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Survey on mathematical and statistical approaches for modeling of
deep geological environment

Makoto Yoshizoe* and Hiroyasu Takase**
Abstract

Literature survey on mathematical and statistical approaches for modeling of
deep geological environment was conducted, focusing on;

(1) development of quantitative models for deep geological environment,
(2) strategy in obtaining data and information required for geological modeling.

With regard to (1), time and spatial scale associated with each property of
geological environment are identified first together with the required level of (spatial)
resolution. Then, corresponding sub-models are defined. Furthermore, a strategy is
formulated, which encourages to develop a set of sub-models and fo continue revising
them as the investigation progresses. Objectives and scope of the sub-models are also
clarified at this stage. For each sub-model, key mathematical and/or statistical
techniques are explained with examples, and issues for further R&D are enlisted.

As for (2), data and information required for the strategy described above are
identified. Moreover, methodology to acquire them is summarized together with
examples of application, in particular, to optimizing geological investigations to
minimize uncertainty.

This work was performed by Mitsubishi Corporation under contract with Japan Nucler
Cycle Development Institute.
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& Aspb pre-investigation

|

;
]

Simutation of suiphate
reduction

Component 2 « - 0.4iNa} - 0.22[K} - 0.07[Ca) - 0.24[Mg] -

A = Prog suiphata
reduclion of SEA1-930517

B = Progressive sulphate
reduction of SEA1-920828

0.15{HCO3] + 0.09]C1) + 0.01{804 - 0.13[3H] + 0.27[2H] - 0.30(140]

<5 t t + + u 1
- -5 -4 -3 -2 -1 4 1 2

Component 1 = - 0.25[Na] - 0.11{K] - 0.21(Ca) - 0.09{Mg] + 0, 11[HCO} -
0.24[C1] - 0.23{S04] + 0.08{2H] - D.OT[2H] + 0.02{180]

RY = =T Asps YA b DT AICET — & DERA SRR

REEDERNEZELTCORF ¥ v ¥ —Fu v FPRUEE SN~ End
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15.0 4

10.0- Y J

Finger length (m)

5.0

0 - L] b d L] T
6 1.0 20 30 40 50
Domain width (m}

Growth of a lone finger from a small initial perturbation as viewed in a travelling coordinate
system. The contours are plotted at imes 10 (=9,...,31). ’

3.0

) s>o>>mo> >15'(T >260 >25'0

Position of the reaction front (m)

Domain width (m)
[
L

-. Growth of the finger in_Fig.'B as viewed in a fixed coordinate system. The contours are plotted
at times 10™s (i=12,...,27.

X 1.10 FBIRKEOBE T v MIBV DR R RICET 5
Multi-Gridding 12 & 5 IR AR ERAT OF
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=0 ' wl w2 =10 "
0.0 0.8
0.5 ) C. 6|
0.4 0,4
0.2 0.2
% 30 [ T T T R—T.T 5 20 © 50 a6 10
z z
s 11
t=20 t=30
0.8 0.8
0.6 0.6
0.4 .- DA
0.2 0.2
o 20 3 3] [T] 160 3 20 “ €0 [Z] 105
z z
1
. t=40n.s .
0.4
0.4
0.2

Approach to a travelling wave solution obtained by numerical analysis using a "moving
window": Auto-catalytic system (e=0.1, pl=1, p2=2)

1.5
< ir
0.5¢
0

Wavr: speed c(t), calculated for the auto—mtalync system (=0.1, pl=1, p2-2) by
using the wave speed functional

150 200

1.11  Generalised Travelling Coordinate {Z & 5 Autocatalytic System A5
LD 4 oDEEERENERR BEEICET S moving window D7 2 o MFETO
—OOICFERORESE, £, TORISEOBEL LTo7ay MalglE
2T,
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SEZ IR BAEEN, HBASHEEZOIK (T8 EE) . PNC TN1410 96-071
(1996)
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FA bv RIS R AFHE R AR B B DR T A O VER B OBt D 22
A DHEE

HRIRUEE |[#8osfstffomBosER0EEELBRLT 3 I LIXoT, &k
FEOTREINREMER LT3 L & bz, LERMRIE DR S RO 2/
ST R T L Y BB BELFEEOS/IHERITAN S,

BWRATIEEZR (1L #EHEmESH

EREA 2. Genetic algorithm 2 X % £fFESESMEEEOREE L (5.28)
8. H#EH, consolidation IZET AEENTET Y 7 (& 17 53R)

E=R7 N A 1. RESFEERM ORI BT A R TEUmAT

BB OE [2. HEEEEOREF—F ¥y MokoTarFsvaorrahiks
HAptE~ T D AEZERN A O BRI E
8. HEF, consolidation IZBi9 BEEBHET Y 7 L DR ETHERTE

BE R Takase H, ef. al, New Horizons in Performance Assessment, Preliminary
Discussion of the MACRO II Programme, 3.3 Effects of Heterogeneous Flow and
Mineralogy on Sorptive Solute Transport, QuantiSci Report ID5013A-1 Version 2
(1996)
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o

HEREN: TR consolidation @D,/ 7KHE 'ﬂﬁ??ﬁﬁfﬁﬁ:ﬁ‘iﬁﬂ/ﬁﬁk&(ﬁ:@
TN AWEREOREEESHOFTR

B R O

SLY D EBLRREORSAEThIR, FUGHEEE OBE), M T OBROEERT
HAHE< M) 7 2AOERMLRBBEERED v 7Y 7 LindERHEEh/
KB AEERERETFAICL VIBEOERICHE 3 HF KR T consolidation
WEE Iz — TR LIZEST, BERBEEHMAFICADRB VR
ROBHOEH LG stylolite OEARFRBOLERBREBFRT 3, k. Z
DEREREOHWERER EERFEIZ YW TOERI AT T L
LAREDORIEICE T 5,

AP RER

1. Dewers - Ortoleva E7F /1

EARRY 72
B FERRBA D

=

HEFE R OF consolidation IBFRIZ DV T DR OISR

2. LOFFRIZFESL Dewers - Ortoleva TEFLHROE T T REFLD
REL '

3. EF =N Dewers - Ortoleva EFNMIZ L B HFEEOBEDOELRIE
BOVIal—vay

4, v*zv—VEV#%kﬂE%ﬁ%%waoﬁﬁ%m&

Zlb—i3 /Fﬁ'ﬁi»ﬁ‘?‘éﬂﬁ%“l‘ﬁ@$&&@iﬁﬁ XA ECHE

%ﬁ&ﬁﬁﬁCfJﬁ&Fﬁﬁ@*ﬁ BRI DB

6. B5.OFER L ERAT —F OMERI RO B

2E 3k

Dewer T, and Ortoleva P, Non-Linear Dynamics in Chemically Compacting Porous
\Media, Modelling and Analysis of Diffusive and Advective Processes in
Geosciences, Society for Industrial and Applied Mathmatics (SIAM), (1992)
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ZA bV FER, HEAKECHTAEETF -5y MeESSKBERSEORE

BRERUHIE e, MRAESCHTAEORAF 5y MoES% | KRHEER
OB RSB A T ARSI O b OBERE B RET S,

piiilaz - A e 1. EBRAEOAKNZICESSHTABREROHEESE
BEREWR

Bmy7e 1. HMEHETF TS EN 5 MBHRSIES  RERERE TORE
WrERR O F EUTHERBOBRE

2. EEREER CORBAEOKREHEIC LS < ERMERSME (HTFA
BERE) ORE

3 HR EAEEN . HEASTEEREORR (ERFTERE) . PNC TN1410 91-009
(1991}
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FA bV FEAR R EE L%/ AR TR BT (RkREEs)
BRRUEIE |RRos FARBICEL T, ¥, S¥SEROGE, ERORERBEL Y
S AR BRI R AN HEOR T ARBOBMREERTS
LEbiz, ZOBREROCTHERAERL COBF~DREREGORERIT
9,
& EleE 7 1. HBIEF % sharp interface & {E L 723 ¥ ARFRETf M FAME e
BB 7 (Two-fluid approach)
2. HHOBWSEBIZH D M TARRE~OHBERBETEE UEES
FAFA BT T K FEE) 7 /L (One-dynamical-fluid approach)
3. 2T HEELRREMEEZS S 7DD Adaptive gridding
Bz 1. SEFETFNVICESRBEREER COBENRBEM M OHEE
HISLEBI OB 2. Two-fluid approach % AV \-EHM, H8E, HEESIETH
TARAEBE RO
3. One-dynamical-fluid approach 2 X 2HEHER (BREELE) OBFETT
DFER%E AV iz sharp interface ¥l D24 EDOTEM
4. WBEDOHEENEZEREHEORFBIERFE L UTEY ARARENRTE
EDEMF T 1. & OB X 53T F{REH O RAE
5. ZE®D realizations IZOWWTHREFT R T I 5D ensemble [Zxf+5
BEETHISAT
6. Boot strapping 1= X 5 RFEEMEFM
7. HERWEEEROTOLDOEREERE
EEZ R Essaid H I, Multilayered Sharp Interface Model of Coupled Freshwater and

Saltwater Flow in Coastal Systems: Model Development and Application, Water
Resources and Research, Vol.26, No.7, ppl1431-1454, (1990)

Taigbenu A E, et.al, Boundary integral solution to seawater intrusion into coastal

aquifers, Water Resources and Research, Vol.20, No.8, pp1150-1158, (1984) .
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ZA b TR NI % 8 L T80,/ REnFuit TRMENIRYT (ERFAEsi)

BRORUMRE  [mRsmmno B FARENCE LT, BREROLMOREEE, K, %
KEBFHE TOBEARICER R bk, BEOH TARBOZEMEFRT
50

s

SN hAS B OBWSBITH > i FARB~ORE L EBE B E L dEd
EREN fafnReafni FAKFEEIE T A (One-dynamical-fluid approach)
2. KN TIHIRELREEREEST-DHO Adaptive gridding

EAFrY72 1. BT T ACES R R T OB REZEE LA O E
BB OHF 2. One-dynamical-flud approach Z X 5 TR FRENAAT
3. ZED realizations DIERETZIN G D ensemble |20V T DFEFHHL
r
4, Boot strapping |Z & 5 FREFE A
ZE SR Taighenu A E, et.al., Boundary integral solution to seawater intrusion into coastal

aquifers, Water Resources and Research, Vol.20, No.8, pp1150-1158, (1984)
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16 1-11 #ERET T VBEICHETARERCERNAL X P — (11)

Z4 b FIBRAE, HTFAHE, EXBRERCERIZOVWTOERF —F ¥y Mo X
D HUEEEEHAY realizations D2 F 4 ra =Y

FRERUEE |KSisfRk CRRFERRO TR EhIT oV T, SEHNCE N Shi
TARMENZ 2WTEED realizations DEAMIT EN#EBMESE L, =
LOFTHBAE, #TARE, ESRESCHTRER LV oREANRE
7 -5 OEEZEAHTHEALES LVWHIBRTRER O ZMET
Do

HWHATEERR 1. Genetic algorithm T X 2 BH{LFE (5.21)

BEREN

BiRpyiz 1. EESREERR CHERIRERRICR T A RMEAE. #FARE, SR

i 2 R B DB ERHTRERE W o e SARNREKRAIT — & DU L 3
2. BEEOFHEILOHOBNERORS

. Genetic algorithm {Z X % realizations FDEKERELREY OFEE

4. Boot strapping T & 5 NFES2EEAM

ZE IR Taigbenu A E, et.al, Boundary integral solution to seawater intrusion into coastal

aquifers, Water Resources and Research, Vol.20, No.8, pp1150-1158, (1984)
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A bV HE T AL R 7 — 2 1T/ 2 RS DI L 3 RBMTF A OER
BRUZhE BV BEAKREUT DESREOMR

AREUEE | Raiz@mk R HEERIc o L RELITI0 3 8 FA LR
FRF— & b BERARERIL, ZhbOEMBERRET 5,

iGN 224 1. 4534 (Principal Component Analysis) 12X 2 £ HS1L2ET—
EEENT ERO Y — BT
BAkm 7 1. [EEREESRR USRS AEERIC S L e i T AL SRS EIT VT o

HrIERRBA D H ERIF— 5 DUk L HEH
2. TESDHTORN
. RS EERFICESS T —2€ v hOFERE
4. End members (BFEAH) OBERVCTH L OHEMOME & IBESRRO
AR
5. HTKTEMENTRRECEYRERSH & ORI X SHEERT

7;54;%‘ X ﬁ:Ik Wold S, et.al., Multivariate analysis in chemistry, Chemometrics Mathematical and
Statistics in Chemistry, pp 17-95, (1984)

Laaksoharju M, Sulphate reduction in the Aspo HRL tunnel, SKB Technical Report
95-25, (1995)
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ZA b IR EBITC T 2 ERET VOERR UHEA

BERRUME |[ER4ac ko TREBMICEE ShkBREANOEE S 21 b 0OESR
' Méx%ﬁ%ﬁéntm?mﬁ@%mﬁﬁ5ﬁmﬁﬁﬁﬁﬁojutX%f
Sz Lo TERNICHET 3,

03z IR 1. ESMESEBTIET BT
EREH
B=R7N:3ba 1. ERSHWC Lo TREEShEEY OKRBIZOWTOERERDE

W R O FYr s

& RSO FUSHEEI G Ul B hED e 7 A & BT T L O KLy
BHOSEER (REAAFORAER) 07

AT DRBR DA

IRERERRE CHERAEERIC I 3 T ASREIE 5 0 KSR E
BITEFY 7

6. ERAShiHMTAIEET—Fty MRUERSDIER L DR

G

55% jC ﬁ Grindrod P, and Takase H, Reactive chemical transport within engineered barriers,
J. Hydrology, Vol 21 (1996)
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ZA4 bV RAMEEBTICE T 2 RERE FLOERECER

BHROEE (b2RE0kEE L 3EWENE LSBT ARBR CBESTICRIETE
BERRZOT 4 — RS ZTEEBIC X »TEL B ERE RN TBOER
it

SRz IEEEA 1. REHBRERTCET3RERET L

ERBIN
B ¥ZN: DFAS 1 TERETF VORI L o TRAR SN EEREYZHE LOEE
BIEERBADH |2 ERoOSUSEHELITES ZRE, FARE, RUESHESIFHELD
EFIT
3. T LHEBROMT
4. SEERECPRE LSRR~ OBERET VDA
5. FRERTT T L BMATRER & Ok .
6. MEBIERT consolidation IZDWTDIGH /KB MBRIGERETF NV
X BMTRER L OEE
S8 30k Chen W, and Ortoleva P, Development of Complex Reaction Front Morphologies

Through Nonlinear Fluid-Rock Interaction: Modeling, Asymptotic and Numerical
Studies, Modeling and Analysis of Diffusive and Advective Processes in
Geosciences, pp52-71 (1992)
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ZA b

ESEEENLR & EEIREBHOHBHERTT ) v Y RURAE L O
HBC X DIREE

BHIROEE

SUEIRRIIC X 35BS R UMBAEDORKICHE->TELS

1. BREEW

2. MK (B BE

3. BERSRIL

EETFMETHZ LIZL D EARUKEBHEILOKRE & &2 ORISR
BEET 5,

i FT e
BEREA

L EE/ERT 2L BEE T OSHARGBEHET L

N ENEPRAS
B FE R B D H

1. EFEISIHATC L BB L E ORI R OHE

B TR TEBIARATIZ 23 < FHAMIBRKE A OHETE

3. EER/BEHTIZAEREPTOERSFEEBEIT T2 A\, JERE
Bl OEBER, RERSEBRHE O TR

4 EEIEEOEHNT—F ¥ v k& ORBIC L BB
(BREIZS U T) EFeFNA0ONREEFT
SLUEBOR LE OGN/ KB EREH OF R

[3]

SEIER

Lewis R W, and Screfler B A, The Finite Element Method in the Deformation and
Consolidation of Porous Media, John Wiley & Sons, (1987)
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FA pv BLEAL OBRLETREEMICET 3 RISEEESESTT Y v ¥ RUEH
B & OB X AR
BRRUEIE |[SiBmseorstoB Ak
1. HTFARERME
2. SRk
EETMETH T LIZL Y, BIEETRBIZOWTOLBRABRROKE & &
£ DRRBOHES 2 I 5,
BHTARER |1 RANEEBBICHET 3 BERET N
BEREIN
I=K7 N:hA 1. REEBEBHENSIC L 208 T AKEROHEE
TFREBRDOH] |2, SEEEETMC L B IBSMER ORE
3. RAEMBEBBEETIHEREFNEAVEELSBAROMTA,
SR L DIRAT
4. EHIBOZEAT—F o b OB L AR
. (BERELT) BFEEFVORBRRUEEN
6. JUEEDRELBZOBICHOER R UH T ALHEH OB TIRE~
DEFHEEB O TR
5/3":%" iﬁ Grindrod P, and Takase H, Reactive chemical transport within engineered barriers,

). Hydrology, Vol.21 (1996)

59
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Z4 hav 227 V-t BT ARIGIC L D hyper-alkaline plume £/ EBOET Y
v 7R UOSEENE & R X S REE
BEREOBIE MEX@RE0=r 7Y — AL MTAORKICHES hyper-alkaline
plime R, RUTH LHREE b ORSIC & 2 EEEHOWREMR
L H#TFKERIE
2. SREDERAL
EETMET D Z LIS LD EFHEELO KX 3 L 2 oRMGES 2 FmT
Do
BHRTEER 1. REGHESEBBICET SMERE T
L3530
=R7NZaPA 1. RUSHEEBERITSIC X 5000 FTARRO#EE
PHEER DG 2. BEEHEET A L 5 G ROTEE
3. REEBRHEBEICETIRERETAVERVEa 2 ) — FMERKD
BEIR USRS & DL E{ER D REHT
4. WHIBOERT—FEv k& OLEIC L BH®REE
. (BEELT) EBeT L0 RRUEET
6. MEBEEDELEDILRLIEBEOTH
557-% 3 Eﬁk Grindrod P, and Takase H, Reactive chemical transport within engineered barriers,

J. Hydrology, Vol.21 (1996)
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ZA bV HEOPEARICB T 2B R0 REBIEE & R L e V5SS imeT )
o

BRORUBIE [fnicR s sBonit a0
1. ZEAHRE (TR, B, #TFK) o)
2. WHABBICEESIIEBE (KoRMEEE LGRS, X
BETALTBZ IR VRMNBEOKE & L TORMMER 2 ERILT
D,

A FTRE R 1. #/SHRmERFEre7

EREA

BARA 72 1. BERENER L SROMEBBOFBRBERTT I VI IZ X B8

ot D f BRI OSSR ARABEB OHE

' 2. BSHRERFATETNC X 2IBE ERR USRS EZEB O AR

8. BRI TROBESHR TSSO
4. REBER L OB X SR
5. (MEEUT) BEEFNORRROEMM

B3k Lewis R W, and Screfler B A, The Finite Element Method in the Deformation and

Consolidation of Porous Media, J ohﬁ Wiley & Sons, (1987)
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1% 1-19 HERBEET NVEEICET 3 BER CERFH, v P — (19)

HA v REAGRENFET 2 RE CRIMEBEBITEF A2 AV IRER,/HEa
EN BN DGR RRE OB R CRBRIEE & DLk

BRRUHIE e Brnc et BR SN 3 REARIC L > TAE LS, B
A G D Y L DB & ISR T D IR OTETE &\ 5 SRR D 22
B2 P FEETMET B 2 LIZL Y, 8BRS ICEE L L2080
K& & L2 OBHNESE ERILT 5,

T Fe Al Re s 1. REEEEEBETET A
BRI 2. FEFSEE COREBIERE S
B ARy 1. B/ SREERETEF ALV EHSh A BERKSHMES 1 7

TR O F 7A VORERNEBE BB LRGSR ERBANTIC & 5 &80T
B _REHEBDOL I 2 b— g

2. REBERLOHEIC X BRI

WMEIELT) BETTLVOUBRE UCHEENT

o

ZEIER Pusch R, et. al., Hydrothermal field test with french candidate clay embedding steel
heater in the Stripa mine, SKB Technical Report 93-02, (1992)

62



fTix 1-20 WHRETETFNMEBEICET 2RERCEMA = MU — (20)

ZA PV Mr—REODEBITICET 2B 0HZT >V T0EKheFEr7
33 V%A% L mother model MYERE,

BRRUHE |[chEcoiEAido L —FRBEECBVTRLLE, BRLShES
TEBMNOOTH RIRAEREEEEBINSHERT D Fck a7
PEDOTH, FREREOHR, BERNERES, % 2EEL, BBk
VoTHoRLOINGIRMELEEFAMEA T 3 285 L mother
model Z{ERRT 5,

A AeE7 1. FOBITHEBEIZ OV TO mass partition TF
BRI 2. BOBITHEELIC VT ORERT T
3. F¥ U RARy MNI—2TFTN (FUNEREECER)
BAAy A 1. HENEREEEZEBLEWEBTETIY (HE1-5) ~0Brnes

HrIEEBA O F - WMEF T a OFMNT & 3 mother model DERK

SE IR Takase H, et.al, On EBS Modelling for Performance Assessment: Using Shadow
Models to Identify Robust System Responses, Scientific Basis for Nuclear Waste

Management XXI, pp847-856
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24 PV mother model (T & 5 FEMT, REFREOEEILEUHERFER L 0kl

HEORUMEE  |nother model K& FNBHL DEFAT T 3 Y ROFNBRITRE L
7285 A — 2 EOTENTHIS LT & R REBIOIRAT 217V . 2 & OARTFRT
DEEBPFELTS LV 5 BRCRERRRRITLALPCTS, £, A
BORERIZEIE, EFMEF T a it onTORZ Y —= 2 P B0,
LD EREOBNEFAEBERIET B,

1 A R R 72
TR

=R"N: A 1. a7Hr7aeRnieER - REBRICES =AMLY
BB D VOV TOE—RRAZ Y —=2F

BENEET ATV a & AV ERORBRETOER
TFNMEZ TV a Y EOERETEET 5RARRREH 0 REL
PTG R & DRk ,

BB ESSEFMMEAT T a v ORIV —=F

EREDE O site specific 72 b L —AMEBITEFTVOIER

SN S

B 3R
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FA4 bv AVET A F =Ry bR—ADA VBT IT 4 TR ERT— A
T LB ERERV AT AOEELER
BRRUCHEE [ WESSTT Vv ORENZEFRICHRLT,
1. F—4#
2. FHFR=Arb
3. HEETN BOETFTARRIaERETIV)
4. HERHEETLV
FET—ARES, FETHILIcLY, HERSMTH5L2TORANRE
PGB T 7 ¥ A TH 2 L 2L T3S,
BRTTEER |1 AV RS AV F %y vR—ADL Y EFIT 4 TIREH - BT —
BRI H 47 (f], Business Collaborator)
Bz 1. Y7 =T ok @E
AERBROF] 2. AHETRVES FROBLECZBELET 0 FaAoRs)
3. ER '
ZE SRR

QuantiSci limited, Business Collaborator, 1998
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IR E A IE AL NEE (FERAK
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HeF AR RERRINL AL F7%A FTD
- BT AY D5
TR BoBEE HFARY P ADSH
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—CORDEEDORFEROF DAERIBRRIIR ERICEERERLOTHY .,
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—NOREEER, HERREETAVRBEOBRANLAREICLER LD THDH
RERMIZALN TR, ThbnZ &iX, AEEEEEL T,

1. FTARBREEZOETNGRER L 7 2 HERESMEIC R L RIgE O §
ZH Y L]
2. RERIVHERERE L HWERFHE CHEEBERE L OBERR Fr—L
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HRENOZEFNAYEHORER,. BREEUHET 288
HHNEREFEDE LD

Scale Name: EBasin Depesitional Channels Stratigraphic  Flow Reglma i‘amn
Environments Features Foatures :
Approximate -
Longth - ] | 1 ! I [ ] ! »
Scale 5 4 3 2 1 0 -1 2 ] -4
(Log maters) {km) (m) (cm) (mm)
Geologic Basin geometry, Multipie faciss, Channel Abundance of  Prmary sedimentary  Graln slze, shaps,
Foatures siratal geometrses, facles relations, geometry, sedimentary- siructuras: ripples, sorting, packing,
siructure] features, morphologle badding structuras, cross-bedding, orfentation,
-Mhofacles {eatures type and stratification type, pariing Hneatlon, compaosition, caments,
discontinuities, extant, upward fining/  lamination, soft Interstitial cays
raglonal facles trands IIthology, or coarsening sediment deformation
fossll content
Hetsrogenelty  Faults {sealing) Fractures Frequency of Bed boundaries, Unaven diagenetic - Provanance,
Affected By {olding, (opan or tight), shele bads, minor channels, processes, sediment  dlagenasls, ssdimant
External controls Intra-basinal sand and bars, dunes transport-mechanisms, transport mechanisms
. {tectonic, sealevel,  controls (on fuld shale body bloturbation :
climatic history), dynamlcs and geomelries,
thickness trands, depositfanat sediment load
unconformities mechanlcs) composition
Observatlon/  Maps, selamic Maps, cross- Quicrop, Outcrop, Core plug, Thin section,
Measurement  profiles, cross- sections, crass-well lithologic and hand sampla, hand lens,
Techniques sections {ithelogie and tomography,  geophysical outcrop Individual clast,
geophyslcal logs, lithologlc and  logs aggregate analysls .
selsmic proflles geophysical
logs
Averaging Shallow Reglonal Local Nearwall Core plug Several pores
Volume of crustal {long tarm (short tarm (non-pumging {parmoameter} {minl-permeameter)
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Borehole Subset
Zone | Parameter Subset 1 Subset 2 Subsert 3
Mean Std Dev | Mean Std Dev | Mean Std Dev

P 0.672 0.094 | 0.618 0.074 | 0.622 0.090

1 B 114  17.6 | 114 178 110 27.8
o 1.26 0.081 1.21 0.079 1.28 0.072
P 0.142 0.237 | 0.352 0403

5 Fni no fit 156 94.2 62 47.2
c 0.542 0.032 | 0.586 0.004
P 1.00 10—3 0.58 0.238 0.37 no fit

7 hp; 26.8 2.38 70.5 129.4 19.6 no fit
c 0.551 0.050 0.61 0.04 0.64 no fit
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