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Modellering under KPLU

- DF 2.1

— Syfte; Identifiera databehov
— Ingen komplett modellering
— R-06-38

 DF2.2

— Bas for modellering,
leverans till projektering
(D2) och SDM-Site.

— Omfattar alla hal i prioriterat
omrade forutom sent
beslutat borrhal KFMOSD.

 DF 2.3

— Kompletterande/verifierande
analyser

— Nya hal; KFM08D, KFM02B,
KFM11A, KFM12A
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SDM-Site main report

R-07-47

R-07-45 RSTao
Main references (level I1)
Geology Rock mechanics Thermal properties
e —— "
Hydrogeology Hydrogeochemistry Transport properties

. Surface system Evolutionary aspects Confidence statement
Del ivery to
Repository

Engmeel’i o R-07-48 Other references
Geology i (level 111)

* Fracture domain report

« Stochastic modelling of
fractures and minor
DZ’s

*Background
complementary studies

«Complementary/verifica
tion analyses based on
DF2.3

*Bedrock geological map
at the surface

Hydrgggmggx
» Hydro DFN

modelling and DZ

N\ Hydraulic properties

modelling

N

Hydrogeochemistry

* Fracture minerals and

) altered rock

/

Rock mechanics
* Forsmark insitu stress

*Complementary/verificati
on analyses based on
DF2.3

Transport Surface system
« Retardation model * Hydrology

* Flow related * Chemistry
transport properties « Regolith

* From bedrock to

Thermal surface transport

*Complementary/verif
ication analyses based
on DF2.3

* Ecosystems (3)
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Bergdomaner/bergarter

o
ik
2

Bergdomaner

— Sammansattning,
kornstorlek, grad av plastisk
deformation

— Data fran ytkartering,
geofysikdata, borrhalsdata

RFMO029, RFM045

Metagranit och omvandlad
(albitiserad) metagranit

HOg kvartshalt

Underordnade bergarter ; t ex
amfibolit

Verifikation av tidigare modell
R-07-45
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Frequency

Az0

080

Bergarter och termisk konduktivitet

Data
— Laboratorieméatningar

— Beraknade; mineralsammansattning
(modalanalyser) och referensvarden

RFMO029, RFM045

— Hoga medelvarden ~3.6, 3.5 W/(m,K)

R-07-47

Domain 28 - 1 m upscaled to 5m
Mumber of Data
mean
T std. dev.
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000 I_.il'll'l[_|_||mﬂ-l [

Number of Data 400000
mexan 3 A070

std. dev. 3001

coaf of var 0861
maximum 41778
upper quartle 3.6804
metian 3.5663
ower quartile 33840
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Deformationszoner

Data: Geofysik (helikopter),
markmagnetiska, reflektion, refraktion,
borrhal, mm

* Vertikala och flacka zoner

* Konceptuell modell fér zonernas
bildning och utveckling

« Stabil modell for vertikala zoner > 3km

« Fa andringar vertikala zoner 1 — 3 km
(NNO och ONO)

- Fa andringar i flacka zoner (A2/F1)
 R-07-45

Depth (km}

-2100 m

300 (WNW) HFMo2 120 (ESE)
HFM27 —
HFMZ20 = ~ HFMO1
HFM28 — | | — HFM15
HFM23 | | || ~HFM14
41 12034 +

s S |
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Sprickdomaner

2

Prioriterat omrade; FFMO01, FFM02
och FFMO06

Ytnéara berget (FFM02) skiljer sig fran

berget pa djupet (FFM01, FFMO06)

Geologisk definition av FFM’s;
integrerat med andra data (R-07-15)

Stokastisk modellering av sprickor
(DFN) for varje doman (R-07-49)

-1100 m

Profile 1 (drill site 6)

Start of channel Drill site 6
310 (NW east of nuclear
reactors 1-2
Om fyeemrs

K ".:-':"-\F::Mm \
o ’& | (RFMO29)
e

130 (SE)

Profile 2 (drill sites 8 and 2)

Channel
eastl of Drill site 8 rill site 2
nuclear
310 (NW) Feactons 1.2 130 (SE)
om o ()
; i n FFMO3 (RFMO29)
B FFMOT (RFM029) s
o 1l 2 SSSsEsEN_
~500 m elevation zll'll' %l&l‘l z;M:I:="=-=?=‘-‘I
\\ g e
i) Il Sl
\ ’I’l m FFMO1 (RFMO29)
-1100m £ 1]

sk

500 m

500 m
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Deformation modulus [GPa]

Bergmassans egenskaper
Medelvarden — Empirisk metod

Em(RMR)

80
70 -
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50 1
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30 |
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10

Dz

sk

MDZ

PDZ FFMO1 FFMO2 FFMO3 FFMO6

Uniaxial compressive strength [MPa]
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MethOdOIOgy applied to SITE INVESTIGATION PHASE

Surface based

eStab“Sh a StreSS model IN SITU STRESS PROGRAM

. INFLUENCING FACTORS | GEOLOGICAL MODEL
for the Forsmark Slte -Topography - Plate tectonics
. . - Glacial rebound - Fault kinematics
/Martln’ 2007’ In prep./ - Crustal thickness :Igll;tlllilfcc_l;gy
¥ .
* Extensive study of geological ehote breskons || overcorma
Condltlons and Other |nf|UenC|ng - Core disking —Hydraull'cfgracturing
factors - Microcrack studies -HTPF

1 . |

-

NUMERICAL EVALUATION

* Auditing of measuring results and
indirect stress indicators Regional scale geoloay N
- Local scale geology <—| Auditing

® NumerICa| eva|uatI0nS - Borehole breakouts

L . - Core disking
 Conclude sufficient confidence to
give recommendations for design.
Consistency Results not consistent

* In preparation for construction and check
verification of the design

assumptions, the following Design o~
Step should prepare a plan for DESIGN
stress measurements during

construction. @ Y

CONSTRUCTION

- Underground stress
measurements & Back analysis
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Tilltro till spanningsmodellen

T . KFMO1A

* Mycket homogen geologi |

sprickdoman FFMO01

Stor spridning och variabilitet i
spanningstillstdnd inom den 6vre delen
av bergmassan, sprickdoman FFMO02

Orientering av storsta
horisontalspanningen mycket
konsistent inom prioriterat omrade,
oavsett metod. Sammanfaller med
storsta deformationsriktningen i
omradet

Inga signifikanta tecken pa
spanningsinducerade brott i borrkarnor
eller borrhalsvaggar ner till 1 000 m
djup hjalper att granssatta den storsta
mojliga spanningsnivan

sk

KFMo1B KFMOSA

KFM08B KFMO7A

! | =

i‘ ‘“FFMOZT f FFMO03
7 \ \
Reposﬂory ZF’"//VE
FFMO1 004
ZFMNE0060

Orientation of major horizontal stress

mm) HF 2006 (DS 7) 125°
mm) OC and stress model 145°
HF 2004 DS 1, 2, 4) 125° - 143° T80 —
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Spanningsgradienten ar
kopplad tiill den minskade 0 g
frekvensen 6ppna sprickor mot

djupet.

Osakerheten ar storst i det mer
uppspruckna berget i
sprickdoman FFMO02

Spanningsmagnituden ar hég
redan pa 100 m djup, men 600 |
gradienten mot djupet ar liten.

Stor spridning i data beror pa &0}
olika osakerheter | anvanda

metoder

Spanningsmodell

Horizontal Stress at Azimuth 145° (MPa)

T T 0 ———r
. ,5;3 l{:? Poog
K ‘ . o 0
\ %‘ FFMo2 o FFMO2
v —_———— —_———
a0l @ FFMO1 o0 | B . P Frmod
( 0 0
06\ ' -
" Ao "Ae
ohd Bk et A---=--- _. 400 Yomemmsmm--
~ Repository Depth A g é \
£ S0 0 -
o _ 5 ., . Proposed
a p
8 Likely range ‘,‘ m:?; 8 Likely \\ l’:f‘gf:f Repository
Eslimated\\\i 600 r fange Depth
Trend \
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\ \ /rend
\ \
\ 800 - .
\ \
Calculated \
\
ga\culaty @ 0vercore | Overtical / \ :Ggan )
vertical \ @ Overcore
1000 AMeanct \ 1 1000 \

(c) Horizontal stress Azimuth 145°

Horizontal Stress - Azimuth 55° (MPa)
0 20 40 60

(d) Horizontal stress Azimuth 55°

s; Bedomd
max-
spanning

bktober 2007




Hydrogeologiska egenskaper (1)

Elevation (m RHB70)
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« Stokastisk modell for vattenférande sprickor (hydrogeologisk
DFN)
» FFMO1 uppdelad i 3 nivaer:
— Ned till = 200 m
— Mellan -200 och -400 m
— Under 400 m
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Hydrogeologiska egenskaper (2)

pring

Mimrrum pancipal stress = verbcal N ¥ o Z
! R 140~ hori

Deformation zone transmissvity (m?/s)
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Hydrogeologiska egenskap_er (3)
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Grundvattenflode - koncept

10
1 Water

(low K) 2 Gyttja
P E 1 Sand and gravel
(low K) 1 Clay
1 Till layer 1

m Till layer 2
m Til layer 3
1 Bedrock

Lake

Low fracture intensity

-100 | e — |

0 100
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Hydrogeologisk simulering av grundvattnets
historiska utveckling

NW : SE
QOutcropping gently- }

dipping fractures zones

Extensive near-surface ] ...
} of high transmissivity

horizontal sheet joints
of high transmissivity
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Ytsystemet | Forsmark

N ——

| ®
1

| Omradet praglas av:

Narhet till havet

Platt topografi + landh6jning =
"unga” landomraden (<2000 ar)

Havspaverkan pa landomraden

Kalkrika avlagringar, ofta med lag
vattengenomslapplighet

Hydrologin praglas av platt topografi
och horisontella spricksystem i
berget

— sma avrinningsomraden, sma
vattendrag, grunda sjoar

— korta flodesceller for grundvattnet
— liten instromning av gv till djupet
— inga indikationer pa regional gv-
utstromning i landomraden
Ovanliga naturtyper och forekomst
av skyddsvarda arter

b Platsbeskrlvnmg / modellerlng

e,

¥ T
E AT

R |

detaljerade underlagsrapporter pa gang:
Hydrologi

— Ytvatten och ytligt grundvatten s
(ytvattenavrinning, grundvatten-
nivaer, modellerade floden)

Avlagringar T

— Yttackande karaktarisering,
maktighet och stratigrafi

Kemi i yt- och grundvatten

— Forhallanden, processer och e
amnestransporter pa landskapsniva

Transport — berg till yta

Ekosystemen
— terrestra, limniska och marina
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