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T g W]
Historic data j—d
surface, boreholes) !

Lineament analysls 1

[(Topographical survey =

(UE e B

Conceplual models

[ Geological mapping =
Cere description/ =
photographing etc. |
Labosatory tests | ¢
{Mineralogy/Geochemistry/

Patrology/Physical proparty)

Lithological modat

—

Electrical survey F
V&P ]
| Borehole radar ]
[Eorhidle tefevision _ 1-—
| Geophysical logging =

Geological stucture mogel

Geological model

Geomelricalimineralogical properties o WCF

Flow rate

G fiow pain

Flow path length

GW discharga/recharga point

Veloclly along flow path

Advection ime {traveling time)

[Cross-hole seismic tomography}

Hydro

geoloateal investigations

[ Bubsurface vealer coservation |

Msleorological chsenvation |
[ Fiuifoagng —1

[ Packertesis T |

[ Irtederence tests ]

Long-term pumping tests

Hydrochamicat investi E

R e A A AR O

Preciphtation/surface water
sampling and analyses

| GW sampling/anatyses ]

Rogk mechanical investigations)]

In-silu rogk mechanical tasts
(Hydrofracturing, Overcoring)

Laboratoery reck mechanical
lesis (AE, DRA, DSCA)

~ 1
Long:-term monitorfng H
7 O G O AN T KT

| GW pressure

| Subsurface water batance |

| Kydrochemistry ]

Transmlssivity

Hydraulic gradient

Topography I—————— Digitaf tarrain model
- Geology -
l I Sedimentary cover t=—
Lol - Extant ]
| Nl f— - Stratigraphy
| Backgrourid fraclured rock
{ Structural geology I:__ [granite) [
- Extent .
[ ) - Petrography
| Mineralogy I,E_" - Porasityineralogy
= Ciffuslen/Serplion properties
Petiology F“ WCF
g - Location/Extent/Orientation [
- Pelrography
- GeometnyPorosityMineralogy
- Diffusion/Sorption properties
Geochemistry (rock) Faull [
R ] - Location/Extent/Orientation [
:lso%as e - Petiagreghy
- Hydrogeology -
Physical properties
- Porosly — Recharge rate {inflliration)
- Density ele
Sedimentary cover
- WTS/Ss distribistion
- Porosity
Hydraulic parameters Background hachured r(‘;cr'a‘n“e)
e s suface - KTIS/Ss distribution
- RainfellEvspalransplration - Porostly
- GW lable WoF
Hydraulic parameters of - Kr1/8/Ss distribulion
daap underground - Parosity
« Hydraulic conduclivity
- Transmissivity Fault
- Slorage coefficient - KITISSs distribution
- Parosily
Hydraufic monioring data - —
"B prassue [ Hyerauic head distibuton |
-GWistle
- Hydrochemistry -
[Sedimentary caver
- Reference chemistry
- Residarge limafOrigin of Gw
- ColloidsfOrganics
Hydrochemical charactaristics of Backgeund fractured "M[k
surface water granite}
~ Chemizal composion - Reference chemistry
- solopic compasl - Residancs time/Crigin of GW
- CotlnidsfOrganics
Hydrochemical characteristics of WCE
.cmwaﬁ&gbn - Reference chemistry
- s0lepic campasiion - Residence time/Origin of GW
- CobigldsiOrganics
Fault
- Reference chemistry
- Residence imefOrigin of GW
l Reck machanical properites I - Colloids/Organics
- — - Rock mechanics -
Magnitudes of in-situ stresses |
Distribution of rack mechanical
[Direcﬁons of principal stresses I progefites

Hydregeclogical modal

GW simulation

Catibration data for
GW simulation

- Hydrautic head distribution
- Discharge rate of river

Geechemical simulaticn

- Undisturbed conditions
- Disturbed condilions

Rack mechanical mode!

Rock mechanical simulation

Hydrochemical referenca waler

Sorption and dittusion properties of WCF and matiix
b

Shafi/difi geological conditicns (ithology, stricture, WCFs elc.)
[ Fock mechanical properties {srenglh, RGDete.) |

{n-situ stress stata

Inflow rale

L—{ Geological stucture model

Hydrochemical referenca watar

[ Distabution of GW fow rate

Head distribution around shaft and drift

Hydralific properties (WCF

pseivity, hydraulic conductivity)

Slress state

EDZ ety and hydraufics

T L

Rock mechanlcal propedies (slrength, modulus efc.)

Geologici) envircrment. inidarzianding and model Improvement ]

Tocal geological knowiedge

G

Tnlomation between prediclions and measurements

- Geological slruclure and lithefaties

- Flow rates indo shaft

- Drawdowns in observalion boreholes

- Hyifrachemistry

- Blrass state and rock mass displacement

Undisturbed (basefine) condiions

- GW pressura distibution

-GW fable disirbution

- Discharge rate of well and springs

- Discharga rate of stream and river

- Recharge rate from surdice

- Hydrochemlsiry of well and surface waler

planatery notes

AHS : Regional hydrogeological study K

WCF : Water-conducling fracture
GW : Grovndwater

T
Ss
S

: Hydraullc conductivity
s Transmissivity

: Specific storage

: Slorage

K 5(a)
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Llterature survey

RHS : Regional hydrogeotogicat study K
WCF : Waler-conducting fracture T
GW : Groundwaler ]

: Hydraufic conduclivily
: Transmissivity

: Specific storage

: Storage
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E5(b)

BIREBAFORRICEDSHE - 8B - FiEoR&CTF—s 70— (TFKkOKE)

Geotogleal Investigations | | Topography I Digital terrain mode!
Historic data - Geo]ogy -
{surface, boreholes) ]
: Sedimentary cover Conceptual models
| Lineament analysis ] Lithol - Extent Geometicalimingraiogical properies ol WCF
Topographical surve il - Strallyrephy —| Fiowrta
(Topographical survey ]
Background fractured rock +—{_SWiewpath
Geglogical mappin: L Structural gealogy I {granits) s —1  Flow gath length
- Extent Lithological mode! P aheeharas sebn
Care descriplion/ - - Petrography o—— Velocity along flow path
rhotographing efc. I Mineralogy | - Potosityhineralogy Gedlagicl mode! e e e
- Ditfuston/Sosption properties 11 Advection time fraveling tme)
Laboratory tesls | Palrol I WeF ‘Transm
B ancham glro = -
(ytmalogfg cal mislry! oo - Logation/Extent/Orientation Geclogical structure model b— Hydrauic gradienl
etrologyPhysica! praperty) - Petrograpty - Sorption and difuslon properiias of WCF and malrix
- - Geometry/Porosity/Mineralogy Hydrochemical reference waler
= - Ditfusion/Sorption properlies
[ Trilfing fiwd momiorng | Geochemistry {rock} Fault
- Location/Exient/Criantation
- Majoriminor elements - Petrography
«Isoiopas elo
- Hydrogeology -
Physical properties — N "
_ Pms;ys £ Recharge rats {Infliraticn) Hydrogeslogical model GW simulation
{ Eiecirical survey « Densly els
Sedimentary cover ;
[ vsp i - KITISISs distibution Shafidrift geological eondilions ithglogy, slrsctura, WCFs etc)
[ Borenciz radar } - Pasostly Calibration data for Aock mechanical properlies {strength, RD eic)
[EoehoeEevEEn ] GW simulatio =
rehicie televisian Background fractured rock - Simu " - In-silu stress state
Hydraufic parameters {oranite) - Hydraulic head distribution p—1_ Infow rate
G ieal logain _._.ear surtace - KITiStSs distribution - Discharge rate of river
[Cross-hole seismic tomography] : ma;rgyé’v;f:m&amn e ——
- GW table WCF
Hydraulic paramelers of  |— ) gg:;ssﬁs distfbuton
deep underground
- : - Hydraulic conductivity Faull
Meteordlogical ouservalion |——— -;mnsmusmy - KiT/5/8s distribution Geochemical simulation
- - - Slorage coefilelent Porosi
[ Faid tosging ] - Parosity - Undisturbed congitions
[Packer tests -t Hydrauwic montoring data Wrauiic head distribution l: - Dishubed condiBons Seologieal sipcture madel
. - GW pressure Hydrochemical relerance water
[ nterferenca tests —a -GW lale p—] Disiribudion of GW flow rale
[Conglempumpingiess _f——o»  { - Hydrochemistry - [ Fiead dsinbuion around st andart
[Sedimentary cover “Hydrauiic propertias {WCF transmissavily, hydaulic conduclivity)
- Reference chemistry Siress state
| Hydrochemical investigations - Residence time/Origin of GW EDZ {geometry and hytraudics]
e e T - Coftoids/Craanics Themal i ivi i
n properties (conductivity, coefficient of expansion,
Precipilafion/susface wates Hydrochemical characteristics of] [Backgourd frackured rock Fock mechanical properkes (Suength, moduius elc.)
samypling and analyses i
L il |sufacowater | _ lgranite) Rock mechanical model Rock mechanical simutation
Chemical composition - Reference chemistry
| GW somplingfanalyses | - Residence time/Origin of GW
- Collgit ni
Hydrachemical characlesistics of WCE
pov—— wfpﬁﬁm - Reference chemistry
Ir-situ sock meghanical tests - Isolopie composition :gﬁggsr}cgrl?ne_gngm ofGW Ty o
{Hydrofractsring, Overcoring) ——9——F - g wmien unde ding.a:pgt__pmdg.l improverient I
a s
Laboratory rock mechanical - Hefgrenoe c?mmis!gyi i Loca geological knowiedge |
tests (AE, DRA, DSCA) - g;g:;;cgt":n‘?g“gm of Gw — Comparative isfomation bekween predictions and measurements
. . ———g—-__.
e —————————| ‘ Rock mechanical properites | - Getlogieal iuclure and [thofaties
Long-term monitering 3 - - Flow rates into-shafl
— - Rock mechanics - - Drawdowns in observation boseholes
[ GWtatle —¢ | Magnitudes of in-situ stosses | - Hydrochemistry
- . - Stress state and rock mass displacement
| GW pressure — ¢ Dlsinhplggn of rock mecharical
i - prapen Undishurbed (baseline) condilions
[ Substurtace water halance | | Directions of principal stressas I S Bt
. -GW lable dislibution
| Hydrochemistry | - Bischarge rate of well and springs
L | - Bischarge rate of stream and river
- Aecharge rate from surface
- Hydrochemistry of well ang surface water
» o continue during phases Nl & fl}
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| Literature survey F——

T e

Historic data
surtace, boraholes|

| Lingameni analysis
| Topographical survey ]

Geslogical mappin

Core descripion/
photagraphing elc. 1

Laboralory tests
{Mineralogy/Gaochemistry/

Petrology/Physical property)

[ Driing Fuid monitoring l-—-—

Geophysical investigations ¢

{Reflection/Relraction seismics |

[ Electrical survey |
[ vep ]

[ Boreholé radar |

[Borehole television ]

G sical loqai

[Crass-hole seismic tomography]
s

g ical i_nve_st_i ations F

} Subsurlace water observafion |

{ Metecrologicat observation |
Fiuid logging
Packer tests ]

| Interference tests |

| Long-term pumping tests ]

Hydrochemical investi
T Tt R i

Preciphationfsurface water
sampling and analyses

| GW samping/analyses ] ]—l

In-situ rock mechanical tasts
{Hydrolracturing, Qvercoring)

Eaboratory rock mecharical
lesls {AE, DRA, DSCA)

:————I Mineralogy

l Toaography

l Lithalogy

| Stnrctural geology

L

I Pelrology

T e IHydrechemical characteristics of

Geochemistiy {rock) —4

- Majorimlnor efements
- |slopes ele

Physical properties

« Porosily
« Density ele

Hydraulic parameters
near surfage
- Disgharge rate
- RainfallEvapotranspiration
- GWiable

Hydraulic parameters of
deep underground
-Hydraufle conduclivity
« Transmissvity
- Storaga coefiiclan

Hydraulic monitering data

+ GW pressure
- GW tabla

Digital terrain model

- Geology -

Sedimentary cover
- Extant
- Stratigraphy

Background {ractured rock
(grantte)
- Extent
« Petrography
- Porosly/Mineralogy
- Diffusion/Semption properies

Lithclogical mode!

WCF

- Location/ExtentOrisntation

- Petrography

- Gieomelry/Porosity/Mineralogy

Geologica! structure model

Geological mode!

- Diffuslon/Serption praperties

Fault
- LocationExtent/Origntatien
- Pelrography

- Hydrogeology -

Recharge rale {infilration}

{Setimentary cover
- KIT/8/Ss distibution
- Porosity

Background fractured rock
{granite)
- K/T/5/8s distribution
- Porostty

WCF
- KIT/Srss distribution
- Parosity

Fault
- KITIS/Ss distibution
- Porosity

e e e e e e o oo owm oam b e A e e = T

Calibration data for
GW simulation

- Hydraulic head distribution
- Discharge rate of river

{ Hydraulc head distibution |

- Hydrochemisfry -

[Sedimentary cover
- Reference chemfstry

- Residence imefOrigin of GW
- Colloids/Organics

surface waler

- Chemical compesition
« Isotopic compasdion

Hydrochemical characieristics of [

Background frattured reck
(granite)
- Reference chemisiry

- Resldence time/Crigin of GW
- Colloids/Organics

- Chemical composiion
- Istiopic campasition

l Rotk machanical properites I

'_ - Reference chemistry

WCF

- Residence ime/Origin of GW

- Collcids/Crganics

Fault
- Reference chemisty

- Residence fme/Crigin of GW

- Colloids/Organics

Concapiual models

Geometrical/mineralogical propetties of WOF

Flow rale

GW fiow palh

Flow path length

GW discharge/recharge poinl

Velociy afong How path

Advetiion Ume draveling time)

Totreselsshity

Hydrubic gradien

Sorption and diffusicn groperties of WEF ang malrix

Hydrochemical reference water

Shaft/drift geological conditions (iolegy, structure, WCFs ete.) |
[ Rotk methanicalproperties [sisength, ROD elc) |

In-silu stress stals

nfiow rale

Hydregeologlcal modet GW simulation
Gecchemical simulation
- Undisturbed conditions
- Disturhed conditions
Rock mechanical model Rock mechanicat simulation

Geological slucture model

Hydrochemical reference water

Distribution of GW flow rale

Head distribution areund shafl and drfl

Hyralc properies [WCF

fulty, Rydrauic cond

Stress stale

EDZ {geomelry and hydraulics)

Therral ries ¢ ivity, coetficient of expansion)
Rock mechanical properies {strength, modulus elc.)

Gactogieal. envireniment: thderatanding énd mode! Improvement’ ]

Local geological knowledge i
Comparative information between predictions and s

- Geclogica! struclure and tithofacies

Long-term maonitoring ] ' - Flow rates into shaft
- = Pr—— . . - Drawdowns In obsesvation borehotes
Cewes | LMagnimdes of in-situ stresses | - Rock mechanics - - Hydrochemistry
~ Slress state and rock mass displacement
[ GW pressura S .
. . Distribution of rock mechanical Undisturbed foasali ditions
I Subsuriace waler balance i l Directions of principal stresses I properiies Sy Esllrim‘:m(b ine) condi
- GW fable distribulion
| Hydrochemistry  — - Discharge rate of well and spings
L 1 - Discharge rate of stream and river
- Rechal te H iz
- Hydmorrg:nfl?s?ryfgfmwzlljl ar‘l:de surlace waler
N v - . REE T2 ] 2 - N 5| . . = Lo = —_— =
oty e K5(c) FIEEMFORRICEIHAE - 8T - FMoHKESLT -5 70— (BTADER)
RHS .:Heg':onal hydrogeological study K :Hydrau{ic pqnducﬁvizy . rh —t . s —
hoF Wekeromiig o T Ty CRGERE, 81 REMECHISHE - HHBET Sty bEMBRESEL 3L -2 a v E0BEERT, $1 RERETHE,
S :Slarago WHEFIPHRLEZOI -2 a yOBRBERELDS, )
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| Geclogleal Investigalions .; L Tepogiaphy I Digital terraln model
Historic data | - Geology -
surface, boreholas 9y Concenal fodeh
' Sedimanlary covar plual s
[(Tinsament analysis ] - Extent Geomericalmineralogical properties of WCF
r— I | Lithology | - Stratigraphy Flow fate
yaphical surve) :
2 . Background fractured rock GW fiow path
| Geclogicat mapging ] | Structural geclogy | {granite} ) ) Flow path length
— - Extent L _ Lilological model GW dischargarecharae poii
Core description - Pefrography 1 . =
phnlogrﬂphfng ele. | MTnerafogy | B POTOSiWMiﬂEI’ng}' [ Velogity atong ficw path
- ithrei " Geological mode! Advection tma {traveling time}
Laboratory lests rere WoF : Transmissivi
[Mineralogy/Gecchemisiry alrology . . Hydraulic gradient
. - Location/Extent/Qrientatio i |
PetrologyPhysical property) - Petrography S S Gealogicalsructure modet [ Sorplon and eiffusion properies ol WGF and maie |
- - Geomatry/PorosityMineralogy I [ Bydrochemical relerence water
Drilling B - Diffusion/Somiion propenties |
Diing fuid mondonig Gaochemisty {rock Faul
vapiminor o 1 {rock) - LocationExtertiOrientaton |~ — —!
-Majon elemanls -
solopes e Petrography |
Geaphysical investigations P - H‘Vdf' ogeology - I
Pyscaloroperties . ; ; mulat
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