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Fennoscandian Shield - evolution
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Of great importance...

® Assurance of the long-term stability of geological environment
> In the siting process...

significant impacts very slow but constant accumulation of
to be precluded potential impacts NOT to be precluded

climatic change
uplift/subsidence

‘ sea-level change
volcanic activity

\ fault movement

earthquake

= Development of a set of analyses / arguments to demonstrate if key
safety functions are adequate not only at present but also into the
future —understanding of site evolution
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Palaeohydrogeological evolution

B An understanding of the site
evolution is gained by studying the
palaeohydrogeological evolution of fienitg o
the area, defining temporal and
spatial changes of various Uploading
characteristics, events, and
processes over geological time, up  compaction
to the present.

B An understanding of the

Ice sheet
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change
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. transition
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e”esis

pal aeo hydro_geologlca_tl evolution pf Tectoics  (3) =g, ‘Sl and “cegroo o
the site provides the firm foundation Mixing” of groundwater ? Heat flux
to describe the likely future evolution After Chapman & McEwen (1993)
of the site.

— =

The geosynthesis methodology can provide the framework for
the studying of the palaeohydrogeological evolution of a site
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Of particular concern...

® Global sea-level changes

» Drop up to 150 m during the last ice age
» Rise currently but drop in the future by return to ice-age conditions?

i

sea level +80 m present sea level - 150m

fresh water saline water

=» Extremely dramatic changes to hydraulic / hydrochemical
conditions at coastal sites
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Palaeohydrogeology as powerful tool

® Characterisation of 4D evolution of various properties / processes —
overall site evolution over geological time up to the present
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=>» Understanding of likely site evolution and persistence of key safety
functions into the future

13t NAWG Workshop, Nagoya Univ, 14" May 2013



Programme involves...

Surface-based investigations in Horonobe coastal study area

» Case study as ‘dry run’ — not actual site characterisation
» Palaeohydrogeological site evolution as focal point

Establishment of basic strategy for stepwise site characterisation
» Formulation of Geosynthesis Data Flow Diagram (GDFD)
Conceptualisation of coastal geological environment
Development of site evolution model

‘onshore
Coastal Study Area -
offshore

Horonob'e URL

- Horonobe
_Town

Japan Sea
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Site characterisation requires...

® Surface-based investigations in a variety of disciplines

® Comprehensive / consistent site overview, as required for
repository design and safety assessment

Investigation data conceptual \ numerical \ site
data acquisition finterpretation //modelling / modelling //understanding

=» Global integration methodology “Geosynthesis”

clearly define goals of individual investigations

Interpret / synthesise information into a consistent site model
enhance interactions among different disciplines

ensure the transparency / traceability of outcome needed by end users

YV V VY
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AIms

B Establish comprehensive techniques for overall
geosphere evolution in the coastal system taking into
account the potential impacts of natural events and
processes through the case study in the Horonobe,

Hokkaido, northern Japan

[JAlluvium ]

_ Marine L] Pleistocene [l
Alluvium fan terrace Present

y shoreline Delta

Pre-Pliocene

'Present sea-level
Past sea-level

— : : — . Horo-URL
Schematic diagram on a coastal field with gently-dipping submarine topography =Horonobe URL
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Formulation of coastal GDFD

® |llustration of basic road map of
geosynthesis methodology

» identify key properties / processes
and 4D evolution based on siting
criteria/ factors and FEPs =»

» visualise a sequence of activities

as data flow
investigations
.
data acquisition
D 4
interpretation / dataset
D 4

conceptualisation

modelling / simulation
D 4

clarification of key properties /
processes — site understanding

Geology and geological structure

= Spatial distribution and geometry of transport pathways

» Size and extent of host rock

= Heterogeneity within host rock

= 4D geomorphological changes; 4D evolution of geological structure

Groundwater flow characteristics

= Groundwater flow field and process

« Spatial variability of groundwater fluxes

« 4D evolution of groundwater flow field and process
= 4D evolution of groundwater flux distribution

Geochemical characteristics of groundwater

« Spatial distribution of saline/fresh groundwater (interface); degree of
groundwater mineralisation

« Groundwater pH-Eh conditions

* 4D evolution of groundwater chemistry

Transport/retardation of nuclides

- Geometry of transport pathways; depth of diffusion-accessible matrix

« Sorption capacity and diffusivity of rock matrix and of transport
pathways

= Effect of colloid/organics/microbes on nuclide transport/retardation

Dilution of nuclides

= Spatial distribution of higher-permeability rocks, aquifers and surface
waters; extent of marine environments

» Sorption capacity and diffusivity of rock matrix and of transport
pathways

Geomechanical/hydraulic properties of tunnel near-field environment

* Regional and local stress regime

« Spatial variability of petrophysical/geomechanical properties of rocks

= VVolume of inflow into underground tunnels; volume of gas emission
from host rock

« Size and structure of EDZ; petrophysical/geomechanical properties
of EDZ

« Distribution of discontinuities intersecting underground tunnels

» 4D evolution of stress field at repository depth

= 4D evolution of petrophysical/geomechanical properties of rocks

Subsurface thermal conditions

« Spatial variability of geothermal gradient
* Thermal rock properties
* 4D evolution of thermal rock properties
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Coastal Geosynthesis Data Flow Diagram

formulated by...

® Review / update and integration
of inland GDFDs — all in one

® |dentification of key properties /
processes for 4D site evolution =
based on siting criteria / factors,
coastal FEPs etc

® [nvolvement of potential
exploration onshore / offshore

v’ seabed geological survey (piston
coring, dredging etc)

v’ geophysical (seismic, side-scan
sonar etc) survey

v' hydrochemical investigations
(seepage, porewater chemistry etc)

v hydrogeological investigations
(hydraulics of sediments etc)

Geology and geological structure

1@ Spatial distribution of saline /

1 ® Groundwater pH-Eh conditions

Spatial distribution and geometry of transport pathways

Geochemical characteristics
of groundwater

fresh groundwater (interface);
degree of groundwater
mineralisation

—

® 4D evolution of groundwater
chemistry

pathways

Geomechanical/hydraulic properties of tunnel near-field environment
» Regional and local stress regime

« Spatial variability of petrophysical/geomechanical properties of rocks
* Volume of inflow into underground tunnels; volume of gas emission

from host rock

« Size and structure of EDZ; petrophysical/geomechanical properties

of EDZ

« Distribution of discontinuities intersecting underground tunnels
» 4D evolution of stress field at repository depth
= 4D evolution of petrophysical/geomechanical properties of rocks

Subsurface thermal conditions

.

Spatial variability of geothermal gradient
Thermal rock properties
4D evolution of thermal rock properties
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Investigations Interpretation/Dataset ConceptualisationModelling/Simulation Key Properties/Processes

Geomorphology, gecdesy, Gecmorphology/gecdesy, G madel Spatial distribulion and
asnal/salalie imagss slc L[- geomelry of ransport o
™ T " s
S |[Tectorics, geokogy, Systamdabulon Crustal movement 1o dats, G changes Geom al change pattways 23
2 || geological structure etc - G gical changes; evolution of regicnal stress = Lo V| Size andextent of hostrock || 8 &
2 g ol | field E3
£ || Long-term pradiction of pa'aeo?opograohy P Heterogeneity within host rock § © g
= | global climate changes efc " =2 <§ g
2 5I|mals changes; global geographical changss T p— ) | §
% || Minerslogicalichemicalipetro- imate changes, palaso- 5 1 gical model I changss; 40 evciution of
i physicaliransport properties climate/palaecvegetation mmhma% Ug‘am lang i T : e ot | e
& Ieatecat T Geclogcal dsirbubon, changes L
; precipitation, water isble etc I facos ol ¥ Gaological rockffault formation E24.J _| | Groundwater fiow field and
3 T procsss
S Deep subsurface 3 Geol Stucture, Grounds flow simu. = § 4]
& |[water prassure, K otc ! ol fat, focing, Evolution of geological "y {Fyer model {taking salinity, density etc Spekicd variebikly of %]
§ Hydrochamistry, groundwater active structure etc I structure i into account) groundwater fluxes § %
S || chemistryli 5 &t = Di i 3
B Arylfisotope: Tectonics, faultng! +--— thickness/depthigsological L] - - Grod e flow i :Ewemg!gb t;l “g)l;()e'.lsl?lale( g3
Rock mechanics, themnal 20es, 1 domain of host rock Evolution of petrophysical (taking L8 8 5
properties, stress elc = H—T{P i g gedlogicai/chemical evokution L 4D exolution of groun e
Distrbution/geometry/thick- history) into account) 1
5 || Ramots sensing Cv:cshlal stmg;'opal L 1T ness of surrounding units H fiux distribution SR
.- , mechanism solutions V)
55
= = : Distrbutionfaxtentigeomel 3
2 5 mi:gwphysw survey, Rock mineralogy/chemistry; >—{ o At o, Doamelry Spatial distrioution of ﬁﬁ . 5
mag ‘4 W‘] > fresh groundwater {intel fd
- cal compositions, alteration = degree of g'numaw =
Geomorphological investiga- s
tions; tandform mapping 2 Inie, Ciganics e q) C T mineralisatien g
Paophysics, PIS-velocty, || H s
S =l %) c © 3
P S
Palasocimate investigations; | | | | ! %) O L =
datom, 15, age elc — el P ('U
§ |[Curfar sveys, Shallow subsfdagh hydrauic ™ Recharge rale, waler table || - — Goole o
s ﬁ;,’;;:» - hﬁ;ﬁu o i : | charactaristi r flux, _J 1) deinbubon L +H pathways of diff
B I "’°°'”"’"‘“.3-ﬁ; T ) 98 rate chang T Solde ransport e D I- oe— S | 5
T — 5 e transpo
i [ eokegie seemc et aait S Hydrauic poperties o host_ | — - madl 11| [Semton cieadyan £
] = Locabm)ﬂux manne rock E= Evolution of hydraulic prop- | | | | | L1 diffustity mall ]
2 |[Tab amemtionianalyss, M m S~ erties of rockidscontinuities of transpo ways £
= petroqemd microfossi, age, 1Ly | Hycrauic properties of 29 e (Efecl ol o 2
2 ||patrep /mechanics etc Ses Deep smsd'rmmaulic surrounding units o — 0= s
e 3 wﬂassum, s =
Surface twarol K, Deetc Hydrauic properties of L CU u) fon A
orclogh sligations i discontinuties _m,
Long-term gr aler level/ O s
Slifowcabmsocharmical inves- pressure chaniee Hydrauic head distrb =~ g
hgabuﬂpﬂahun slc o L h=}
L =1
Tremh%:anun survay ' ('6 vinerslogiciadmical prop- Q @ ..é_'
— 1] : L -
Geuhwlwy. dredgein-| |1 Surtace waler chemistry; ?‘S::;{OJ(?D?S : d- q) C s
vestigalwie?, piston coring etc g L 11 by =
- collords/orpan GAQrotas el WMinecaiogicakdigdial prop- - — =
c [Ean 3 | oK ok | ; pre =]
& || Geonhy surveys; gravity, 1 erfies of surgunding units; —
5 || etectn lic, salsmic el =22 Groundwate: ry; chemicalls OMPoSiions C — —=
5 chemcalise rpositions, 44 P p—
o |[Labex onfandysis; pore- d es el Mineralogic: 4| prop- GJ | | |Regional aﬂ.ﬂs m@
W || water —p, il atc - erties of dischrmaTes; chem- O T iregme
@ Sea walul 5‘“‘-‘33:"’“9 icalfisatopic sitions U
€ [[Fy } $-++ water chemi emicall == a Spatal ,.M of 3
= || hydrauics of sediments el isolopi cormpositions ete QG ( ) (1 petroph me 5
| : O propertiedg »‘5
k Groundwaler & ry i e
seepage chemistry etc host rock; ¢l -uomp)c Le | E \g,r?::\rde ﬁ,mw&% =E
—— compos 3 ]
Core logging, investigations | ﬂm - ———l gas emission from host gaeky g E
of driling mud M Groundwater chemistry in = a8
Size and structure of E0M? || 5 E
Borehole wall surodndlig tns: chemical/ He H{ pelicchysicaligsomeoanigs 1 3 &
rehole wall Imaging isolopic compositions, age properties of EDZ k] s
. =
Geaphysical logging & g‘;ﬂm‘ﬁé;" ;’:mar Distribution of dsconW '=_: :
VSP survey, cross-hols isolopic compastions, age — m:?gescnng underground 22
tomography survey 1 _lGroumMatav flow processss O oo ot tada é
h in rockidscontinuites { B ution of stress fisl
In situ reck lests = ]Cms(al analysis }v— epository depth
g = - e ] Evidance uflcng-ier;n sodhna oy (%
% ||Labexamination/analysis; transport in host rock an Transport processes in host 4D evolution of petrophyysicall
%’ F:{r;ilprgh;z%ossl. o discontinuities ’ p- I , geomemamcal gvecpemes of
z gmuson rock mem'anmpﬂc =14 oo, ¥t colon focks
= d facilitated, two-phase
=
S || Puid logging Geometry of pathways/ Spatial variability of g
§ Hydraulic packer tests; single Saluto i " of ho ; L. | gractont g5
J ¥d, De, 0, pore structurs efc 0 preperties of host rock/ bt
hole, cross-hole etc L = R voninuides Thermal rock properties § 8
®
Long-term hydraulichycio- 4D evelution of themal rock || 3 £
) prop =
Tracer experiments 5’3::0 mhﬂ?ﬁg\emal Peirophysicalimechanicall J
Hydrochemical investigations, | compressive strength, ?;;‘,‘;mﬁﬁ';i:’tg“" i R { N pu— Confirmation of consistency
gg&ga}: sm"r:fﬂ. gradient eic {Rod( ical model H ion analysis } H Links connected
chemical measurement etc ——{ Initial stress Initial stress state —}— Links nat connected




Site characterisation proceeds...

17

Stepwise, incorporating geosynthesis in an effective manner

» address key issues remained or newly identified in the previous steps
» ensure improvement of site understanding

» identify the degree of uncertainties in output

» specify / prioritise investigation targets in the subsequent steps

Consequently...

Providing flexibility to practically respond to the surprises that
Inevitably occur

Enhancing the opportunity to adopt the investigations to the site
specific conditions

Assessment of impact of limitations in knowledge and data
uncertainties by end users to provide feedback for optimisation

13t NAWG Workshop, Nagoya Univ, 14" May 2013
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Borehole Investigations

Next
Stage

Geosynthesis

RD/SA-Interaction Planning

: Establishment of overall programme l

\ 4

Compilation/QA assessment of pre-existing information

Entry into site QMS database

\ 4

I Development of conceptual site model (regional) I——->

Identification of uncertainties

Specification/prioritisation of targets ¢

{ Planning of exploration |«&

\ 4

f—l Aerial exploration }1

Marine exploration <> Terrestrial exploration
(2D — 3D) (2D — 3D)

< Iteration >

® Still generic, as no choice of host rock or site in Japan

® To be optimised (defi

with refinement of GDFD, when potential sites are selected [

® Currently being tested / optimised based on experience /
knowledge during the progress of investigations

» Development of QMS guidelines / database as feedback

ning more specific work steps etc)

h 4

Development of conceptual site model (local)

Groundwater flow analysis (local)

—_— — Additional Yes
| Identification of uncertainties investigations?

ho

No g Yes =
Suitable area? Revision of overall programme |

| Termination of investigation |«&

| Specification/prioritisation of targets NO Complementary 2
I exploration?

v

| Establishment of overall programme I
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Application of the Geosynthesis methodology

B The temporal and spatial changes of various characteristics of a site
are studied to build up a conceptual model for the overall site
evolution over geological time, up to the present.

B Th e d ata p ro d uc ed Investigation/Data Dataset/Interpretation [l Conceptualization/Modelling/Numerical simulation

are Syn’[hesised into Sub-surface processes

Earth k

a conceptual model | Fauk movement ————

. . resent geological structure P t
of the site evolution Uplift _"—> I ArogeIEgIcal

I i Subsidence structure
over geological time. &' a————
This is used to Tectonics —|—p| geological structure || f——
define the likely = @ ——————=——=—- d-—-—————— - >
i Earth surface processes :
futu r_e evolution of S Present topography alglrgtg;:glg; o
the site and to Sedimentation structure
assess if the main Climatic & __: Evolution of topography
- Sea-level changes Evolution of

safety features will S ClndG Ter
continue to function [ Palaeogeography flowipropertios
adequately. Simplified Geosynthesis Data Flow Diagram

for palaeohydrogeological evolution
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Regional tectonics and geological structure
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Submarine topography & geological structure

Ri: Rishiri Is.
Re: Rebun Is.

B Continental shelf with
60km in width

B North-South trending uplift
zone with fold from Rishiri
Is. to SW Hokkaido

B Fold zone along the edge
of continental shelf from
the south of Rebun Is.

B Thickness of sedimentary

fault | formations increase to the
f/:;,‘.‘,':.';.:‘g east (Tenpoku Basin)
- 44° !N
142° E
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Stratigraphy and geological structure
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Geological structure around the Horonobe URL

Rsoatne SOUthwest Northeast o
surface p=Horonobe Town =| g oo, . HDB-1 HDB-8 HDB-4 . . (Kiso-shisui)
= Yuchi Fm. Koetoi Formation s—|

geology s A|lyvium & lagoonal deposit S——j— Fm.

0
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7 vuchi Fm. e
® it | »
5 19907 Koetoi Fm. 1o o
g | ©
e £
c 1500 R -
£ | £
a Wakkanai Fm. | u On e o
2 2000 “ \ ’77398,_ .. columner section - 2000 @
| ‘ = [ koetoi Fm. =
2500 il T J ‘ =mmwmm faylt - Wakkanai Fm. [ 2500
--------------- — axial surface - 500_.100(%)
3000
Horo-URL
v’ Extraction of seismic event- ® Listric reverse faults

surface on the velocity profile

: : ® \Westward vergence
v’ Interpretation of geological

v'Seismic profile structure by dip-domain ® Eastern part (hanging
method wall) of the area is
v'Borehole v’ Taking into consideration of topographically higher
investigation area-balancing (Balanced than that of western
Cross section) part (footwall)
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Uplift/Subsidence
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Climatic and geological events and processes Present geograp h y aroun d
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Palaeo-vegetation and periglacial phenomena

In the Last Glacial Eeriod
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v"Northern Hokkaido was located at
the northern margin of the
discontinuous permafrost zone
during the maximum cold stage of
the Last Glacial period

® Physical weathering of surface
rock material and decreasing of
recharge rate will be expected in

the future glacial period
U

v Palaeo-vegetation

v Fossil periglacial
phenomena

v Depositional age




Permafrost in the Last Glacial period
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® Physical weathering of surface
rock material and decreasing of
recharge rate will be expected in
the future glacial period




Palaeoclimate in the late Last Glacial period
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Table 1. Natural Events and Processes in the Coastal Field in the Horonobe Area, Hokkaido, Japan since 130 ka
LGM; Last Glacial Maximum, LIG; Last Interglacial.

Climatic and geological events and processes
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Events:

- Transgression by global-scale sea-level change

- Deposition of alluvium with 40 to 80 m thickness in the Sarobetsu Lowland in the past 14ky
(Sakai et al., 2011)

Features:

- Distribution of major fracture and minor fractures around the URL area (Ishii et al., 2011)

Events:
- Regression caused by global-scale sea-level change (Niizato et al., 2007)
- Development of permafrost with 20 m in thickness in land (no data for sub-seabed permafrost)

Events:

- Transgression caused by global-scale sea-level change (Niizato et al., 2007)
- Initiation of Horonobe Hill due to differential erosion

- Sea level: +7 m to the present (Oba et al., 2006)

Events:

- Maximum burial of the Wakkanai, Koetoi, and Yuchi Formations in the present coastal area.
See the results of subsidence analysis

- Deposition of fluvial and lagoonal deposits in the coastal area (the present Sarabetsu
Formation)

- Periodical isolation of Sea of Japan caused by global-scale sea-level change (Tada, 1994)

Features:

- Sarabetsu Fomarion: geological anisotropy but no hydrogeological anisotropy (internal report
of Geol. Survey of Hokkaido, 2009 in Japanese)

Events:

- Initiation of the fault movement of the Sarobetsu Fault Zone in the present coastal area and of
the Omagari Fault in the vicinity of the present URL area (Ito, 1999; Ishii et al., 2008). Such
fault movement result in the formation of fold structure in the Horonobe area (Ishii et al., 2008)

- Deposition of sand (the Yuchi Formation) and burial of siliceous rocks (the Koetoi and
Wakkanai Formations in descending order)

Features:

- Burial depth of the Wakkanai Formation is ca. 2.5 — 1.5 km in the west and 1.9 — 0.9 km in the
east based on the subsidence analysis (data source; AIST, 2006 and JNOC,1995), then the
porosity is the range of ca. 30%? (deeper; INOC, 1995) — 38% (1.5km; Fukusawa, 1987) —
46% (shallower; Fukusawa, 1987)

- Wakkanai Formation: siliceous mudstone, Koetoi Formation: diatomaceous mudstone, Yuchi
Formation: Sand (shallow marine environment)



FEPs-like database for Horonobe palaeohydrogeology (1/4)

ASSESSMENT BASIS
——— | Spatial scales of concern | | Time scales of concern |

<
Top page
P pag I. External factors

I-1. Geological processes and effects I-2. Climatic processes and effects

Impact €

Description of

Gl time and spatial
Interaction fram e
I1-1. Surface environment = = Uiz
I
1 | D
II-2. Geology """ I : Natural events and
* Interactinln processes in
I1-3. Groundwater )
Interitiun = 0= = = ﬂOW characteristics * ¢* H0r0n0be area )
1 $ II-4. Geochemical
! L — eracion = | characteristics of
_____________ e /[ ® In’rormatlc_)n on the N\
characteristics of
| Integration & synihesis | g eo I 0 g | C al
I - | environments
. beosphnere evolution .
. ® Site model of
Horonobhe area )

®\\Web-based data-structure
v This database do not intend to provide the full of raw data but outline of the
properties and processes of geological environments (as FEPs report). Site evolution model in
v' This database will be able to prevent the data dispersion.
v’ Easily updatable (if you want to revise the data sheet, you have only to revise Horonobe area
the relevant FEP sheet)
v Correspondence to Geosynthesis Data Flow diagram of Horonobe URL Project
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Structure of the FEPs-like database for Horonobe palaeohydrogeology (2/4)

Top
page

| | concern

I-1. Geological processes
and effects

I-2. Climatic processes
and effects

I. External factors

Assessment basis: Spatial scales of concern , Time scales of

1.1 Tectonic movement and orogeny
1.2 Seismicity

1.3 Volcanic and hydrothermal activity
1.4 Deformation, elastic plastic or brittle
1.5 Uplift and subsidence

1.6 Erosion and sedimentation

1.7 Diagenesis

2.1 Climate change

2.2 Sea-level change

2.3 Periglacial effects

2.4 Glacial and ice sheet effects

2.5 Warm climate effects (tropical and desert)
2.6 Ecological response to climate change

| II-1. Surface environment |

II-2. Geology
|

Vv

Vv

II-3. Groundwater flow

characteristics

Environmental factor

II-4. Geochemical
characteristics of
groundwater

II. Disposal system domain

Vv

N
7~

N

7

_ hydrogeochemical evolution -

1.1 Present geography

1.2 Vegetation

1.3 Animal populations

1.4 Near-surface hydrology
1.5 Soil and sediment

1.6 Erosion and deposition

2.1 Target horizon

2.2 Geological unit, others

2.3 Transport pathway

2.4 Geomorphological and geological evolution (conceptualisation)

3.1 Groundwater flow field (Discrete and continuous water conducting
features)

3.2 Groundwater flow process (Recharge, near surface flow,
topographically and density driven flow)

3.3 Hydrological/Hydrogeological response to geological and climatic
changes

4.1 Spatial distribution of saline/fresh groundwater (interface or transition
zone)

4.2 Groundwater pH-Eh conditions

4.3 Hydrogeochemical processes (contributed to the present state of
geochemical characteristics)

4.4 Evolution of geochemical characteristics of groundwater
(conceptualisation)

IIl. Geosphere evolution (Site Evolution Model)

Integration of Geomorphological, geological, hydrogeological, and




Description of uncertainties

Tectonics

Topography
Hydrogeology

Hydrogeochemistry

Hydrogeology
&
Hydrogeochemistry

Inhomogeneous nature of spatial distribution of uplift and subsidence

Variations in the rate of uplift and subsidence
Height of mountain range in the past period
Variations of recharge rate through the Glacial-Interglacial cycles

Changes in porosity and hydraulic conductivity over
geological time

Uncertainties about sea-levels in the Sea of Japan

Uncertainties about location of former shoreline through the past
glacial-interglacial cycles

Variations in seawater chemistry (especially salinity and stable
isotopes)

Degree of coverage of the permafrost (i.e. just how discontinuous
Is discontinuous?) around the northern end of the Sea of Japan

13t NAWG Workshop, Nagoya Univ, 14" May 2013



Palaeohydrogeological Conceptual Model
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FEPs-like database for the Horonobe

palaeohydrogeology (3/4)

ASSESSMENT BASIS

Spatial scales of concern | Time scales of coggfn

1. External factors
|12, cjffic processes and effects |

‘ Impact k——

I-1. Geological processes and effects

/

nment

= = Interaction

Interaction /
l——" -1, Surface4 I

1

|
Interaction !
11-2, Geology )
1
on

Interaction

Viv

4 1I-3. Groundwater
interaction = = = flow characteristics

4 N

! =" Il-4. Geochemical

J b= eacion=| Characteristics of
------------ ~|  groundwater

Integration & synthesis

111, Geosphere evolution ‘

——

SOJ Framework (II-3)

ﬁ' mberis after NEA {2000)" Features, Events and Processes (FEPs) for

4 | <OVERVIEW>

3 Groundwater Flow Characteristics
Correspondent FEPs no. 2.2.07 Hydraulic /hydrogeclogical processes and o

FEPs related to the hydraulic and hydrogeological processes that affect the host rock a
evolution of conditions with time. This includes the effects of changes in conditio:
excavation, constnaction and long-tenm presence of the repository.

3.1 Groundwater Flow Field
ab prndicting Featutres
{1) inventory of Discrete Water Conducting Fea¥ures

Major Faults: Omagari Fault, Horonobe Fg sefobetsu Fault Zong
*  Minor Faults

Inventory of Continuous Water Conducting Features (geological forll
Al : Alluvium & Terrace depaosits

Sh : Sarabetsu Farmation

Kt : Koetoi Formation

Wk : Wakkanai Formation
Mi : Miocene (except far Wk
Cr: pre-Tertiary

2
-
-
®  ¥c . Yuchi Formation
-
-
L ]
L ]

3.2 Groundwater Flow Process
Potential Processes
® Recharge
Mear surface flow

L
*  Topographically driven flow
*  Density driven flow

3.3 Hydrological /Hydrogeological Respons¢

and Climatic Changes

FEPs no. 1.2.10 Hydrological/hydrogeological response to geologicai cha |

FEFPs atising from large-scale geological changes. These could include changes of hydrd|

to effects of erosion on topography, and changes of hydraulic properties of geological und 1

<FEPs SHEETs>

3.1 Groundwater Flow Field
Water Conducting Features
(1) Inventory of Discrete Water Conducting Features

[a) Omagari Fault

Description /interpretation

The Omagari Fault has a fault zone, about 120 m wid, that consists
mainly of the damage zone, and has a permesble structure. The
magnetotelluric survey shows several high-resistivity zones, one of which
coresponds to the Owagari Fanlt infermred from the reflection seiswic
surveys. The high resistivity zones are comelative with the concentration
zongs of low-saline water, which suggests infiltration of groundwater
through the penmesble Cmagari Fault zone.

Please input the description

Source Dx

Ishii et al. {2006) Three-dimensional distrbution and hydrogealogical
properties of the Omagari Fault in the Horonobe area, northem
Hokkaido, Japan., Jour. Geol.Soc. Japan, vol.112, pp.301-314.
{Vepanese with English abstract)

Iethod:

- Geommetry of Oragari Fault: Surface geological survey, borehole

geological survey, geophysical irrestigation

- Direction of principle stress: Iultiple irverse method

Ishii, E., 2011. JAEA Research_2010-008_HOR-Fhasel 4.1 Geclogy

Method: xnx

Ishii and Fukushirma

Iethod: xux

Assumptions/premise

Creological characteristics of the Omagari Fault in the Horonobe URL area
(northern part of the Horonobe Town) is same as that of the Fault in the
southern part of the Horonobe Town.

Uncertainty

References Caine, et al. (1996}
Petit (1987)
Warnaji (2000}

Comments

Correspondent FEPs (MEA
2000)
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1.2.02 Deformation, elastic, plastic or brittle

FEPs related to the physical deformation of zeological struchares in response
to geological forces. This inchides falting, frachuring, extmsion and
compression of racks.

2.2.04 Discontinuities, large scale
The processes by which deposited sediments at or near the Earth’s
surface are formed mto rocks by compaction, cerentation and
crystallisation, ie. under conditions of teraperature and pressure norrmal to
the upper few kilometres of the earth’s crst.




FEPs-like database for the Horonobe
palaeohydrogeology (4/4)

- (C ptual) geolog t in the Horonobe area and the sea area
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Changes [ S— .
FEPs 0. 1.2.10 Hydrolagical fhydrogeniagical respanse 1o qeciogical chan 3 m Od el I N g
FEPs arisiig fom large-scale geological changes. These could inchade changes of kydrological bomdiry due to fbcts of ernsian on i
topograhy, amd changes of hydranlic properties of geological umits dne 1o chunges in Todk stress or farl
FEPspo 13.07) resense to climeate chon
FEPs relitad to changss in hydrology wd hydrogeelogy, +.g. Techargs, sediment load and seasonaligf ffl recponce to climats changs in 1 region. W 2Ma
—
L] - .
Response to geological change
*  Fluidgensration.gas
¢ Volume change: porosity changse (compaction & disgenssis ), density chandl  flermal and pressure dependent W, 18 Ma Loty it plepreter
#  Permeshility chanme: compaction &diagenesis [cementatinn), cataclasis smesr 2 Xommmr oo
The land was fimed round this s
Response to climate change
*  Rechargerate

*  Rechargeand discharge area
e Hydrauliceradient

tualisation)

< 3.4 Evolution of Groundwater Flow Characteristics

* Hux

I —

. S S r———
S ———

model?

showing the shupe of
.4, PHATIC profie)

Graseth o the Fliocans and 1o Cuterns
cal nuvey of Tggan (19
1t

a2l (1999)
Makile belt of the Eastern bargin of e Iapan 222 2arted at
¢ Eastern Margin, of e the (Okaeurs,

o e 2.3 bl (O,

Tha fult srted inthe e Flicesne

il sted reverse faul, 1t wis
. he foS3thruct mherschon was ull propagi
et fobing went e g

The b s g o e sat
Yemanc (1979

e disp ncomert slemg thsFu) .
(190G, 1999), it pecpagaison fold was asmumel, and ¢ wa
T

How does the faul cockinus @ 8 devper pert

Ies 1 Feemed detackment cn tha bctiom of Mioome

Men2 R Crelseems fermaon

o detacinent (fomed pep-up drustice)

o Bt reached in he Crotaceaus formation

13t NAWG Workshop, Nagoya Univ, 14" May 2013




Modularization of the groundwater flow

simulation
Module 1: Sequential restoration /- dule 3: \
of geological structure Module 3:
- T~ Data-transfer
v'Balanced cross-section method v This module relate a
v Subsidence analysis sequential restoration of

the geological structure to a
analysis mesh

v Transferring the previous
analytical results to the
next time-step.and setting
the hydraulic parameters in

v'/Analogue model experiment

Module 2: Parameter setting
® Variation of Hydraulic parameters of
each hydrogeological unit with time

v Hydraulic conductivity Qhe each time-step J
v’ Specific storage
v porosity

®Variation of recharge rate associated
with climate change

Input : Boundary and initial
conditions

Input : Geosphere evolution
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Long-term Groundwater Flow Simulations

» Evolution of geological structure: Vertical 2D model
» Rate of crustal movement (uplift, etc.): the same order of
magnitude as the rate estimated by geo-history analysis

» Hydrogeological unit is almost the same as the geological
unit

» Porous media, no consideration of hydraulic anisotropy

» Hydraulic parameters is based on the output of
hydrogeological investigation

» Major faults are assumed to have higher hydraulic
conductivity than surrounding sedimentary formations (act
as permeable faults)
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Boundary conditions

Relevant implementation stage: Pl — (DI) _ oot

Town

Relevant disposal concept: offshore and

onshore disposal \\ ~cal3ska

® |nvestigation area: shallow marine to
recharge — discharge area

® Characterisation depth: ~2,000 m

® Timeframe: 2Ma ~ present

onshore

offshore

13t NAWG Workshop, Nagoya Univ, 14t May 2013



Modell Setting (1)

|« Sea:ca. 80 km »le—Land:ca.19 km —»|East
West Yuchi & Sarabetsu Fm. shorelin
1-faul Rishiri Is. Horonobe URL
| | SB—fauIt| { Quarternary i
Ti i o e i e i e e R S == = === === = / . Koetoi Em.
£ = Wakkanai Fm.
To) = Masuporo and
l Fault Paleogene and Creataceous Onishibetsu Fm.
[ "
S
— Part of the Sarobetsu
: Fault Zone _
Units c?gg;i?itﬁy Porosity Specific e
9 storage (1/m
(m/s) (%) ge (1/m)
Surface deposits
(ca. 10 m depth from surface) 1.0E-06 60 1.0E-05
Yuchi & Sarabetsu Fm. and Quaternary Depth_Yt * 60 1.0E-05
Koetoi Formation Depth_Kt * 60 1.0E-05
Wakkanai Formation Depth_Wk * 40 1.0E-05
Masuporo & Onishibetsu Fm. 5.0E-10 30 1.0E-05
Paleogene & Cretaceous 1.0E-11 20 1.0E-05
Faults (Omagari Fault, part of the Sarobetsu
Fault Zone, and S1- to S4-faults) 1.0E-07 50 1.0E-05
* Depth_Yt, _Kt, and _WKk are hydraulic conductivities of Depth_Yt : log,q(k) =-0.0034Z - 8.3665 [upper limit:1 x 108 m/s, lower limit:1 x 10-11 m/s]

each formation as a function of depth. K: hydraulic

Depth_Kt : lo k) =-0.0039Z - 7.5935 [upper limit:1 x 107 m/s, lower limit:1 x 1011 m/s
conductivity (m/s), Z: depth (m) pth_ 910() Lupp ]

Depth_Wk : log,q(k) = -0.0061Z - 5.5626 [upper limit:1 x 106 m/s, lower limit:1 x 10-1* m/s]
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Modell Setting (2)

Simulation case . . i
T (a) sea-level change

v' Period of simulation is past 1.5 million years, E 7 'K : SR S T
Unsteady analysis, vertical 2-dimentional analysis R , \'\1\ N “’ A Tt
- | y LV
e o WUty P TR
2 ) -80 \ll ‘ L Vc h
Sea-level, groundwater recharge volume o o MR . . . . . .
(same as present topography and geological structure) o 1200 0.2 0.4 0.6 0.8 1.0 1.2 1.4 (Ma)
: : S _
Evolution of topography & geological o) O g o4 ﬂ (b) Change of GW recharge volume
structure (Time step : ten thousand year) 3 % (
[¢)]
Hydraulic conductivity =2 A M ] | LSy
(assumed that hydraulic conductivity at 1.5Ma is higher X O % é ' \, \ /\ \ / /\/ /\/ /\/\ \I\
than that at present) o
= UL TR JUYLLUTY T
0]

Initial conditions 90 02 04 06 08 10 12 1.4 (Ma)
v GW flow simulation: Distribution of hydraulic head at -

1.5 Ma (steady-state analysis with the sea-level, GW Boundary conltlons

recharge rate, and geological structure at 1.5 Ma) Shoreline GW recharge| ||

Sed-level change

v'GW salinity: Entire simulation area was sea at 1.5 Ma
based on the palaeogeography, and hence salinity
was same as sea water at 1.5Ma in the area.
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Simulation Results

Vertical section

Total head (m)
-120 -80 - 40 0 40 80 120
[ I R |
E — & 2D Geoenv, Evolution 150/150steps W
TIME: 1,00000e+04
A
X’
Lo
[
(&)

Total head
(M)

ca. 40 km

i Salinity of
groundwater
B e Salinity of groundwater
0.0 0.2 0.4 0.6 0.8 1.0 Seawater = 1.0 Sea-level (m
<=
0 (m) 0 (m)
Case 2: 10 f ] 0
® Sea-level, change of groundwater i |
recharge volume ssssssssssnnannns COﬂSIdeI’ed -80 \ M RS I / \\¢_J _
® Evolution of geological structure--+- Considered 41 | ¥
-120 0

-120
20 40 60 o8

Age (x10ka)
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Resistivity Profile by MT Survey (2009)

Coastal area URL area
$Line-A long (TM sea -0.3km) $
Ohmagari F,

’——-—~~

00 LIS | 1 ] O Y

Sarabetsu

| Koetoi

s Fresh water =
4 . Inishibetsu
g 07 e hiluted? (by dehyd flushi
S N iluted? (by dehydration, porewater ushing,
© . ---- surface water mixing)
o 75— e ~
Iu =
10.0—

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Distance (km)

10

0.1
ohm-m

AIST (2009)
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Sea-ward Expansion of Exploration Lines (2012)

Existing of Fresh Water? DD-1

) Sarobetsu
Shorelu:leJ Sarobetsu Rv. Route-40 An\iicline

Lipe-MA11 (saro_mai1_tip_f34) sea2 topo2 ss smooth iter=8 rms=3.381

A o~ V.E.=5

0.0 1000
__.'O'Sj 100
E 1
= B
| —
s 107 10
?B' |
>
2
W -1.5—
1
-2.0
0.1
[T T T T [T T T T [T T T T [T T T T[T T T T T T T T[T T T T T TTT T[T ohm-m
0.0 2.5 5.0 7.5 100 125 150 175  20.0
Distance (km
(km) AIST (2012)
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Conclusions

® A palaeohydrogeological conceptual model in the coastal area
around the Horonobe was constructed suitably (i.e. without
Inconsistency) based on the available existing information.

® Although this model might be primitive and hence with
considerable uncertainty, major hydrogeological and
hydrochemical impacts caused by natural events and
processes were identified for future long-term groundwater
flow simulations.

® The results could be foundational information for putting
forward to evaluate long-term geological stability in a realistic
way.
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Issues to be Solved and Future Activities

® To validate and refine this approach by using the actual
coastal borehole data (AIST DD-1 borehole, 1,500m)

® Uncertainty analyses and their impact on safety assessment
Including extreme scenario case (eg. exceeds maximum
regression and transgression levels)

13t NAWG Workshop, Nagoya Univ, 14" May 2013



Data Flow Diagram for Constructing
Palaeohydrogeological Modell

Investigation/Data Dataset/Interpretation Conceptualization/Modelling/Numerical simulation

Sub-surface processes

/| Earthquake ‘ \‘
1| Fault movement I _
: : Present geological structure I'—|_> Present
Uplift I hydrogeological
| Subsidence : structure
I : Evolution of
|\ Tectonics ’l = geological structure L)
N e o e e i — ——— -
Earth surface processes -
. Present topography Evolution of
+ Denudation hydrogeological
Sedimentation structure
Climatic & »| Evolution of topography ‘ -
Sea-level changes Evolution of
groundwater
Palaeogeography flow properties

Numerical code modification was completed in FY2012.
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Deformed mesh systems with balanced cross sections
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