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In coastal area, the density difference between seawater and freshwater causes seawater
intrusion under the freshwater. It is known as “saltwater wedge”. The methodology to
evaluate saltwater distribution due to density driven flow might be crucial for advancing the
radioactive waste disposal project.

Although the extensive verification studies for modeling the saltwater wedge have been
reported, it is still under the discussion because of the complex coupled process of migration of
saline by advection-dispersion, seepage flow by Darcy flow and density driven flow. We have
conducted a saltwater intrusion experiment using Mini-MACRO for investigating of saltwater
intrusion phenomenon. And, we had confirmed the shape of saltwater wedge obtained from
the experiment was coordinate with an analysis result. However, because saltwater wedge
was visualized by using dye tracer, it was qualitative comparison focuses on shape. The
saltwater concentration distribution across the transition zone of salt water and freshwater
was not evaluated quantitatively.

In order to obtain the data for verifying the codes that can consider saltwater density
distribution, we developed the quantitative measurement technology by optical method for
Mini-MACRO. And, a quantitative concentration distribution data of saltwater wedge under
the steady state saltwater intrusion condition could be obtained. In addition, saltwater
concentration distribution in the transition zone was analyzed. As a result, by acquiring the
quantitative concentration data of saltwater and freshwater distribution in the transition
zone, 1t might be concluded that we could show the verification data of the numerical codes
with considering the dispersion in the transition zone of saltwater and the freshwater. An
asymmetric concentration distribution at transition zone was shown the concentration
gradient perpendicular to the saltwater-freshwater interface at freshwater side was larger
than the concentration gradient at saltwater side. It could be speculated that the asymmetric
distribution might be caused by the difference of flow velocity between the saltwater side and
freshwater side.

Keywords: Mini-MACRO, Saltwater Intrusion, Density Driven Flow, Optical Method,
Quantitative Evaluation
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IR T, WK &K OB IR U728 BRI L0 KB REAA~MR AT 2 KR ABL
GNELTEY, ZOBEKRABREICT L VEKEBEHIIND Z EBMBILTWD, KR E
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AbND, ZDD, BIEREIEY OMIEL S FELZED DB, BERICER L THl R R
\ZIRAT DK DPRE & Z DA 2 BN RN T 2 Bl s B L 72 5,

—HRIT, T ORRREKBAC E DHENRE L 20 3 IR IE, A=V U7 THIES
o T = ZIZHASN T HT - FHERN TN D, L LG, ZTORHEREIIREIND Z &b,
Tl R BB R AT 2 W TRl M T D, 2 2 C. BEICEK L72HKRABRIL, HAD
B L BEROEKETH V| £ OBEMREDOHEENHREDO O E DT, TNE TITEE<
DRRES DN FEHE S 41T & 72 D2,

Z ORI R AT I M A D —2 L LT, EH LIL I E THALEB AR KE - E
BATH S i b3 E  (Mass transport Characterization in host Rock LA F [/ MACRO| & I
5) R L TH KB Z R & LT ENEREZIT> T& e, o, BUEMRNT = — N2 X DRI
REDHBZATV, IR R & EBRERITEANTHL Z L2 L T&2 3, Ll HiEM
Bt e & DHBIZHO TV D ERT —Z 13, JB2HKkO hL—¥—L LT, AOoFEZHRT
HIT U 72 EARBLOTEARIZHE B LT EVE 23T — % Th 0 | K LYK DOBRBIZEBIT DIRE
AN DN T OERMZRFHMICITE > T,

FARIC, BB R OEMEMNTIZ L2 BEET 2N ETITHITHON TV DA DO Wit Y
Btk o b L—t— L LIHKBOTIRICHE B LT EHRRFHETH Y | &R 7R KIRE D
ZERI A 2 BE Lo 7 — 2Tl S Tn Ry, ERERNRRESMZFHI L6 E LT, EX
EEEE Y — & O THEARBOSRE S MO 1R A FHI U727 — 2 038 53 99 KR D%
MR OT =2 #BE LEflIE I E TlclE SN TRy, LaL, EXREE e —
WCEBHEIZBNT, JIESNIEE L Y —OEME P LE LTERFEDILN Y 249 5 #bH
TONERE & 720 | HOKIRERE OZE MG E DA T2 BB E LD 5EaREA N5 2
B IEDRG L 72 D WK OB T 2 ORI L CTREFE 2212/ &
WY E L 7 D,

DT, HKEWRIKDBERBHIZINT DR 4 B LI BT = — FORGEET — % O
BEERE LT, PN FE 902G LICEKREOERMNE FIEZBHT Lz, BRI,
/NI MACRO Z 3G Ykt 23K D h L —HP— L L TRORIZHOGHFELE L TCRIETHZ &
(280 BeBHREE & S ROAEBEBILR 2> & MK EE 0 A & E IR D D3 HAIER ©. 2 kY
KL D YR FE 5347 D BT K O K & K OB BT DIRE A O 21T > 712,
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/MBI MACRO (%, #lE 500mm, @& S 250mm, $47% 100mm OKME (LLF TR LI
K) OFIIH T AL =R EFIETHZ LICLVEBEOBEKGZHRT 2 BEETCHD 9, K 1
(CRRBREEE OB, X 2 ICRBREE ORI Z R T, BHRE O F RN F 7 b O —HI
WAKZ 7 BRTTRY, kY7 SR ORIC ﬁ%%%wuﬁmkmmGY—ﬂibﬁ
WEIITY ¥ vy =T HNTWD, FARKBRARERIL, FHkE o7 LR OR O v > 7 —
D TARAE T, SRR R ONRIK & o 7 128K Z 7o LBEE DKIRA R H DD, HKH v 712
KA 72 U CBEE OKIAZRE LRIy v v ¥ — 2B L CREEZBMGT 5, 2B, HFHARA
B A FEhi T DBEOYEt h L—Y— & LT, REDYEEHEMRE 102 B)EHEH L TWD

22@%%

2 [CHREE O AN 2R, RPEREIL CCD 7 A7 (DVC 4 DVC1412, R4 E
B%XMB5E7tw\%/7D4%65ﬁ)TT ZEASHO PC KO TR S TEBY .,
BEAARRE C O FHERE 2 CCD 1 A 712X D 4096 B OKIET — 4% & L Citdkd 5, S RIOHIE
S TITBEAAE D ﬁlilMOtﬁ?wxw5tﬁtwkﬁot_&ﬁ% 1E7%LHTY
) 0.42mm & 725, 7o, HHON 7 —mig 25T 572012, CCD I AT LIRFFREROAL
B2 557 —CMOS 7 A7 (EPIX #:8 SV9T001C, #ii ﬁﬂ%f 20481530 '~ /L. RGB
F8 1024 BEH) 12 K D RIRFREE 217> T\ D,

FEMTEIC L DHE T, B RNEY vk i, BAZEYICRETDHZ &
WEEL 72D, DT BREDLIT L THA3 ITRWGREE D 90W D FIEVKT A BEAAE o i) 2 5% &
T5LEBIZ CCD WA TOBFMITIIMHARET HZ LIZLY, BRE~DOE RO Z 5%
Bhik Uz,
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2 HIDLM, AEIORBRSEME CIHIEHIZ X A2BATICH L TRIRICE 2BITREB L T H 78,
JEHARI O E W OB IIE TIER VY, FEIIC OV TIEfE 1 2SS0,

3.3Kubelka-Munk @ R

YubhEE & R oM E L. Kubelka-Munk OBR3 % %, Kubelka-Munk @ BIf%
XA 22 AR DY Z 31T D YRR EE & SRR ORI TH 5, X 3 ITIBEUR O &%
Y. AFPEDRATANC T B P CROOBELZ MV KT 2 Lo &k 0 BERANCIZ SR e R b
JERBI S D, IR O 1 #HlE U TROERHE CONDORHPH D, MITEH 2t/ er—2T
RSN TWD 2, FAPHELZ MV T Z LIS & 0 EARMICIE RS e nglll s h s, X
3T ART LI, KO TIITEKF b EHEENTNDEN, BHRORL T2 752 LIk
TOREBLRMTHENTEDHLEEZILND,

MOLGAE T 7 — AREBE OBARE 720 | BIBRICIXZRB3 M2 S TW DA, /N
MACRO OHEITIEH T A E— APEHU S OBAR L 720 | 2 ORBIBRDEK DA OJEBE
R & Yt DA OILEE O 2 Kubelka-Munk O BIRAUZ Y T TEMliA21T5 2 & & LT,

Kubelka-Munk ®BIfRATIL, Ykl 2 5 Lo BARORILR T K & BERE S # W TS E R
EOBFRREENTEY | BAAROWRIUREL OBELIREL & SR O BIRIT () TFE 5,

(1-R* K

== 0
2R S

22T, BRI S ITEHARR U THIUT—ETH D, Eio. BAROWRIERE K ITHBHR I
B4 5 Z & n, RITEESREE S0 AIRE k & GubHRE C 2 VT, K@) TERE D,
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X2 LY. 1-R2R & YBHRE C ORISR DIBIRE k kDD Z LI kv KIFHER Y
BIOWREZRD D Z LR TE D, 7272 L, Kubelka-Munk OBR=ITIH 7 A =X L0 H il
MEDIEBINZHEL TR, HT A —RXEFRE L T2 AR b o YuBhHZ i@ H 7 2121
BAREORE TOMPFON T A —AKH CTOIENOEBEEDOH RN ZEBET HLEND D,

3.4 YuBHRBE & RO =R D IR

Kubelka-Munk OBfRAUIZ, KRD/N S IR OIEBSUHIZ BT 5 BB TH 572D, /N
MACRO B T L T2 RERIR DO K& 7 H T A —XIC b A TE 50 Ol z
B 0.8mm DO H 7 A — X% Fodl U7 RE 2 - TY T o 7o, BIBRICH W 2 KIZITKIEK & |
b L= =R I G BHR E 100mg/L, KR 4% (NaCl) OWREER L ENEmIRT 5 =
Lzl YeBHEE 75mg/L. 50mg/L, 25mg/L, 6.25mg/L DIFREER L, T ENDORIE%
BEARFE NI 72 L7 RBBIC 3610 D BUREBE A IE T 2 Z £I2 K 0 | YeBHRE & (1-R)2/2R D BIfR
RO, T T, YBHREORR DR DOERNRERTH L L MEMRICHELHEZHZ &
DD, BERTEN A FERIC YR CREE SN2 ORI, — R R IS o SO T8 B A R
L, BEOWERBREEDOESZLET D2 LICX VMR Lz, 2O, SRR o BBRIAED
K3 EDEOWRREZRT Z LTk, BN EZERICERTELZEaME LT, /-, B
DFRE LA X0 BRI S SN DR OTRFEITE — TR LD, BRI & O HEsR
DARLVEVEZZE LT, B4 O SO TR O A -V TR 21T > T b,
INIMACRO ICH 1 B R RITH T A ©— X & Foll L - SRR N 2 K TliliT- L= 358 DX
SEYECTREE O VIIME Rwaters H T A B — R % Fotl U7 BRI N 2 ATLE ORE O YRl 7= L7856
D IEHEHRE O THIE Raye 2 AV THR(B) TR E D,

R
R :Ri (3)

4 \ZYBHREE & (1-R)2/2R DR Z <7, YeBHREE & (1-R)2/2R DRIRIZERR & DTN
» 5L, Kubelka-Munk O BIfRAAZ +3100 72 L TOWRNWZ L2 5, ZORRKEE LTEZD
NDDIE, AR RE CONDKKNOEETH L, BHARMERE TIE, BTN O YRR I B
<, —EDEIETHERFN L TND EEZOND, T OEAREZRE T ORI TR E % Reurface &
T 5L, R OFEEZRRE LK RIFX@) THRE D,

R, —R
R,_ dye surface ( 4)

R

water surface

LU RERH OB ZEHERET 52 LN TERUNT2D  Reurtace DIEZ 2K L LT, (1-R)2/2R
EYBHREE DI/ 0 D 1 YT ELERR & DFXAED 2 TFDFR/INTI2 D K 9 72 Reuwrtace DA KD T2,
%O)%%\ /%\Eo)b“_‘x T&i Rwater 0)1Eﬂ§ 2100 G:;d‘ L"C\ Rsurface O)'fﬁﬁi 930 é_’_ fcﬁ’)flo
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4. BIKEDRESMBE

4.1 KDY BE 53 AT I E i

Kubelka-Munk ®BIfREE W CTHKRE 2 EBMICHIE CTE 5 2 L B HER TE 12720, el
AR L RIBRICIRAKIZITAKIE AR Z b L—H — 213G BHRE 100mg/L, HKERE 4% (NaCl) OEIR
Z AW, 0.8mm DA T A — X% Fo b U T2 RS 2 5eb G212 3% 1 10T alBR S CHIKIR A GABR
ZFEM L, HABOBRADEFIRREICE LIRIECTORKDO EMBLBREZHE L, 2B, Bk
PR L R & x5 & U 7o /K e 2 SRR C 5E0E LR 7=,

X 712 CMOS /1 A 7 Tl L= 8 7 —#ifg, [X] 8 12 CCD /1 A 7 THUG L= KA EHBE DT —
B bR U BRI 2 Rd, CMOS U A T T LBl b b K E KD E &
ZOEREBHRCTHBIT S Z LIXATRETH 523, CCD H A 7 TR LI=T —# DK & ko
EBH CORERNRIBENMZBST 2 Z ENAMREL Rofoizh, HKEPRKDOERBH TOIHH
B RE LT RN 2 — RORGET — X 28T 5 Z ERAREE I o Tz, FTo, T2 — NORGET
— & L LTHERT 27200 Tidle < MK ERKOBBHICBIT 2RENM 2 EEAW T, EEN
W52 L b TE B,

SEIORBREMFTIE, 0.42mm By FCORESMABUFTE TND Z b, ERA TOJR
ERHiERBETETEY, MHRETOT —2PEETE 52 L b AFHTFEORED 1 >TH
5, BRUREEGZHWTHET 258101, E SN LRETE P —0@EmA .0 & LIcFE
EDIRNY 2 HTHEATOFHNRMEEL 252 b, BRIOF—ATIE, 7L 22HKOEX
REEHAEHWTHEZITo72E LT, HKRENEDZEMBBRENR+2THDLEEZ LN
%o Z Ok BRARE LG O W E G N ER R 2 DB O W TR 2 Z5 S iz .,

HKIRFE DA st BlER 35 &L IEBUEIREE 0 (oK) OfElk & EBYBIREEAY 1 1CU0y ik
(K TlE, /A ZADOWENIFE—RRRBEDM L 2o TWDN, K EWKOEERHD L H
WCIRENZ L TW AT TIL ) A ABRZWMEARH S, ZORREE LTEZHNDHDIE, HEK
ERKDBITROENTH D, HAKBREDZEIZIE U CEROIEITRNZENT D Z LIk v K
HDOMBENRENT D, EOFER., A CEHRE CORE SN D KA ERENEN LoD Th D
EEBEZBND, KA THRITH Thiu, BHT RO E 5 R0 M DL R
RHELIZ D EIHE SN AT D EOREIT/ NIV, H T A — AR E TOERFIZE LTI,
IR D IRITR O EBNPEZ 212D, ) A AOFRRNEIA 7 A — AR HTOERKNTHD EBZH
No, HTAE—=AKETOIERKOEHE, K5 12T YRR & (1-R)2/2R OBIFR IS ELHREIR &
o TWRWATREMER B X b D, PRHREZ R T HEICH 7 A — X & Ftl U - RN %
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DEWHHEK L PR OBENENE 52 D ARERD D, £ 2T, R 102 5 OIEBREOHEE
T ORI X DRI 72051k D & YR Da 2 A 72 0@ D L fiidi & i35 Z LIk 0 ik
OB AR LT,

fHER 1 IR KRR 20ICF0# L Cb D0 18 L IR o ¢ H 5, & 1 L v, NaCl
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33 1 L0 5 TEBRE LR DITHEVIEHIRED N E e o TWDH Z &b | 4318 L
R ITMBIRR R B 5 Z E MHEE SN D, Z 2T, 2RO DEOMBEMGEZRD S Z LI1T XY,
TRt 102 5 OILHIRB A HEE ST 5 2 & & Lo, AR 112515 & IR O BIfR & 773, mikf
¥ 7717y b L LIZEEROBBRNELND Z b RFEILUC K 2 IR Z R
7o T OFER, JEHAREL Da & 23 78 M OBEfRIE Da=5.935 X M 039 )35 57, Z OBIRR L V|
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HINZ 720 | PEBRE D& w@%@i%ﬁf%é AR CHE K BERRBR & FEht U 7= BEARAE & W St ©
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Thb, %mﬂi@%ﬁﬁﬂfﬁé &M, NaCl &R 102 5 OILEARIOE WL FHF
B R DEAKREOWEIEEE 52 T\ EX bbb,

(D fbFKREFIRELR B S b RERL 27, ST RN 4L, 328p, (1963).
(2) |\ZERS, Bi)IIEE, EEE  “SILEEARE R L O AR ERE & k5T U i
D zE)”, JAEA-Research 2008-030 (2008).
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