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Study on Sclute Transport in Hydrogeochemically Heterogeneous Field

Takao Ikeda*, Hideji Yoshida*
Abstract

The impact of spatially variable hydraulic parameters on the transport and spreading
of conservative, nonreacting solutes in natural subsurface systems has been the focus
of many recent studies. In contrast, the transport of sorbing solutes in geochemically as
well as hydraulically heterogeneous porous media has received very little attention.
However, in both cases the rate of solute transport varies with location and the
presence of high and low mobility zones results in an increase in the dispersive flux.
Sorption processes can be complex and depend on many variables, including
temperature, pressure, pH, ionic strength, sorbent surface charge, sorbent sorptive
capacity, the presence of competing species and the groundwater velocity. Spatial or
temporal fluctuations in any of these variables accordingly affect the distribution
coefficient, and consequently, the movement of sorbing solutes in subsurface porous
media.

One additional complexity in problems where we consider both geochemical and
hydrological heterogeneity is the possible existence of correlation between the two
properties. If preferential flow paths have relatively small a “flow wetted surface area”
and/or less sorptive secondary minerals exist as the result of flux-driven .
rock/groundwater reactions, then the magnitude of radionuclide sorption onto the rock
(the distribution coefficient, to be more specific) is negatively correlated with the
heterogeneous hydraulic conductivity field. This implies that nuclides migrating
through channels are subject to relatively small retardation effects which may result in
enhancement of possible channelling effects on nuclide migration. Conversely, if the
distribution coefficient is positively correlated with the heterogeneous conductivity
field, then the effects of channelling on nuclide migration may be reduced by the
counteracting retardation processes. '

This report presents a number of recommendation on an objective and quantitative
approach to the analysisof the results from batch and column experiments which are
being conducted to support the MACRO- II sorption experiment. The approach
recommended is to use a range of candidate mathmatical models for the sorption
processes in the batch and column experiments, with the most appropriate
modelselected by a “fitting” exercise. o

Work performed by JGC Corporation under eentract with Power Reactor and Nuclear Fuel Development
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The fitting approach recommended is to analyze the experimental results for
experiments carried out on the same samples and under the same conditions and to test
the relative accuracy of each of the candidate models in a series of increasing
sophisticated tests. These tests are: . o o o Lo
1. Scoping analysis of the results of the batch experiments to determine the
timescales for the sorption equilibration process.
2. Comparison of model equilibrium isotherms and batch experiment isotherms
3. ‘Fitting” -of model concentration-time curves to concentration-time data
measured in the batch experiments, in order to determine sorption kinetics.
4. Scoping analysis of the results of the column experiments to determine any
lengthscale effects.

4

6. . Fitting” of model breakthrough curves to column experiment breakthrough
curves, in . order to determine the interactions of the sorption with other
-.transport processes - o e e
It is shown in example calculations that, provided suitable data is available from 'th_e'
batch and column experiments, the fitting in step 8 and 5 can be carried out
automatically by combining computer software that solves the model equations to
generate . concentration-time -curves or breakthrough curves with software that
undertake non-linear fitting. The example calculations also highlight the aL_dditiona_l
information that can be derived if estimates for the experimental errors are available.
Future studies will continue this analysis on further data from the batch and column
experiments, o

This report demonstrates the use of two-dimensional numerical simulat_ions_i_nmthe
design and analysis of the MACRO-II sorption experiments. The main objective of the
MACRO- T sorption experiments is to examine the impact on tracer transport of
correlated spatial variations in ' transmissivity and sorption properties. The.
experimental design procedure adopted is to specify of a “theoretical targst” indicating
the desired spatial variability ‘in the transmissivity and the desired correlation
between transmissivity and sorption parameters. It is shown that by thé use of two
experimental controls ~ the bead 'size and the ratio of sorbing to non-sorbing beads, a
physical analogue of the theoretical target can be constructed in the laboratory.

A number of numerical simulations of the MACRO- I sorption experiments, in flow-
beds designed using the above mentioned design procedure, are conducted. The
simulations deploy a kinetic Langmuir sorption model to predict the flow and tracer
transport in four floe-beds, each exhibiting different correlations between
transmissivit and sorption model parameters. The simulations clearly highlight the
enhancing effect on tracer channelling of a negative correlation between transmissivity
and sorption. : ' ' . _

A preiminary analysis of the impact of parametric and conceptual model uncertainty on
numerical predictions of the MACRO- I sorption experiments is also conducted. The
analysis is based on the rather limited data currently available from batch experiments,
‘but clearly highlights the need to gain a better quantitative understanding of. the
errors in the batch experiments, and the subsequent effect on predictions of the
MACRO- 1 experiments.
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HRUBERENEODODRBIZSS. K75 XEDSHIY A XRUEEOREER
UBHFHE-XOREE2EUHNS A£BOTHEI S, TEFNVAG.DHRUE.2)
THAMLETES

oc

b3 = Dmat+arv)ViC-uvC-(1- 9)— (4.14)
88 |
5 = R(C.S) , (4.15)

TR USR8
C = Co and §=5 for0<z<Landt=0 (4.16)

C = Cuin(t) forz=0andt>0
(4.17

-E‘Tﬂ/it(*l 14-4. 17)‘1&%:57')1/&@ (BEER) o—~2iclE+ 3 REEHOHM &
—HEERL ST, 8,C0,80,Cn(OBRUER T FILEE I HET 35 A—-508ADIC L
2TNSA—SENE, BEZ 5h1/,t5 4 —ZHDOH {8,C0,50,Cin(t), O} T2 L
ERORATORE C 2 SPADE 2~ Fi AL THRERICHETS 5 [28][29], Lk
NoT, BEETFVHABBEERT -7 ICBET 3 0ic. X8 2t
TTHITVILEEDBIZ, 44.13)HD & 5 SPADE M"BUEATS 5. EE&.
MACRO-FIT RED LI BEAAEETTEE LS KEbhik, LirL. BEEER
KETIHMRII NNy FRRNSHEINET (LLI1Q)ESHE) | Darcy fRZE R 48
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T vV IV OWEEE LTl (4.4.2(0)F) EREE V—Y— i3 2 EEEE
POBBRETHIETHIE. &b BRI —BORREERT I LIILhELT
HarbhbAahii:

L T4y TAYIBEFENy FRRTF— 5 DREREE M L —Y— T 55
BRI L > TRES M A — 2 A e FARABBEOHE I L -
Ty EF VBB E R BE - et 3

2. Darcy B LGHT VY NVOEIFEDD T 4 v T4 YTIMBHFNAN g F
RRT—I L - TRESNIREEFNNS5 A — S 2 EA LT EF LR
AT EREANBICEATS

8. &TDNTA—5OEMERD, EFIBBHREERRAHR BT S

ETr—RRBCTEHNBEENHETE 5, ¥ 2 BN

N 2
F=§@%ﬂ (4.18)
(CZTMii2(4.14-4.17R0D C © x=L BUBEH 1, EBIABTHI)NEAZ A
TS OTHRS 0 ICHT A HRIBONSBE. LOSRBRIEEELES LS
TB5%. BoRUEZORBRTOT 4 v 74 Y /KR ONB NS A — 4 DM -5
—ORRTEAINILOLOMICEETHENH 288, ChRBAEZAS
PORI AT —VHRERTHTTH B, /95 4~ 5 QUIEBSBLTED . |
BB ZEEECIILALEINCBER. Ny FRUAS ARBIEEE LT
BOB- AR TERTEZ L LREESHTHS : CHODERITEELEL o T
TRy =) MACRO T RBOBRICHAT S - EHTEETHE S,
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4.5 FEH

MACRO-FIT BRESDRUBEFNT 4 v F 4 VB TEEINTIN S, Ny F2
BRICEIFBTO0ED LS KREREFNE. MACRO-FIT RN £ RT3 e
CIRFT. SOOI BE—DDDIL Freundlich BT, £=0 01t CH:COOH (&
B BHOFETICETS NaOH b L —Y— %> A BREA AV RREFATSH S,
By —AREOT FEFLEACTRARVEELGANEF— 5 2K L. [%4a)
DRTA—FPEDIERSERHTEBIIINSDF— 5 £BE L, UTIoRY
£, BDNRS A — SR EORES M FREESUANICRIET,

4.5.1 Freundlich € F/LO#

BEMN-Y-—BECIHTIF-FERE.1D. CORUGHNEDTMEEL
HREBE I &k - THRELE T

a8C 8s
b5 = -(1-0%

gt_s = 3;k;C—skyS @20

RIGEREREIL K =2 RU k™ =5, A7 — U V& =103, sv=104 TR EITH
FEMPOLDIIRAS I, BENEF— Sy R EAIBDELFRRES L bies
41IRTREINTOS, WIKB~I &SI, YRR —Y V7V B8 OERIETRE L
B Newton 74 v 74 Y7HRIHLTEETS 3. SHSORr—Y Y/ RMIRE
ERBOTHES N —RICEEFE K R K DAL S -, HEED =,
FTELT -5 PRETNIHE MACRO-FIT BEH T2 B/MEF=0 £ 5 L.
T4y TA VTEORNSA— S ELEOED 104 LATSH 7=, & b EEEE S
RUEZDEE, HEDRU-ERiR [RE] OF— Y AFERT B DIcSenF
—FREATIEINL - TiTbhi, EOSNAETRERE—KT 25 VAR HDY
AHREINELERCLATOREICME Shis,

(4.19)

COMREI DF -y OREHERBR 42 ICRENTI S, BADDA T 2
O LEMEF=x ¥y RUBMET BB EEED ISk o TRENS, T 1 951
YTENRNTA—SEE TRE] OBEOBEETIN S FEES LA TS S,
Chid, BEEE K =1802027T R k"s=42%1.1 & LTETHic, S%-3t4

- h0 -



AT by 7 2DOHARDFELFREFRRELLTERTSES. WodhTH S,
INSORHEEIOREFIRZMERT —FICH LTREEIN L BDITEFT 5,

# 4.1 Freundlich EFVRICHTAF—%

[ time (s) | C (mol/litre) I uncerwainty |
0 | 00125 [ 0.0006
200 0.009818194 | 0.0005
400 0.0079794328 | 0.0004
600 0.0067114575 | 0.0004
800 0.0058329696 | 0.0003
1000 0.0052220399 | 0.0002
1200 0.0047959329 | 0.0002
1400 0.0044980698 | 0.0002
1600 0.0042895046 | 0.0002
1800 - | 0.004143286 | 0.0002
2400 0.003918034 | 0.0002
3600 0.0038127515 | 0.0002
7200 0.0037983023 | 0.0002
14400 | 0.0037982768 | 0.0002

% 4.2 Freundlich TFNLEICHT 2 BEER

| PC%) [k |k | Vir |V [V |

[0.7616 | 69.1 | 1.80 ] 4.18 [ 0.075 [ 0.273 [ 1.205

4.5.2 B 4 L ZBRETIILOH

k0 KEHEy FTORBRETH, RR2EDLTMCEE LLERICENT.
BUSEERE k=3 RU ke=1 OFBEA 4 VHRE TV ((3.29)-(3.30)) KKHL
TEiT&Ehi,

3Sna
22 = [sykslCnal®(Su} ~ sukalSwal*[Ca] 4.21)

R — U TR sr=103s=1 IIRE I N7 NaOH OH KRBT 0.5/40moll |
IKREINI.. BEOREIIOHED 2EFICHRESIN. TDHFRIT 4.7 :ED pH
THIEZIN. 4ITEF L, NafBE L pH OB 23K 4.1-421ICRI TS, B
NERERIEDLDREWTF -, ZOZRKMLT=>0 K& 7F—7 0@



AU E NIz Fm & BFRHES £ & bItBE 43 LRINT Do SN S ORMES
DKEXZENEN 10%. 4%, RE 1%DA—F—Th3, chdDF—5 ORE
BITEASICRSNT S, CHODERER, T4 v 574 VI ShI A5 A—F
PEOEEDHBOLBEEERITT 3 ERREARL TS, CHOOTWHEE. &
CRESHEFRES 3. F— 5 OFHES BRIT B >NBLERT. COE
g7 M43 CERSNG L5, & TR F— Sty ML FUSHERE
DHEILENTLHESNTH B, o

0.01)

0.012
oo e s

‘ : [===T0% predicton
0.0l 13 % - e (0% dia
0.0m +
0.008 ¢

0.007

0.006 +

Na concentration {mol/litre)

0,004 +

0.002

0 2000 4000 5000 BO00 10000 12000 14000 16000
time {seconds)

M 4.1 10%OAEKEZLD [HAR] T—FOHMET 4 v T4 7

0.a1)

0012 1+

00Li ¢+
i

§ 0o ¢

Na concentration (mol/litx
s & o g B
g8 8 8 2 3§

?

g

FS

4.1 42 43 44 4.5 45 47 43

pH

K42 SBEAF ORBETNICH U TRETFE SO pH OTRES)



#£4.3

FEHEA T URBRETFUAICHT IBSER

P%) |k |of [k [ [Viy |V | Ve

0.855

10% || 0.867 | 58.0 |4.47|0.85|1.93 (132 |0.722 | 0.610 ] 1.74
4% || 0.887 | 56.0 {4.87|0.15]2.71|0.25 | 0.022 | 0.007 { 0.065
1% 59.3 |4.94]0.082.87 | 0.16 | 0.007 | 0.005 | 0.026

prediction error (mol/litre)

0.0015

=
3

e
3
b

e
8

§

%

;E‘

(=)

A

SR % % EEEE R OEOEOE

time (seconds)

4.3 BMESETAE B BELOMO=E




4.6 FTHE NNy FF—F TORR
46.113LHIT

FHHOUF— 5 PERERUBREOTED b U —BEZIH LT o R
SRTEA, BHREDF MY TACAVERE L. KBEAA L EKET 5B E—
REMAT B, BBRREMF P YA (NaCl) PL—H—%bb. NaCl £iaE
© HCl KEA B, BRREKELF MY o4 (NaOH) FL—H—% 5o, il
NBEEAERTOREAF VN OH 14V EEE L 7)(%3952‘9"67‘*&5\ 07
D& X BHRMICEES S NaOH 8433,

4.6.2 FEIHER

BRERH IS O RADEDOHM b b —F —@EIHF 5 . pH RO B SIS T i
PORE Y57 RUEET — 5y 0MERSNis, &8 THKEA A VBEDZL SN
TN EIWHTE, BREYEN Na BEICHAT317TH 5.

BLEZ 120D 8 SVDEITETTEpHF—Sick - CEMMICERZ A S,

BEIEHET-FBETNICED Na BENKRRO OB ONBZA T2y FEE V{t)
ELTHEZLHIK

Ct) = () ((g((;; . 112; (4.22)

CCTVoRTFORESNILATEY b (IV) | CO)ILEIME Na BETH » 1=,
N
=3 (4.23)
CCTNBEASAA I —F—DELM. BRAYFELER (02 1) Thot,
RIEOYIM Na BE (N=0.00075 Z7=1% 10.075% ] ) TOTF—%iE, FIESLUT
KETITS2BEETL. Vo OB ZERR L hnER IO 2. BHOF—4
PoRONA Na BEEE 4.4, 4.5, R46Ic74. iz /- REB.H. B K

U2 THASNZRE. Langmuir RUBEET T4 HI T HFET—F€y b

— 54—



KREENB=ZDOBEMETNVOTAETT o RMU2DIKENTREHEY i fou by
EUb i3 T1ICREIN, :

T-IREAOBIIR.BoLEZNENDO Na BREIZE L TZ ORICHHIT 5 15
RXPEET I EHREI I, BidFEh, $EFLVORBEETHERT,

0.010
0.009 ¢ measured
< 0.008 weakly acidie
2 0.007 § ~~ - Langmuir
S - linear
o 0.006 &
E 0.005 1%
g 0.004 13
8 0.003+ ¥
7 0.002 |
0.001 A
0.000 ; 200004 . :
0 1000 2000 3000 4000 5000
' time (seconds) '
B 4.4 [0.1875% ] F— % RU'ET I Filll
0.020
— 0.018 4 ¢ measured
@ 0.016 4 weakly acidic
= 0.014 B ~ = - Langmuir
oozl 0000000 b finear
gj 0.010 +%
% 0.008 -
o 0.006 -
7 0.004 |
0.002 + = TR 2960600
0.000 : ; P S
0 1000 2000 3000 4000 5000
time (seconds)
f 4.5 [0375% | F—2 RUETITHl



0.040

3 MDFHHT — 5 ~DEAH>ETFNORERVBRME S 4 — 71 LTR

0.035 i o measured
Ty : weakly acidic
-E 0-030 E ! __._...ng-mui_r
S 0025 {3 Hness
E 0020 %
4 3
§ 0.015 4

0.010 -
Z“ ;

0.005 -

0.000 : : ! :

0 1000 2000 3000 4000
time (seconds)
‘BW46 (075%) F— 7 RUEFILTFHEl
4.6 3 ERRUZER

HANAE. UTFOE 44, 45, RU461TRT,

F£44 FHUF—I~OBBEEL

Daw | k7 T

Set (10~2s~! mol~* litre) | {1085~ mol~! litre)
0.1875% 1 7.3 £0.2 0.08 £0.25

0.375% 6.5£0.3 22£05

0.75% 7505 17.4+9.7

#4556 TFHMT—F~O Langmuir BE&

Daca
Set

k¢

(10~25~! mol™! litre)

kp
(10-%5™1)

0.1875%

7.6 £0.2

1.1+0.2

0.375%

6.9+ 0.3

37205

0.75%

7.8 0.5

3.7+ 17

=®

4.6

FROTF— 5 ~OBRBEE

Data
Set

ky
(10~2s~1)

1 ke

(10—6s—1)

0.1875% || 2.45 £0.07

1.60 £ 0.2

0.375%~ | 2.02 £ 0.08

69 £ 0.7

0.75% 1.93 £ 0.13

349+ 43

5000



ﬁm%oﬁ&uz#—uy#ﬁﬁ(ﬁ@zmszan;ﬁu)&ﬁArwao
FEES TR, RE2DFD CuBHOHic. Langmulr RU;&B{-T}DI h¥
2 EREN M) EEXEL-TUB,

RIERL, TS OFRWRSNEDBED 10% 1 SHMAY 3 R X£3| 8 LT
. UL, BERRY Langmuir €FL0 [0.75%] F— 5 AOBEEDH =
BTEZLOIEBRIITHE. SIAINANS X — 5 ORBES +5 101250 &
N REMICRRTOF— I NEFADSORENEThERTCEh R
REDLD AEMIZF -5 3R 4.4, 45, RU46IKRONB L3 ic Bl s it
PR BOIENB, CARF-IORDIH, F— S #HMH 30 LRG0T
TNERT, TS ORVRA Ty MNEEICHET 3 EBbh 3, F— 481
RELECHITANMESICL > TRELI 23, EFADF—S A SDEER. B
%+k$H%ﬁ%mﬁﬂif@%rw&%ﬁémmmﬁ#wﬁékﬁi?%#EH
b aRAd AW

LﬁOﬁﬁ#B\%ﬁ%?“itwhbé@ﬂﬁf—iﬁwﬁﬁﬁéﬁﬁﬁﬂﬁ
%5:&@E<N§Cﬁ?dﬁhoﬁﬁsﬁ%fw#%®kﬂmi?—9?wbﬁm
#tb@ﬁﬁ%ﬁfoChé@ﬁﬁﬁtﬁﬁﬁﬁtﬁbfﬁﬁT\%@tbt?f
Y FPREVoOBHELHLTHEI THB. DL Y ERAREELEFF—4 . =40
u&mﬂmbP—#—%@%btﬁﬁﬁﬁﬁﬁ%ﬁﬁiéht%ﬁ#éﬂﬁﬁﬂ%
THD55 (F MY T LB L TERED S OKELS A YIKERTBICON. BEE
BEOBRIMBETHAS5) . %@ijﬂ?ﬁ&UFﬁﬁJ%ﬁdC:fﬂﬁén
5 ME] BOBBALSDODDBETS 3,

?ﬁ%?—iopHéﬁm\::?#MT%%?»@%E%E%%%@@ha%ﬁ
DAREHEX B, B 4.7, 4.8, R4 IBBETFALEH >OFHpH i & F—
FHRELHETE, EFALEF—F HERE & BITET I3 pH £5RTH, — k7
BREROF—ERH3, T, @EIhF—5E (ATTRT) BEOEEE-T
;Dﬁ¢bmﬁ&?5m\%E&—ﬂbf%@&ﬁ%?»%ﬂ(%ﬁfﬁ?)@T
HEBRAL RETHE, ARSA4 v OBRBERBITE L HIELA. ®RET
BLOBMERCERT S,



0 1000 2000 3000 4000 5000
| time (seconds)
M 4.7 [0.1875% ] pH 7— % EBEHE F LTl

0 1000 2000 3000 4000 5000
time (seconds)

48 T0375% ] pH 7¥—% t5EET FIFill



12.8
1264 ‘.
1244
122
12.0 ]
11.8
11.6

11.4 : . : + :
0 1000 2000 3000 4000 5000

time (seconds)

X1 4.9 [0.756% ] pH F— % L FREE T LT
4.6.4 FRERHER

W OMDRIE DI b L —BEICHT 5. pH RUESEUE I 55
5727 TF—IERE N, T TR, KBS A VBB TS EALENNF B
O ABEIL BB EABRSICE LIS LM RN, FIAIE. x moll ® Na i
ETHIETAE. KB VBERBEIZT 10755 xmoll DRBEETTLET S 2
EHMIRESNBTHS S, EWICIE. pH F— 5 12 104 HiEQHIKEREITM
NaBELDASHBEOBMMERL T3, BREUEF—5 b, Yol o
FoTHH Na BRI SFRETEEREIDARE S LR 2 ETHWTH B, B X
e U pH RUBSEMEI S 2 TR L D RS BEMERNT 50 207
BEEISOEETHS. ChoDHEDIHD. 74 v F 4 T RRAS SR TN,



4.7 £&B

AETII. MACRO IREBERBREIFET A LDRERIN TN BNy FRUEHS A
HBEPOOBROBFICINT S, BENRUVERNT Yo —FIETI8{ OREEFT
ol HRShBT o —FiEk, Ny FRUAS LARBRIE B EREBEICHLTH
LSHEAOHFETVEREERL. BA L TRLAYLEFAELERBETZL0T
550ﬁﬁfafﬁﬁémhrﬁﬁﬂ%ﬁbt,:hQM‘Eiént%¥»mﬁ?
BRI A= DA S T B DT — O REEXOEA LB L,

T4y T4 YIHERY. T OREEIER, BRERERT P L —%—%ic
DT, FRANy FF-SKEREINA, F-SOFREINEOMICKFTS &
WIRED D LI, EO0RAEFMCHLTRENFbhi. choDBEQHED
ETFNETF— 5 ORI HBNIS, BF5— LEBREONF I FOER XNV
FLRTABEZBEMEO, W OPOERERVES LORENRS S - b5,
ShoDIBO—2iNy FREICH I3 RAOKEFICEAT 5 M AR, EB
RUEFNREBMUHEBT DI, —HOLSBH 3 REFLARIEINEC &
ERETE, TOLINELBOENIL. BHERERF ML —H—RBUX 5o RE
INBHoWERBIIH LT, BRI, BE. RUBVOMEARHETICLTHS
Do EOMOEEURENSHOEROMICH ST D . BADBERO ST
@ shadbahisu,

ERTE SOy FRUASLARBTF -5 D74 v 74 /O ERAENE
ETEE ORBEET I, —DOBENBEDIL. BLOEFARETHED OB
Eb-TEACNAKRT—SOMREST AL THS, E0BE. BEEFLO
BRI, ETUPOPCLTORRT — S £y MR U THREAER 40 E0 S S
3. COT4 v T4270 BEME] ~ERIITRERIATHELN. &
ERIZENERS LDICHEI N bEhL,

BOREIE. ENED-TEFNATA—SEEBRD Ay FRUHS5 AF— b
SRETELEOHBMEL. BETFVHNOBBOESRICESETH TS, £
D&EI/NF A =5 PES LOTREES DTN Z 5 — L MACRO I RBRADEE L.
HETHEAAULBERRICE » TRETE 3. COEFNAZORETSPNS
CEERETE,



5.

BE/NVA-ORREATFEOER

511X L»HIC

E#oﬂT%Kﬁﬂ%?”ﬁf#ﬁrﬁoﬁﬁwﬁmﬁﬁRUmﬁDKﬁ?%gﬁ

ﬁm>oﬁlmu\mﬂ%moambfﬂﬁm$ML§TﬁEa§ﬁEmwuﬁwa
REEDHOBITREE( LT - THNREREN DAL -7, LI L. &5
DHED. BEHOBTRBHEORT O HHRVEBEOBFEEEICE hTHL.
BT 5w 7 ROEMEVIRERER, REBBREBLITLDE. L OEMICE
#L. ZOPICREBE. EA. pH. 14 BE. BRESTEH. BESE. SOHO
FE. RUBTRRENETENS, LidoT. CASOEMOWTFRIOERG
Lﬁﬁﬁﬁ%ﬁ#ﬂﬁﬁﬁk%@bs%@#%\ﬁTmﬁﬁEH¢¢®W§ﬁ%E®
BxicgET 5,

ML ROKEEN TSI S HEREI 35— OEB X3, BEs
FKRME DRI IEET 5 AR T H 5 [34]-[38]e BIEhYL R A BB NS
B IRACEBhARER] b, BBFITL 3 ZREMWIPEIFHIE, SthADTE
REAREEADHBAE DD, ShiZF » U RAEBLRBBEN. BENEF %
U EBET BERE N BN S SRR DN TH S - EATET .,
B, BRESBARMEEOHBE L DBE, HEBFICHETSF+rxY L rOYSE
REPT s bANiL, . ' '

=Y —-BiTEE T 3 T A RNBR U RS SHOESLEES 5 o 0, B
L =Y%—8BITICET S MACRO IRBROENTH 5,750 MACRO R2ic ki 5 &
DI RASNAT u—Fi3, EROBRH O THENEFILAERTE - &
& BREORKRERBERICH LT IRy — VRO - RAME S S 2 =Yg V2
BRTBIETHS, COZODOETBRIZL D BT [24)IcBRENA TS,

RERBACH L TE OERFENEE S L [24)

¢ ARECE>TXEShIEET (ZM) B\%LT (BY) aEEORT,
€ THCEBRSN. HERELEKREEOREE 1,



¢ EEIHAINIBAREONMETFSE (FAdidrd) .
BEMICEKRES CBEE D OBEOREETERESTR,
¢ FHEHERU/ECEHEMERS 3 EARNTO. BHFEEAX Sy —VICEXTESEA
REAE.
¢ EEREHICERTIWMANREIEOMBETELLE L,

L 4

ChSOEROENZNRFRBE CRES hA[24[25]. ZOBEIt. RBRELE
BT37 0y /RATAE-X (RUBE) TREAA VERRIEET 2 YL E—
XDEEDSHESNBTHS 5 RRITTO MACRO 0¥ = 7 M4 THEAS
AR bOEARNBBRERC B TRBSNETHS5 ENI ETHS.

TR~V MACRO I REREIE 1997 FEOBET THIBS AL LT ETH 3 2.
FHEBRBELERESNTVS, 7VAr—LRBORBRELARETIE/E+OT 0w
ZOMBREERD DI, —HONy FRUA S LARBRNERINT IS, HE
MRIELREREREETNVOERT - I ~DOEET 4 v 74 VI ESIVEE
ERVARIABRSNA[39),

Wy FRUASLBEDNSOBERENHNITMACRO I RERROBRTFELET S =
ERELZPEFRAT I LNEEOBNTH - Ty 1$iC MACRO IRRERIRICEIT S
L ZHAREAT 3 EKFERURERBOEENNETH S, FTHEBRORRE UIF
RATERRD, RETFo e AIRELUBFAE THETFS S &(‘i’C%fa.L\ Db
D, RERFRATAT S O—FOMEELLI L2 ERT 3,

FEOBBEILUTOR) TH5, 52 5t BB THEAZNERICE TR
DNEIMFETNOREESL, 5.3 fid. MACRO I RREICHIT 2 =M Mo kd 3
BARERUREREAIEET 5 LOTE 3 FIEASNT 3,54 513 = OFMEDD]
MOBRAEFEL T/ 55 HTH. BEY I 2 U—Y 5 VHRIHBRICT 1 — K
y 7T AN LANTOE D EMERECORE TS ZNERET S, BEIT. 5.6
HCRANTEEFEL BT £ BN, |

- (52—



5.2 B/

SENBEFAT I O-—Fid. BROBPELEYE C I LT, BEICL3EL
BT REM - RBRSEBTHIRATERT 2L TH 5. HEBRHEFIIZC D
RAOHAZRETEADIEASN S, BHICKELEWERE, #EL L, By
V=& — A@ﬁ?ﬁ%{ﬁi‘?‘% c& ?EEPEE C &Ulﬁt%i&& SRUTEHETS :

BC’

=2 = v--(gvc—vc) —(1-9)5, 6
88
— = R
ot o5l 9). (6.2
T
S READHOENARL/YORERE (KT kg m3) ;
C REROEMBFEYLDOEPEE ( kgm3) ;
D

BHRZGHRT VI (m2st) ;
3 Darcy £ ( m2sl) ;
BBTHEOZRE (1),

> o

ZRTyialb—va Y TCRESOBRERNBEEEFANERSND, SOM-D
Ny FRUHAS Aaﬁa.)ﬂﬁ‘t%@ é zh.% J&T}bmﬁﬁfﬁiﬂﬁm t; GD’C?‘; % [39].
m>DEF/ViL: '

® TlUYA MEERE

95 |
= =k C = k§
T A (5.3)

Tk BREREE (1) | kn RBMEEEY (s1) TH3.

¢ HEKELES Langmuir :

‘Z‘f K:C(Q - 5) -

6.4
S - TRAERRRER (s1mkgl) | Ky RBEBEY (1) . 2LT Q BEREE

B/N5A—9TH3 (kg m?) » MACRO Hﬁﬁ%hﬁ’ﬁ@#ﬂﬂz ehilinge., FE

ﬁmngmu%rwmmmnﬁa¢aﬁ§ﬁ4zzﬁa%rwhﬁﬁﬁL<aa:'
Lk, HETNRETHE,



® TINFYA MRS

k .
S, = ff
' fk{,’c o (5.5)
652 ”n »
E )ka’-kbsz,

(5.6)
—IT k"fii&%ﬁi’?ﬁ ( sim3kg1) « Ko IZBAEBEY (s1) . 2 LTERERE
S S1=fS RU 8= (1-D SOIIKBHFIKHREIND S| EHERNICBREIH
28 Ekaeh s,

& FERIHEO A -

o8 BDM'
or. RD
Bt = THE  Gome | O 5.8

< T

H(y) & Heaviside B¥ (y<0 @ & & Hy)=0;:y200 & & Hyp)=1) ;
M RYBCHENEEBNAHOEREWHEOHEE ()

D R#Ei+BE7T3H%E () ;

5 RIEBOES (m) ;

R 3MESFONIER (m) .

re(t) BEIGHIEOROREDEE (m) ;

' EETORRA T L DIMEE (kg m?) .

ZBUKTHE v % Darcy I RELTEFIMMEE N B
=—kVP, 5.9)
ZITu i Darcy il (u=v 6) . 6 REROERE, k REKES. Z2LTP I
ENKBETHS. ZRKREERBETH D, EFABRIIE—OREES d 405, &
Rk EBREFECH L T—ETH I EBRESNS, LidtoT, BKKKTIET
=kd MR L. ENB (Litt-THNS) RoRETRREBES 3,



v- (gvp) =0. (5.10)
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5.3 KBRIH

MACRO DIREHBOEL BN, BREHRUEFEHII OO THEEOS 320
EBDO M=V —BAOEBEHATI-ETH 5, 550 MACRO REOEN T,
ZREDORREZAI L LELEETH B, CORRI S, ZREHOEHEIL. &
BiCO»S (ERNIERT) EROUEN] £28EL. COBNOHENSLY
EHRETHETILCHESEHULTHAE,

76D MACRO #BROHE. TOFEICL ) RBEOBKFEEIEHWECTT 7 74
YRTZIIINELTRINCHEMICEEINI S LEND, FALOHET SR
maﬁﬁﬁﬁ%%ofnwﬁéﬂﬁuTé%ﬁmﬁ@(E—X¥%)ﬂﬁﬁéhto
BREIS. BKEN (BHEH) E—X¥4 X (RROFHE) toBFETELT S
SEREKD. BEOEKEEE L ORBEANE - XV XOTUERIC L » TRETS
o BMERENERWET VAL TDBE NS A -S4 TE B, oo TIRSHT
IR LD BETHI0. ERICRAUEEAC CTHRET 3, LichioT. BRI
WIRETNNT A — 5 DIEEEEN, EFN5 A — 5 & HBRMEZL Y - OBFRICH
LT XD FHEERBEL SR IFNELT LA,

uToﬁTu\EK%&&U&%%@EHbT&Héh%%&%ﬁ%ﬁ%ﬁ%?ao
5.8.1 TAKFHRE
(1) ERHTEY

BARFECHL TR BROTENIE. BREMOEAHEIEIYEET 7 »
AVB-TIIINEFATRBENZENSZETH B, Lishto T EAEENT
(TRADLBET=kd IS TkiTDWEBEKELETJ BRABRKOES) KL ->TES
NBETS6. Y=log[TIIRRNEWBET S :

Cy(R) = {[¥(x + k) — ¥(x)]?) = ah?®,
(5.11)

~<Th= bl B R" IZEW 3 25 x+h RUx FOERTSH D, () (LI h 7513
BMOLLTORITHTIFHERL, a RU D BEXTH 3, GADRER/-TEH
Vi RTn+l-b OHFHECT 77 A VTS 25 LTHD. S o Tolis x i



EXINSZROD Euclidean IRITTTH 5[23].
(2) KEBROHIHE

EZ ot RTOMIFHECTT 77 U737/ NVOERIIMLTEL DTN
TY XLNEHET (28] BEREZ S T75 7 #)% MACRO IRBREDST
BEEBETLAIETHS I, UL, BEEMEOERGLEHHEENABRKTER
FTHIEDTEET 0y 7HERET 5. MA T, 7oy 7 OEKFRITZNEE
HKTaE—XO0Y L ZOBETH B, E-XEFHB3T M XIDAHBEINDZID.
755NV TEFE] IRRTRERST. XEO 75 7 F VTR EREHL
HEERENSIIOVLLAREBEDOEY MEdD, 75377 NEHECETI oD
FHOEEBEITOMACRO oY 27 P THEN/ . 40X2007 0y 7 &RD0E
— XY A4 XEDOERBKIZ. HENBEST 77 VBTS2 MDZTHIHSED
ZEIMMBEERS A RTIEMNRHIN/[28] 7t® MACRO Yo ¥z 7 MIHiT
B Lzt dhid, EHAWBECT 771 8757 7 VEFINREU MACRO T
BOTHEHER LS, '

#5110 MACRO BB THERIN ALY —ZX¥ 1M ZXERT, 2hoDflE. R G
=12,..6) #BU MACRO I RFHRBD Y 1 2 L—¥ 3 VIKEAT 2 I LIZEHT

Hbo

Fb5.1 E—XEERITES 7oy 7Bk OFA4L

Bead radius { Conductvity
(mm) (ms™1)
0.1 1.16 x 10~ |
0.15 2.26 x 104
0.2 3.36 x 10~*
0.4 1.30 x 103
0.6 2.54 x 10~3
0.8 4.72 x 10-3

BB (ms)) EE—XHE (m) EOMEBRPERII~RESFUCL~TREZN
5 ERERICET 5(23) -

k = 1.474 x 10% R.-7832 (5.12)



5.8.2 BoE i

Lbica~tz ko, BETHETELHERT. MACRO IRBRKROEMHHE
BAEAEHETEELRBEETHS. ABKPTOEKFRHOREFHELZBEE LRA
5. ROBLEIBERHETH S, BKBREICEL TIE. BRI EHED T ITHKET
MECT 774 BI73 7 VEAROTHRETEAEREINS . BESIENBEK
BHEMBEAEZDO2DODBANTNENS T ELERREZING. IhODRFEIH
TAF—ZRLUATTHZH34)-[38]ABEZ T NI & » T b L — —BITHE#E
TEBENFRELTHREEICE-TEicH, BRPUVETH S, ChoDEEE
T A RS HIT. MACRO 170V 27 POBREDOBRBETISIZT 4
—WFTF—5 OB EERETH I EFEKENTHA I,

(1) HEEH
ERBEHEBRBRESOBMOMEBICETA3EHERIRMIIEEL I Y., BRE

BRLAT 7o —-FrRAIN 5 MEBIEE r OFEUMICHEEL LcZREBET
HEFEEEEZD (H5.1D . )

5.1 SEEMICHREOREL b OBEE/L I K

ZDXS RO EKER k TRAEH/-F[40]
ko r? (5.13)



ZHITTD MACRO v x s MIBIFAERIIL » THREA N (5.12) D%
ERBUBILIBETNETHB. L LERHBRERZFELL T B0, #
HUITENTILOAREANDOERRIIBEINT N, - o

LO&SBPHOBFRE s BT OOERIKFT S0 bAnLL

& BROETH
¢ BEREACRIFEVHEOEEME

BROBBORER. A BRREBET S :
Aoccr. (5.14)

Y

2r
H52 ¥R rORENFIoRIBE/IAIALZANRBRAEYE

BRoBBRICEI58HARAYEOREHIVEORBRIEKFL T2, BEN
FErORERFHONS (K5.28H) LEEINSEES. EBRRNOBRAEYE

OHREE A BRAZHILT

Awr?, | (5.15)
BRA D REBEOMRR. S0 ARAARETA20HANLTOERORRE.
Nmax b‘{kﬁ%ﬁfr_j— - c‘:'Cé'D A

Npaz x 172 (5.16)



#5.2 TEFEORYLELTOBEKFH-BAEHBOZEL

I Sorption type s(r) l s(k) |
Surface area of Vg, pathways per unitvolume | r | k7%
Surface area of fracture filling materialin Ny | 1 0

pathways per unit volume

Surface area of single pathway per unit volume
Surface area of fracture filling material insingle | 2 | &!
pathway per unit volume

k0.5

BAVRET ZBAEREOREAMBEFVICHIEL T r £/55 4 — % AL A*
R Nenax E DHIOBRORE 3B L hEERET 5 &, RESH: & FREHED
M2 OBEHRRLIEREELS (R5288) , 270 sEROEEMNS
Rk C T, BREOHEZ L OEH (¢ >0) tADHEE L OEE (¢ <0)
ZEATIA,

(2) HBRALERD

I@MH(T]m)#ﬁ+%537774/ﬁ77?&w(&U%%ﬁ%édﬁ~
iﬁ&b\mmﬁ}wl%ﬂﬂﬂ%itﬁbmm%%ﬂ777§WT£5 EaEk
?%tbk\ﬂmbﬂiiﬂf%% EREBIZHT S, /. Y oiEE L OB

AHohd I &HEKE muhm% \sﬁﬁmﬁﬁmbﬁibtﬁ+m5377
A VBTSN ELTEESNBEIEET A E—HT 5, CHDOEEL
RETHE RENTA—7 s DEREBHHISH UTRASEREI S -

logyo[s] = logio [a(T - 7)’3] + Flp,0,®), (5.17)
IITa. BRU Y RMEEEHT. Fle,0 O)3FH ., £8o 2 RUMBOKHED
ZHORMBMNBECST 774 V757NV THS, ZhXMBEEBRIIHT 52EH
BEHOERTH S,

blu=0c=0LosBTEEEMBANRSLTHAI L. L A=0USsiT
THAOMIYLTWASETHAHS NS T EETEN, H5.313. ko 20
THEONT. BEFH s CEBKFRHUT OMOHBOMINBEP TSI EERLT
5,



{ wVananceall 0 Vatance = 0.5

Sorption parameter

-

I

Surprion paramerer

D T S ———

53 a=1,8=057=0,u=0%ZLTaio 20RTIEITHTS
WE/NTA—F s EEKFER T OHDOE#K

(3) KBROBIE

LROBHPITENN MACRO IXRRICHWTEBTEXABER. RARET o v
7 ORERHLEEADTDITHMOERBHBNANBTEZ AL TREINS, E
—ZXEENBEICE R (1=12....8) IZHIKSIN T3 &0 (5.3.1QEBRE)
ROBALBYIGHEZ. SBREK7 oy 7HhOFERZFE (T Y E—-XiXHdd 3
TEHE (A4 o RlE) Ok, ZTHb, COBRIZ, BENT oy 7HORE
EEHK L THHEINP TN ENI ZETH B, Tov 7 HOBRERERITE
E-ZEBERICL-THHHIN S D, FRE/NFA—F s NEL ROME (7
hB. s=s(LR)) THASIILEHONTH S, s(Z ROHEEFEICEHTZER
M. ERAEEGRRUE-—ZXREEZ L D70y ZICEHTABOELDONy FRUA
SLRBICL - THBEINAITHAIENTFEEANS, BHE. £F0LOIWUTF—F



BESNTERWEH. s(Z ROEREHELZITHIEFE SN,

HBMEEOMEICE LT, REAERLLT 70-FH RN 5, $—ORE
i, EDRIA—IHERU R EEDRELTEPERET I ETH B0 & 5.3
—5413. TRUE AV AL ZIESISTTFIINNSA—FOFHINLIELLET EHT
WB. CHODEER. 70y s FORENEDORERE & dic. REEFLFO
EQEREMLLPTUMCESNTI S, FHRIE. BB FALTRINE (B8 &
BHRIATE 394 MUk > THE R K. —F. B (B#) REERERDS
K& > THEIND, LihoT. Bl EREEERE S BICHNT5THS5 L.
—F ke 122D TR AREHBIEIZOMOEFVICHATE 5,

#5383 —EOE-—X¥ A XEENTHRELIIHEIRBETN/NT A —F DZEAL

I Model - | Constant | Variable l

Linear kg
Langmuir k}, ky Q

Muld-site frky k;
Shrinking core | D, 6, Q4¢, R | M

#b4 BT HE-—XVAXE—EOREHLEITHIBRETTNNZ A -5 OEAL

| Model {Constant | Variable |
Linear ky kg
Langmuir ks, Ky Q
Muld-site fi ky k;
Shrinking core | D, §, Q.M | R

¥ERDE-ZXEZETLT Oy 71 LT, BIULSBAEFA—FHPEEIICHL
g eTHAIENI I EXE S TFEINSG (CHEIBURBENIRERTHICL
S>THIE SRS EVIRECETNTNE) , LT, BASHWIESLE o
THRIA—FDENs=s &T5 &, BELZ 1IRATEZASNS sl (s=sr)

AEUBTHS, |
1
31 =50 (E_) .
TR\ (5.18)

E-ZER EEBIEALB T A—F T LTI (FAZEIEEEF NS
O M) . EOBEENs(Z RICHT HETLHEELARMETS -



5(%,R) = 5(%) = & (Eza) : (5.19)

E—XY 4 XOBEETHHERBEFNAT A= B LTI (BS54 BH) . &
LT ¥ BOREETD A DKEINNOEREHR BT IAENS 5, HEF—4
DRORR TR —EDBAKICENT, E—XEBITHS 54— 5 k. Qu BT
Kt (REBICHS) OB RIZROERTH S :

s R,
© (5.20)

RETHH. E— LB RO BUEARI 00T Oy Z BT s ME QA LD E

HESNIHE. E—XEBEROT Oy /RO OREERBRATELONS s
(s= s(Z,R)) #&£0L3, LT

' 0RO
S(5, k) = (3213 )ER-I ' ' (5.21)

CORBRSNAFHRUHATR., GAYTARG2DM. BEHTICE-TE LT
SEWMBET NN —F IR LTHIT (S ROBEBARRT 5 - LA KEL
T3e FEETINFA—FICHT S (S, RDHEETIL. BHALEREE R DRI
LoTF v/ TALENSBILE. BRTHETRETH B, S, ZHBOR
MBITICE T, £5.3-54 PORGHBRIIEITIE— X ¥ 1 XOEMLICH LT —
EEERULRASIA—ID, BRESI THAINERIT I L LUETE S,

LROFEIRLD . UTORBREHFIRORANTEEELS

1L mXn®2Yy FECEAREBEER, ECTRESY » K7Dy 25t
MACRO IRBREILEWBERT 0y 7 25T, CORBEOMMILICLDS
COE—X%$ZERL,Ry,.. . Re ZHE L3, “hit MACRO IRERBEKICEII2 T
Dy 7 AOE—~X% L XOFHETY,

2. RRTF—SOMMI 4 vy F4YIRED, BRAOALE—ZH A X R BUE
SHEDDT Oy JRHLTRENS A — S ODEARET S, SHim>T
OHERZECERMINARIATLS ([39)2H) .

3. EEIDIIICEMTD LRI ARE S A —F iz L T, HG.INTE
ﬁéﬂtﬁﬁ@@*ﬂﬂ%ﬂ{%#zﬁijéﬁiﬂwﬁiﬁéﬁﬁ?'%o CORERITE—-
ZYBERBNTA—5 LOMOH 5D 5BRICL » THES N B0 bR
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4 mXnD7 Yy FEREMMNIZES TIRE NS A—FBEERT S5, X
Fv 73 CREShHAEEELERT 3., |

5. AT v 74 TERINALEMOICERTIRE S A—SIBEHETFE 1D
KEREND. mXn D7 Yy FROE T oy 7T 3BT AREST
BRI, GANERRG2HOBEEERT 3,

LEOFAICREOHHNDH 2, BLHEN I &t BAK T I 100% 482 5
07, FRCENEERERI CELIEBRHICERE L THD, choDHBHD
BRTHLEIBE. 54 I TLEDERBHFENERINIBICHARSNETE A
Do REFMWMOREDORT v Fi3. ERBICEBE - BAETI - LNEBELEED
N3, M=V BRI A EEI O SAHET I ERMAE b - T
MACRO IHROHMEY I 2 b — v a Y EERT B ETH BT 5.5 HickL
TRHET . B ELEORHFIHEOLETOBRBICH LTI 4 — FNw 242521
FRUERES, : |



5.4 ERVFFIROMLARER

5.4.1 /33 A—FADOHMH

HErFIRIL&ZF Langmuir JEETNEZRNTEREINS, MATEI3ROOE
#$]it. MACRO I ERKM 10cm PEXTHAHSI o, E—X¥E R (£ 5.1 _
BB)EDDOT Oy 7 EBKBEROEADNTZ S ITET S LS UHETIEKEREESL

RRTEIETH S,

£55 E—XRERICHES T Oy EKEH T OZL

O\V\-PWNI—"

1.0x 1074
1.5 x 10~
2.0 x 1074
4.0 x 104
6.0 x 104
8.0 x 10~¢

Li [Ri(m) | Ti(m’s™)

1.16 x 10~¢
2.26 x 10~4
3.36 x 1074
1.30 x 10-3
2.54 x 10~3
4.72 x 10~3

70 MACRO 70Uz 4 FDES 10, 52 5hhTl, S RET 575K
A HDT 57 IV logo[TIEEERT B 72biT. ARY FENHNBTE 5, %
BT 57 5 MR b BBEIE—DDT 5 4 4 KT DVERIN BN, R
KWL TSI AN KDONEBERZ>ORIT DR D HULETH 3[23]. F
) logio[T1E-4.15m%s'ly 28 0.8 RU'7 57 F ViRTT 2.7 £ b D2EHFMTI 575
KB LT, PREERETENG, CHSHD/5 X — S OBRICE D, [Ty, Tolic st
3 5 MR & EARGOME S FEE RIS 1B,

MACRO DiREREKROWEHBEICH LT, Ny FRBRT— 7 ~D Langmuir 7/l
OEET 4 v T4 T RESBILTATNNTIA—FHEIPBYTHS I EETRT[39].

#5.6

H& 3N/ Langmuir B#E € 78

| Parameter l Value

54—5
|

=
5
Q

3.274 x 10~% s~m3kg~!
1.868 x 1079 57!
8.625 x 10~ kg m3

ZODNRFA=FIDIH, QODANRELEIRVE-XHER IKE->TEMAT S



CEMEEINT NS, Lichi - T, HEMRG.17)IE MACRO IRBRERICBNTE
O QMABBRINBIMEH/ETZ1HIC (FTHbD [QICHTHIERNITEN] %
RETEHD) FATE. —FH. TOHD I A—-F R —EELBbh3, RDE
ZFIIGINICBIIB/ NG A—FEERETDHIETH B, £H2REBITREMODD
B1E (-0.5,0.0,05,RTF1.0) #F LT3 : ChSIIRESEBEBECHET 3. £
HARKKICBIIS P -V —BEHOEWRD 3 LBEETIBESEHRKIIB TS Q
EXRRCEREZES ZEPBETH S, ZZIICAMIZ0.1,1.0)08BED Q bR
BREKARIFTAHIELERY, BIEEI—]T S,

ARG IDICENTB/RNFA S BEYXODHEE. 757V NVEF Z2ERTLLEQI
B aHlda Ry ICEATARVICERT LI ENTES

min [e(Ti=7)"] = o1, (5.22)

i=1,2,...,

“max |a(T;-v)?| = 1.0.
i=12,...,6 |: ( ) ] (523)
FEODLEICHTEINGOEILFTBEBADEEELTILRT . AN DOEKEHE

TIHT 5 QEDHREK 541577,

#57 BUENKAECHTEaRE /85 A -5 DfE
Bl « v

0.5 1 216 x 1073 | 6.95 x 10~°
0.5 || 4.64x10' | 6.95%x10°8
1.0 || 1.95x10% | —3.96 x 105

%= B==0.5 —~—B=0.5 —P=I,

& s
4 W &

Sorption parameter Q
=] =
b b

b
¥

4

—_—

0
0OE.0 5.0E-§ 1OE~ L.JE-4 LO0E-4 25E+ J.0E-4 3.5E-4 +0E-3 45E-+ 5.0+
Transmissivicy
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FH2ILBHWIBRINTH—DBEY -3 B=0THs, JHIZEROTEHH
BKFRPEREF AT A—F Q OMICHBEEFLTWEEICHYET S, ZZTHSH
AFIEIE. BREEABEBERGINDCBIIERIFATHLAMIL T, QEERENS
EMWEAEZRETHIDICRIITZS I 7V F(u, 0 O)EFRTEZETH 5,
ERFEICE LT, EXA oY, 28 RUIS 7V VREEZ DTS5 4
NVIE loglQUBEFERT DI ARS MVEXFEINSE, JIT Q OIEEIHE
BaNB 7377 NVEBERERET. B logio[QlfE-0.5kgm3, 58 0.2, R 75 7
FIVRIE 2T b2, ZHoDAFA—FDBEIRICLY.,. Q BETHELALGHE
[0.1,1.012% 5 ZENRIEXN B, LROLSIZ. QERADOEIZEFR LI, E
WRY— L B MEICREI NS (355 (1.0,-0.631,-0.398,-0.251.-0.158.-0.1} Do

5.42R&HOHR

757 7NV EKBHERUHBERGEINICH LT AF A= 2EETEELT
BRU Q BEFMHBEy —RAICHLTERTEZIENTES (B=05,0510 RV
0.0) o EFO/NRIA—-FEPBEHNOE - X¥ERVESE (ZZTEFRFNL R=Ro
=0.4mm. L=Z 0=100% &9 3) 2070y IV TCEREINEEREMISHEIHX
hicdbDH 5. s=Q R 0=8.625X10-kgm= TO X7 — Y v /HHG.2D)IE. &
HENCERING Q EEAEAHTHIC. MACRO IRBEDET O w 7B T
BRENIBELOHEICERATAI ENTE S,

BELIT 100845 BA AL TET ENRRBERIIBTREHDZEITH A0,
RERATOy 7NOBRERE-—XO4HOHA—RIT DO TOEREOE LIS, B
SHBEE T Mol SN THMABRIIBAZENTELLDIBANL L, JIT
BELOTIRE 20% LIRET 5. €D, HE ISR HA[20%,100%] D FEH
HOTOy ZIZ20 TR, BALREDEWVERMEIC TAHoh3d] ., BALOH
ERIREEQZRMIELTHS) : BE Q MIIG2DOEAICL » THUHES
Nb,

B 5.5-5.8 $EtEINIEKRER. BF/ T A - RFBESILEEZ% T, BEAOK
Wr—2Z (K 5.8) SIEXEMIC. M 5.5-5.7 CIRAEBMBEAICRSN S, RO
BEUMBDOAL ST — 2% LTI logi[Q i3 &8 [-1.00.0] (THbb Q
[0.1.1.0]) & —HEOHED — XITH L Tid logio[Q)i3 & b B IR E



-4.94 -4,62 -4.30 -3.97 -3.66 ~-3.33
log1o[T](m2s1)

g
-1.00 -0.80 ~0.60 ~0.40 ~0.20 ~0.00

logio[Q] (kgm-3)

20.00 24.63 29.27 33.90 38.53 43.17
BEHT (%)

(5.5 ROMBEEH DT —XIIHT B MACRO TREBK. B=-05



4,94 ~1.62 -1,30 -3.97 -3.66 -3.33
logio[T](m2s°1)

057  -049 041  -038 025 047
log10[Q] (kgm-3)

=
20.00 36.00 52.00 68.00 84.00 100.00

BAHT %)

K56 ECHEEZL Dy —2IIxd 3 MACRO I#HBREK. 8=0.5
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-4.94 -4.,82 -1.30 -3.97 -3.65 -3.38

log1o[T]{(m2s1)

: g
~0.76 0865 -0.63 ~0.41 -0.29 -0.17

log10[Q] (kgm %)

=
2000 36.00 5200 68,00 8400  100.00
REHT %)

B5.7 EOHEAEZD Dy — i35 MACRO IEEEKE. 8=1.0



~4.94, -462 ~4.30 -3.97 -386 ~3.33
logio[T}(m2s1)

-1.00 -0.80 -0.60 -0,40 -0.20 -0.00

logio[Q)(kgm-3)

20,00 36,00 52.00 68.00 84.00 100.00
BEEZ %)
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-
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5.4.3 FRlZH 3 b L —Y—EF)

RRBATIHOMPEMBITH T A REOMOFIT, ERNEREBREIZE T3 TR
EHTH%B. MACRO I DB, FEAFHEBSRBICHIT2HEOH 5 MM
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