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Parameter Optimization of the Solute Transport Equations from In Situ Tracer Test of the

Excavation Damaged Zone

*Koraphat Fairat', Masaki Takeda' and Yusuke Ozaki'
!Japan Atomic Energy Agency

Abstract

Excavation damaged zones (EDZs) formed around a tunnel may allow nuclides to migrate along the pathways. The
characteristics of solute transport in fracture and rock matrix inside EDZs were investigated by in situ tracer test. The
parameters of solute transport equations were optimized to satisfy the measured breakthrough curve (BTC) and estimate
the advective and dispersive effect along with the diffusional transfer. The result shows that most tracers likely move
along the fracture and do not diffuse into the matrix under the in situ experimental condition.

Keywords: Geological disposal, Excavation damaged zones, Solute transport, Parameter optimization

1. Introduction

EDZs caused by the construction of underground facilities can function as water-conducting features and migration
pathways in the rock mass. The advective and dispersive effect would be dominant processes of solute transport within
EDZ fractures. However, advective flow along fracture can lead to significant concentration and hydraulic gradient
occurring between high-permeability fracture and rock matrix resulting in mass exchange between the two zones if the
porosity of the matrix is high. This study carried out the in situ tracer test to obtain the BTC describing transport processes
in the fracture and rock matrix to confirm the advection and dispersion effect as well as diffusional transfer. The objective
is to estimate the fitted parameter satisfying the measured BTC from the test and clarify the influence of mass exchange

between fracture and matrix for the solute transport characteristics within EDZ.

2. Methodology

We carried out dipole tracer tests in the EDZ fractures along the tunnels of the Horonobe Underground Research
Laboratory at a depth of 350 m by using the uranine. Two representative models of mass exchange between fracture and
matrix by Tang [1] and the mobile-immobile model (MIM) under 1D solute transport were employed to reproduce the
measured BTC. The analytical solutions were fitted to estimate the parameters of longitudinal dispersivity and
groundwater velocity for both models, aperture width and matrix porosity for Tang’s model, and mass transfer coefficient
and immobile porosity for MIM under the constraints of a dipole length of 4.2 m.

3. Result and Discussion
EDZ's Breakthrough Curve (BTC)

Both models can satisfy measured data and evaluate solute transport characteristics, o measured oata :

—— analytical Solution (Tang et al,,1981)
——- MM

including diffusional transfer (Fig.1). The result shows the longitudinal dispersivity

of 0.12 m and groundwater velocity of 3.7 x 107 m/s which agree with the results

by Takeda and Ishii [2]. However, matrix porosity for Tang’s model [1] and immobile
porosity for MIM were extremely low as 8.4 x 107> and 4.0 x 10™* (1.0 X 1073 % of
total porosity), respectively. The constraint of these parameters to 40 % of the

Total Concentration (mg/1)

measured porosity by laboratory experiments could not reproduce the measured P 0 ocen pmang meoto a0 000 %600

Time (min)

BTC. These results imply that the effect of mass exchange between fracture and Fig.1 EDZ’s breakthrough curve
matrix is very low and most tracers migrate along the fracture under the in situ

experimental condition.

References

[1] D. H. Tang, E. O. Frind, and E. A. Sudicky, “Contaminant transport in fractured porous media: Analytical
solution for a single fracture,” Water Resour Res, vol. 17, no. 3, pp. 555-564, 1981.

[2] M., Takeda and E. Ishii, “Assessment of advection dispersion through excavation damaged zone in
sedimentary rock by in situ tracer tests”, J. Nuce, in press.

2024 Atomic Energy Society of Japan - TMOS8 -



TMO9 2024FEMDKL

IREDHFEEICHTHILKT S TDRUERITRBROBE
(1) 2FHBE EHERDOKEEHDILE

Overview of a full-scale construction experiment of hydraulic plugs for sedimentary rocks at Horonobe
Underground Research Laboratory
(1) Plan of the experiment and investigation of the hydraulic properties around the niche
ORAT BB, R B, R RS, BA AGRY, /UK B
'JTAEA, * KRR

WRAEZRHIE A9t & o 2 — Ol F gk (BAE URL) CiX, SUEOHRE LS 1KY T 7 OfkEE TO—#HO
AT K OV LBl 2 s« ZRE 272 ok (kK77 7 O E i TER) 2T 23tmTh s, K
SHEORRME L, £ OYUERL OKBEMZHET 2720 OFEDTUR L & bIZHET 5,
F——F: #ELsy, K77, SREREGEEL, #RAE URL
1. #8

i LV BEIEM LS 5 O MU T hiER A& PAEH T D BR. bE
RLFOFEDOAREEE (EDZ) Ml L7z BdEwmE o
TR L 70D 2 LGRS TWD, TD7-® EDZ D% k
F1% XD IZHEEA~OYIRE 2T, £ JIREKEEH T 28
TRZMEIN O SNDIEKRT T T EFETHZENEZLD
NTWD, ESCIIREEROER Z R L LTIKT T 7
AR E D RFEABR DO FBIN 8 5 75 HERUE R DB T ORGTF]
T2, ETo EBED ) FRFER EDZ DIRAN Y OFREE T i
BE L IXRR D720, IE URL ClE, HERPE 2 XI5 s Lizik
K7 T 7 DFENLERM TR Z5HE L TWnWd, 2 2 Tik, Al
O F 8] O A AT e O O YUE & O KBS & s 5 7
DOFEDBRIZHSOWTHET D,
2. BKTZTORUBREIHRROHEOLSHEE el s ol

1K F 27 OIFUE M T3KERC I, WLAE URL 0 350m ABR YT LS R LB O BESIX
E6IZHRNT, M 1ITRT LI ICHHEDERNOEHA — M OXMEIR LI&ICOIR EH 2ROk TZ
T hERET DRIEITH D, ARERIZINL D, JLEEL O EDZ DR O R0fE OB KO EAL 2 2T 5729
DIFMLEFREEZITO & &I, FAERFNETHEONTMERICESE, #R LM L IKT T 7 OB RMERE %27
E L THHEOMEMEREORG 2 BT 5, Z20%., BIRMEISNZREHIEDSZTHUEDOHD R L & 1K
7 VOB TV, i LT & LT 5,
3.350m HERYUE 6 ADDKEBEHDIEE

EDZ DI L D A DB ARMEDO B #40E T 5 72012, K 2 12787 350m RBRYTE 6 DAR—V > 7 Lo
25, EARICIEEI L7 2 AK0HR—Y 7 (Bl LKL B2 £L) Z*GTdKalbh 2 50 L7, sBRXE O
FEIZBWTIE, EENS OEE 1.6 m £ TOHPHT EDZ OFETHL5RENE OBHENGEGNZ LN a T
a2l BIVBIZEIZLVEOA TS Z Enn, K 3IRT Y Bl A TIERAROENHMNFET DKM (X
M2 KX 3) 5T 3 DDOXE%Z, B2 L TIL4 >OXMERE LT, 3LV, B2FLILEBT S &4
BRMEDEIFLH OB B EE D O OWRE 1.5 m £ TOHRPHAOFEALLHIL, 108~10-6 m/s DA —F — L L
WHEWEZ R LTz, — T, 280 HIEEINLH OBEWEE OB AKREIL, 1010 m/s DA — 4 — LK
Bz L THY ., 350m FHETLEEILIZ AT HHENBORSH L FRE Th o7z, Lo T, BRI OHEE
1.6 m £ TOHMA, EDZ OB DK ELZ T CEEOERBEENm Lo TnDHEELLND, $o. K
SROEINV A PFET D BLALOXH 2 LUK 3 OFKERE S 109~107 m/s & FXHIICmMEZ R LT,

Ik T S OO E HEme | 155m |
ERIvoU—k | !

350mitElite = [Fx:02~03m XF3. RI ey
. B6 fIngnks 1 XS4, HI .08 %108 m/s
BEER — E:00~15m 1 51 H‘i . EE‘??ARIJ

P , e BENSD RR2. pi 1.26 X107 m/s

; : 4 FE (m) 5.78 X109 m/s XA Pl &2, RI
4 LN * mCyn— PLSLRER 1.34% 1070 m/s 718109 m/s

) N 5 Rl EREEKHR XPS1.pl
ksl HI R ESEAEER 2':5'%2 % 1010 m/s

2 A=V U THOEE 3 F/KFRBR O FER X H] & B ERE A

AL, B PEEEER T R X —T b ORFEHIE [HF 5 FRER LV EBEIEY & O MG 2B % £
fhrpAsE 3 (JPJO07597) (MU ALy s i T « BREESAMTHERERER) | R OWEEFILRE 7 0 = 7 h OO —# 2 ]

*Shun Kimura!, Akira Hayano', Naomi Sato!, Tomonori Tamura', and Keisuke Yagi?
1JAEA, 2TAISEI

2024%F BARRFHES - 1M09 -



TM10 2024 FHKDAE

BESENLERFHAFRDE=ODTIF /A FIROAY FEEA-BREYA I IILOBE
(1) BKIFRBHSALVILDOREBELHRUE

Investigation on Fuel Cycle based on Actinide Management Towards Sustainable Use of Nuclear Energy
(1) Challenges of LWR fuel cycle and Research Overview
LA FAMEY, B FED, MR FndR 2, R EZC, TR B N Y, PER Y
B AT, A RS M BER S, MERR 20, HuE R

1 ==

oK, 2T K, MFBR, *“MHI, °JAEA

Bt rlRE 72 AESIC T €T, ZF - BBIIVLERI XNV —ER EEEO T —R =2 — T U LE BN S
D ENMRIITRO BN TN D, ABEERTIIFHRARRA A2 EZR T2 00 EAZEE L, 20X
RELTTIF /A KRRV AL MEAGZ T2 A 7 M HOW TR S,

F—T—F:T7I7F /A FvxP AN Pu-B2MEL, MA 8, MA EERE . g0y

1. ¥E

7 U= R X | KD aEOE A BT [GX EBUCIIT 72 ARG #) SREIRE S, #r
B, TRbbLREMNESNL, JKTFE - BIRE A 2 v0H 0 7 - BHEARFI STV D[], ZOF T,
R KR OOTE F RO DN, FRALERSC S 8UF O MBI K DR A 7 VD FERL, HURPEBESEY) O Bk
Wiy & DEEG M2 BT 2D D RGN TRFIITENNED & 2 57 R A HE D 5 72 3D O TR 55 D H Y
WEZ DWW T OMFT T BTt TE 7o, TORER, T —~< VRIS — A Tl Pu 5 2R O
KT G EILUNTHGFIAARR) E~AF—=T27F /4 F (MA) BLAUSEEORFHEKC, @EFicL s
Pu MLAREESS MA B2 0T 22 il & FOAE N 25O BRI NI I N TX /-,
2. B

Fret 22 5 DR e S EREREICRIS L, LT OB ZHA 72T 7 F /A4 R~ A2~ (ACM) 73
AIREZRIRBHY A 7 AR OFER & Tl A i U7z, (1) B0 2 Pu MO BB B L LT, ZERZRIREHT RIS
L7z U-Pu-Np i 7' = 2 | (I) MA L0 Eff & LT, BIERE 2 /REEICE VT2 MA 77 0t 2 BERE
ROBUET v A BEREE, (D) BRSNS U OSBRI ICE T 5 mah5%E MA B2 #UR L
3. BREEE

2023 FREILFEBLATREMEF A (Feasibility Study) & LT, sERFHMICIED T BEATMICET 2 4 >0 F U A
IR L ACM & FWIREH A 7 WG DN 2 7R3~ 2 &N TE T, Ffit 72 i IR O 728D ACM
RER A 7 MG OREED T2 L, MA 7o, BERERIE, IS, MA BB OK /3B 0
T, HTREAM & Bl E 21T R o 72,

AWFIEIX. SGHRRFEE TRV AT AFZEBR 34 ) JPMXD0223812958 D Bhik % 52 1) T 58kt L 7=,
SE R

(11 AAREFIER B O7 37 RESMERR, FtfIREF0 « IR A 7 VGt - 25 0Fs,  TRer722)R
FIF - B A 7 VRRET - SEE SRR RIS E, AAREF TR, (2024).

*Tomoo Yamamura', Takashi Shimada'?, Tomohiro Okamura?, Masahiko Nakase?, Kenji Takeshita?, Yuki Konishi*, Keisuke
Nishimura®, Taisuke Tsukamoto*, Hitomi Ishida®*, Yasutoshi Ban’, Takehiko Sato®, and Yasuhiro Tsubata®

'Kyoto Univ., 2Tokyo Tech, MFBR, “MHI, JAEA

2024%F AXRREFHES -1TM10 -



TM11

2024FRKDAE

FRLZRFOAFRADE=ODT I F/ A4 FIRTA D b ERABREY A 7 ILOHR
Q2) FimTRRGRBRHEY A ZIIVICAIT- MA EERERMOLEM L FRAEDO S

Investigation on Fuel Cycle based on Actinide Management Towards Sustainable Use of Nuclear Energy
(2) Analysis of the necessity and usefulness of MA temporary storage technology for the sustainable nuclear fuel cycle
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