had not yet been assessed and/or input into SICADA or
the SKB GIS.

Data sources relevant to the site descriptive modelling of the Simpevarp area which remained to be
evaluated/converted/inserted into existing official databases included data related to the construc-
tion of the Simpevarp nuclear power plants (OI-OlIl) and associated tunnels and storage caverns.
They also included data related to the interim storage facility for spent nuclear fuel (Clab), and data
related to the siting, pre-investigation, predictive modelling, construction and operative phases of the
Aspo Hard Rock Laboratory (Aspé HRL). In addition, other data sources related e.g. to earlier site
investigations at Bussvik, Laxemar, Krdkeméla, Simpevarp and Avré were only partially included in
SICADA at the time of the version 0 modelling

It is emphasised that comprehensive detailed revisiting, analysis and inclusion of the data mentioned
above in the various modelling steps was not possible for version Simpevarp 1.1, and not even for
version Simpevarp 1.2. However, the need for such activities is recognised as a complement to future
work on site investigation in the event such re-analysis and re-interpretation will add substantially to
the understanding of the investigated site.

2.1.2 Investigations performed and data colleted during the site
investigations up until the data freeze for Simpevarp 1.2

The site investigations that began in March 2002 have comprised the following major components:

1) Establishment of a coordinate system including fixed points and defined grid corner points
distributed across the Simpevarp area.

2) Surface investigations.
3) Dirilling, including investigations during drilling.
4) Borehole investigations performed following completion of each individual borehole.

Below, those investigations that provided data for the Simpevarp 1.2 data freeze are identified and
outlined.

The surface investigations undertaken in the Simpevarp subarea comprised the following:
« Airborne photography (performed in 2001).

» Airborne and surface geophysical investigations.

 Lithological mapping of the rock surface.

e Mapping of structural characteristics.

e Mapping of Quaternary deposits and soils.

» Marine geological investigations.

e Water level measurements, hydraulic tests and hydrogeochemical sampling in boreholes
completet in the overburden (se listing below).

e Hydrogeochemical sampling of surface waters.
» Various surface ecological inventory compilations and investigations.
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The drilling activities during this time have comprised:

e Four approximately 1,000 m deep cored boreholes (KSHO1A, KSH02, KSHO3A and KAV04)
and two 100 m cored boreholes (KSHO01B and KSHO3B) in the immediate vicinity of two of the
deep holes cf. Figure 2-1. To this should also be added borehole KLX04 drilled in the Laxemar
subarea (from which only limited investigation data are available, e.g. stress measurements).

e Three percussion drilled boreholes (HSHO1, HSH02 and HSHO03) with lengths ranging up to
200 m and reaching depths of 185-200 m.

* Weight sounding at 23 sites and soil/rock drilling of 19 boreholes (machine augering to rock
surface for total depth of overburden). The latter includes four boreholes drilled for environmen-
tal monitoring in conjunction with drill sites on the Simpevarp peninsula. Furthermore, manual
augering of 17 boreholes, in conjunction with mapping of the overburden. Details of these
boreholes and their spatial distribution are provided in /SKB, 2005/.

The borehole investigations following the drilling of the boreholes in bedrock can broadly be divided
into the following:

» Logging of the bedrock parts of the core-drilled and percussion-drilled boreholes using; BIPS
colour TV-camera, borehole radar with a directional antenna and a conventional suite of
geophysical logs (employing electric, magnetic and radioactive methods).

» Detailed mapping of the core-drilled boreholes using the drill core and BIPS-images (so-called
Boremap-mapping) and geophysical logging data from the borehole.

* Rock stress measurements using the overcoring or the hydrofracturing techniques.

» Mapping of percussion-drilled boreholes in solid rock using BIPS images — no drill core exists,
the mapping is here supported by samples of drill cuttings and geophysical logging data.

e Hydraulic measurements in bedrock parts of core-drilled boreholes and percussion-drilled
boreholes, and in soil boreholes (full depth).

« Sampling of rock and fractures for determination of density, porosity, susceptibility, mineralogy,
geochemistry, diffusivity, sorption properties, rock strength and thermal properties.

e Groundwater sampling in the bedrock parts of core-drilled boreholes, percussion-drilled
boreholes, and in soil boreholes.

All data are stored in the SKB databases SICADA and SKB GIS. The basic primary data are also
described in the SKB P-series of reports, cf. tables in Section 2.7 cataloguing data used by the
individual disciplines.

2.2 Previous model versions
2.2.1 Version 0

The version 0 model of the Simpevarp area /SKB, 2002/ constitutes the point of departure for all
future versions of descriptive models in the Simpevarp area. The database on which is it based is
equivalent to the data available at the onset of the site investigation, which essentially is identical to
the data compiled for the Oskarshamn feasibility study, /SKB, 2000a/. This database is mainly 2D
(surface data) with the exception of data from the Aspé HRL, and is general and regional, rather than
site-specific. Consequently, the version 0 model was developed at a regional scale. The principal
components of the reporting are;

* An overview of the contents of the available data bases at the time (SICADA and GIS) and, more
importantly, an inventory and assessment of relevant data in other “external” databases.

e Asystematic overview of data needs and data availability for developing a site descriptive model
for the Surface Eco systems (biosphere).

A more detailed treatment of the existing data base and construction of descriptive model version
0 of the geosphere at the regional scale.
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The geoscientific disciplines represented in the descriptive modelling are Geology, Rock mechanics,
Hydrogeology and Hydrogeochemistry. Within each discipline identified uncertainties and alterna-
tive models are discussed with variable levels of detail.

2.2.2 Models developed as part of Aspé HRL and Avro work

Models preceding the version 0 model of the Simpevarp area included models developed on the
basis of characterisation data produced for the siting and construction of the Aspé HRL. In this
process, descriptive models have been developed for the Aspé island and its immediate environs
/Rhén et al. 1997/. As part of the operational phase of the Aspd HRL, descriptive models,

including conceptual models of fractures and fracture systems have been developed as part of the
TRUE Programme /Winberg et al. 2000; Andersson et al. 2002c/, the Fracture Classification and
Characterisation Project (FCC) /Mazurek et al. 1997; Bossart et al. 2001/, Asp Task Force work
/Dershowitz et al. 2003/ and the Prototype Repository Project /Rhén and Forsmark, 2001/. More
recently, an effort has been made within the so-called GEOMOD project to revisit the 1997 site-scale
descriptive models of Aspd, also attempting to incorporate the new information from the experimen-
tal work undertaken during the operational phase on a larger scale /e.g. Berglund et al. 2003/.

In preparation for the SKB site investigation programme, the Rock Visualization System (RVS) was
tested out using information from the island of Avro /Markstrom et al. 2001/. A series of models

of deformation zones and lithology was developed, incorporating successively more information
starting from using surface information only, adding surface geophysics (reflection seismics), and
finally incorporating data from existing core-drilled and percussion-drilled boreholes. Important
feedbacks to the modelling process using RVS were also provided.

2.2.3 Laxemar test application

A more full-fledged test of the developed methodology for site descriptive modelling was made on
the Laxemar area /Andersson et al. 2002b/. The intent was to explore whether the available method-
ology for site descriptive modelling using surface and borehole data was adequate, and further to
identify needs for new developments and improvements. With limitations in scope — thermal proper-
ties and transport properties and surface ecology were not included — a descriptive model more or
less equivalent to a version 1.2 descriptive model on a local scale was developed. The underlying
data consisted of various types of surface data and data from two deep core-drilled boreholes.
Controls of internal consistency and processing of the primary data for use in 3D modelling were
undertaken.

In order to promote cross-discipline interpretation and check for consistency, the evaluation/model-
ling was performed individually for each discipline followed by cross-checking. The resulting
hydrogeological description comprised hydraulic properties for defined geometrical units and
pressure and flow boundary conditions applicable to present day conditions. The hydrogeochemical
evaluation which i.a. included assessments of origin, turnover times and lateral/vertical distribution
of groundwater included consistency checks with the hydrogeological model, which enhanced the
confidence in the overall model. The hydrogeochemical model also included a conceptual model of
the post-glacial development of the geochemical system. The rock mechanics description comprised
the virgin rock stress field and the distribution of deformation and strength properties of the intact
rock, fractures and deformation zones, and the fractured rock mass. In conclusion, despite its limited
scope, the resulting description can be viewed as an illustration of the type of product that will
emerge at the end of the initial site investigation stage. This indicated that the type of descriptive
modelling outlined in the general execution programme is achievable. Hence, the Laxemar test
application served as a preliminary and provisional model for the ongoing site-descriptive modelling
in the Forsmark and Simpevarp areas.

2.2.4 Simpevarp 1.1

For the Simepvarp version 1.1 modelling the surface-based data sets were, in a relative sense,
extensive compared with data sets from deep boreholes, were the information largely was limited to
information from one new c. 1,000 m deep cored borehole (KSHO1A) and two old cored boreholes
(KLX01 and KLX02, in the Laxemar subarea).
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Discipline-specific models were developed for the selected regional and local model volumes

and these models were subsequently integrated into a unified site description. The procedures and
guidelines given in strategy reports by discipline were followed to the extent possible, given the data
and information available at the time of data freeze.

Compared with version 0 there were considerable additional features in the version Simpevarp 1.1,
especially in the geological description and in the description of the near surface. The developed
geological models of lithology and deformation zones were based on borehole information and
surface data of much higher resolution. The lithology model included four interpreted rock domains
and the deformation zone model included 14 zones of interpreted high confidence (of existence).

A discrete fracture network (DFN) model was developed, including attempts to assess fracturing
imposed by interpreted deformation zones. The rock mechanics strength model was based on
information from the Asp6 Hard Rock Laboratory and an empirical mechanical classification of data
from KSHO1A and data from outcrops. A first model of thermal properties of the rock was developed
largely based on data from the Aspd HRL, and projections based on density and mineral content.

As a consequence of the planned delay in parts of the geological model for Simpevarp 1.1,

the hydrogeological description was based solely on the version 0 regional structural model.
Hydrogeological simulations of the groundwater evolution since the last glaciation were compared
with the developed hydrogeochemical conceptual model. The conceptual model of the development
of post-glacial hydrogeochemistry was updated. A first model of the transport properties of the

rock was presented, although still rather immature, due to lack of site-specific data in support of
the model. There was information regarding the distribution of Quaternary deposits, and some
information about the stratigraphy of the till.

There was much uncertainty in the version Simpevarp 1.1 site descriptive model. However, the main
uncertainties were regarded as being identified, some of which quantified and others left as input to
alternative hypotheses. However, since a main reason for uncertainty in Simpevarp 1.1 was lack of
data and poor data density, and as many more data were expected in future data freezes, it was not
judged meaningful to carry the uncertainty quantification or the generation of alternative models too
far.

2.3 Geographical data

The Simpevarp area, cf. Figure 1-2, is located close to the shoreline of the Baltic Sea and the
investigated area extends out into the sea. The eastern-most land masses in the area include the
Simpevarp peninsula, the Avré and Halo islands and associated smaller islets. The western limit

is located immediately west of the main highway (Route E22) that runs essentially north-south.
The geographical data available for the Simpevarp version 0 site descriptive model are presented
in /SKB, 2002, Section 2.1/. This report includes the applicable coordinate system, available maps
(general map, topographic map, cadastral index map), digital orthophotography and elevation data.

The applicable coordinate system used for spatial coordinates for the version Simpevarp 1.2
modelling are:

e X/Y (N/E): The national 2.5 gon V 0:-15, RT90 system (“RAK?”).
e Z (elevation): The national RH 70 levelling system /Wiklund, 2002/.

2.4  Surface investigations

Because of late access to Laxemar subarea, surface investigations were primarily constrained to
the Simpevarp subarea (including the islands of Avro and H&lo), cf. Figure 2-3. An exception was
Surface Ecology for which the collected data primarily are related to the regional scale model area.
The investigations covered the following disciplines:

1. Bedrock geology.
2. Quaternary geology.

31



3. Geophysics.

4. Meteorology, hydrology and hydrogeology.

5. Hydrogeochemistry (boreholes in overburden and surface waters).
6. Surface ecology.

In the following, the investigations that have provided data for the data freeze Simpevarp 1.2 are
summarised according to discipline. Bedrock geology and geophysical information are treated as one
group, given their close interrelation.

2.4.1 Bedrock geology and geophysics

Bedrock mapping of the Simpevarp subarea started early in 2003 and continued until late in the
year. As a consequence, the data freeze for the version Simpevarp 1.1 bedrock geological map

and the integrated lineament interpretation was postponed to Dec 1, 2003. The bedrock mapping

of the neighbouring Laxemar subarea and regional environs was initiated in the spring of 2004

and processing of the mapping continued till late fall 2004. As a consequence, the lithological and
geophysical basis for the lithological modelling and lineament is essentially unchanged for version
Simpevarp 1.2. The following data were available at the time of data freeze Simpevarp 1.2 (April 1,
2004):

» Geological outcrop database from SGU (Geological Survey of Sweden) field work.
» Bedrock map.

» Data from petrochemical and geochemical analyses made on surface samples collected from
outcrops.

» Fracture mapping of outcrops (Scanline, Bedrock map).

» Detailed fracture mapping of selected outcrops (N=4) (area mapping).

» Ground-surface geophysical measurements.

» Interpretation of topographic data on land (from airborne photography).

 Interpretation of airborne geophysical data (Magnetic, EM, VLF, gamma-ray spectrometric data,
evaluated depth of overburden).

e Lineament map over the Simpevarp area (Simpevarp and Laxemar subareas and regional
surroundings).

2.4.2 Overburden

Overburden here refers to all surficial deposits irrespective of their origin. Mapping of Quaternary
deposits in the Simpevarp subarea was initiated early in 2003 and was concluded in early fall of the
same year.

Surface data
The surface data available for data freeze Simpevarp 1.2 comprised:
 Field data from mapping of Quaternary deposits.

e Map of Quaternary deposits of the (terrestrial parts of the) Simpevarp subarea.

Stratigraphical data

* Results from 19 machine-augered boreholes to establish total depth of overburden.
e Results from 17 manually augered boreholes.

* Results from 23 weigth-soundings.

32



2.4.3 Meteorology, hydrology and hydrogeology

» Meteorological data from a new station established on Aspo.

« Delineation and description of catchment areas, water courses and lakes.

e Manual “simple” discharge measurements in water courses.

e Manual and automatic water level measurements in cased machine-augered boreholes.

» Hydraulic tests (slug tests) in cased machine-augered boreholes completed in overburden
(Intotal 13, 11 in the Simpevarp subarea and 2 in the Laxemar subarea), cf. Figure 2-2.

2.4.4 Hydrology and surface water hydrogeochemsitry
The hydrogeochemical surface investigations included in data freeze Simpevarp 1.2 comprised:

» Hydrogeochemical sampling in cased machine-augered boreholes. Representative sample only
from one borehole cf. Figure 2-2.

e Sampling and analyses of precipitation.
e Sampling and analyses of surface waters.

2.4.5 Surface ecology

The surface investigations made exclusively as part of the surface ecological programme, and
producing data for data freeze Simpevarp 1.2 comprised:

Terrestrial (biotic)
 Bird population survey.

e Mammal population survey.
e \egetation mapping.

Surface waters (biotic)

e Compilation of information existing in 2002.
» Benthic fauna in sediments.

e Interpretation of dominant species.

e Macrophyte communities.

2.5 Borehole investigations

Compared to Simpevarp 1.1, which only included data from two new cored borehole and old data
from two existing cored boreholes, Simpevarp 1.2 is based on a total of 5 new cored boreholes plus
old and new complementary information from three old cored boreholes.

The borehole investigations generating new data for the Simpevarp 1.2 data freeze were performed
in the following cored and percussion-drilled boreholes, cf. Figure 2-1:

e Cored boreholes: KSH01A/B, KSH02, KSHO3A/B, KAV01, KAV04, KLX02 and KLX04 (rock
stress data only).

e Percussion-drilled boreholes: HSH01, HSH02 and HSHO3.
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Figure 2-1. Overview map of new core-drilled and percussion-drilled boreholes in the Simpevarp
subarea.

The investigations performed in the boreholes can be divided into three distinct groups:

e Measurements conducted during the drilling processes (either on a continuous basis or at discrete
depth intervals in the borehole).

* Measurements conducted once the new borehole was completed (usually various types of
continuous logs).

e Complementary measurements in old cored boreholes (KAV01 and KLX02) in order to elevate
the stature of investigation to a level corresponding with the new cored boreholes.

Each of the three borehole types (cored, percussion, soil) were, in various ways, and to variable
degrees, associated with the three groups of investigation modes outlined above. The investigation
methods associated with the three modes are presented in Sections 2.5.1 through 2.5.3, respectively,
followed by a comment on the borehole data included in the data freeze for Simpevarp 1.2.

To the new complementary data collected in old boreholes were also added selected old data and
information from existing exploration boreholes, principally from the cored boreholes KLX01
located in the Laxemar subarea and boreholes from the Aspd HRL.

Detailed information about the types of boreholes completed in the overburden and their spatial
distribution is provided in /SKB, 2005/.
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Figure 2-2. Overview map of boreholes completed in the overburden, coded by types of investigations
made in them.

2.5.1 Borehole investigations during and immediately after drilling

Cored boreholes

Borehole investigations during and immediately subsequent to core drilling should normally include
/SKB, 2001a/:

* Monitoring of drilling parameters (rate of penetration, together with flushing and return water
parameters: flow rates, pressure, electric conductivity and concentration of dye tracer additive,
etc.).
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e Overview mapping of the drill core.

e Hydraulic tests employing a special test tool (the wireline probe).

* Measurements of absolute pressure using the wireline probe.

e Water sampling using the wireline probe.

» Borehole deviation measurements.

* Weighing of drill cuttings (and fine material).

* Rock stress measurements using the overcoring technique (HSHO02, KAV04 and KLX04 only).

Specific comments regarding cored borehole KSHO1A

Borehole KSHO1A is a chemistry-prioritised borehole, which means that a complete hydrochemical
characterisation programme is performed after drilling. However, during drilling water samples

were also taken and the cleaning of drilling equipment was to a higher level than standard. Drilling
of KSHO1A followed the general approach employed for most deep boreholes completed during the
site investigations /Ask et al. 2003/. The borehole has a varying diameter, with the upper 100.24 m of
the borehole percussion drilled with a large diameter (¢ = 200 mm). The remainder of the borehole,
100.24-1,003 metres, was core drilled using the triple-tube technique and a diameter of 76 mm

(50.2 mm core). The use of both percussion- and core-drilling techniques implies that the method-
ologies applicable to both types of ongoing drilling process, as outlined above, were applied.

The wireline tests performed included five tests for absolute pressure and nine pumping tests for
hydrogeological characterisation which were conducted at different length intervals (of which six
resulted in useful transmissivity data). Three water samples were collected in three intervals of
variable length between 197 and 620 m and analysed according to SKB Class 3 requirements. After
drilling was completed, an airlift pumping and recovery test of the entire borehole was conducted.

The drilling of KSHO1A and measurements during drilling were performed according to specified
routines. As it was the first cored borehole in the site investigation of the Simpevarp subarea, the
technical system and routines were not fully established at the beginning of the process. However,
this did not negatively affect the result of the drilling. One specified measurement was, however, not
performed, namely the weighing of drilling cuttings as accumulated in sedimentation containers for
pumped out drilling water.

Specific comments regarding cored borehole KSHO1B

KSHO1B is a 100 m cored borehole drilled at the same drill site as KSHO1A /Ask et al. 2003/.

The purpose of KSH01B was to produce drillcore from ground surface to 100 m depth, as KSHO1A
was percussion-drilled for the first 100 m. KSHO1B was conventionally core drilled, ie not using a
variable diameter as at KSHO1A. The core drilling was made with the same drill rig and downhole
equipment as used for borehole KSHO1A, hence resulting in the same type of core as for KSHO1A.

Specific comments regarding cored borehole KSH02

The drilling of KSHO2 /Ask et al. 2004/, conducted between January and June 2003, was slightly
different from that of KSHOL. First, no B hole was drilled. The upper 100 m was first core drilled
and then reamed up to the wider diameter required. As the borehole wall was somewhat unstable,
it was decided to install a casing. However, the casing installation was stopped at 66 m depth and
the borehole was plugged with cement. The plugged interval was re-drilled before the drilling was
continued to 1,000 m depth. The resulting borehole design therefore is casing of 200 mm inner
diameter down to 66 m, whereas the rest of the hole has a diameter of 76 mm.

The drilling was made with the same drilling machine and down-hole equipment as used in the
KSHO01 A and B holes and employing the same procedures as for the KSHO1. In KSHO02, the
following tests and water sampling during drilling were performed:
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e Continuous monitoring of drilling parameters and flushing water parameters with the drilling
monitoring system throughout the core drilling phase.

» Eleven pumping tests, of which nine gave interpretable transmissivity values.
 Nine water pressure measurements.

e Acquisition of four water samples — only one sample from the core drilling phase had a
sufficiently low drilling water content to ensure representative analysis results.

As the borehole was specifically allocated for rock stress measurements, the overcoring technique
was used during the core drilling at the three intervals, 250-300 m and around 450 m level. Due to a
relatively high frequency of sealed factures only one measurement resulted in useful data /Sjoberg,
2004/.

Specific comments regarding cored borehole KSHO3A/B

Drilling of KSHO3 was performed between August and November 2003. The hole was cored to a
depth of 1,000.7 metres with 76 mm equipment (this hole is denoted KSHO3A). The uppermost
section, to a depth of 100.5 metres, was constructed as a telescopic section with an inner diameter of
200 mm. In order to retrieve cored material from ground surface to full depth, a separate cored hole
was drilled close to the telescopic section from the surface to 100.86 metres (this hole is denoted
KSHO03B). The following tests were performed in KSHO3A:

e Pumping tests were performed with a wireline equipment, typically with one hundred metres
intervals.

e An airlift pumping test in the telescopic section was performed when the cored hole was at its full
length.

« Continuous monitoring of drilling parameters and flushing water parameters with the drilling
monitoring system was conducted throughout the core drilling phase.

e Water samples for chemical analysis were collected during drilling. Only two samples, out of
four samples taken, had a sufficiently low drilling water content to ensure representative analysis
results.

Specific comments regarding cored borehole KAV04

Drilling of KAV04 /Ask et al. 2005/ was performed between October 6, 2003 and May 3, 2004.

The hole was cored to a depth of 1,004.0 metres with 76 mm equipment The uppermost section, to

a depth of 100.2 metres, was constructed as a telescopic section with an inner diameter of 200 mm.
Borehole KAV04 was labelled a borehole dedicated to rock stress measurements. In order to retrieve
core from surface to full depth a separate cored hole was drilled close to the telescopic section from
the surface to 101.03 metres, this hole was called KAV04B.The following tests were performed in
KSHO4A:

e Two results from the final run with the Maxibor borehole deviation method covering the entire
length of borehole KAVO4A were obtained. A deviation measurement of the shallow part was
also made.

« Qvercoring measurements were made on three length intervals, 249-273 metres, 429-456 metres
and 447-463 metres.

* Fourteen pumping tests using the wireline probe resulted in ten successful results.
» Five measurements of absolute pressure using the wireline probe were conducted.

» Water samples were successfully collected in conjunction with nine of the fourteen pumping tests
performed.

e One air lift pumping and recovery test was conducted.
» Data were collected continuously during drilling using the Drill monitoring system (DMS).
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Percussion-drilled boreholes in bedrock

Borehole investigations during (and immediately after) percussion drilling followed general guide-
lines for the site investigations /SKB, 2001a/. For the percussion-drilled boreholes HSH01, HSH02
and HSHO03, the following procedures were applied /Ask and Samuelsson, 2004/:

» Sampling of the soil during drilling through the overburden (very thin soil cover resulted in one
sample from each of boreholes HSHO1 and HSH02).

e Sampling of drill cuttings (and fine material) with a frequency of one sample every third metre
(preliminary inspection on location).

e Manual measurement of penetration rate.

» Registration of notable changes in the flow rate of the return drilling water with intermediate
measurements in case of an observed increase in flow.

* Recording of the colour of the return water.
» Measurement of borehole deviation after completion of the borehole.

Boreholes in overburden

Details on drilling procedures in conjunction with completion of boreholes are provided by /Ask,
2003; Johanssson and Adestam, 2004/. Aspects on hydrogeochemical sampling and hydraulic
investigation (water level monitoring and hydraulic tests) are provided by /Ericsson and Engdahl,
2004; SKB, 2004c/ and /Werner et al. 2005/. The boreholes completed in the overburden which have
contributed primary data to the Simpevarp 1.2 modelling are shown in Figure 2-2.

2.5.2 Borehole investigations after drilling

Following completion of drilling, a base programme of characterisation was carried out in all
core-drilled and percussion-drilled boreholes. Depending on the assigned priority (rock mechanics
or hydrochemistry), the supplementary investigations to the base programme may differ amongst the
cored boreholes /SKB, 2000b, 2001a/.

Data from the base programme of characterisation were available from core-drilled borehole
KSHO01A/B, KSH02 and KSHO3A/B, whereas only early data in conjunction with drilling of KAV04
were available at the time of data freeze Simpevarp 1.2.

Percussion-drilled sections of cored boreholes
The following investigations were made and reported as part of the data freeze for Simpevarp 1.2:

e BIPS borehole imaging.
» Borehole radar (dipole antenna).
» Conventional suite of geophysical well logs.

Core-drilled borehole sections
The following investigations were made and reported as part of data freeze for Simpevarp 1.2:

* BIPS borehole imaging, in both the A and B holes.

e Borehole radar (dipole antenna), in both the A and B holes.

» Boremap logging (using BIPS and drill core), in both the A and B holes.
* Hydrochemical logging, in the A hole.

 Difference flow logging, in the A hole.

e Complete hydrogeochemical characterisation, in the A hole.

* Resistivity logs in the A-hole.
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» Sampling of the drill core for geological, thermal, rock mechanical, geochemical and transport
properties, from the A hole only.

» Rock stress measurements using the hydrofracturing technique (KSHO1A only).

Percussion-drilled boreholes

The investigation methods listed below were employed in the three percussion-drilled boreholes.
The resulting data formed part of data freeze for Simpevarp 1.2.

e BIPS borehole imaging.

e Borehole radar (dipole antenna).

» Conventional suite of geophysical well logs.

e Hydraulic tests (pump tests and flow logging), in HSHO1 and HSHO3.

Soil boreholes
Measurements include manual groundwater level measurements and sampling for chemical analyses.

2.5.3 Complementary measurements in old cored boreholes

Complementary tests have been undertaken in two existing cored boreholes at Laxemar (KLX02)
and on the island of Avré (KAV01). Complementary investigations were also planned for borehole
KLX01 (also at Laxemar). These plans were not realised because it proved impossible while a futile
attempts were made to remove a steel casing stuck in the borehole between 268.3 and 700 m. The
casing is cut at 270, 280, 300, 400, 500 and 600 m, respectively.

The investigations performed in the two boreholes included BIPS, Boremap logging, geophysical
logging, borehole radar (RAMAC) and Posiva flow logging (PFL), the latter only in borehole
KAVO01.

2.6 Other data sources

Other relevant data sources are “old” data that are either already stored in relevant official SKB
databases, or are listed in the version 0 report /SKB, 2002b/ and remain to be input into the data-
bases. One obvious extensive source of information is that provided by the characterisation data and
associated descriptive models available from the Aspd HRL. The position taken by the site descrip-
tive modelling project is to make use of selective information important for filling voids in the

data needs of the modelling process. The ambition is by no means to integrate the vast Aspé HRL
database in full, see below. Examples of data of interest are various generations of geological and
structural models and compilations of transport properties relevant to Aspé HRL conditions (and the
associated data on geology/mineralogy). Additional old data include surface and borehole informa-
tion from investigations performed on the islands of Avré and Halo. Old data are also available from
the construction of the three nuclear power reactors on the Simpevarp peninsula (and associated
tunnels and storage caverns). A third source of old data is related to the site characterisation and
construction of the central storage facility for spent nuclear fuel (Clab I and Clab Il). The old data
used as input to the descriptive modelling for Simpevarp 1.2 are summarised in Section 2.7.

Relationship to data from Aspd HRL

As indicated in the previous section, the designated Local Model area for the Simpevarp subarea
partially includes the Asp6 island and the Aspé HRL. There consequently exists a need to define a
relationship to the wealth of data available from Asp6 and the Aspé HRL to be employed in the site
descriptive modelling. A full inclusion and integration of the Aspé data set would be prohibitive for
the realisation of the site modelling project and would introduce a significant bias and imbalance in
the density of data. Instead, the project has adapted a flexible relationship to Aspé data and associ-
ated descriptive and conceptual models.
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The site modelling project does not have to address the Asp6 data base in its entirety, rather the
ground rule is that Aspo data primarily are used for qualitative comparisons with data collected
elsewhere in the model area(-s). However, initial lack of data, primarily in the local model area,

can be compensated by import of selected data from Aspo. Thus, in cases where relevant data or
statistics are absent in the site-specific database, such information may be imported from Aspd. This
could e.g. be rock mechanics, thermal or transport-related information. However, in all cases, such
import has to be motivated and constrained on the basis of appropriate geological analogies and
relationships.

Studies performed during the characterisation, construction and operational (experimental) phases of
the Asp6 HRL have resulted in various kinds of conceptual models that could be of use for the site
modelling project. Examples of such models are; mechanistic models of geological structure evolu-
tion, mechanical stability, hydraulic anisotropy, hydrogeochemical evolution and microbial proc-
esses. Experiments focused on the natural barriers have produced conceptual microstructural models
of fractures and their immediate environs (including infillings) and conceptual models for transport
and retention in fractured rock, including identification of dominant processes and immobile zones
involved. Similarly to the import of data, import/use of conceptual models developed at Aspé HRL
has to be motivated and justified by geological, petrophysical and geochemical similarities.

2.7 Databases

This section summarises the data that were available at the time of the data freeze for Simpevarp
1.2 and distinguishes data used and data not used in the site descriptive modelling. The basis for the
presentation is a series of tables developed for each discipline. In each table, the first two columns
set out the data available, columns 3 and 4 identify the data that were used, whereas column 5
identifies data not used, and presents arguments in support of their not being used. It is noted that
the use of data from individual boreholes by the various disciplines vary depending on the state of
down-hole discipline-wise characterisation in the individual boreholes.

Table 2-1. Available bedrock geological and geophysical data and their handling in Simpevarp 1.2.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments

Surface-based data

Bedrock mapping — outcrop  P-04-102 Rock type, ductile deformation 5.2.2

data (rock type, ductile and in the bedrock, fracture 5.2.3
some brittle structures at statistics and identification of 5.2.4
353 observation points. possible fracture zones atthe  5.3.3
Frequency and orientation of surface

fractures at 16 outcrops)

Detailed fracture mapping at P-04-35 Fracture orientation, 5.2.2
four sites tracelength and other

geologcical parameters
(mineral infilling, alteration etc.)

Modal analyses and P-04-102 Mineralogical and geochemical 5.2.1
geochemical analyses properties of the bedrock. 11.2
Assessment of thermal
properties
Petrophysical rock P-03-97 Physical properties of the 5.2.4
parameters and in situ bedrock 11.2
gamma-ray spectrometric
data
Airborne geophysical data P-03-25 Identification of lineaments/ 5.2.4
(magnetic, EM, VLF and P-03-63 deformation zones and
gamma-ray spectrometric P-03-100 lithological boundaries
data)
Detailed topographic data P-02-02 Identification of lineaments/ 5.2.2
from airborne photography P-03-99 deformation zones
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High resolution reflection
seismics

Surface geophysical data
(magnetic and EM data)

Regional gravity data

Interpretation of airborne
geophysical and
topographical data (linked
lineament map)

Simevarp site descriptive
model v.0

Laxemar area — testing
the methodology for site
descriptive modelling

RVS modelling, Avré

Cored borehole data

Geophysical, radar and
BIPS logging, Boremap data,
single-hole interpretation in
KSHO1A/B

Geophysical, radar and
BIPS logging, Boremap data,
single-hole interpretation in
KSHO02

Geophysical, radar and
BIPS logging, Boremap data,
single-hole interpretation in
KSHO3A/B

Geophysical, radar and
BIPS logging, Boremap data,
single-hole interpretation in
KAVO1

Geophysical, radar and
BIPS logging, Boremap data,
single-hole interpretation in
KLX02

Geophysical, radar and
BIPS logging, Boremap and
single-hole interpretation in
HSHO01, HSHO02 and HSHO3

P-03-71
P-03-72
TR-97-06
TR-02-19
R-01-06

P-03-66

P-03-100
P-03-99
P-04-49

R-02-35

TR-02-19

R-01-06

P-03-15
P-03-16
P-03-73
P-04-32
P-04-01
P-04-218

P-04-131
P-04-133
P-04-218

P-04-132

P-04-130
P-04-133
P-04-218

P-04-129

P-04-02

P-04-32
P-04-218

Identification of
inhomogeneities in the
bedrock that may correspond
to boundaries between
different types of bedrock or to
deformation zones. Supportive

information used from previous

models (Laxemar, Avré and
Aspo 96)

Identification of lineaments/
deformation zones

Deterministic structural model

Lithological model and
deterministic structural model

Deterministic structural model

Deterministic structural model

Fracture statistics (including
mineralogical analyses), rock
type distribution down to

borehole depth 1,000 m in DFN

(Discrete Fracture Network),
lithological and deformation
zone models

Fracture statistics (including
mineralogical analyses),
rock type distribution down
to borehole depth 1,000 m
in DFN, lithological and
deformation zone models

Fracture statistics (including
mineralogical analyses), single
hole interpretation, rock type
distribution down to borehole
depth 1,000 m in DFN
lithological and deformation
zone models

Fracture statistics (including
mineralogical analyses,
rock type distribution down
to borehole depth 1,000 m
in DFN, lithological and
deformation zone models

Fracture statistics (including
mineralogical analyses), single
hole interpretation, rock type
distribution down to borehole
depth 1,000 m in DFN,
lithological and deformation
zone models

54

5.2.4
5.4

5.2.2

53.1
541
551

54.1

541

5.2.5
5.3.3
5.4.3
5.5

525
5.3.3
543
5.5

5.2.5
5.3.3
54
55

525
5.3.3
54
55

525
5.3.3
54
5.5

5.2.6
5.2.7

Not utilised in
Simpevarp 1.2. Too
few and scattered
measurements
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Table 2-2. Available rock mechanics data and its handling in Simpevarp 1.2.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Cored borehole data
Stress measurement with Estimation of in situ stress  6.2.5
overcoring, field and uncertainty in
KSH02 P-04-23 data
KAV04 P-04-84
KLX04 Prel. report
Stress measurement with Estimation of in situ stress  6.2.5
hydraulic fracturing in field and uncertainty in
borehole KSHO1A Prel. report data
Geological single hole Division of drill core data 6.2.3
interpretation of boreholes into rock domains and
KSHO1A and P-04-32 deformation zones
KSHO01B Prel. report
KLX02 P-04-133
KSHO02 and KAVO01 Prel. report
KSHO3A
Boremap logging of Calculation of empirical 6.2.3
KSHO1A and P-04-01 rock mass quality indices
KSHO1B P-04-129 and estimation of rock
KLX02 P-04-130 mass properties
KAVO01 P-04-131
KSHO02 P-04-132
KSHO3A
Laboratory uniaxial and P-04-107 Estimation of intact rock 6.2.1
triaxial tests of intact rock P-04-108 mechanical properties
samples KSHO1A and P-04-109
KSH02 P-04-110
Laboratory indirect tensile Estimation of intact rock 6.2.1
strength tests of intact mechanical properties
rock samples KSHO1A P-04-62
KSH02 P-04-63
Direct shear tests and Estimation of single 6.2.2
normal stiffness test of fracture mechanical
fracture rock samples P-04-185 properties
KSHO1A P-05-06
KSH02 P-05-07
KAV01 P-05-05
Tilt tests and Estimation of intact rock 6.2.2
Schmidthammer tests, and fracture mechanical
KSHO1A P-03-107 properties
KSH02 P-04-10
KAV01 P-04-42
KLX02 P-04-44
P-wave velocity, Identification of potentially  6.2.5
transverse borehole core, high in situ stress
KSHO1A P-03-106 conditions
KSH02 P-04-11
KAV01 P-04-43
KLX02 P-04-45
Other borehole, construction, tunnel data and models
Stress measurements PR-25-89-17 Estimation of in situ stress  6.2.5
from boreholes in the PR U-97-27 field and uncertainty in
region IPR-02-01 data
IPR-02-02
IPR-02-03
IPR-02-18
R-02-26
Laboratory test data. Core  SICADA Estimation of intact rock 6.2.1
samples from Aspé and database strength properties

Clab
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Table 2-3. Available bedrock thermal data and its handling in Simpevarp 1.2.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Cored borehole data
Laboratory thermal test R-03-10 Estimation of thermal 7.2.1 and
on cores from Simpevarp IPR-99-17 conductivity and specific heat  7.2.4 and
and old boreholes at Asp6  R-02-27 capacity 7.2.5
HRL P-04-53

P-04-54

P-04-55

Preliminary report used /Sundberg et al. 2005/
Density logging KSHO1A, P-04-232 Estimation of thermal 7.2.3 and
KAVO01 and KLX02 P-03-111 conductivity 7.2.4

P-03-16

P-04-77

P-04-214

P-04-28
Laboratory test of thermal ~ P-04-59 Estimation of the thermal 7.2.6
expansion P-04-60 expansion coefficient

P-04-61
Boremap logging SICADA Dominating and subordinate 7.2.3 and
KSHO1A, KAV01, KSH02 rock type distribution 7.3
and KLX02
Temperature and gradient  P-03-16 7.2.7
logging KSHO1A, KSH02, P-04-50
KSHO3A, KAV01, KLX01 P-04-232
and KLX02 P-03-111

P-04-28

P-04-77
Modal analyses KLX01, P-04-53 Estimation of thermal 7.2.2 and
KLX02, KSHO1A, KAV01, P-04-54 conductivity 7.2.4
KSHO02 and KSHO1B P-04-55
Surface based data
Modal analyses P-04-102 Estimation of thermal 7.2.2 and

conductivity 7.2.4

Table 2-4. Available meteorological, hydrological and hydrogeological data and its handling in

Simpevarp 1.2.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Meteorological data

Summary of precipitation, TR-02-03 Base for general 4.3

temperature, wind, humidity =~ R-99-70 description and modelling

and global radiation up to of surface runoff and

2000 groundwater recharge

Surface based data

Explore water courses for P-03-04 4.3 Not used. Document
suitable point of measuring only for planning

the run-off

Ground elevation and SKB GIS- Topography and 4.1

bathymetry of the Baltic data base bathymetry

sea

Bathymetry of lakes
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Hydrological data

Inventory of private wells
2002. Hydrogeological
inventory of the
Oskarsahamns area

Topographical information
for delineation of run-off
areas

Regional run-off data

Regional oceaographic
data

Cored borehole data
Wireline tests in KSHO1A

Wireline tests in KSH02

Wireline tests in KSHO3

Difference flow logging in
KSHO1A

Difference flow logging in
KSHO02

Difference flow logging in
KAVO1

Difference flow logging in
KLX02

Hydraulic injection tests,
KSHO1A

Hydraulic injection tests,
KSHO02

Hydraulic injection tests,
KSHO03

Hydraulic injection tests,
KLX02

Percussion hole data

Drilling, HSHO1, HSHO2,
HSHO03

Hydraulic tests and water
sampling in HSHO3

Hydraulic tests and water
sampling in KSHO3A and
HSHO02

Monitoring of water levels
in rock holes

T T

-03-05
-04-277

SKB GIS-

data base

TR-02-03
R-99-70

TR-02-03
R-99-70

P-03-113
P-04-151
P-Xxxx
P-03-70
P-03-110
P-04-213

IPR-01-06
R-01-52

P-04-247
P-04-289
P-04-290

P-04-288

P-03-114
P-03-56
P-04-212

SICADA
database

Definition of run-off areas.
Numerical groundwater
flow simulations

Characteristics of run-off
areas

Characteristics of
oceanographic conditions

Borehole data and (prel)
transmissivity distribution
in large scale

Borehole data and (prel)
transmissivity distribution
in large scale

Borehole data and (prel)
transmissivity distribution
in large scale

Conductive parts of the
borehole, Statistics of
conductive fractures

Conductive parts of the
borehole, Statistics of
conductive fractures

Conductive parts of the
borehole, Statistics of
conductive fractures

Transmissivity distribution
along the borehole in
different scales

Transmissivity distribution
along the borehole in
different scales

Transmissivity distribution
along the borehole in
different scales

Transmissivity distribution
along the borehole in
different scales

Soil depth, soil samples,
Preliminary interpretation
of borehole

Transmissivity of bh.
Conductive parts of the
borehole

Transmissivity of bh.
Conductive parts of the
borehole

Other borehole, construction, tunnel data and models

Hydraulic tests in areas
Aspo, Avro, Halo,
Simpevarp, Mjélen and
Laxemar areas

TR-97-06,
TR-02-19,
R-98-55,
SICADA
database

Prevous made evaluations

compared to new data.

4.3

43,8

4.3

4.3

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.2

Not used. Document
only for planning of
environmental impact
follow-up

Brief overview for
version S1.2

Not used in detail




Table 2-5. Available hydrogeochemical data and their handling in Simpevarp 1.2. For further detailes
see Appendix 9 in SKB R-04-74.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Surface based data
Preciptation, soil pipes R-04-74 All Hydrchemical modelling 9.2
Sea water samples and visualisation
Cored borehole data
KSHO01, KSH02, KSH03 P-04-12 All hydrochemical modelling 9.2
KAV01, KAV04 R-04-74 and visualisation
P-03-89
P-03-89
P-03-87
Percussion hole data
HSHO02/03; HAV04/05/06/07; P-03-113 All hydrochemical modelling 9.2
HAV09/10 R-04-12 and visualisation
R-04-12
Other available data
Aspo, Laxemar and other R-04-74 All hydrochemical modelling 9.2

Nordic Sites

Table 2-6. Available data on transport properties and their handling in Simpevarp 1.2.

Available primary data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Cored borehole data
Formation factors measured P-05-27 Assignment of porosity and 10.5
in situ and in the laboratory, SICADA diffusion parameters
KSHO1A and KSH02
Results from through-diffusion ~ P-05-18 Assignment of porosity and 10.5
tests and porosity measure- diffusion parameters
ments on samples from
KSHO1A and KSH02
Input from other disciplines
Geological data and description:
— lithology and mineralogy Prel. report,  Identification of site-specific rock 10.4

of rock mass P-04-102 types, fractures and fracture zones,
— fracture mineralogy P-04-250 and properties of site-specific
— porosity data from surface P-03-97 geological materials, as a basis for

samples and boreholes P-04-28 Retardation model and descriptive

(KSHO1A, KSHO02) P-04-77 Transport model
Hydrogeological data and Prel. report, Identification of conductive fractures 10.4
description P-03-70 and description of their properties

P-03-110
Hydrogeochemical data and R-04-74 Identification of site-specific water 104
description SICADA types (and water-rock interactions)
Other borehole data and models
Data and models from TRUE TR-98-18 Conceptual modelling 10.3 Some old data not
project and Asp6 Task Force ICR-01-04 Assignment of sorption and diffusion 10.5 used due to differ-
(Task 6C) IPR-03-13 parameters encies in methods
and/or insufficient
characterisation
Data from other research at SKI198:41 Assessment of spatial variability S1.1
Aspd and Laxemar Research
papers

SR 97 sorption and diffusion R-97-13 Used for comparative purposes S1.1
databases TR-97-20
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Table 2-7. Available abiotic data from the surface system and their handling in S1.2.

Available site data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Geometrical and
topographcal data
Digital Elevation Model P-04-03 Basic input to flow and mass 4.3
(DEM) SICADA transport models
Geological data
Map of Quaternary deposits P-04-22 Description of surface 4.4
R-98-55 distribution of Quaternary
deposits in the Simpevarp
subarea
Helicopter borne survey P-03-100 Description of surface 4.4
data distribution of Quaternary
deposits in the Simpevarp
subarea
Electric soundings P-03-17 Description of depth of 4.4
overburden in the Simpevarp
regional model area
Stratigraphy of Quaternary ~ P-04-22 Description of stratigraphical 4.4
deposits distribution and total depth
of deposits in the Simpevarp
subarea
Drilling and sampling in P-04-121 Description of stratigraphical 4.4
Quaternary deposits P-04-46 distribution and total depth
P-03-80 of deposits in the Simpevarp
subarea
Map of Quaternary deposits SKB-GIS Description of surface 4.4
at the sea bottom distribution of Quaternary
deposits at the sea bottom
Stratigraphy of Quaternary ~ SKB-GIS Description of stratigraphical 4.4
deposits from the sea distribution and total depth
bottom of Quaternary deposits in
Stratigraphy of water laid R-02-47 the sea
Quaternary deposits from
the sea bottom
Old maps of Quaternary SGU Ac 5 4.4 Old map with low
deposits (1904) geographic accuracy
Map of soils P-04-243 Distribution of soil types 4.4
SICADA in the Simpevarp regional
model area
Meteorological data
Regional data (Version 0) TR-02-03 General description 4.5
R-99-70 Flow modelling
Data from meteorological SICADA Comparison with regional 4.5
station on Asp6 (Oct. 2003 meteorological data
— Sept. 2004)
Hydrological data
Regional discharge data TR-02-03 General description 4.5
(Version 0) R-99-70 Water balance
Investigation of potential P-03-04 4.5 Not used explicitly; used
locations for discharge as general information
stations and for planning
purposes only
Geometric data on P-04-242 Delineation and characterics 4.5
catchment areas, lakes and of catchment areas and lakes
water courses
Simple discharge P-04-13 Description of temporal 4.5
measurements in water P-04-75 variability in runoff

courses, lakes and the sea

46



Hydrogeological data

Inventory of private wells

Manually measured
groundwater levels

Data on installed
groundwater monitoring
wells

Hydraulic conductivity of
Quaternary deposits

Modelled hydraulic
conductivity and pressure
distributions in the upper
part of the rock

Oceanographic data

Regional oceanographic
data

Chemistry data

Surface water sampling

P-03-05

SICADA

P-04-121
P-04-46
P-03-80
P-04-122
SICADA

R-04-65

TR-02-03
R-99-70

P-04-13
P-04-75

Description of available 4.5
hydrogeological information

Basis for estimating depth of 4.5
unsaturated zone

Description of measurements 4.5
and evaluation of hydraulic
properties

Basis for assigning hydraulic 4.5
conductivity of Quaternary
deposits in conceptual and
mathematical models

Parametrisation and 4.5
identification of boundary
conditions in flow model

Quantitative modelling 4.6x

Description 4.7

No attempt made to infer
hydraulic parameters
from capacity data

Table 2-8. Available biotic data from the surface system and their handling in S1.2.

Available site data Ref. Usage in S1.2 cf. Section Not utilised in S1.2
Data specification Analysis/Modelling Arguments/Comments
Terrestrial biota
Compilation of existing R-02-10 Description 4.8
information 2002 4.10
Bird population survey P-04-21 Description 4.8
4.10
Mammal population survey  P-04-04, Description, modelling 4.8
/Svensk 4.10
Viltfdrvaltning,
2003/
Amphibians and reptiles P-04-36, Description, modelling 4.8
/Andrén, 2004/ 4.10
Soil fauna /Lohm and Generic description 4.8
Persson, 1979/ 4.10
Vegetation inventory P-04-20 Description 4.8
4.10
Vegetation mapping P-03-83 Description, modelling 4.8
4.10
Biomass and NPP of the NFI Modelling, tree layer 4.8
vegetation 4.10
Biomass and NPP of the /Gower et al. Modelling, shrub layer 4.8
vegetation 2001/ 4.10
Biomass and NPP of the P-03-90, Modelling, field layer and 4.8
vegetation /Bisbee et al. ground layer 4.10
2001/
Biomass and NPP of the /Vogt et al. Modelling, fungi 4.8
vegetation 1982/ 4.10
Biomass of the vegetation P-04-20, Modelling, dead organic 4.8
/Berggren etal. material 4.10
2004/, P-03-90
Data from soil mapping P-04-243 Description, modelling 4.8
4.10
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Limnic biota

Limnic producers P-04-242 Description, modelling 4.8
P-04-253 4.10
Limnic consumers P-04-253 Description, modelling 4.8
P-04-251 4.10
Marine biota
Compilation of existing R-02-10 Description 4.8
information 2002 4.10
Habitat borders P-04-242 Description 4.8
4.10
Barythymetical P-04-254 Description, modelling 4.8
measurements 4.10
Light penetration depth P-04-13 Description 4.8
and field 4.10
measurements
(SICADA)
Zooplankton, phytoplankton P-04-253 Description, modelling 4.8
4.10
Identification of dominating  P-03-68 Description 4.8
species 4.10
Macrophyte communities P-03-69 Description, modelling 4.8
4.10
Soft bottom infauna P-04-17 Description, modelling 4.8
4.10
Bentic fauna P-04-251 Description, modelling 4.8
4.10
Reed P-04-316 Description, modelling 4.8
4.10
Fish surveys P-04-19 Description, modelling 4.8
4.10
Bird population survey P-04-21 Description 4.8
4.10
Humans and land use
Humans and land use R-04-11 Description, modelling 4.9

Table 2-9. Reports in the SKB P, IPR, ICR, R, and TR-series referenced in Tables 2-1 through 2-8).

P-02-02

P-03-04

P-03-05

P-03-07

P-03-15

P-03-16

P-03-17

P-03-25

P-03-31

Wiklund S. Digitala ortofoton och héjdmodeller. Redovisning av metodik for platsundersékningsomr
adena Oskarshamn och Forsmark samt forstudieomradet Tierp Norra (in Swedish).

Larke A, Hillgren R. Rekognoscering av matplatser for ythydrologiska métningar i
Simpevarpsomradet (in Swedish).

Morosini M, Hultgren H. Inventering av privata brunnar i Simpevarpsomradet, 2001-2002
(in Swedish).

Curtis P, Elfstrom M, Stanfors R. Oskarshamn site investigation Compilation of structural
geological data covering the Simpevarp peninsula, Avré and Halo.

Nilsson P, Gustafsson C. Simpevarp site investigation. Geophysical, radar and BIPS logging in
borehole KSHO1A, HSHO1, HSHO2 and HSHO3.

Nielsen U T, Ringgaard J. Simpevarp site investigation. Geophysical borehole logging in borehole
KSHO1A, KSHO01B and part of KSH02.

Thunehed H, Pitkdnen T. Simpevarp site investigation. Electrical soundings supporting inversion of
helicopterborne EM-data. Primary data and interpretation report.

Renning H J, Kihle O, Mogaard J O, Walker P. Simpevarp site investigation. Helicopter borne
geophysics at Simpevarp, Oskarshamn, Sweden.

Green M. Platsundersokning Simpevarp. Fagelundersokningar inom SKB:s platsundersokningar
2002 (in Swedish).
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P-03-56

P-03-63

P-03-66

P-03-67

P-03-68
P-03-69

P-03-70

P-03-71

P-03-72

P-03-73

P-03-74
P-03-83

P-03-87
P-03-88
P-03-93

P-03-97

P-03-99

P-03-100

P-03-106

P-03-107
P-03-110

P-03-111

P-03-113

P-03-114

P-04-01

P-04-02

P-04-04

P-04-10
P-04-11

P-04-12
P-04-13

P-04-14

Ludvigson J-E, Levén J, Jonsson S. Oskarshamn site investigation. Hydraulic tests and flow
logging in borehole HSHO3.

Bystrom S, Hagthorpe P, Thunehed H. Oskarshamn site investigation. QC-report concerning
helicopter borne geophysics at Simpevarp, Oskarshamn, Sweden.

Triumf C-A. Oskarshamn site investigation. Geophysical measurements for the siting of a deep
borehole at Avrd and for investigations west of Clab.

Borgiel M. Makroskopiska organismers férekomst i sedimentprov. En 6versiktlig artbestdmning av
makroskopiska organismer (in Swedish).

Tobiasson S. Tolkning av undervattensfilm frdn Forsmark och Simpevarp (in Swedish).

Fredriksson R, Tobiasson S. Simpevarp site investigation. Inventory of macrophyte communities
at Simpevarp nuclear power plant. Area of distribution and biomass determination.

Rouhiainen P, Pdllanen J. Oskarshamn site investigation. Difference flow measurements in
borehole KSHO1A at Simpevarp.

Vangkilde-Pedersen T. Oskarshamn site investigation. Reflection seismic surveys on
Simpevarpshalvon 2003 using the vibroseismic method.

Juhlin C. Oskarshamn site investigation. Evaluation of RAMB@LL reflection seismic surveys on
Simpevarpshalvon 2003 using the vibroseismic.

Aaltonen J, Gustafsson C, Nilsson P. Oskarshamn site investigation. RAMAC and BIPS logging
and deviation measurements in boreholes KSHO1A, KSHO1B and the upper part 0 KSH02.

Barton N. Oskarshamn site investigation. Q-logging of KSH 01A and 01B core.

Boresjo Bronge L, Wester K. Vegetation mapping with satellite data of the Forsmark, Tierp and
Oskarshamn regions.

Wacker P. Oskarshamn site investigation. Hydrochemical logging in KSHO1A.
Berg C. Hydrochemical logging in KSHO2. Oskarshamn site investigation.

Lindqvist L, Thunehed H. Oskarshamn site investigation. Calculation of Fracture Zone Index (FZI)
for KSHO1A.

Mattsson H, Thunehed H, Triumf C-A. Oskarshamn site investigation. Compilation of
petrophysical data from rock samples and in situ gamma-ray spectrometry measurements.

Triumf C-A. Oskarshamn site investigation. Identification of lineaments in the Simpevarp area by
the interpretation of topographical data.

Triumf C-A, Thunehed H, Kero L, Persson L. Interpretation of airborne geophysical survey data.
Helicopter borne survey data of gamma ray spectrometry, magnetics and EM from 2002 and fixed
wing airborne survey data of the VLF-field from 1986. Oskarshamn site investigation.

Chryssanthakis P, Tunbridge L. Borehole: KSHO1A. Determination of P-wave velocity, transverse
borehole core. Oskarshamn site investigation.

Chryssanthakis P. Borehole: KSHO1A. Results of tilt testing. Oskarshamn site investigation.

Rouhiainen P, Péllanen J. Oskarshamn site investigation — Difference flow measurements in
borehole KSHO02 at Simpevarp.

Nielsen T, Ringgaard J, Horn F. Geophysical borehole logging in boreholes KSH02 and KLX02.
Svensk karnbrénslehantering AB.

Ask H, Morosini M, Samuelsson L-E, Stridsman H, 2003. Oskarshamn site investigation — Drilling
of cored borehole KSHO1. SKB P-03-113. Svensk Karnbrénslehantering AB.

Ask H, Samuelsson L-E, 2003. Oskarshamn site investigation — Drilling of three flushing water
wells, HSHO1, HSHO02 and HSHO3. SKB P-03-113. Svensk Karnbrénslehantering AB.

Ehrenborg J, Stejskal V, 2004. Oskarshamn site investigation. Boremap mapping of core drilled
boreholes KSHO1A and KSHO1B.

Nordman C, 2004. Oskarshamn site investigation. Boremap mapping of percussion boreholes
HSHO01-03

Cederlund G, Hammarstrém A, Wallin K. Surveys of mammal populations in the areas adjacent to
Forsmark and Oskarshamn. Results from 2003.

Chryssanthakis P. Oskarshamn Site Investigation — Borehole KSH02, Results of tilt testing,

Chryssanthakis P, Tunbridge L. Borehole: KSHO2A Determination of P-wave velocity, transverse
borehole core. Oskarshamn site investigation.

Wacker P. Complete hydrochemical characterization in KSHO1A.

Ericsson U, Engdahl A. Surface water sampling at Simpevarp 2002—-2003. Oskarshamn site
investigation,

Ericsson U. Sampling of precipitation at Aspé 2002—2003.
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SKB P-04-17

P-04-21
P-04-22

P-04-20
P-04-23

P-04-28,

P-04-32

P-04-35

P-04-36

P-04-37

P-04-42
P-04-43

P-04-44
P-04-45

P-04-53

P-04-62.

P-04-63

P-04-54

P-04-55

P-04-49
P-04-50

P-04-77

P-04-84

P-04-102

P-04-110

P-04-129

P-04-130

P-04-131

P-04-132

P-04-133

P-04-151

Fredriksson R. Inventory of the soft-bottom macrozoobenthos community in the area around
Simpevarp nuclear power plant. Oskarshamn site investigation.

Green M, 2004. Bird surveys in Simpevarp 2003. Oskarshamn site investigation,

Rudmark L. Investigation of Quaternary deposits at Simpevarp peninsula and the islands of Avrd
and Halo. Oskarshamn site investigation.

Andersson, J. Vegetation inventory in part of the municipality of Oskarshamn.

Sjoberg J. Overcoring rock stress measurements in borehole KSH02. Oskarshamn Site
Investigation.

Mattsson H, Thunehed H. Interpretation of geophysical borehole data from KSHO1A, KSHO1B,
KSHO02 (0-100 m), HSHO1, HSH02 and HSHO3 and compilation of petrophysical data from KSHO1A
and KSHO1B.

Mattsson H, Stanfors R, Wahlgren C-H, Stenberg L, Hultgren P. Geological single-hole
interpretation of KSHO1A, KSH01B, HSHO1, HSHO2 and HSHO3. Oskarshamn site investigation.

Hermanson J, Hansen L, Wikholm M, Cronquist T, Leiner P, Vestgard J, Sandah K-A.
Detailed fracture mapping of four outgrops at the Simpevarp peninsula and Avrd. Oskarshamn site
investigation.

Andrén Claes. Oskarshamn site investigation, Amphibians and reptiles in SKB special area of
investigation at Simpevarp.

Triumf C-A. Joint interpretation of lineaments in the eastern part of the site descriptive model area.
Oskarshamn site investigation.

Chryssanthakis P. Oskarshamn Site Investigation — Borehole KAV01, Results of tilt testing,

Chryssanthakis P, Tunbridge L. Borehole: KAVO1 Determination of P-wave velocity, transverse
borehole core. Oskarshamn site investigation.

Chryssanthakis P. Oskarshamn Site Investigation — Borehole KLX02, Results of tilt testing,

Chryssanthakis P, Tunbridge L. Borehole: KLX02 Determination of P-wave velocity, transverse
borehole core. Oskarshamn site investigation.

Adl-Zarrabi B. Drill hole KSHO1A Thermal properties: heat conductivity and heat capacity
determined using the TPS method and mineralogical composition by modal analysis

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSHO1A, Indirect tensile strength tests,
Jacobsson L. Oskarshamn Site Investigation — Drill hole KSH02, Indirect tensile strength tests.

Adl-Zarrabi B. Drill hole KSHO2 Thermal properties: heat conductivity and heat capacity
determined using the TPS method and mineralogical composition by modal analysis. Svensk
karnbranslehantering AB.

Adl-Zarrabi B. Drill hole KAV0O1 Thermal properties: heat conductivity and heat capacity determined
using the TPS method and mineralogical composition by modal analysis

Triumf C-A. Oskarshamn site investigation. Joint interpretation of lineaments

Nielsen T, Ringgaard J, 2004. Geophysical borehole logging in borehole KSHO3A, KSHO3B,
HAV09 and HAV10.

Mattsson H, Thunehed H. Oskarshamn site investigation. Interpretation of geophysical borehole
data and compilation of petrophysical data from KSH02 (80-1,000 m) and KAVO1.

Sjéberg J. Overcoring rock stress measurements in borehole KAV04. Oskarshamn Site
Investigation.

Wahlgren C-H, Ahl M, Sandahl K-A, Berglund J, Petersson J, Ekstrom M, Persson P-O.
Oskarshamn site investigation. Bedrock mapping 2003 — Simpevarp subarea. Outcrop data, fracture
data, modal and geochemical classification of rock types, bedrock map, radiometric dating.

Rouhiainen P, Pollanen J. Oskarshamn site investigation. Difference flow measurements in
borehole KSH02 at Simpevarp.

Ehrenborg J, Stejskal V. Oskarshamn site investigation. Boremap mapping of core drilled borehole
KLX02

Ehrenborg J, Stejskal V. Oskarshamn site investigation. Boremap mapping of core drilled borehole
KAV01

Ehrenborg J, Stejskal V. Oskarshamn site investigation. Boremap mapping of core drilled borehole
KSHO02

Ehrenborg J, Stejskal V. Oskarshamn site investigation. Boremap mapping of core drilled
boreholes KSHO3A and KSHO3B.

Mattsson H, Stanfors R, Wahlgren C-H, Carlsten S, Hultgren P. Oskarshamn site investigation.
Geological single-hole interpretation of KSHO02 and KAVO01.

Ask H, Morosini M, Samuelsson L-E, H Stridsman. Oskarshamn site investigation — Drilling of
cored borehole KSH02
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P-04-185

P-04-207

P-04-208

P-04-209

P-04-210

P-04-212

P-04-213

P-04-214

P-04-218

P-04-232
P-04-242

P-04-247
P-04-250

P-04-251
P-04-253

P-04-254

P-04-277

P-04-288
P-04-289

P-04-290

P-04-316

P-05-05

P-05-06

P-05-07

P-05-18

P-05-27

PR-25-89-17

PR U-97-27

IPR-99-17

IPR-02-01

Chryssanthakis P. Simpevarp Site Investigation — Drill hole: KSHO1A, The normal stress and shear
tests on joints.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSHO1A, Uniaxial compression test of
intact rock.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSHO1A, Triaxial compression test of
intact rock.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSH02, Uniaxial compression test of intact
rock.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSH02, Triaxial compression test of intact
rock.

Svensson T. Oskarshamn site investigation, Pumping tests and flow logging in boreholes KSHO3
and HSHO2.

Rouhiainen P, Pdllanen J. Oskarshamn site investigation — Difference flow measurements in
borehole KAVO1 at Avrd.

Mattsson H. Interpretation of geophysical borehole data and compilation of petrophysical data from
KSHO3A (100-1,000 m), KSH03B, HAV09, HAV10 and KLX02 (200-1,000 m).

Carlsten S. Oskarshamn site investigation. Geological interpretation of borehole radar reflectors in
KSHO01, HSH01-03, KAV01 and KSHO02

Nielsen T, Ringgaard J, Horn F. Geophysical borehole logging in borehole KAVO01.

Brunberg A-K, Carlsson T, Brydsten L, Stromgren M. Identification of catchments, lake-related
drainage parameters and lake habitats. Oskarshamn site investigation.

Rahm N, Enachescu C. Hydraulic injection tests in borehole KSHO1A, 2003/2004, Simpevarp.

Drake H, E-L Tullborg. Oskarshamn site investigation. Fracture mineralogy and wall rock alteration.
Results from drill core KSHO1A+B.

Engdahl A, Ericsson U. Sampling of freshwater fish. Description of the fish fauna in four lakes.

Sundberg I, Svensson J-E, Ericsson U, Engdahl A. Phytoplankton and zooplankton. Results from
sampling in the Simpevarp area 2003—-2004. Oskarshamn site investigation.

Ingvarson N, Palmeby A, Svensson O, Nilsson O, Ekfeldt T. Oskarshamn site investigation,
Marine survey in shallow coastal waters Bathymetric and geophysical investigation 2004.

Nyborg M, Vestin E, Wilén P, Oskarshamns site investigation. Hydrogeological inventory in the
Oskarshamn area.

Rahm N, Enachescu C. Hydraulic injection tests in borehole KLX02, 2003, Laxemar.

Ludvigson J-E, Levén J, Kallgarden J. Oskarshamn site investigation. Single-hole injection tests
in KSHO2.

Rahm N, Enachescu C. Hydraulic injection tests in borehole KSH03, 2004, Simpevarp.

Alling V, Andersson P, Fridriksson G, Rubio Lind C. Biomass production of Common reed
(Phragmites australis), infauna, epiphytes, sessile epifauna and mobile epifaunal, Common reed
biotopes in Oskarshamn’s model area.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KAVO01, Normal loading and shear tests
on joints.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSHO1A, Normal loading and shear tests
on joints.

Jacobsson L. Oskarshamn Site Investigation — Drill hole KSH02, Normal loading and shear tests
on joints.

Gustavsson E, Gunnarsson M. Oskarshamn site investigation. Laboratory data from the site
investigation programme for the transport properties of the rock. Boreholes KSHO1A, KSH02 and
KLX02.

Lofgren M, Neretnieks |. Oskarshamn site investigation. Formation factor logging in situ and in
the laboratory by electrical methods in KSHO1A and KSH02. Measurements and evaluation of
methodology.

Bjarnason B, Klasson H, Leijon, B, Strindell L, Ohman T, 1989. Rock stress measurements in
boreholes KAS02, KAS03 and KAS05 on Aspd.

Ljunggren C, H Klasson, 1997. Drilling KLX02 — Phase 2 Lilla Laxemar Oskarshamn — Deep
hydraulic fracturing Rock stress measurements in Borehole KLX02, Laxemar.

Sundberg J, Gabrielsson A. Laboratory and field measurements of thermal properties of the rock
in the prototype repository at Aspd HRL.

Rummel F, Klee G, Weber U. Asp6 Hard Rock Laboratory. Rock Stress measurements in
Oskarshamn. Hydraulic fracturing and core testing in borehole KOVO01.
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IPR-02-02

IPR-02-03

IPR-02-18

IPR-03-13

ICR-01-04

R-97-13

R-98-55

R-99-70

R-01-06

R-02-06

R-02-10

R-02-10

R-02-26

SKB R-02-27

R-02-35
R-02-47
R-04-74
R-03-10

R-04-11
R-04-12
R-04-16

TR-97-06

TR-97-20
TR-98-18

TR-02-03

TR-02-19

SKI198:41

Klee G, Rummel F. Asp6 Hard Rock Laboratory. Rock Stress measurements at the Aspd HRL.
Hydraulic fracturing in boreholes KA2599G01 and KFO093A01.

Collin M, Bérgesson L. Asp6 Hard Rock Laboratory. Prototype Repository. Instrumentation of
buffer and backfill for measuring THM processes.

Klasson H, Lindblad K, Lindfors U, Andersson S. Aspé Hard Rock Laboratory. Overcoring rock
stress measurements in borehole KOV01, Oskarshamn.

Dershowitz W, Winberg A, Hermanson J, Byegérd J, Tullborg, E-L, Andersson P, Mazurek M.
Aspo Hard Rock Laboratory. Aspd Task Force on modelling of groundwater flow and transport of
solutes. Task 6¢. A semi-synthetic model of block scale conductive strctures at the Aspé HRL.

Byegard J, Widestrand H, Skalberg M, Tullborg E-L, Siitari-Kauppi M. First TRUE Stage.
Complementary investigations of diffusivity, porosity and sorbtivity of Feature A-site specific geologic
material.

Carbol P, Engkvist I. Compilation of radionuclide sorption coefficients for performance assessment.

Follin S, Areback M, Axelsson C-L, Stigsson M, Jacks G. Férstudie Oskarshamn. Grundvattnets
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2.8 Model volumes

The site descriptive modelling is performed using two different model volumes (or domains) of
different scales, the regional and the local scale model volumes. Generally, the local model is
required to cover the volume within which the repository is expected to be positioned, including
accesses and the immediate environs. In addition to the description on the local scale, a description
is also devised for a much larger volume, the regional model. The latter model provides boundary
conditions and puts the local model in a larger context. It is noted that the defined modelling areas
and their vertical extents, which in combination defined three-dimensional modelling domains,
are the areas for which a parameterised description in some form is expected. They are by no
means to be regarded as strict domains for e.g. numerical hydrogeological modelling. In the latter
case, other considerations come into play when defining the modelling domain, e.g. topographical
considerations (groundwater divides) and/or the positioning of interpreted deformation zones.

This section presents and justifies the model volumes selected for the Simpevarp area for the
Simpevarp 1.2 model version, including the Simpevarp and Laxemar subareas.

2.8.1 General

By necessity, the site characterisation efforts need to focus on the volumes of primary interest for the
repository location. Demands for high information density are higher in these volumes than outside.
The local volume description should be detailed enough for the needs of the repository engineering
and safety assessment groups. It is primarily these users of the descriptions who can judge whether
the local volume is sufficiently large. However, the site modelling needs to ensure a sufficient
understanding of the evolution of the natural system. This means that the size and level of resolution
needed, especially in the regional volume, should be dictated by what is required in order to capture
the most relevant physical phenomena for describing this evolution.

In selecting the model volumes for version 1.1 models for Simpevarp and Forsmark the following
rules of thumb, taken from the SKB strategy document for integrated evaluation /Andersson, 2003/
were applied:

e The local site descriptive model should cover an area of about 5-10 km?, i.e. large enough to
include the potential repository and its immediate surroundings. This also means that the location
of this model area needs to be agreed upon by both the design and site modelling groups.

e The regional descriptive model should be large enough to allow for a sensitivity analysis of
boundary conditions and to provide site understanding to the local model.

e If possible, model domains selected in previous versions should be retained. Deviations should be
well motivated and their basis fully documented.

e The models should include the main sources of new information (e.g. deep boreholes and areas of
extensive surface geophysics).

e The local domain should be large enough to allow meaningful hydrogeological flow simulations
within the domain, though information for boundary conditions or an encompassing regional
scale hydrogeological model will often need to be taken from the regional domain — or beyond.

» Potentially important features, such as lineaments, rock type boundaries etc., should be
considered when selecting the size of the model volumes.

These rules also apply for model versions 1.2. It needs also be understood that the distinct model
sizes primarily concern the development of the geological model in the SKB Rock Visualisation
System, RVS. The following clarifications are possibly motivated:

* Model boundaries for numerical simulations, e.g. in the hydrogeological model, are to be
set to suite the purpose of these simulations and do not need to be restricted to the size of the
RVS-representation.

* In modelling the hydrogeological and hydrogeochemical evolution, the numerical model assesses
the importance of the location of boundaries and the importance of different boundary conditions
at these boundaries, see Chapter 8. These studies are in principle not restricted by the size of the
regional volume for the RVS representation.
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The regional and local model volumes differ with respect to amount of detailed data and degree of
determinism, but not with regard to the scale of resolution of the spatial variability. For example,
outside the local model volume the geological model only have large deterministic deformation
zones, whereas small zones are represented by expanding the DFN-model in this volume, see
Chapter 5. This means that in the regional hydrogeological modelling, see Chapter 8, the resolution
is the same in the entire model domain, whereas, of course the uncertainty in the domain outside the
local volume is indeed much higher than inside this volume

2.8.2 Regional model volume

Generally, the geographic scope of the regional models depends on the local premises and require-
ments and is controlled by the basic need to achieve understanding of the conditions and processes
that determine the conditions at the site /SKB, 2001a/. The regional model volume should encom-
pass a sufficiently large area that the geoscientific conditions that can directly or indirectly influence
the local conditions, or help in understanding the geoscientific processes in the repository area, are
included. In practical terms, this may entail a surface area of “a few hundred square kilometres”.

Figure 2-3 shows the regional model area selected for Simpevarp 1.2. It is the same model area used
in the version-0 report /SKB, 2002b/ and for the version Simpevarp 1.1 modelling /SKB, 2004b/.
The depth of the model volume is set to 2.2 km (from 100 m above sea level and extending down to
2,100 m below).

The regional model volume has been selected on the basis of the following considerations and
arguments:

e Itincludes the prioritised area for site investigations in the Simpevarp area /SKB, 2001b/ and it is
not prohibitively large, with an approximate surface area of 273 km?.

It captures the extensive regional deformation zones, that strike in northnortheasterly and near
east-west directions, and surround the prioritised area for site investigations. Any expansion
of the regional model area to the east or west would not provide any significant changes in the
regional geological picture.

» Itadequately covers the variations in rock type in the candidate area and its immediate
surroundings.

It captures the main features in the region interpreted to be of hydrogeological importance as the
east-west boundaries are judged to be sufficiently well separated in space not to influence the
groundwater flow in the region. Furthermore, the western boundary lies on the western side of a
local topographic divide and the boundary to the east lies in the Kalmar Sund strait (between the
mainland and the island of Oland). The area includes potential discharge areas for groundwater
resulting from future shoreline displacement. Due to the very steep topographic relief close to
the shoreline, a reduction of the extent of the regional model towards the east in the Kalmar Sund
strait was considered for the Simpevarp 1.1 description. However, for convenience and easy
back reference it was decided to retain the regional model boundaries used for the vO modelling.
This applies also to the Simpevarp 1.2 modelling. The proper locations of the boundaries in the
regional hydrogeological model — as well as the proper boundary conditions are assessed through
a series of sensitivity analyses in the hydrogeological modelling, see Chapter 8.

e Adepth of 2.2 km (of which 100 m is above sea level) is considered to provide a reasonable
context for the local description. Furthermore, this depth is considered the maximum down to
which any meaningful extrapolations of deformation zones can be made.

The coordinates outlining the surface area of the Regional model for Simpevarp 1.2, cf. Figure 2-3,
are (in metres):

X, Y):
(1539000, 6373000), (1560000, 6373000), (1539000, 6360000), (1560000, 6360000).

Z:+100 m, -2,100 m.
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Figure 2-3. Regional and local model areas used for Simpevarp version 1.1. The areal coverage of
the regional model is the same as that used in version 0 /SKB, 2002b/ and for the SDM Simpevarp 1.1
/SKB, 2004b/.

2.8.3 Local model volume

The area covered by the deep repository (at repository depth) should ideally not be more than about
2 km?2, This assumes a fully constructed repository with approximately 4,000 canisters, a 90% utilisa-
tion of possible canister positions and centrally located space for the required infrastructure. The
surface facility and the access to the deep repository are not included in this area, as their areal needs
depend on whether a straight ramp, a spiral ramp or a shaft access will be employed. A geometrically
ideal case will not be achieved in reality, since the layout of the deep repository will be adapted to
conditions in the bedrock (deformation zones, etc.). The more deposition subareas the deep reposi-
tory is made up of, and the more irregular these are, the greater the total repository area that will be
required, since intervening unutilised “corridors” must also be included in the total “encompassing”
area. The local (investigation and) model area should be considerably larger than the repository area,
above all because it is not otherwise possible to try out alternative repository layouts and gradually
arrive at the optimal placement and adaptation to the rock conditions. The local model volume
should therefore encompass a surface area of 5-10 km? /SKB, 2001a/.

In the version O report /SKB, 2002b/, a near circular-shaped “candidate area” with a size of some
50 km? was presented. The ambition of subsequent characterisation and analysis has been to
reduce the candidate area to a “prioritised area for site investigation”. In the case of the Simevarp
area, the prioritised area for site investigations is made up of two separate subareas. The first area,
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where drilling commenced during the summer of 2002, is denoted the “Simpevarp subarea” and

is made up of major portions of the Simpevarp peninsula, together with the islands of Avro, Halo
and Bockholmen. The second, the “Laxemar subarea” was selected early in 2003 /SKB, 2003b/
following complementary regional investigations and subsequent evaluation /Wahlgren et al. 2003/,
cf. Figure 1-1. The two areas are in essence neighbouring one another. This suggested that including
the two “subareas” in one single local model would provide synergy and facilitate co-interpretation
of data which will emerge from the two sites over time. Characterisation of the Laxemar subarea
commenced in late 2003 and in this context comes second in time to the Simepvarp subarea. Also,
the area of Halo/Bockholmen, positioned inbetween the two subareas, is a natural candidate area for
the surface installations associated with a future deep repository. By including the two subareas in
one local model volume, satisfactory coverage is also provided for any type of access tunnel and/or
tunnel connection from a shaft access to either of the two.

For Simpevarp version 1.1, a local scale model area was employed which only included the area east
of the Asp6 shear zone. This was argued for on the basis of there not being any new data available
for the Laxemar subarea. For Simpevarp 1.2 new complementary data are available from borehole
KLXO02, but the surface information essentially remains the same. Still, with the Laxemar 1.2 model-
ling soon due, it was decided to enlarge the local scale model area to incorporate both the Simpevarp
and Laxemar subareas for the version Simpevarp 1.2 modelling. This way, the local scale modelling
is up and running for Laxemar 1.2. For the complete site investigation stage, it is however possible
to reduce the locals scale model area to a more optimal size.

The coordinates (X,Y,) outlining the surface area of the local scale model for Simpevarp 1.2, cf.
Figure 2-3, are (in metres):

(1546400, 6368200), (1554200, 6368200), (1554200, 6365000), (1546400, 6365000).

Figure 2-3 shows the local model area for the Simpevarp subarea as embedded in the Regional Scale
Model. The vertical extent of the local model is set to 1,200 m, 1,100 m below sea level and 100 m
above sea level. It is noted that the southern parts of the Asp6 island is included in the model, cf.
Section 2.6. For comparison, also the local model area employed for Simpevarp 1.1 is shown in
Figure 2-3.

The local model volume has been selected on the basis of the following considerations:

e It provides a volume that includes the Simpevarp subarea and the area for potential surface
facilities, access ramps and tunnels connecting from the islands of Halo and Bockholmen.

» Inaddition it contains the Laxemar subarea. This allows co-interpretation of data emerging
from the two subareas in an efficient and flexible manner. However, as the site investigation
progresses, it will be equally possible to diminish the size of the local model accordingly.

» The east-west boundaries are positioned along one interpreted v.0 fracture zone (ZSMO0002AD0,
The Mederhult zone), cf. Table 5-15 and associated Figure 5-54, and a topograhically/
geophysically identified lineament, respectively. The north-south boundaries of the model
are not associated with any particular geographical feature.

e Adepth of 1,200 m below sea level will permit inclusion of all information from the deep
boreholes that will be completed at the site.

e The area has a surface area of approximately 24 (8x3) km? (see Figure 2-3).
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3 Evolutionary aspects

3.1 Crystalline bedrock
3.1.1 Introduction

The following brief outline of the geological evolution in the Oskarshamn region is a slightly
modified version of that presented in /Andersson et al. 2002b/. It is mainly based on results
published in reports in various SKB series as well as in research papers in scientific journals.
The Oskarshamn region is put into a regional geological context, but the description is focussed
on the geological evolution of rock types and structural elements that characterize the bedrock in
the Oskarshamn municipality and its immediate surroundings.

The geological evolution of cratonic (stabilised) bedrock regions is generally the result of
consecutive large-scale processes, e.g. orogenies, which have operated over a considerable period
of time. In order to understand the geological development of the bedrock in southeastern Sweden,
it is necessary to take into account also post-cratonization (after c. 1,750-1,700 Ma Before Present
(BP)), i.e. large-scale processes more or less remote from the Oskarshamn region that might have
had a far-field effect on the already cratonised crust.

The geological development in the Oskarshamn region, including the formation of existing rocks,

as well as structural and tectonic overprinting, is complex and spans a period of c. 1,900 Ma. The
following text gives a brief summary and for further information of the geological evolution and
processes that might have affected the bedrock in the Oskarshamn region and the rest of the southern
part of the Fennoscandian Shield, the reader is referred to e.g. /Larson and Tullborg, 1993/ and
/Milnes et al. 1998/.

As a reference for the following text, the geological time units and nomenclature used are displayed
in Figure 3-1.

In order to put the Oskarshamn region in a large-scale geological evolutionary perspective, the
successive growth of the Fennoscandian Shield and subsequent formation of Phanerozoic cover
sequences from c¢. 1,910 Ma until the Quaternary period is displayed in Figure 3-2 through

Figure 3-6. In each figure, previously formed rocks are marked in grey. The following abbreviations
are used:

GP = granite-pegmatite
GDG = granitoid-dioritoid-gabbroid
GSDG = granite-syenitoid-dioritoid-gabbroid
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Figure 3-1. Geological time scale. Modified after /Koistinen et al. 2001/.
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Figure 3-2. Rocks formed in the time interval 1,910-1,750 Ma BP. The figure is based on the database
presented by /Koistinen et al. 2001/.
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Figure 3-3. Rocks formed in the time interval 1,750-1,275 Ma BP. The figure is based on the
database presented by /Koistinen et al. 2001/.
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Figure 3-4. Rocks formed in the time interval 1,275-900 Ma BP. The figure is based on the database
presented by /Koistinen et al. 2001/.
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presented by /Koistinen et al. 2001/.
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Figure 3-6. Rocks formed in the time interval 250 Ma BP to the Quaternary period. The figure is
based on the database presented by /Koistinen et al. 2001/.
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3.1.2 Lithological development

The position of the Oskarshamn region in a regional geological-evolutionary perspective can be seen
in Figure 3-2 through Figure 3-7. The oldest rocks in the Oskarshamn region, though subordinate,
comprise more or less strongly deformed and metamorphosed supracrustal rocks of predominantly
sedimentary but also of volcanic origin. The formation of the metasedimentary rocks is constrained
to the time interval c. 1,870-1,860 Ma BP /Sultan et al. 2004/, and the rocks have their main
expression in the Blankaholm-Vastervik area, cf. Figure 3-8 /Bergman et al. 1998, 1999, 2000/.

In the area immediately north of Oskarshamn and westwards, metagranitoids belonging to the
E-W to WNW-ESE trending so-called Oskarshamn-Jénkdping belt /Mansfeld, 1996/ constitute an
important lithological component. These rocks were formed c. 1,834-1,823 Ma ago /Mansfeld,
1996; Ahall et al. 2002/ and display a varying degree of tectonometamorphic overprinting and in
many places they are relatively well-preserved.

The majority of the rocks at the present day erosional level in southeastern Sweden were formed
during a period of intense igneous activity c. 1,810-1,760 Ma ago /e.g. Wikman and Kornfélt, 1995;
Kornfélt et al. 1997/, during the waning stages of the Svecokarelian orogeny. The dominant rocks
comprise granites, syenitoids, dioritoids and gabbroids, as well as spatially and compositionally
related volcanic rocks. The granites and syenitoids, as well as some of the dioritoids are by tradition
collectively referred to as Smaland “granites”. Both equigranular, unequigranular and porphyritic
varieties occur, and the compositional variation is displayed in Figure 3-9. Hence, the Smaland
“granites” comprise a variety of rock types regarding texture, mineralogical and chemical
composition.

This generation of igneous rocks belongs to the so-called Transscandinavian Igneous Belt (TIB),
which has a NNW extension from southeastern Sweden through Vérmland and Dalarna into Norway,
where it finally disappears beneath the Scandinavian Caledonides (Figure 3-7). It is characterised

by repeated alkalicalcic-dominant magmatism during the period c. 1,860-1,650 Ma ago. Magma-
mingling and -mixing processes, exemplified by the occurrence of enclaves, hybridization and
diffuse transitions etc. between different TIB rocks indicate a close time-wise and genetic relation-
ship between the different rock types. At mesoscopic scale, these processes often resulted in a

more or less inhomogeneous bedrock regarding texture, mineralogical and chemical composition.
However, if larger rock volumes are considered, these may be regarded as being more or less
homogeneous, despite some internal variations.

Locally, fine- to medium-grained granite dykes and minor massifs, and also pegmatite occur
frequently. Though volumetrically subordinate, these rocks constitute essential lithological
inhomogeneities in parts of the bedrock in the Oskarshamn region, e.g. in the Simpevarp area.
They are roughly coeval with the TIB host rock /Wikman and Kornfalt, 1995; Kornfélt et al. 1997/,
but have been intruded at a late stage in the magmatic evolution. Furthermore, TIB-related mafic
and composite dykes occur locally.

After the formation of the TIB rocks, the next rock-forming period in the Oskarshamn region,
including southeastern Sweden, did not take place until c. 1,450 Ma ago. It was characterised by

the local emplacement of granitic magmas in a cratonized crust. However, this granitic magmatism
was presumably a far-field effect of ongoing orogenic processes elsewhere, presumably farther to
the southwest of present Scandinavia. In the Oskarshamn region, the c. 1,450 Ma BP magmatism

is exemplified by the occurrence of the Gotemar, Uthammar and Jungfrun granites, cf. Figure 3-8
/Kresten and Chyssler, 1976; Ahall, 2001/. Fine- to medium-grained granitic dykes and pegmatites
that are related to the c. 1,450 Ma granites occur as well, e.g. in the Gotemar granite. However, these
dykes are inferred to occur only within the granite and in its immediate surroundings.

The youngest magmatic rocks in the region are scattered dolerite dykes that presumably are related
to the regional system of N-S trending, c. 1,000-900 Ma old dolerites that can be followed from
Blekinge in the south to Dalarna in the north /Johansson and Johansson, 1990; Soderlund et al.
2004/. The dykes are emplaced in and to the east of the frontal part of the Sveconorwegian orogen.
Due to the generally high content of magnetite, they usually constitute linear, positive magnetic
anomalies, and their occurrence and extension may, thus, be identified on the magnetic anomaly
maps. Time-wise they are related to the c. 1,100-900 Ma Sveconorwegian orogeny which is
responsible for the more or less strong reworking and present structural geometry in the bedrock
of southwestern Sweden.

61



BEDROCK OF SWEDEN

Fosa'l-taaring badroeck guislda ths Caladordss
[ e, Feeass imsking, 34353 Ay i

[[117] marcwrs, wrais, Eredions ane wicenks mda, =iy remerad
s e, 1 g eha e e sy
Bamawicr d il deide s il

[{7] Rarcxtrs, ol baaing soae 273 17 eron

ks shfa Sy 1500 5
[ Gorerim, pyevvios, gebbe, vekanks mcie s i greies

Precambrisn stisin

Pk 1570700 m . b age

[] Drunbe a3 pegrecte:

[ Baaicrs, s o Fak seiin: o, sy S phissd
[ rendw, psatindi, pmvts gablin m doiecba, pacty el

Pedes: 10507508 ey, b age

] Vordies, Py grantlc, frasodorts of wealic |4 cooprmlion

[ tenhe, cagrarke, munnhs, pEba ans gablin, pats grakuaces
Pocics 1030-1850 Aty i1 aga

[ i, P, Wt e A, [y e

[777] fnenhe, grarodlori, mredts e pebian, ety gradaces

[ ] i asd siale, party protiscan

T m e, il

Pk S0 16T Ly, i Ag

177 e b ok GRS, W k] Dreditore. il

Pk ehfer Bt Z0Q g
[ v, o, graodiestis o onatiie I abnpediien; gracile.

Struchires

[ %] trpanl encim

[72727] Frors i i ool

[ Faart, wyembola s chrerrhrosen blasks

= L Tyrhols i 2 bitomic
Emwmhnm#ﬂ.

2] metreaton 3, Fpvbok T Ao bl

L2 | Dmbeerradtion. 30rs, Wows reloxty horborbl comprant of moysract
LT Gt se i, Lrapeeiod

LLOZ  Lohal Londyrangy Dodemea iwoon Foots
FFE0Z  Hemoniaenion Boeas De bk o
= Proon inw Lo

SEDT Smblaed - Belargs Delomagon doem

TE T et ey o s Wi ey

SF0I

Figure 3-7. Simplified bedrock map of Sweden. The geological province in which the Simpevarp area
lies is bounded by major deformation zones along its northern (LLDZ), southern (SBDZ) and western
(SFDZ) boundaries. Modified after /Stephens et al. 1994/.
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Figure 3-8. Bedrock map of the Oskarshamn municipality and the surrounding area. Slightly modified
after /Bergman et al. 1998/.
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Figure 3-9. QAPF-diagram displaying the compositional variation of magmatic rocks, exemplified with
modal analyses of rocks from the Simpevarp subarea.

In late Precambrian and/or early Cambrian time, i.e. c. 600-550 Ma ago, arenitic sediments were
deposited on a levelled bedrock surface, the so-called sub-Cambrian peneplain. The sediments

were subsequently transformed to sandstones, which constitute the youngest rocks in the region, cf.
Figure 3-7 and Figure 3-8. The remainder of these former extensively occurring sedimentary rocks
covers the Precambrian crystalline rocks along the coast of the Baltic Sea from the area south of
Oskarshamn in the north to northeastern Blekinge in the south. Furthermore, fractures filled with
sandstone are documented in the Oskarshamn region in e.g. the Gétemar granite, east of the N-S
trending fault (cf. Figure 3-8) that transects the granite /Kresten and Chyssler, 1976/ and at Enudden,
¢. 4 km northeast of Simpevarp /Talbot and Ramberg, 1990; see also Roshoff and Cosgrove, 2002/.
During the ongoing site investigation in Oskarshamn, sandstone of presumed Cambrian age has been
documented in a cored borehole. The sandstone occurs in a deformation zone and occupies ¢. 0.1 m
of the drill core (cf. Sections 5.2.7 and 5.4.3).

In general, the sandstone infilling has been intruded by force downward into the basement /Réshoff
and Cosgrove, 2002/. A close spatial relationship between the sandstone dykes, the sub-Cambrian
peneplain and Cambrian cover rocks indicates that the sandstone dykes are Cambrian in age. A
characteristic feature is the local occurrence of fluorite (+/—calcite and galena) mineralisations within
the pores of the sandstone dykes and along the dyke/country rock interface. The timing of formation
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of the mineralisations is uncertain, but they post-date the formation of the sandstone dykes. /Alm and
Sundblad, 2002/ claimed that the mineralisations are post-Cambrian and pre-Silurian in age, whereas
/Réshoff and Cosgrove, 2002/ suggested that they are pre-Permian in age.

3.1.3 Structural development
Ductile deformation

The bedrock of southeastern Sweden has gone through a long and complex structural development,
including both ductile and brittle deformation, since the formation of the oldest c. 1,890-1,850 Ma
supracrustal rocks. The oldest deformation, which was developed under medium- to high-grade
metmorphic conditions, is of regional, penetrative character, and is recorded in the supracrustal

rocks in the Blankaholm-Vaéstervik area. It pre-dates the intrusion of the c. 1,860-1,850 Ma
generation of TIB rocks which, however, are deformed themselves. At variance from the more

or less penetrative pre-1,860 Ma deformation in the supracrustal rocks, the deformation that has
affected the 1,860-1,850 Ma generation of TIB rocks, as well as the older supracrustal rocks, was
heterogeneous in character. It was caused by dextral transpression under medium-grade metamorphic
conditions in response to ¢. N-S to NNW-SSE regional compression (see Figure 3-2), is constrained
to the time-interval c. 1,850-1,800 Ma BP, and is exemplified by the dextral, strike-slip dominated
Loftahammar-Linkoping deformation zone, cf. Figure 3-7 /Stephens and Wahlgren, 1996; Beunk and
Page, 2001/. However, the folding of the foliation in the pre-1,850 Ma rocks was also supposedly
developed in response to the same stress field /Stephens and Wahlgren, 1996; Beunk and Page,
2001/.

The 1,810-1,760 Ma BP generation of TIB rocks, that dominates the bedrock in the Oskarshamn
region, is post-tectonic in relation to the regional, penetrative deformation related to the peak of the
Svecokarelian orogeny. However, they are characterised by a system of ductile deformation zones
of the same character as the Loftahammar-Link6ping deformation zone, though developed during
more low-grade metamorphic conditions, i.e. at shallower levels in the crust, than the initial phase of
shearing in the Loftahammar-Link&ping deformation zone. However, the latter zone displays ductile
reactivation during low-grade metamorphic conditions, which presumably is contemporaneous with
the shearing in the 1,810-1,760 Ma TIB rocks. In the Oskarshamn region, these low-grade, ductile
deformation zones are exemplified by the E-W trending Oskarshamn-Bockara and NE-SW trend-
ing Oskarshamn-Fliseryd deformation zones /Bergman et al. 1998/. Presumably, also the NE-SW
trending Aspo shear zone /Gustafson et al. 1989; Bergman et al. 2000/, which is characterised by a
sinistral strike-slip component, belongs to this system of ductile deformation zones.

Independent of the syn-deformational metamorphic grade, the dextral and sinistral strike-slip
component in the WNW-ESE to NW-SE and NE-SW trending ductile deformation zones, respec-
tively, indicate that a regional, c. N-S to NNW-SSE compression prevailed during their formation
and subsequent ductile reactivation. Consequently, this regional stress field is inferred to have
prevailed for a considerable period, at least from the time of the intrusion of the 1,850 Ma TIB
generation, or possibly earlier, until c. 1,750 Ma ago. Most of the lithological contacts in the region,
and also in the whole of southeastern Sweden, are more or less concordant with the orientation of the
ductile deformation zones, which indicates that the emplacement of the TIB magmas was facilitated
by ongoing shear zone activity. Together with the subsequent deformation of the TIB rocks, this
testifies to the influence of the deformation zones in the present structural and lithological frame-
work in the bedrock of southeastern Sweden.

The structural and metamorphic overprinting in rocks in the Oskarshamn region in relation to their
age of formation is summarised in Table 3-1.

Apart from the mylonitic foliation in the ductile deformation zones, the 1,810-1,760 Ma TIB rocks
locally display a more or less well-developed foliation /Kornfélt and Wikman, 1987/, e.g. preferred
orientation of feldspar phenocrysts, mafic enclaves, biotite etc. However, it is often difficult to
decide whether the foliation is syn-intrusive or caused by a subsequent tectonic overprinting.
Independent of origin, the orientation of the foliation suggests that there is a genetic relationship
between foliation development outside the ductile deformation zones and the shear zone activity.
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Table 3-1. The relation between age of rock types and the structural and metamorphic
overprinting.

Age Structural and metamorphic overprinting

(Ma BP)

1,880-1,870 Penetrative, ductile deformation under medium- to high-grade metamorphic conditions.
1,860-1,850 Inhomogeneous ductile deformation under medium-grade metamorphic conditions.
1,834-1,823 Inhomogeneous ductile deformation under low- to medium-grade metamorphic conditions.

1,810-1,760 Spaced ductile shear zones developed under low-grade metamorphic conditions. Although the
majority of the rocks are structurally more or less well-preserved, a low- to very low-grade
metamorphic alteration occurs.

1,450 Brittle deformation. The rocks are well-preserved.
1,100-900 Brittle deformation. The rocks are well-preserved.
540 Brittle deformation. The rocks are well-preserved.

Brittle deformation

Since no ductile deformation has been observed in the c. 1,450 Ma granites /e.g. Talbot and
Ramberg, 1990; Munier, 1995/ or younger rocks, it is evident that only deformations under brittle
conditions have affected the bedrock in the Oskarshamn region during at least the last c. 1,450 Ma.
However, the transition from ductile to brittle deformation presumably took place during the time
interval c. 1,750-1,700 Ma, i.e. during uplift and stabilization of the crust after the Svecokarelian
orogeny.

To unravel the brittle tectonic history in the bedrock in southeastern Sweden during the last

c. 1,450 Ma is difficult. It is plausible that tectonic activities that are related to more or less remote
large-scale processes, such as e.g. the Gothian, Hallandian, Sveconorwegian and Caledonian
orogenies, the opening of the lapetus Ocean, the Late Palaeozoic Variscan and the Late Mesozoic
to Early Cenozoic Alpine orogenies, as well as the opening of the present Atlantic Ocean, have
had a far-field effect within the shield area, cf. Table 3-1. In a global tectonic perspective, the
Sveconorwegian orogeny, which corresponds to the Grenville orogeny in North-America and
elsewhere, ultimately resulted in the assembly of the supercontinent Rodinia c. 900 Ma ago.
Likewise the Caledonian orogeny (collision between the Laurentian and Fennoscandian Shields)
was the first step in the formation of the supercontinent Pangaea, the latter part of which was finally
assembled in connection with the Hercynian-Variscan orogeny in central Europe c. 250 Ma ago.

To what degree these large-scale processes have affected the bedrock in the Oskarshamn region and
the rest of southeastern Sweden, and especially which brittle structure belongs to which process

is difficult to decipher. The main reason for this uncertainty is the great lack of time markers for
relative dating, except for the sub-Cambrian peneplain and the Cambro-Ordovician cover rocks,
and the difficulties in dating brittle structures radiometrically.

The first brittle faults in the region probably developed in connection with the emplacement of
younger, ¢. 1,450 Ma granites. During the subsequent geological evolution, faults and older ductile
deformation zones have been reactivated repeatedly, due to the increasingly brittle behaviour

of the bedrock. Brittle reactivation of ductile deformation zones is a general phenomenon. The
Oskarshamn-Bockara, Oskarshamn-Fliseryd and Aspd shear zones display clear evidence of

being reactivated in the brittle régime /see also e.g. Munier, 1995/. An inversion of the strike-slip
component in the Aspo shear zone from sinistral during the older ductile deformation, to dextral
during the younger brittle reactivation has been proposed by /Talbot and Munier, 1989/ and /Munier,
1989/.

K-Ar dating of biotites from the “Sméland granites” /Aberg, 1978/ has yielded ages of c. 1,500
1,400 Ma. According to /Aberg, 1978/, the obtained ages are caused by the c. 1,500-1,400 Ma BP
magmatic activity in southern Sweden. However, /Tullborg et al. 1996/ considered the closure of
the K-Ar system in this time interval to be the result of an uplift scenario. Independent of the
explanation, there is no information about any explicit tectonic features that can be related to this
time period.
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The occurrence of ¢. 1,000-900 Ma BP dolerites in southeastern Sweden testifies to a
Sveconorwegian tectonic influence, as the intrusion of the parent magmas was tectonically
controlled. However, whether individual faults or fracture zones, which were not injected by
mafic magma, were formed or reactivated during the Sveconorwegian orogeny, and if so which
of them, is uncertain.

On the basis of titanite and zircon fission track studies in the Oskarshamn region, it has been
suggested that sediments that were derived from the uplifted Sveconorwegian orogenic belt and
deposited in a Sveconorwegian foreland basin reached a thickness of ¢. 8 km in southeastern
Sweden at around 850 Ma BP /Tullborg et al. 1996; Larson et al. 1999/. Subsequent exhumation of
southeastern Sweden and erosion of the sedimentary pile were completed by the establishment of
the sub-Cambrian peneplain at the end of the Neoproterozoic. Remnants of this sedimentary pile are
found in the Almesakra Group in the vicinity of Néssjo /Rodhe, 1987a/. Furthermore, apatite fission
track ages in the Oskarshamn region indicate that Upper Silurian to Devonian sediments, which
were derived from the uplift of the Caledonian orogenic belt and deposited in a Caledonian foreland
basin, covered most of Sweden and reached a thickness exceeding 2.5 km /Tullborg et al. 1995,
1996; Larson et al. 1999/. Exhumation and subsequent erosion during the Early Mesozoic removed
the sedimentary cover almost completely /Tullborg et al. 1995, 1996; Larson et al. 1999/. During
the Cretaceous, a transgression occurred which resulted in a thin cover of marine sediments. In the
Oskarshamn, region the sedimentary cover was not completely removed until the Tertiary
/Lidmar-Bergstrom, 1991/.

The above-mentioned repeated large-scale events of subsidence, deposition of sediments, and
subsequent exhumation and erosion, reasonably must have been accompanied by tectonic activity,
i.e. movements along faults. However, there is no information that helps to decipher which fracture
zones (faults) formed or were reactivated during these periods.

Arecent (U-Th)/He geochronological study on apatites from rocks sampled in the access tunnel to
the Aspd Hard Rock Laboratory and the cored boreholes KLX01 and 02 in the Laxemar area, yields
decreasing ages with increasing depth (c. 270 Ma at the surface and c. 120 Ma at 1,700 m). This
indicates that exhumation took place primarily during Late Palaeozoic to Mid Mesozoic /S6derlund,
et al. in prep./. Crustal movements younger than 120 Ma are plausible in the area, although not
possible to constrain until deeper borehole samples are available. The data also suggests that
movement occurred during Late Palaeozoic to Mid Mesozoic time along fault zones between

Aspo and the Laxemar area, e.g. reactivation in the Aspo shear zone. In future studies, this method
will be used to try to estimate offset of some of the faults in the area.

According to /Milnes and Gee, 1992/ and /Munier, 1995/, the Ordovician cover rocks along the
northwestern coast of Oland are tectonically undisturbed, except for displacements at the centimetre
scale. This suggests that the E-W trending fracture zones/faults in the Oskarshamn-Bockara defor-
mation zone, which can be seen in the magnetic anomaly maps to continue eastwards under Oland,
have not affected the Cambro-Ordovician cover sequences on Oland. Thus, this indicates that these
brittle deformation zones of regional character were not active in post-Cambrian time, but are related
to the Precambrian tectonic evolution. However, post-Cambrian fracture zones/faults do occur in the
Oskarshamn region. On the northwestern part of Furd, cf. see Figure 3-8, a small island c. 10 km
east of Oskarshamn, a fault contact between a brecciated Cambrian sandstone and a brecciated red
granite is recorded /Bergman et al. 1998/. Furthermore, the observed sandstone in the deformation
zone in a cored borehole as mentioned above indicates fault movements in post-Cambrian time.
Another indication of post-Cambrian deformation is the occurrence of joints filled with sandstone
only east of the N-S trending fault in the western part of the Goétemar granite, i.e. the eastern block
has been down-faulted in relation to the western block /Kresten and Chyssler, 1976; Bergman et al.
1998/.

As mentioned above, the sub-Cambrian peneplain is a potential marker to demonstrate post-
Cambrian brittle tectonics. In general, all pronounced depressions and distinct differences of
topographic level in the sub-Cambrian peneplain constitute potential fracture zones or faults. /Tirén
et al. 1987/ studied the relative movements of regional blocks in southeastern Sweden which were
bounded by fracture zones and ranged in size between 25 km? and 100 km?. Differential movements
were interpreted to have occurred along existing faults both during periods of uplift and subsidence.
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A general problem is to decipher the relation between the formation and subsequent reactivation

of faults and fracture zones. Especially the mutual age relationship between fracture zones with
different orientation is difficult to determine, mainly due to the complex relationship between age
of formation and age of (latest?) reactivation. Another, and perhaps the most important and compli-
cating, factor is that brittle deformation zones are very poorly exposed, since they mostly constitute
topographical depressions filled with glacial cover, rivers, swamps etc.

The brittle deformation history of a region can be regarded as the combined effect of generation
of new fractures or faults and reactivation of old fractures or faults. The ratio between generation
of new structures and reactivation of older structures is presumed to decrease with time, since the
orientation spectrum of pre-existing structures increased with every new event of brittle deformation
/Munier, 1995/. Relative age determinations of fractures, based on orientation and a succession

of mineral filling with decreasing age, have been recorded on Aspd /e.g. Munier, 1995/, and it

is reasonable to assume that these findings can be extrapolated to the surrounding parts of the
Oskarshamn region. The oldest fractures are epidote- and quartz-bearing, and with decreasing age
chlorite, zeolite and calcite appear as fracture fillings. Since the mineralogy in individual fractures
within fracture zones is essentially similar to that of fractures in the intervening blocks /Munier,
1995/, the fracture filling is a tool for relative age determination of movement (reactivation) of the
former. Consequently, the calcite-bearing fracture zones/faults represent the youngest reactivation,
but its absolute age is uncertain. However, an ongoing study of fracture fillings shows that
different generations of calcite occurs, while zeolite represents the youngest fracture filling

(see Section 5.2.6).

Based on data from Asp0, the orientation of the maximum compressive stress during the formation
of the epidote- and quartz-bearing fracture zones was N-S/subhorizontal /Munier, 1989/, but had
changed orientation to NE-SW when the chlorite-filled fracture zones/faults formed /Talbot and
Munier, 1989/. The maximum horizontal compression was still NE-SW when the fractures formed
which are filled with Cambrian sandstone /Talbot and Munier, 1989/. The orientation of the maxi-
mum horizontal compressive stress during the subsequent tectonic evolution is presumed to have
been NW-SE, i.e. the same as the present stress régime. Consequently, a roughly NW-SE maximum
compressive stress is inferred to have prevailed for a considerable period of time, i.e. possibly for
hundreds of million of years.

Attempts have been made to use palaecomagnetic, electron spin resonance (ESR) and isotopic dating
(K-Ar, Rb-Sr) techniques on some brittle structures at the Aspd site /Maddock et al. 1993/, in order
to constrain the minimum age of the most recent movements. Characterization of the sampled fault
gouge material demonstrated that many fracture zones contain sequentially developed fault rocks
and verifies that reactivation has occurred.

The ages given by the various dating methods reflect both inherent differences in the techniques

and differences in the phase or phenomenon being dated. The interpretation of the ESR dating,
which was limited by the resolution of the method, yielded minimum ages of movements in the
order of several hundred thousand to one million years. The results of the palaeomagnetic and K-Ar
analyses strongly suggest that growth of the fracture infilling minerals took place at least 250 million
years ago. The most recent fault movements are interpreted to have preceded this mineral growth.
/Maddock et al. 1993/ concluded that any Quaternary and Holocene activity had little effect on the
fracture zones.

According to /Mérner, 1989/, a great number of supposed post-glacial faults occur on Aspo.
However, none of the faults reported showed any positive evidence of kinematics /SKB, 1990/.
Some of the reported faults did not display any disturbance of Precambrian markers, others had their
bases exposed by excavation and ice plucking could be positively demonstrated. /Talbot and Munier,
1989/ discussed post-glacial faults in connection with studied fault scarps, i.e. abrupt steps in the
glacially polished bedrock surface on Aspd. According to /Munier, 1995/, post-glacial reactivation
of individual fractures has most likely occurred, but despite searches no evidence of such features
has been found on outcrops.
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Ongoing tectonic activity is manifested in seismic events and aseismic slip /Larson and Tullborg,
1993/. According to /Slunga et al. 1984/, the so-called Protogine Zone of southern Sweden,

cf. Figure 3-7, has been shown to be the border between a more seismic western Sweden and

the more aseismic southeastern Sweden. Even though southeastern Sweden is a seismically very
quiet area (Figure 3-10), an earthquake of magnitude 3.3 and a focal depth of 5.0 kilometres was
recorded c. 100 kilometres south of Gotland in December 2002 /Bédvarsson, 2003/. In addition, an
earthquake of magnitude 1.0 and focal depth of c. 16 kilometres was recorded c. 30 kilometres south
of Oskarshamn in September 1988 /Slunga and Nordgren, 1990/. The orientation of the maximum
horizontal principal stress relaxed by this earthquake, as well as other seismic events in Sweden, was
¢. NW-SE /Slunga et al. 1984; Slunga and Nordgren, 1990/. This is in agreement with the results
from rock stress measurements at depths of more than 300 metres /Stephansson et al. 1987/, and

also with the stress field generated by the plate movements in the North Atlantic Ocean /cf. Slunga,
1989; Gregersen et al. 1991; Gregersen, 1992/. According to /Slunga and Nordgren, 1990/, recent
seismic activity in southeastern Sweden is related to plate-tectonic forces and not directly to land
upheaval subsequent to and consequent on the last glaciation. /Gregersen et al. 1991/ and /Gregersen,
1992/ came to the same conclusion based on focal mechanisms for present-day earthquakes in
Fennoscandia. However, /Muir-Wood, 1993/ and /Wu et al. 1999/ suggested that post-glacial
rebound appears to be the cause of the post-glacial seismic activity in Fennoscandia.

The geological evolution in southeastern Sweden, with focus on the Oskarshamn region, is
tentatively summarized in Table 3-2.
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Figure 3-10. Earthquake epicentra in Scandinavia and Finland 1375-2003. Data from the University
of Uppsala
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Table 3-2. Tentative synopsis of the geological evolution in southeastern Sweden with a focus on
the Oskarshamn region.

Age (Ma)

Geological event

Clackatbon; syo- to post-ghacksl fnelt movements?; MW-SE to WRW-ESE maxionm horizontal prinslpal

1A10-1,760

I 115-1k
8c.@ A.}pine nrogeny (central Exrope): Final brenkeup of the sspereontizent Fangnea; opening and spreadisg
of the Morth Atlastic Ocean; Britfle deformraticn i the oralemic Oskarsfaonr region ar a far-field offec”
=250 |Lates faulr srovements of dzpa? (K-Ar dutizg of gouge materinlj
19568 Tactende aethvity in the Tornguist Zene (Fepseacandlan border zopeisleimle doformaion i e araanie
Chkarshamn regian o a farfield offecl
160-105 Htm&'ﬂlﬂn—?ﬂrlﬂﬂﬂ l]l_‘n-gﬂ“‘ [ce-l.ru.] Eu.rvnp:_] Final :n:m'b.l]r of the supercontinent Pangnea;
430224 ISll:-ei-:lur:a relm—d 1o the d{vehpmut -J:Ea Caled-:ruiau ﬂ-rehnd trnil sad ramtation Tollowad by
exhumation and erosion: brifle dzfermmation i fhe oratam ¢ Oebarsl ame regian !
Caledominn orogeny; closwre of the Iipetus (eean; fornmilon of the Scandinavian Caladonides; WHNW.
S04 | ESE shortening (regionsd compression?) fallowad by oxtensbomal eolbspee ybeitite dofoem aion (e
oraemic Csarshaam region ax afar=fiold offect of eragmic deformation in westorm B altica®
fHESE0 |Peneplanation; Sub-Cambrias pemeplaing Marine trazsgression and extensive sedimentation
TG {mal break-up of the supercontinent Rodinda and apening of the Iapetae Oeean e fald affeor i e
cratondc Oakaraamia r
Smbeidesce related to the development of & Sveconorwegkie foreland basin, ped s taten followed by
D THH) exhumation and srosion: Almesihra gromp; Rilting, grabes formation, pedimentation in the Vitters aren;
Vislwzait rromp; beiitle deforsarion s ke crator i Cslarskasnr rogior®
Svecannrwegian orogenys fermation of the Svecomorwegian Frontal Delormstion fone ("Erotogine
1, 10850 Lome 1 WNW-ESE f0 E-W reglonal compresgion; mivasbon of dolerims - E-W extenslon; Asembly of the
sepercontinent Rodinin Britfe defermaion in the crafonic Oskarshamen region ax a far-fed offed af
orapeiic reworking of tie crust W seuikisesenr Swedes?
T 400-1,420 | Hallandian orogeny: Eritls Seformiion @ e aroionic Dolerafam region o 2 far-feld effect?
1,450 Tntruabom of gramite (o, Gitemar and Dikammer gramites)
Lol 1564 | Gothian or oeny) Beils dgormarion in ke cratanic Gl R ragiak ai & far-feld alfas?
L50-1.700 [Tranaktion fromm duciile to brkttle tectombe réglme
Farmation of trnnspressive, doetile deformation roses in response to o Ma8 1o NNW-S5E regional
LA 1,750

rm:mprmh:-l under Iuw—g:ﬂde mndiﬂ.&uu Dahrmntl-}nzuet wiith I!'-I'W—#E o WHW-ESE and NE-8W

Tntenae Ignmn :-:lhil:r Tmtruglon of g'rauih—mli‘tniﬂ-dluﬂmﬂ-gahhmid (“Hnekbed granite™), somposite
dykes; Sedimentation nnd voleanic activity

1,530-1,810

Iﬂqicllnl..‘llh-mu-g“enu: deformation sder {low): fo medimm-grode comditions

LAM-1 45240

Intrusion of gramftaids; veleanic aetivity?

1.850(-1.500)

1,850

Formation of frunspressive, ductile deformation zomes with o dexdiral horizoatal component of movement, &

reppimes f0c M-8 fo NNWESE reglonsl compreseion auder mdinm-grade medamerphle comditicns;

Intrusiom of grapite-syenitoid-dioritokl-gn bbrofd

1.50H-1,858

Vaobeamke petivity snd sedimestatlon; reglosal delormstion snder medinme o bigh-omde conditbons

1,901,750

|Svecokarelian orogeny

70



3.2 Overburden including Quaternary deposits
3.2.1 Introduction

This section discusses the Quaternary history of Simpevarp area in a local and regional perspective.
A more thorough description is presented in /SKB, 2005/. The Quaternary Period is the present
geological period and is characterised by alternating cold glacial and warm interglacial stages.

The glacial periods are further subdivided into cold phases, stadials and relatively warm phases,
interstadials. A combination of climatic oscillations of high amplitude, together with the intensity of
the colder periods, is characteristic of the Quaternary Period. At the Geological Congress in London,
1948 the age of the Tertiary/Quaternary transition, as used here, was determined to be 1.65 million
years. More recent research, however, suggests that the Quaternary period started 2.4 million years
le.g. Sibrava, 1992; Shackelton, 1997/. The Quaternary Period is subdivided into two epochs:

the Pleistocene and the Holocene. The latter represents the present interglacial, which began

c. 11,500 years BP.

Results from studies of deep-sea sediment cores suggest as many as fifty glacial/inter-glacial cycles
during the Quaternary /Shackelton et al. 1990/. The climate during the past c. 900,000 years has been
characterised by 100,000 years long glacial periods interrupted by interglacials lasting for approxi-
mately 10,000-15,000 years. The coldest climate occurred toward the end of each of the glacial
periods. Most research indicates that the long-term climate changes (> 10,000 years) are trigged by
variations in the earth’s orbital parameters. However, there is not universal agreement on this point.
Quaternary climatic conditions have been reviewed by e.g. /Morén and Passe, 2001/.

The most complete stratigraphies used in Quaternary studies are from the well-dated cores from the
deep sea that have been used for studies of e.g. oxygen isotopes /e.g. Shackelton et al. 1990/. The
marine record has been subdivided into different Marine Isotope Stages (MIS), which are based

on changes in the global climatic record. Quaternary stratigraphies from before the Last Glacial
Maximum (LGM) from areas that have been repeatedly glaciated, such as Sweden, are sparse.
Furthermore, these stratigraphies are often disturbed by erosion and are difficult to date absolutely.
Our knowledge of pre-LGM Quaternary history of Sweden is, therefore, to a large extent based on
indirect evidence from non-glaciated areas.

In most parts of Sweden, the relief of the bedrock is mainly of Pre-Quaternary age and has only
been slightly modified by glacial erosion /Lidmar-Bergstrom et al. 1997/. The magnitude of the
glacial erosion seems to vary considerably geographically. Pre-Quaternary deep weathered bedrock
occurs in areas such as the inland of eastern Smaland, southern Ostergotland and the inner parts of
northernmost Sweden /Lundqvist, 1985; Lidmar-Bergstrom et al. 1997/. Such saprolites indicate that
these areas have only been affected to a small extent by glacial erosion.

In some areas, such as in large parts of inner northern Sweden, deposits from older glaciations have
been preserved, which indicates that the subsequent glaciations have had a low erosional capacity
/e.g. Hattestrand and Stroeven, 2002; Lagerback and Robertsson, 1988/.

Saprolites of Pre-Quaternary age occur 50 km west of the Simpevarp regional model area
/Lidmar-Bergstrom et al. 1997/. Also the occurrence of such “old” deposits in the regional model
area cannot be excluded.

3.2.2 The Pleistocene

The preserved geological information from the early Quaternary in Sweden is, as mentioned above,
fragmentary. However, inorganic deposits such as glacial till have not been dated with absolute
methods and deposits from early stages of the Quaternary Period may therefore exist. Although, as
mentioned above, the oxygen isotope record indicates numerous glaciations it is impossible to state
the number of glaciations reaching as far south as the Simpevarp area.

There are traces of three large glaciations, the Elster (MIS 8), Saale (MIS 6) and Weichsel

(MIS 2-5d), that reached northern Poland and Germany. /e.g. Fredén, 2002/. The Saale had the
largest maximum extension of any known Quaternary ice sheet. There were two interstadials, the
Holstein and Eem, between theses three glacials.
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The oldest Quaternary deposit in Sweden, dated by fossil composition, was probably deposited
during the Holstein interglacial (MIS 7, c. 230,000 years ago) /e.g. Ambrosiani Garcia, 1990/.
The till underlying the Holsteinian deposits is the oldest known Quaternary deposit in Sweden.

Deposits from the interglacial Eem (MIS 5e, 130,000-115,000 years ago) are known from several
widely spread places in Sweden /e.g. Robertsson et al. 1997/. The climate was periodically milder
than it has been during the present interglacial, Holocene. It is likely that the Simpevarp regional
model area was covered by brackish water during large parts of the Eem interglacial.

3.2.3 The latest glaciation

The latest glacial, the Weichsel, started c. 115,000 years ago. It was characterised by colder
phases, stadials, interrupted by milder interstadials. The model presented by e.g. /Fredén, 2002/
and /Lundqvist, 1992/ is often used to illustrate the history of Weichsel (Figure 3-11). Two inter-
stadials took place during the early part of Weichsel, approximately 100,000-90,000 (MIS 5c)
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Figure 3-11. The development of vegetation and ice cover in northern Europe during the latest
interglacial (Eem) and first half of the latest ice age (Weichsel). The maps should be regarded
as hypothetical due to the lack of well dated deposits from the different stages (from: Sveriges
Nationalatlas, www.sna.se).
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and 80,000-70,000 years ago (MIS 5a). Most of Sweden was free of ice during these interstadials,
but the climate was considerably colder than today and tundra conditions probably characterised
northern Sweden. The ice did not reach further south than the Mélaren Valley during the Early
Weichselian stadials. The ice advanced south and covered the Simpevarp area first during the Mid
Weichselian (c. 70,000 years ago).

Most of Sweden, including Simpevarp, was then covered by ice until the deglaciation at around
14,000 years BP. The accuracy of the model presented by /Fredén, 2002/ and /Lundqvist, 1992/ has
been questioned. Most researchers agree that at least two interstadials, with ice-free conditions, did
occur during the Weichselian glaciation. However, since the dating of such old deposits is problem-
atic, the timing of these interstadials is uncertain. Investigations from both Finland and Norway
suggest that most of the Nordic countries were free of ice during parts of Mid Weichselian (MIS 3-4)
/e.g. Olsen et al. 1996; Ukkonen et al. 1999/. That may imply that one of the interstadials attributed
to Early Weichselian by /Fredén, 2002/ may have occurred during Mid Weichsel. In Simpevarp, the
total time of ice cover during Weichsel may therefore have been considerably shorter than previously
has been thought.

Continental ice reached its maximum extent c. 20,000 years ago (MIS 2), cf. Figure 3-12. The
Weichselian ice reached as far south as the present Berlin, but had a smaller maximal extent than the
two preceding glacials (Saale and Elster). According to mathematical and glaciological models, the
maximum thickness of the ice cover in the Oskarshamn region was more than 1.5 km at 18,000 years
BP /Néslund et al. 2003/. Glacial striae on bedrock outcrops as well as the orientation of eskers
indicate a main ice movement direction from NW-NNW in the Simpevarp region. Subordinate older
striae indicate more westerly and northerly directions.

3.2.4 Deglaciation

A marked improvement in climate took place about 18,000 years ago and the ice started to melt a
process that was completed after some 10,000 years. The deglaciation of southeastern Sweden has
been studied by using clay-varve chronologies /Kristiansson, 1986; Ringberg et al. 2002/.

The timing of the deglaciation of Sweden has been dated using several methods. These dates have
recently been calibrated to calendar years /e.g. Fredén, 2002; Lundqvist and Wohlfarth, 2001/.
According to the calibrated clay-varve chronology, the Oskarshamn area was deglaciated almost
14,000 years ago /Lundqvist and Wohlfarth, 2001/. The velocity of the retreat of the ice margin was
c. 125-300 m/year /Kristiansson, 1986/.

Figure 3-12. The maximum extent of the Weichselian ice sheet approximately 20,000 years ago
(from: Sveriges Nationalatlas, www.sna.se).

73



3.2.5 Climate and vegetation after the latest deglaciation

Pollen investigations from southern Sweden have shown that a sparse Betula (birch) forest covered
the area soon after the deglaciation /e.g. Bjorck, 1999/. There was a decrease in temperature during a
cold period called Younger Dryas (c. 13,000-11,500 years ago) and the deglaciated parts of Sweden
were consequently covered by a herb tundra. At the beginning of Holocene c. 11,500 years ago, the
temperature increased and southern Sweden was first covered by forests dominated Betula and later
by forests dominated by Pinus (pine) and Corylus (hazel). The timing and climatic development of
the transition between Pleistocene and Holocene has been discussed by e.g. /Bjorck et al. 1996/ and
/Andrén et al. 1999/.

Between 9,000 and 6,000 years ago the the summer temperature was approximately 2° warmer
than at present and forests with Tilia (lime), Quercus (oak) and Ulmus (elm) covered large parts

of southern Sweden. The temperature has subsequently decreased, after this warm period, and the
forests became successively more dominated by coniferous trees. The ecological history of Sweden
during the last 15,000 years has been reviewed by e.g. /Berglund et al. 1996/.

3.2.6 Development of the Baltic Sea after the latest deglaciation

A major crustal phenomenon that has affected and continues to affect northern Europe, following
the latest melting of continental ice, is the interplay between isostatic recovery on the one hand and
eustatic sea level variations on the other. During the latest glaciation, the global sea level was in the
order of 120 m lower than at present /Fairbanks, 1989/.

In northern Sweden, the heavy continental ice depressed the Earth’s crust by as much as 800 m
below its present altitude. As soon as the pressure started to decrease, due to the deglaciation, the
crust started to rise (isostatic land uplift). The highest identified traces of the shoreline are at differ-
ent altitudes throughout Sweden depending on how much the crust had been depressed. The highest
shoreline in the Oskarshamn region is c¢. 100 m above sea level /Agrell, 1976/, and, thus the whole
Simpevarp regional model area is situated below the highest shoreline.

The development of the Baltic Sea since the last deglaciation is characterised by changes in salinity
and its history has therefore been divided in four main stages /Bjorck, 1995; Fredén, 2002/, which
are summarised in Table 3-3. The most saline period occurred 6,000-5,000 years ago when the
surface water salinity was 10-15%o compared with approximately 7%o today /Westman et al. 1999/.

Along the southern part of the Swedish east coast, the isostatic component was less and declined
earlier during the Holocene, resulting in a complex shore line displacement with alternating
transgressive and regressive phases. In the Simpevarp region, shoreline regression has prevailed
and the rate of land uplift during the last 100 years has been c. 1 mm/year /Ekman, 1996/.

The estimated shore line displacement since the last deglaciation has been reviewed and modified
by /Passe, 1997, 2001/ (Figure 3-13). Passe’s curve is similar to a curve presented by /Svensson,
1989/, who undertook stratigraphical investigations in the Oskarshamn area. However, according
to /Svensson, 1989/, the shoreline dropped instantaneously c. 20 m due to drainage of the Baltic Ice
Lake 11,500 years ago. Passe, on the other hand, suggests a fast isostatic shoreline displacement at
that time. The *C method does not have accuracy enough to tell if the drainage did occur or if the
fast shoreline displacement during that time was caused by a fast isostatic rebound. Passe’s curve
(Figure 3-13) shows that the shoreline displacement has been regressive for most of the time since
the deglaciation. There were, however, two transgressive periods, 10,000 years ago in the Ancylus
Lake phase and 7,000 years ago in the Littorina Sea phase, cf. Table 3-3.

Table 3-3. The four main stages of the Baltic Sea.

Baltic stage Calender year BP Salinity

Baltic Ice Lake 15,000-11,550 Glacio-lacustrine

Yoldia Sea 11,500-10,800 Lacustrine/Brackish/Lacustrine
Ancylus Lake 10,800-9,500 Lacustrine

Littorina Sea 9,500—present Brackish

sensu lato
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Figure 3-13. The shore line displacement in the Oskarshamn area after the latest deglaciation. The
blue symbols show a curve established by /Svensson, 1989/ after a study of lake sediments in the
region. The curve without symbols has been calculated by the use of a mathematical model /Passe,
2001/.

/Risberg, 2002/ has studied a five meter long sediment core from Borholmsfjarden south of

Aspo. The core comprises two main sediment sequences, the first accumulated in the Yoldia Sea
(11,500-10,800 years ago) and the second during the last 3,000 years. As the site was exposed to the
sea, there was no accumulation of sediment between the time of the Yoldia Sea and 3,000 years ago,
The islands surrounding Borholmsfjarden emerged from the sea some 3,000 years ago, which caused
more sheltered conditions and the onset of sedimentation.

3.3 Premises for surface water and groundwater evolution
3.3.1 Premises for surface and groundwater evolution

The first step in the groundwater evaluation is to construct a conceptual postglacial scenario model
for the site (Figure 3-14) based largely on known palaeohydrogeological events from Quaternary
geological investigations. This model can be helpful when evaluating data since it provides con-
straints on the possible groundwater types that may occur. Interpretation of the glacial/postglacial
events that might have affected the Simpevarp area is based on information from various sources
including /Fredén, 2002; Passe, 2001; Westman et al. 1999/ and /SKB, 2002b/. This recent literature
provides background information which is combined with more than 10 years of studies of ground-
water chemical and isotopic information from sites in Sweden and Finland in combination with
various hydrogeological modelling exercises of the postglacial hydrogeological events /Laaksoharju
and Wallin, 1997; Luukkonen, 2001; Pitk&nen et al. 1998; Svensson, 1996/. The presented model is
therefore based on Quaternary geological facts, fracture mineralogical investigations and ground-
water observations. These facts have been used to describe possible palaeo events that may have
affected the groundwater composition in the bedrock.
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3.3.2 Development of permafrost and saline water

When the continental ice sheet was formed at about 100,000 BP permafrost formation ahead of the
advancing ice sheet probably extended to depths of several hundred metres. According to /Bein and
Arad, 1992/ the formation of permafrost in a brackish lake or sea environment (e.g. similar to the
Baltic Sea) produced a layer of highly concentrated salinity ahead of the advancing freezing front.
Since this saline water would be of high density, it would subsequently sink to lower depths and
potentially penetrate into the bedrock where it would eventually mix with formational groundwaters
of similar density. Where the bedrock was not covered by brackish lake or sea water similar freeze-
out processes would occur on a smaller scale within the hydraulically active fractures and fracture
zones, again resulting in formation of a high-density saline component which would gradually

sink and eventually mix with existing saline groundwaters. Whether the volume of high salinity
water produced from brackish waters by this freeze-out process would be adequate to produce such
widespread effects is presently under debate.

With continued evolution and movement of the ice sheet, areas previously subjected to permafrost
would be eventually become covered by ice accompanied by a rise in temperature and slow decay
of the underlying permafrost layer. Hydrogeochemically, this decay may have resulted in distinctive
signatures being imparted to the groundwater and fracture minerals.

3.3.3 Deglaciation and flushing by meltwater

During subsequent melting and retreat of the ice sheet the following sequence of events is thought to
have influenced the Simpevarp area (see Figure 3-14).

During the recession and melting of the continental ice sheet, glacial meltwater was hydraulically
injected into the bedrock (> 14,000 BP) under considerable head pressure close to the ice margin.
The exact penetration depth is still unknown, but depths exceeding several hundred metres are
possible according to hydrodynamic modelling /e.g. Svensson, 1996/. Some of the permafrost decay
groundwater signatures may have been disturbed or destroyed during this stage.

Different non-saline and brackish lake/sea stages then transgressed the Simpevarp area during the
period c. 14,000-4,000 BP. Of these, two periods with brackish water can be recognised; Yoldia Sea
(11,500 to 10,800 BP) and Littorina Sea starting at 9,500 and continuing to the present. The Yoldia
period has probably resulted in only minor contributions to the subsurface groundwater since the
water was very dilute to brackish because of the large volumes of glacial meltwater it contained.
Furthermore, this period lasted only for 700 years. The Littorina Sea period in contrast had a maxi-
mum salinity of about twice that of the present Baltic Sea and this maximum prevailed at least from
6,500 to 5,000 BP; during the last 2,000 years the salinity has remained almost equal to the present
Baltic Sea values /Westman et al. 1999 and references therein/. Because of increased density, the
Littorina Sea water was able to penetrate the bedrock resulting in a density turnover which affected
the groundwater in the more conductive parts of the bedrock. The density of the intruding seawater
in relation to the density of the groundwater determined the final penetration depth. As the Littorina
Sea stage contained the most saline groundwater, it is assumed to have had the deepest penetration
depth, eventually mixing with the glacial/brine groundwater mixtures already present in the bedrock.

When the Simpevarp region was subsequently raised above sea level 5,000 to 4,000 years ago,
fresh meteoric recharge water formed a lens on top of the saline water because of its low density.
However, local hydraulic gradients resulting from higher topography to the west of the Simpevarp
area may have flushed out varying amounts of these older waters, at least to depths of 100-150 m,
with the freshwater lens mostly occupying these depths today depending on local hydraulic
conditions.

Many of the natural events described above may in the future be repeated several times during the
lifespan of a repository (thousands to hundreds of thousands of years). As a result of these events,
brine, glacial, marine and meteoric waters are expected to be mixed in a complex manner at various
levels in the bedrock, depending on the hydraulic character of the fracture zones, groundwater
density variations and borehole activities prior to groundwater sampling. For the modelling exercise
which is based on the conceptual model of the site, groundwater end members reflecting, for
example, Glacial meltwater and Littorina Sea water composition, were added to the data set

/cf. Appendix 5 in Laaksoharju et al. 2004b/.
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Figure 3-14. Conceptual postglacial scenario model for the Simpevarp area. The figures show
possible flow lines, density driven turnover events and non-saline, brackish and saline water interfaces.
Possible relation to different known postglacial stages such as land uplift which may have affected the
hydrochemical evolution of the site is shown: a) deglaciation of the continental ice, b) Yoldia Sea stage,
c¢) Ancylus Lake stage, d) Littorina Sea stage, and e) present day Baltic Sea stage. From this concep-
tual model it is expected that glacial melt water and deep and marine water of various salinities have
affected the present groundwater. Based on the shoreline displacement curve compiled by /Passe, 2001/
and information from /Fredén, 2002; Westman et al. 1999/ and /SKB, 2002b/.
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The uncertainty of the updated conceptual model increases with modelled time. The largest
uncertainties are therefore associated with the stage showing the flushing of glacial melt water.
The driving mechanism behind the flow lines in Figure 3-14 is the shore level displacement due
to the land uplift.

3.4 Development of surface ecosystems

In this section, some illustrative results from the region are presented. For further details see /Jansson
et al. 2004/ or /SKB, 2005/.

Data sources used include historical maps, cadastral material, interviews and field work. The
investigated areas in the Simpevarp area consist of parishes. This is due to the fact that most of the
sources for historical periods are organised in parishes. It is also a level that enables us to study local
human activities, e.g. follow the use of forests in the context of a village.

3.4.1 Population

In the year 1571, the estimated population in the three investigated parishes in Smaland was c.
1,266 persons. The population growth was quite moderate in the parishes of Misterhult, Déderhult
and Kristdala until the middle of the 18" century. However, after c. 1800, there was rapid popula-
tion growth, especially in Doderhult. Kristdala and Misterhult showed a quite similar population
trend, although Misterhult’s population size generally was larger. Doderhult follow the same

trend as Kristdala and Misterhult, until c. 1865, when a very high rate of population growth began
in Doderhult and lasted until c. 1900. This peak might be explained by the fact that the town of
Oskarshamn was established in 1856. During the 20" century there has been a negative population
trend in the three investigated parishes. After 1960, the trend has turned into a population growth in
Ddderhult, and the same thing happened in Misterhult after 1980. In 1990, the population size was
calculated to 10,640 persons in Misterhult, Doderhult and Kristdala, taken together.

3.4.2 Farms and land use

The number of farms has changed over the years in Smaland. In Ddderhult nearly 50% of the
settlement units were wholly or partially deserted in 1631 according to the cadastral book of

the same year. In Kristdala, the deserted farms reached c. 17% and in Misterhult c. 22% of the
farmsteads were deserted at this time. A possible explanation for this can perhaps be found in the
expensive Swedish wars that had a great impact on the population.

In Oskarshamn, the changes in the landscape were dramatic between 1940 and 1980. About

74 million square metres of arable land were abandoned over that interval. According to the
calculations, only 3.8 million new square metres were ploughed in 1980. Of the original 114 million
square metres of arable in 1940, only 41 million remained in 1980. If we study the changes spatially,
we can detect that some areas were more affected than others. A lot of the smaller fields have been
completely abandoned.

During the 18" and 19" century, the arable land and meadows increased. This was particularly true
of the number of meadows. Drained wetlands in the woods were now used as meadows. At the
same time the old meadows, near the settlements, were transformed into arable land. The increase
of the population and the increase of the number of farms during the period may partly explain this.
Another explanation may be that fishery and incomes from the sea decreased in relation to other
incomes and agriculture increased as the source for incomes at the same time.

In the mid-18" century enclosure (Swe. laga skifte) took place in Ekerum and Lilla Laxemar. At
that time, the number of farms in the area had increased and the arable land had increased even
more. A consequence of the enclosure in Ekerum and Lilla Laxemar was that some farms were
forced to move from the former toft of the villages. Another direct consequence of enclosure was
the establishment of the boundaries of the properties. From that time, all the farms in the area were
single farms, managing their lands on their own.
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4 The surface system

This chapter constitutes a description of the work that has been performed within the site modelling
for Simpevarp 1.2 concerning the surface system, i.e. meteorology, overburden characterisation,
hydrology, hydrochemistry, oceanography, biota and development of ecosystem models. A com-
prehensive surface description is reported separately in /Lindborg, 2005/ and the modelling and
description strategy in /L6fgren and Lindborg, 2003/.

The surface system starts where the deep bedrock ends, except were the bedrock reaches the surface
and thereby becomes a part of the surface system as outcrops, and extends to the atmosphere which
affects the site, e.g. through the climate. This means that a number of different disciplines are
represented in covering discipline specific patterns and processes at various spatial and temporal
scales. Each discipline-specific description (e.g hydrology should be considered independent aiming
at a deepened understanding of the patterns and processes at the site.

In the end of this chapter, three descriptive ecosystem models are presented, describing terrestrial,
limnic and marine environments. The overall aim of the ecosystem modelling is to describe the
carbon cycle for the different environments. This is done in two steps; 1) a conceptual model is
presented for the three environments, 2) site specific quantitative data are used to create carbon
budgets for the terrestrial part of a discharge area, a lake and three marine basins. These descrip-
tive ecosystem models use data from a number of disciplines e.g. overburden characterisation
(Quarterary deposits), hydrology, biota etc., that have been presented in the previous sections within
the surface ecosystem description. These carbon budgets will be one important tool to estimate

and predict flows and accumulations of matter at a landscape scale (regional or sub regional) in the
subsequent safety assessment.

The overall aim of the modelling is to produce a detailed description of the present conditions at the
site. However, it is equally important to know the history of the studied site, not only to understand
the present patterns, but also to be able make predictions about future conditions.

4.1  State of knowledge at previous model version

In the Simpevarp 1.1 site-descriptive model, the modelling of the abiotic components of the
surface system was included in the discipline-specific geological, hydrogeological and hydrogeo-
chemical modelling. In addition, an integrated description of the surface system was provided in
Chapter 7 of the Simpevarp 1.1 report /SKB, 2004b/. The site data available for the descriptions of
the abiotic components were quite limited. The geology of the Quaternary deposits was described
based on the detailed map of the Quaternary deposits within the Simpevarp subarea, and available
data from soil drillings within the Simpevarp subarea. The descriptions of surface hydrology

and oceanography were based on regional (version 0) data only, and as no hydraulic tests in the
Quaternary deposits had been performed the hydrology model was based on literature data.

The Simpevarp 1.1 description of the biotic components of the surface system included a vegeta-
tion map over the regional model area, results of biomass and production calculations for different
vegetation types, some data on aquatic producers, and a description, to large extent based on generic
data, of terrestrial and aquatic consumers. In addition, an assessment of the available information

on humans and land use was provided. No quantitative ecosystem models were presented in the
Simpevarp.1.1 site-descriptive model .

4.2  Evaluation of primary data

A complete list of abiotic and biotic data from the surface system available for use in Simpevarp 1.2
is found in Tables 2-7 and 2-8.
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4.2.1 Overburden including Quaternary deposits

The overburden model is based on results from field mapping in both the Simpevarp subarea and
also larger parts of the sea floor in the Simpevarp regional scale model area (Table 2-7). Most of
the interpretations of the overburden in the remaining parts of the Simpevarp regional model area
are based on geophysics (mainly helicopter-borne) and other types of old information, often with
uncertain geographical references (Table 2-7). The uppermost part of the overburden, the soil, has,
however, been carefully described at 20 selected sites distributed over the regional model area. The
readers are referred to /Lindborg, 2005/ for a thorough description of the data used in the descrip-
tion of the overburden in the Simpevarp regional model area. The terrain relief was modelled by
interpolation of elevation data creating a DEM (digital elevation model) /Brydsten, 2004/.

4.2.2 Climate, hydrology and hydrogeology

As the Simpevarp version 0 model /SKB, 2002b/ was developed before commencing the site inves-
tigations in the Simpevarp area, it was based on information from the feasibility study /SKB, 2000a/,
selected sources of “old” data, and additional data collected and compiled during the preparatory
work for the site investigations. The investigations that provided the basis for Simpevarp 1.1 in
terms of climate, surface hydrology, and near-surface hydrogeology included airborne photography,
airborne and surface geophysical investigations, and mapping of Quaternary deposits. In addition,
monitoring boreholes were established in the overburden in conjunction to drill sites. The limited
amount of site-specific data implied that Simpevarp 1.1 was based mostly on regional and/or generic
meteorological, hydrological and hydrogeological data.

Meteorological, hydrological and hydrogeological investigations

Between the Simpevarp 1.1 and 1.2 data freezes, the additional meteorological, surface hydrological
and near-surface hydrogeological investigations comprised the following major components:

« Establishment of one local meteorological station on the island of Aspo.

» Delineation and description of catchment areas, water courses and lakes.

» Establishment of local surface-hydrological stations for discharge measurements.

» “Simple” discharge measurements in water courses.

 Dirilling and hydraulic tests (slug tests) performed in groundwater monitoring wells.

e Manual groundwater level measurements.

These investigations and available data are summarised in Table 2-7.

Other investigations contributing to the modelling

In addition to the reports on investigations listed in Table 2-7, the Simpevarp 1.2 modelling is based
on data from the official SKB databases as well as data used and/or listed in the Simpevarp version 0
and Simpevarp 1.1 reports /SKB, 2002b, 2004b/. In particular, the following SKB databases are used
in the Simpevarp 1.2 modelling:

» Topographical and other geometrical data.

« Data from surface-based geological investigations.

» Data from investigations in boreholes in Quaternary deposits.
» Data on the hydrogeological properties of the bedrock.

Summary of available data

Table 2-7 provides references to site investigations and other reports that contain meteorological,
hydrological and hydrogeological data used in the Simpevarp 1.2 modelling. The table also provides
the corresponding information with respect to other disciplines or types of investigations.
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4.2.3 Chemistry

A comprehensive description of the chemical properties in surface ecosystems will eventually
include a wide array of parameters (concentrations of elements and compounds) and processes,
varying both in time and space in several different media. Water is by far the most important medium
for transport, and the site investigations concerning hydrogeochemical properties in the surface
system have so far concentrated on obtaining analyses of samples from surface water and near-
surface groundwater. The site investigation programme for 2005 is planned to include analyses of
chemical properties also in the overburden and in biota. No new information concerning chemical
properties of precipitation or atmospheric deposition in the Simpevarp area is available for the
current version of the site descriptive model.

The results presented in this chapter represent only a part of the total data produced within the
programme, and the aim is mainly to give a first characterisation and understanding of the site-
specific data. The surface water sampling programme is described in detail in /Ericsson and Engdahl
2004a,b/, together with a compilation of primary data from the first year of sampling. For the current
modelling, all available data at the Simpevarp 1.2 data freeze have been included in the analyses,
unless an explicit statement to the contrary is made. However, since no thorough evaluation of the
surface water chemistry in the regional model area has been performed yet, some of the results
presented here rely on the report by /Ericsson and Engdahl, 2004a/.

4.2.4 Biota

Terrestrial producers

The descriptive model contains a large number of components that describe biomass, NPP (Net
Primary Production) and turnover of plant tissues. For information about the site specificity of the
data, where it is published and some information about the method used to estimate/calculate results,
see /Lindborg, 2005/. The sources from where the data are taken are also shown in Table 2-8.

Terrestrial consumers

Site-specific data and generic data obtained from different reports are listed in Table 2-8. Other
data used, such as weight figures for many species and consumption data, have been gathered from
Internet sites, such as Svenska Jégareforbundet (Swedish Association for Hunting and Wildlife
Management), Jagarnas Riksforbund (The National Association of Huntsmen), BBC-Nature
wildfacts, and the Mammal Society. The production figures have been calculated very roughly

and are therefore associated with uncertainties.

Limnic producers

The Simpevarp area contains relatively few lakes. In total six lakes, situated partly or entirely within
the regional model area, have been investigated for habitat characterisation during the site investiga-
tions, and for some lakes there are also other biotic data. Many of the data has been collected during
2004, and the results from some of the investigations have not been reported yet. The most compre-
hensive dataset available at the time of the data freeze concerning limnic biota in the area is from
Lake Frisksjon, and the current description will give an account of data only from Lake Frisksjon.
Future versions of the surface description will compile all available data also from the other lakes, as
well as from streams in the area.

In the habitat characterisation, the borders between different habitats within the lakes have been
defined /Brunberg et al. 2004/. Phytoplankton data from three sampling occasions (July 2003,
December and April 2004) in lake Frisksjon 2003-2004 were available at the time of the data freeze
/Sundberg et al. 2004/.
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Limnic consumers

Zooplankton data from three sampling occasions (July 2003, December 2003 and April 2004) in lake
Frisksjon were available /Sundberg et al. 2004/. Benthic macroinvertebrates have been investigated
in two watercourses and four lakes in the Simpevarp area /Ericsson and Engdahl, 2004c¢/, while

fish data have been collected for four lakes in the area (Lake Jamsen, Lake Séramagasinet, Lake
Frisksjon and Lake Plittorpsgdl) in August 2004 /Engdahl and Ericsson, 2004/, cf. Figure 4-3. Here,
only an account of data from Lake Frisksjon is provided.

Marine producers

Data from six site-specific studies were used for the description of primary producers (Table 2-8).
All studies were a part of the ongoing site investigation programme.

The major source for the description of the shallow parts of the marine environment was the
vegetation map presented by /Fredriksson and Tobiasson, 2003/. This map is based on three different
data sets: (i) a general survey of 1,280 discrete sites with recordings of dominant macrophytes

and coverage, (ii) twenty diving transects and (iii) 40 video recordings and data from the nautical
charts. The map was drawn by hand and its accuracy is considered to be dependent on the density of
observations. Generally, there is a higher density of observations in the inner bays and coastal areas
and lower in the offshore area. The site observations and diving transects present data as “degree

of coverage”, i.e. the percentage of the sea bottom that is covered by macrophytes of a certain type.
Data on phytoplankton presented by /Sundberg et al. 2004/ were used as temporal averages from
three sampling occasions (December 2003, April and June 2004) in four areas. Data were presented
per taxon (or species) and in dry weight per litre. The sampling sites were the same as those used for
water chemistry samples taken during the year 2002.

Marine consumers

Data from five site-specific studies were used for the description of the consumers (Table 2-8).
All studies were part of the site investigation programme.

There are two main sources of biomass data used in the descriptions: (i) the vegetation mapping
study by /Fredriksson and Tobiasson, 2003/ where epifauna associated with the vegetation were
sampled, and (ii) a study of the soft bottom fauna by /Fredriksson, 2004/. The quantitative data
presented in these reports, i.e. biomass per unit biomass of vegetation (g dry weight per 100 g dry
weight) and biomass per unit area (g dry weight per m?), respectively, were used to calculate the
total biomass per functional group and basin. The species were grouped into functional groups
according to the classification given in /Kautsky, 1995/. The soft bottom fauna was sampled in

40 locations, and the result was presented per habitat, either vegetation community or bare sediment
in archipelago (inshore) or offshore.

425 Humans and land use

In order to arrive at an overall assessment of the human population and human activities in the
model area, a wide range of different human-related statistics were acquired from Statistics Sweden.
These statistics include data and times series on demography, labour, health situation, land use,
agriculture etc. Beside this, some additional information was searched for and acquired from other
sources, such as the National Board of Fisheries, the Swedish Association for Hunting and Wildlife
Management, the County Administrative Board. A detailed presentation of the data and results is
given in /Miliander et al. 2004/.
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4.3 Model of the overburden including Quaternary deposits
4.3.1 Background

The aim of the data evaluation presented in this section is to construct models of the surface and
stratigraphical distribution of the overburden in the Simpevarp regional scale model area. However,
the present data set only provide detailed information from the Simpevarp subarea and the remainder
of the Simpevarp regional model area (including the Laxemar subarea) will therefore have to be
more thoroughly analysed and discussed in conjunction with future model versions (after the data
freeze for version Laxemar 1.2).

The overburden includes marine and lacustrine sediments and peat. Knowledge of the composition
of the overburden is of crucial importance for the understanding of the hydrological, chemical

and biological processes taking place in the uppermost part of the geosphere. The overburden is
sometimes, for convenience, referred to as Quaternary deposits in the following text.

The topmost part of the overburden is referred to as soil. Soils are formed as a consequence of inter-
actions between the overburden, ambient climate, hydrology and biota over timescales of hundreds
to thousands of years. Different types of soils are characterised by horizons with typical chemical
and physical properties. It often takes many thousands of years for soil horizons to form. The
properties of the soils are of crucial importance for the composition and richness of the vegetation.

In Sweden, the soils formed after the latest deglaciation, which is a relatively short period of time for
soil formation. At the lowest altitudes in the Simpevarp area the time available for soil-forming proc-
esses has been even shorter, since these areas have quite recently been raised above the sea level.

4.3.2 The surface distribution and stratigraphy of Quaternary deposits

All known Quaternary deposits in the Simpevarp regional model area were formed during, or after,
the latest glaciation. The oldest deposits are of glacial origin and have been deposited either directly
by the ice, or by water from the melting ice. The whole regional model area is located below the
highest coastline and fine-grained water-laid glacial and post-glacial sediments have been deposited
in sheltered localities. In more exposed positions, the overburden has been partly eroded and
redeposited by waves and streams when the water depth became shallower, as a consequence of

the isostatic land uplift. The Simpevarp regional model area, in its present state, is a relatively flat
area with a coastline highly exposed to the Baltic Sea. Isostatic land uplift is still an active process
(2 mm yrt) and coastal processes are continuously changing the properties and distribution of the
overburden. Accumulation of gyttja clay is an ongoing process in the present narrow bays along the
coast. For a more detailed account of the present knowledge of Quaternary deposits in the Simpevarp
regional model area the reader is referred to /Lindborg, 2005/.

A relatively large part of the Simpevarp subarea (Figure 4-1) is characterised by exposed bedrock.
The areas situated at the highest altitudes are almost entirely characterised by exposed bedrock.
There are probably several reasons for the relatively low coverage of Quaternary deposits in this
area. One reason may be that a relatively small amount of glacial till was deposited in the area during
the latest ice age. Another reason is that large parts of the investigated area are exposed towards the
open Baltic Sea. This condition has caused erosion and redeposition of overburden by waves and
streams.

Glacial till is the oldest known component of the overburden in the area and was deposited directly
by glaciers during Quaternary. It may be assumed, but not concluded, that most of the till in the
regional model area was deposited during the latest glaciation and rests directly on the bedrock
surface. Till is the dominant Quaternary deposit and covers about 35% of the Simpevarp subarea

(cf. Table 4-1). The morphology of the till in the subarea normally reflects the morphology of the
bedrock surface. The thickness of the till varies between 0.5 and 4 m in the Simpevarp subarea. Most
of the till has a sandy matrix, but gravelly till also occurs.
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Figure 4-1. The superficial distribution of Quaternary deposits and bedrock exposures in the
Simpevarp subarea. Areas with a wave-washed surface layer and the superficial boulder frequency
of the till are also shown. The map has been produced at the scale 1:10,000 and shows deposits with
an area larger than 10x10 metres.

Table 4-1. The proportional surface distribution of Quaternary deposits and exposed bedrock in
the terrestrial part of the Simpevarp subarea /from Rudmark, 2004/.

Quaternary deposit Coverage (%)
Peat 1.89
Gyttja sediment 0.05
Glacial clay 1.06
Postglacial sand and gravel 5.80
Glacial till 35.04
Man-made fill 17.93
Precambrian bedrock 38.22

The distribution of bedrock and fine-grained deposits in the Laxemar subarea and its surroundings
are shown in /Lindborg, 2005/. Areas in-between the two surveyed subareas are probably dominated
by till (white areas on the map). An old map of Quaternary deposits in the whole regional model
area /Lindborg, 2005/, indicates that there is a more coherent till coverage in the south-western

and western part of the regional model area. The marine geological map indicates that only a small
fraction of the seafloor is covered by till (Figure 4-2). It is, however, possible that the till areas were
underestimated in those investigations.

Glaciofluvial deposits are restricted to the western and northern parts of the regional model area.
These deposits may have hydrological importance and will be a focus for studies during the
forthcoming investigations. Special focus will be put on studying the properties and extension of
a glaciofluvial deposit found in the northern part of the Laxemar subarea.



Peat covers c. 2% of the Simpevarp subarea and is restricted to some of the narrower valleys. The
peat is often found in mires, which are distinguished into two types: bogs and fens. The bogs are
poorer in nutrients than the fens. Fen peat is the most common peat type in the Simpevarp subarea.
There are, however, a number of small, but not raised, bogs, which often occur in depressions in
areas dominated by exposed bedrock. The bog peat is often underlain by fen peat. Results from the
soil investigation have shown that several wetlands in the Simpevarp regional model area consist of
peat.

The total depth of overburden, observed at 15 soil drillings and two weight soundings in the
Simpevarp subarea varies between 1.5 and 8.6 metres. The average thickness of these observations
is 3.6 m. The drillings were, however, carried out in the lowest topographical areas where the total
depth of overburden probably exceeds the average for the whole area.

The results from the marine geological investigation show that the thickest overburden cover is
restricted to long narrow valleys, but even here the total thickness of overburden is often less than
10 m. Also, according to the geophysical investigations carried out in the regional model area, the
thickest overburden is situated in the valleys.

The overburden cover in the higher topographical areas, characterised by numerous bedrock
exposures, is probably only one or a few metres thick at most. Further drillings, excavations and
geophysical investigations will give more information regarding the thickness of overburden,
especially in the Laxemar subarea.

Most of the stratigraphical information is at present concentrated to the Simpevarp subarea. A
general tentative stratigraphy for the whole regional model area has, however, been constructed
(Table 4-2, see also Table 4-3 on hydraulic soil domains). This stratigraphy is based on results from
the marine geological survey and older stratigraphical investigations in the Simpevarp regional
model area, e.g. /Borg and Paabo, 1984; Risberg, 2002/ and its surroundings e.g. /Svantesson, 1999;
Rudmark, 2000/. It may, however, need modifications in the future, e.g. if Quaternary deposits older
than the latest deglaciation are found. The glaciofluvial sediments have not yet been included in this
stratigraphy due to the lack of information.

Table 4-2. The stratigraphical distribution of Quaternary deposits in the Simpevarp regional
model area.

Quaternary deposit Relative age
Bog peat Youngest
Fen peat il

Gyttja clay/clay gyttja

Sand/gravel i

Glacial clay

Till i

Bedrock Oldest
4.3.3 Soils

The Simpevarp regional model area has, except for a short time period, continuously and monotoni-
cally been raised above sea level due to post-glacial land uplift (see Section 3.2.6). The lowest
investigated parts of the area are situated more than one metre above the present sea level and have
consequently been exposed to soil forming processes for at least thousand years.

The forthcoming soil map will give information regarding the relative distribution of the different
soil types. It is, however, possible to make some preliminary observations regarding the distribution
of soil types. Till is the most common Quaternary deposit in the Simpevarp regional model area
/Svedmark, 1904; Rudmark, 2004/. Podzol and regosol are the most common soil types in areas
covered by glacial till. It is, therefore, likely that these soil types also are the most common soil
types in the whole Simpevarp regional model area. Regosol and podzol are also common in areas
with coarse-grained glaciofluvial material.
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In the Simpevarp area, most wetlands have been above sea level long enough for a distinct peat layer
to form. Histosol is therefore the dominating soil type in the wetlands. This soil type is probably
common also in drained wetlands. Land used as arable land and meadows seems to be dominated

by gleysol and umbrisol. Gleysol is typically formed in areas with gyttja sediments, which seems to
be common in the inner parts of the Simpevarp subarea. These initial conclusions will be reviewed
when a comprehensive soil map has been developed.

4.3.4 Descriptive model

Two main type areas, with Quaternary deposits, can be distinguished in the Simpevarp subarea based
on the present knowledge. These two areas occur both on the present land and at the sea floor.

1) The highest topographic areas, which are dominated by exposed bedrock and till. Results from
the Simpevarp subarea show that small peat lands are common in these areas. The overburden in
these areas is generally one or a few metres thick. It is possible that small pockets with thicker
overburden occur.

2) Narrow valleys dominated by clay, which is underlain by till. The total thickness of Quaternary
deposits is several meters in these areas.

A relatively large part of the Simpevarp subarea comprises of exposed bedrock, especially at the
higher altitudes (cf. Figure 4-1). There are probably several reasons for the relatively low cover-
age of Quaternary deposits. One reason may be that a relatively small amount of glacial till was
deposited in the area during the latest ice age. Another reason is the fact that large parts of the
investigated area are exposed towards the open Baltic Sea. This has caused erosion and redeposition
of overburden elsewhere by waves and streams. The distribution of Quaternary deposits is mainly
an effect of the local bedrock morphology. It is mainly the highest areas that have been subjected to
strong erosion, but periods of erosion have occurred also in the lower areas. It is evident, however,
that long periods with deposition of fine-grained material have taken place in the lowest areas. The
processes of erosion and deposition are still active along the present coast and at the sea floor.

The erosive impact of streams and waves on the sea floor increases as the water depth progressively
decreases. In wave-exposed positions, the fine-grained fractions have, therefore, often been washed
out from the uppermost sequence of the till deposits, which then has a resulting stony and/or gravelly
surface layer. The material eroded from the older deposits, e.g. sand and gravel, is subsequently
deposited at more sheltered localities. Such deposits of sand and gravel often cover the glacial clay
within the investigated area. Results from the marine geological investigation show that the glacial
clay is covered by sand also at deep bottoms, which indicates a high carrying capacity of streams
also at large water depths (20-30 m).

After the deglaciation of the Simpevarp area, the sea level was c. 100 m higher than at present and
the whole area was consequently covered with water. Fine-grained sediments, such as glacial clay,
were deposited at the deep or sheltered bottoms. There are several distinct valleys in the Laxemar
subarea, which, according to interpretations from geophysics (electric conductivity) are comprised of
peat, clay or other fine-grained deposits. Also on the present sea floor, the deepest areas are covered
with clay (Figure 4-2). Post-glacial gyttja clay was, and still is, successively deposited in sheltered
bays along the coast. These gyttja sediments seem to be common deposits in the present bays along
the coast (Figure 4-2) and in the narrow valleys found in the inner parts of the Simpevarp regional
model area.

One important aim of future versions of the site descriptive model will be to describe and delineate
the glaciofluvial deposits, since these may have a significant hydrological importance. When more
data are available it may be necessary to define additional type areas, beside the two types used in
the current model version.
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Figure 4-2. The superficial distribution of Quaternary deposits and bedrock exposures on the sea floor.

4.4  Description of climate, hydrology and hydrogeology
4.4.1 Overview of data evaluation

This section gives a brief overview of the processing of primary data in the Simpevarpl1.2 modelling.
For a detailed presentation and evaluation of the meteorological, hydrological and hydrogeological
data used, the reader is referred to /Werner et al. 2005/.

In the Simpevarp 1.2 dataset, local meteorological data are available from a station on the island of
Aspo (established as a part of the site investigations) for the one-year period from September 2003 to
September 2004. During this period, the measured mean air temperature was 7.4°C and the measured
(uncorrected) precipitation 671 mm at the Aspo station. Both values are slightly larger than the
long-term average values reported by /Larsson-McCann et al. 2002/. The measured precipitation
corresponds to a corrected (“true”) annual precipitation of approximately 800 mm.
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The available hydrological data include simple discharge measurements in water courses, whereas
near-surface hydrogeological data include manual groundwater level measurements in groundwater
monitoring wells. Two other important contributions to the Simpevarpl.2 modelling are the deline-
ation and description of catchment areas /Brunberg et al. 2004/, and the hydraulic tests performed in
groundwater monitoring wells installed in Quaternary deposits /Johansson and Adestam, 2004/.

The boundaries of the 26 identified catchment areas in the Simpevarp area, which were controlled in
the field, are shown in Figure 4-3. These areas are further divided into 96 sub-catchments. Basic data
(including land use) of the catchment areas, and a description of the main water courses and lakes in
the area, are also available /Brunberg et al. 2004/. As the groundwater table in the area generally is
shallow /Werner et al. 2005/, the boundaries of the identified catchment areas (surface water divides)
are assumed to coincide with those of the corresponding groundwater divides used in the Simpevarp
1.2 quantitative flow modelling.

Hydraulic conductivity data for till (the dominating type of Quaternary deposit in the area, cf.
Section 4.3) are available from hydraulic (slug) tests /Johansson and Adestam, 2004/ performed

in 13 groundwater monitoring wells (11 in the Simpevarp subarea and 2 in the Laxemar subarea;
see Figure 2-2). The slug tests gave values of hydraulic conductivity, K, between 1.95x10-¢ and
1.83x10~* m s™. Based on the tests, the till is assigned a K-value of 1.5x10-° m s in the Simpevarp
1.2 modelling, which can be considered a low value compared to K-values of similar materials in
literature. For other types of Quaternary deposits in the area, generic (literature) data are currently
used to describe the hydraulic properties.
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Figure 4-3. Delineation and numbering of the 26 catchment areas in the Simpevarp regional model
area /SKB GIS, 2004/. The map also shows the locations of the 6 identified lakes in the area.

88



4.4.2 Conceptual and descriptive modelling

The conceptual and descriptive modelling of the meteorological, surface hydrological and near-
surface hydrogeological conditions in the Simpevarp area is presented in /\Werner et al. 2005/.

Five different types of hydraulic soil domains have been identified in the Simpevarpl.2 modelling
performed as part of the surface system modelling (Table 4-3). The Quaternary deposits are mainly
located in the valleys, whereas the higher-altitude areas are dominated by exposed bedrock, or thin
layers of till and peat (Figure 4-4).

The Quaternary deposits in the Simpevarp area are mainly located in the valleys, whereas the
higher-altitude areas are dominated by exposed bedrock, or thin layers of till and peat. Near-surface
groundwater flow mainly takes place in the valleys, and is of a local character within each catchment
area. The presently available “simple” discharge measurements indicate that the discharge in water
courses (located in the valleys) mainly takes place in association with precipitation events and/or
snow melt periods. In between these events/periods, the water courses are dry during long periods of
the year.

After data freeze for Simpevarp 1.2, continuous discharge measurements have been initiated in the
main water courses in the area. These measurements will provide much more detailed discharge data
for use in the forthcoming modelling work.

Table 4-3. Assignment of hydraulic properties to hydraulic soil domains (HSDs) in Simpevarp
1.2; detailed references to the literature data are given by /Werner et al. 2005/. Values within
parentheses are used in the flow modelling (cf. below).

Domains Type of Quaternary Thickness (m) Hydraulic Kn/Ky Specific Storage
(HSDs) deposit conductivity yield, coefficient
(Ky; m's™) Sv (=) Ss (m™)?
1 Till (sandy)* 0.5-3 (1) 1.5x10°° 1 0.16 0.001
2 Fine-grained glacial  ~ 1 (larger in 1x1010-1x10"® 1 0.03 0.001
and post-glacial some valleys) (1x107®)
sediments: clay > 1.5 on Avro (4)
and gyttja clay?
3 Sand/gravel? 02 10-10° 1 0.30-0.40  0.001
~3on Avro
4 Peat? 0.5-1 107-10* 0.1-3 0.44 0.001
Glaciofluvial < 30 (large esker  10“-10° 1 0.30-0.40  0.001
deposits: coarse in W part of reg.
sand, gravel? model area)

! Site-specific data from slug tests /Johansson and Adestam, 2004/.
2 Generic data from the literature.
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Figure 4-4. Schematic cross section illustrating the basics of the descriptive model of type areas and
domains. Not all identified type areas or domains are shown in the figure.
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4.4.3 Quantitative flow modelling

Quantitative flow modelling was performed in order to support the descriptive modelling and to
provide specific outputs (i.e. calculated flow rates) to other modellers within the surface system
modelling. The modelling included GIS-based hydrological modelling, in which the flow pattern is
determined by the topography only, and detailed modelling of surface hydrological and hydrogeo-
logical processes (evapotranspiration, surface water flow and subsurface unsaturated and saturated
flows) using the MIKE SHE code; these tools are described in /Werner et al. 2005/ where also
further references to code documentation are given.

The GIS model was used to investigate the locations of catchment area boundaries and water
courses, and to estimate discharges in the outlets to the sea. Another important model application is
the identification of recharge and discharge areas. Figure 4-5 shows the distribution of these areas

in the regional model area, calculated by the GIS model. The results show that the detailed locations
of recharge and discharge areas are strongly influenced by the local topography, which creates a
small-scale recharge-discharge pattern within most of the regional model area.

In Figure 4-5, areas of other colours than blue and red are “intermediate areas”, i.e. neither recharge
nor discharge areas. It should be noted that the spatial extents of recharge, “intermediate” and dis-
charge areas depend on definitions made by the modeller. In this case, recharge areas were defined
such that their extent represented a minimum at the used grid resolution (10 m by 10 m), whereas
areas receiving water from an upstream area larger than 0.05 km? were defined as discharge areas.

Process-based modelling with the MIKE SHE code was performed for a model area corresponding
to the “Simpevarp 7” catchment area, i.e. the area where Lake Frisksjon is located. Regional,
high-resolution data for a selected year (1981), identified by /Larsson-McCann et al. 2002/ as
representative for the Simpevarp area, were used as meteorological input. Furthermore, data from the
Simpevarp 1.1 hydrogeological modelling were used to describe the rock underlying the Quaternary
deposits down to the bottom model boundary at 150 metres below sea level.

As an example of the results from the process-based modelling, Figure 4-6 shows “snapshots” of
the distribution of recharge and discharge areas during a wet (left) and a dry period of the modelled
year. It can be seen that the distribution of permanent recharge (higher-altitude) areas and permanent
discharge areas (e.g. Lake Frisksjon and the water course in the valley) depends on the topography.
However, in “intermediate” areas the results show that the extent of recharge and discharge areas
varies during the year, due to the temporally variable meteorological conditions.

The total (corrected) precipitation during the selected representative year was 576 mm, whereas

the calculated total evapotranspiration (averaged over the model area) for the one-year period was
nearly 430 mm. The total runoff, i.e. discharge from the model area to the sea, was calculated to
150-160 mm/year (depending on how flow crossing model boundaries at depth was handled), which
is within the range of the estimates (150-180 mm/year) provided by /Larsson-McCann et al. 2002/.

Given the present status of the modelling these results should not be taken as a confirmation of the
previous estimates, or as evidence supporting better constrained site-specific estimates of the main
components of the water balance. The modelling was performed for only a part of the regional model
area using regional meteorological data, and no site-specific data, neither groundwater levels nor
surface water discharges, were available to test the model. Longer time series of meteorological data
and discharge data from the recently initiated measurements will, together with groundwater level
measurements and additional data on hydrogeological properties, provide a basis for updating the
water balance calculations in future model versions.
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Figure 4-5. Identification of recharge- and discharge areas using a GIS model. Areas with colours
other than blue and red are ““intermediate areas™, i.e. neither recharge nor discharge areas based on
the definitions of those in the modelling.
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Figure 4-6. Example of results from detailed process modelling of the Simpevarp 7 catchment area
using MIKE SHE, illustrating the calculated distribution of recharge- and discharge areas during a
wet (left) and a dry period. In the interpretation of the results, yellow and red areas are defined as
discharge areas.
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45 Chemistry
45.1 Methodology

Data on surface water chemistry has been collected biweekly to monthly from October 2002, and
the sampling programme includes 18 stream, 4 lake and 4 sea sampling sites. Analysed parameters
include, for most samples, major cations and anions, nutrients, organic compounds and O,. Water
temperature, pH, conductivity, salinity and turbidity were determined in the field. Moreover, trace
elements were analysed for one sampling occasion (June 2003) whereas stable and radiogenic
isotopes were analysed at 1-4 sampling occasions per year. For a more detailed description over the
parameters analysed in the site investigation programme, see /Lindborg, 2005/.

Data on near-surface groundwater have been collected from 13 wells (shallow boreholes), all
situated in the Simpevarp subarea. Each well has been sampled once, springs of 2003 or 2004. The
forthcoming groundwater chemical program will include a series of analysed samples from each
well, and an evaluation of the seasonal variation in groundwater chemistry will be performed later
when longer time series are available.

Data on the water chemistry of precipitation have been collected regularly from one sampling loca-
tion; however, no evaluation of the chemical composition of the precipitation has been performed
yet. No data on the chemistry of the overburden or in biota has so far been collected in the site
investigations.

4.5.2 Description and conceptual model

Surface water

The lakes and streams in the Simpevarp regional model area are, similar to most surface waters in
the northern parts of the County of Kalmar, relatively poor in nutrients while they are rich in organic
matter, mainly humic compounds, which give the water a brownish colour. The catchment areas in
the regional model area are generally small, which means that some of the streams periodically show
very low discharge, or are even ephemeral. Most of the surface water from the regional model area
drains into a few, relatively confined, coastal basins, and the water chemistry of these basins will
therefore differ considerably from the water chemistry of the outer parts of the archipelago.

Generally, the stream sites in the regional model area show only minor differences from average
values for the 26 stream sites in the County of Kalmar which were included in the National Survey
of lakes and streams, performed in 2000. Only a few lakes are situated within the regional model
area. Four of these, Lake Frisksjon, Lake Jamsen, Lake Séramagasinet and Lake Gétemar, cf.

Figure 4-3, are included in the programme for surface water chemistry. In a regional comparison

(see /Lindborg, 2005/ for details), nutrient concentrations in the first three lakes are intermediate and
they can be characterised as mesotrophic with brown water. Lake Gotemar shows considerably lower
concentrations of nutrients and can be classified as an oligotrophic clearwater lake.

The five investigated sea sites can be divided into two different types. The first type represents the
open sea and outer archipelago and consists of three sites; Krakelund, Eké and Fageldfjarden. These
sites are situated quite close to the open sea and show similar electrical conductivity and similar
concentrations of most analysed parameters. The other type of site is situated in relatively confined
bays close to the mainland and consists of two sites; Borholmsfjarden and Granholmsfjarden.

These sites show lower concentrations of ions than the open sea sites, whereas the concentrations

of organic compounds and nutrients, especially the nitrogen fractions, are considerably higher. For
a comprehensive compilation of selected chemical parameters in stream, lake and sea sites in the
regional model area of Simpevarp, the reader is referred to /Lindborg, 2005/.

Near surface groundwater

The chemical composition of the near surface groundwater is an integrated result of both present
and past processes (cf. Section 3.2). Results from the investigation of surface groundwater chemistry
in the Simpevarp subarea are summarised in Table 4-4. The results for Mg, Ca, HCO;, ClI, SO,,

Mn and pH were compared with the median values for groundwater from open aquifers in till, or
wave-washed sediments situated on the west and south coasts of Sweden /Naturvardsverket, 1999/.
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Table 4-4. The chemical composition of surface groundwater in the Simpevarp subarea. The
samples were collected in 13 wells completed in the overburden during the springs of 2003 and
2004.

Average Median Max Min N
Na (mg/l) 34.4 10.1 232 4.6 13
Ca (mg/l) 33.2 30.2 91.2 9.1 13
Mg (mg/l) 10.1 9.2 28.8 2.3 13
HCO; (mg/l) 113 82 371 2 15
Cl (mg/l) 25.3 7.1 157 3.2 13
SO, (mg/l) 35.1 154 130 41 13
Si (mgll) 11.4 10.8 22.2 4.9 13
Mn (mg/l) 0.80 0.3 6.0 0.09 13
Li (mg/l) 0.018 0.015 0.041 0.009 11
Sr (mg/l) 0.13 0.10 0.28 0.03 13
Cond. (mS/m) 38.8 25.7 121 11.9 13
pH 6.8 6.51 7.91 6.28 13

The results from the Simpevarp subarea were also compared with values for the whole of Sweden
/Aastrup et al. 1995/. These comparisons show that the chemical composition of the groundwater
is normal in most of the wells, except for Mn which shows one order of magnitude higher median
concentrations than the normal /cf. Naturvardsverket, 1999/. For a more detailed discussion of the
results, see /Lindborg, 2005/.

4.6 Biota
4.6.1 Terrestrial

Producers

The vegetation is the dominant biotic component of the terrestrial environments making it the

most important primary producer. The vegetation is strongly influenced by the characteristics of
the bedrock, Quaternary deposits and human land management. The bedrock mainly consists of
granites. The Quaternary deposits are mainly glacial till, silt and clay, the latter two deposited in the
valleys. This pattern is clearly manifested in the vegetation, where pine forests dominate on till, and
all the arable land and pastures (abandoned arable land) are located in the valleys. The dominating
wetland type is the poor mire (low in nutrients) that is accumulating peat /Rlhling, 1997; SNV,
1984/. As a consequence of the forestry activities in the area, there are a lot of clear-cuts found in
different success ional stages. The spatial distribution of different vegetation types is presented in the
vegetation map. A more detailed description of the different vegetation types is found in /Lindborg,
2005/.

Species composition and red listed species

The flora in this region has been investigated within the project “The flora of Oskarshamn” /Rihling,
1997/. The flora has also been investigated using the same methodology for taxa as “National survey
of forest soil and vegetation” /Andersson, 2004/. All red listed plants from the site are presented in
/Kylékorpi, 2004/. Further information concerning the red listed species is presented by /Berggren
and Kylakorpi, 2002/.
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Protected areas

A number of sensitive areas of conservational interest are located within the regional model area.
Some areas have an extensive protection whereas others are so far unprotected but are under
planning. These areas are listed in /Kylakorpi, 2004/. There are today three areas that are legally
protected as nature reserves. These are Stenhagen, Talldungen and Misterhults archipelago (more
information about the nature reserves and other protected areas can be found in /Lindborg, 2005/.

Woodland key habitats

Woodland key habitats are areas where red listed animals and plants exist, or could be expected to
exist /Nitare and Norén, 1992/. A nationwide survey of these habitats has been conducted in Sweden
administrated by the Swedish Board of Forestry /SBF, 1999/. As a complement to this survey, SKB
initiated a more comprehensive survey in the Simpevarp area. In the latter case, a total of 46 habitats
were identified with a total area of 61 ha /Sturesson, 2003/. The dominating key habitat type in the
area, both in number of objects and total area, is old semi-natural grasslands or meadows with old
pruned (“hamlade” in Swedish) deciduous trees in close proximity to old settlements.

Descriptive biomass and NPP models — introduction

The vegetation constitutes a major part of the living biomass and comprises the primary producers
in terrestrial ecosystems. The biomass and necromass will therefore be an important measure of how
much carbon may be accumulated in a specific ecosystem. Similarly, the net primary production
(NPP) will be an estimate as to the rate at which carbon (and other elements) is incorporated in
primary producers. Thus, combining net primary production and decomposition rates will give

a rough estimate of the carbon turnover in the ecosystem. The primary producers covering the
terrestrial landscape are described using biomass and NPP in order to feed a conceptual ecosystem
model with data (cf. Section 4.10). This section describes the components, the resolution and the
methodology that is used to build the quantitative descriptive models of biomass and NPP that are
further treated in 4.10.

The plant biomass in an area consists of a number of different components that all have to be
measured, or estimated, in order to correctly estimate the total biomass (Figure 4-7).

The photosynthesis provides the carbon and the energy that are essential for most important proc-
esses in ecosystems. The measure of photosynthesis at an ecosystem level is termed gross primary
production (GPP). Approximately half of the GPP is respired by plants to provide the energy that
supports the growth and maintenance of biomass /Chapin et al. 2002/. The net carbon gain is termed
net primary production (NPP) and is the difference between GPP and plant respiration. However,
GPP cannot be measured directly and total respiration is difficult to measure, especially in multi-
species forests /Gower et al. 1999/. The different components constituting the NPP for a certain
ecosystem may be measured separately /Clark et al. 2001/ (Figure 4-8).

Biomass companenis
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Figure 4-7. The different components of biomass in a forest.
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Figure 4-8. An illustration of the different pools and fluxes of matter in a terrestrial ecosystem with the
focus on the producers. Boxes with broken lines are consumers.

NPP is sometimes (e.g. for trees) equated to the net accumulation of biomass during one year. In
those cases, the NPP and the biomass turnover are different. Sometimes the NPP and turnover are set
equal, as a simplification, implying that there is no net accumulation of biomass between years.

Quantitative descriptive models

Below the methodology and procedure applied in the modelling are tentatively described. The results
are given in /Lindborg, 2005/ and the quantitative figures are used in the corresponding terrestrial
ecosystem model, as described in Section 4.10.

Tree layer

Biomass and NPP for four fractions of the tree layer have been calculated (woody parts (above
ground), green parts, coarse roots and fine roots). Furthermore, the annual amount of litterfall and
other falling components have been calculated for four forest classes. The forest classes used to
describe the tree layer (young-, dry- and old- coniferous forest and deciduous forest) and the GIS
sources from which the information has been obtained to construct the classes are described in
/Lindborg, 2005/, as well as the methodology and the data used in the calculations.

Shrub layer

Biomass and NPP of the shrub layer have been calculated. Field inventories /Andersson, 2004/
indicated that the shrub layer most often is insignificant when a tree layer is present in the area.

A habitat that had a very significant shrub layer was clear cuts of varying age where Betula pendula
(silver birch) is very dominant. Salix sp. can be abundant on mires and was identified by /Boresjo
Bronge and Wester, 2002/ in their shrub layer. Therefore, the focus is on Betula (Birch) and Salix
(Willow) in the shrub layer. However, due to lack of biomass and NPP data for Salix sp. (willow sp.)
the values for Birch are used throughout.

The classes used to describe the shrub layer and the GIS sources from where the information was
obtained to construct the classes is described in /Lindborg, 2005/ jointly with the methodology and
the data used in the calculations.
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Dead wood

The biomass of dead wood has been calculated according to the description in /Lindborg, 2005/, and
is presented in dw gC m-2 for different vegetation types.

Field and ground layer

Biomass and NPP of the field and ground layer have been calculated. The classes used to describe
field and ground layer and the GIS sources from where the information is obtained to construct the
classes is described in /Lindborg, 2005/ as well as the methodology and the data used in the calcula-
tions. The results, assigning biomass and NPP values in dw gC/m? and dwgCm-2y-tfor the different
field and ground layer classes are presented in /Lindborg, 2005/.

Fungi/mycorrhizae

Biomass and NPP for fungi in the forest habitats (young-, dry- and old- coniferous forest and
deciduous forest) have been calculated according to the approach described in /Lindborg, 2005/.

Consumers
Mammals

The most common mammal species in the Simpevarp regional model area is roe deer (5 deer/km?)
/Cederlund et al. 2004/. Moose is also fairly common (0.8 moose km2), but unevenly distributed,
which is normal for this part of Sweden due to hunting pressure, snow depth and distribution of food.
European and mountain hare are fairly low in abundance, compared to other regions (see Table 4-5).
A more detailed description of the mammals is found /Lindborg, 2005/.

Birds

In total, 126 species were found in the regional model area in 2003 (112 in 2002), and 28 of these
are noted in the Red List as endangered bird species in Sweden /Green, 2004/. The most common
species on land were Chaffinch and Great Tit. A major part of the nesting species were small birds,
associated with the open or semi-open landscape.

Cattle

A significant part of the terrestrial biomass for consumers in the Simpevarp area is domestic animals.
There were 4.3 cows and calves per km? in the Simpevarp area /Miliander et al. 2004/, which can be
compared with the densities given in Table 4-5.

Table 4-5. Estimated abundances of mammal species in the Simpevarp regional model area
/Cederlund et al. 2004/.

Species Animals per km?
European hare (field) 3.51

Mountain hare (forest) 0.52

Fox Observed
Marten (Swe: Mard) 0.13

Mink Observed
Moose 0.8

Red deer 0.03

Roe deer 5.0

Small mammals field (mice and voles) 2,200

Small mammals forest (mice and voles) 3,110
Wild boar 0.26

No observations of Badger, Beaver, Fallow deer, Lynx, Otter or Wolf were made during the investigations in 2003.
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Amphibians and reptiles

Site-specific data concerning the species that are likely to occur in the Simpevarp area have been
obtained through field studies by /Andrén, 2004a/. There are no site-specific density data for
amphibians and reptiles. Generic data concerning these species have been obtained from /Andrén,
2004b/. These data are compiled in /Lindborg, 2005/.

Soil fauna

Three examples of soil fauna densities and biomass figures have been obtained from Tryggve
Persson, professor in Soil biology at SLU. The three examples come from a pine moor in
Gastrikland, a deciduous forest in Uppland (Andersby-Angshacka in Dannemora) and a grassland
in Uppland /Lohm and Persson,1979/. The densities and biomass for the different soil species are
given in /Lindborg, 2005/.

Quantitative model

A carbon budget for the terrestrial consumers in the drainage area of Lake Frisksjon has been
calculated based on the site-specific density data for mammals and humans. There is no active
agriculture in the Lake Frisksjon drainage area, but as there is some grazing- and arable land in the
area, five milk cows have been included in the model. The applied methodology with carbon pools
and flows are presented in /Lindborg, 2005/. The results are illustrated in Figure 4-9 and the numbers
are used in the terrestrial ecosystem model, described in Section 4.10. No biomass figures have been
calculated for birds, as no site-specific density data are available for Simpevarp 1.2.

Figure 4-9. A carbon budget for the terrestrial fauna in the Lake Frisksjon drainage area
(Simpevarp 7), expressed as gC m=2 y 2,

97



4.6.2 Limnic producers

Methodology

The lake characterisation includes, besides the identification of watersheds, a recording of lake
morphometric parameters using a Differential Geographical Position System and an echo-sounder
equipment /Brunberg et al. 2004/. From these data, bathymetric maps, depth grids were constructed
for each lake. Using the same equipment, the distribution of different lake habitats was determined in
the field.

Phytoplankton was sampled at 12 occasions during the period July 2003-June 2004 /Sundberg et al.
2004/. Three of the samples were analysed (July and December 2003, April 2004). Phytoplankton
samples were taken with a so-called “Ramberg-ror” (a 2 m tube sampler with a diameter of 3.5 cm).
Five sub-samples were taken within a radius of 50 meters. Species composition and biomass of
phytoplankton were determined using an inverted phase-contrast microscope.

Description/models

The lakes in the Simpevarp area have been divided into five different habitat types; the Littoral
types I, I and III, Pelagial and Profundal /Brunberg et al. 2004/.

Littoral type I: The littoral habitat with emergent and floating-leaved vegetation. This habitat is
developed in wind-sheltered, shallow areas where the substrate is soft and allows emergent and
floating-leaved vegetation to colonise.

Littoral type I1: The littoral habitat with hard substrate. This habitat develops in wind-exposed areas
of larger lakes, but also in smaller lakes, where the lake morphometry includes rocky shores. The
photosynthesising organisms colonising these areas include species that are able to attach to the hard
substrate, e.g. periphytic algae.

Littoral type I11: The littoral habitat with submerged vegetation. This habitat is found in deeper areas
of the lakes, where light enough to sustain photosynthetic primary production penetrates down to the
sediment.

The profundal habitat: This habitat develops in the sediments of lakes where light penetration is
less than that required to sustain a permanent vegetation of primary producers. Non-photosynthesis-
ing organisms dominate this habitat. The profundal organisms are dependent on carbon supplies
imported from other habitats of the lake, or from allocth sources.

The pelagic habitat: This habitat includes the open lake water, where a pelagic food-web based

on planktic organisms is developed. Depending on the availability of light, these plankton are
dominated by either photosynthetic production (i.e. by autotrophic phytoplankton) or, if the water is
strongly coloured or turbid, by heterotrophic carbon processing (e.g. by heterotrophic or mixotrophic
bacterioplankton and phytoplankton). The pelagic habitat covers the same area as the sum of areas
corresponding to littoral type I, littoral type 111 and profundal habitats within a lake.

Below, the habitat characterisation of Lake Frisksjon is presented. The same types of data are
available for the other 4 investigated lakes, i.e. Lake Fjallgol, Lake Plittorpsg6l, Lake Jamsen and
Lake Soramagasinet, Figure 4-3.

Lake Frisksjon

All five major habitats are present in Lake Frisksjon (Figure 4-10). Despite the relative shallowness
of this lake (maximum depth 2.8 m), the brown colour of the water prevents light from penetrating
some parts. Thus, the profundal habitat covers a substantial part of the bottom area (41%). The
dominant littoral habitat is of type IlI.

The highest phytoplankton biomass in Lake Frisksjon was recorded in July 2003 (5.2 mg ww L™1).

In December 2003, the biomass was 0.1 mg ww L and in April 2004 biomass was 0.4 mg ww

L-t. Compared with other humic lakes, phytoplankton biomass in July was very high, whereas the
values for December and April were very low. Dinophytes dominated phytoplankton biomass in July,
whereas diatoms dominated in December 2003 and in April 2004. The results are reported in more
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Figure 4-10. Distribution of major habitats in Lake Frisksjon /Brunberg et al. 2004/.

detail with tables and figures in /Lindborg, 2005/. Several species found in Lake Frisksjén are typical
for humic lakes. Moreover, several species of bluegreen algae (cyanophyceae) were recorded from
the lake, although in very low biomasses, and none of the observed species has been documented as
potentially toxic.

4.6.3 Limnic consumers

Detailed information on the composition and biomass of zooplankton, benthic fauna and fish in

Lake Frisksjon are found in /Lindborg, 2005/. The fish community can be regarded as typical for
small brownwater lakes in the area. It contains six species (with Swedish translation in italics); perch
(abborre), bream (braxen), ruffe (gars), roach (mort) and pike (gadda), of which perch is dominating
both in number and in biomass.

4.6.4 Marine

The marine system in the Simpevarp area encompasses three major habitats; enclosed bay areas (to a
varying degree affected by the fresh water discharge), coastal archipelago with sheltered areas, and a
Baltic Sea coastal habitat 