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Abstract

Regulatory requirements for intermediate depth disposal, which are under consideration,
require that the disposal facility should locate avoiding the place where volcanic and fault movement
might have disruptive effects and maintain more than 70 m below the ground surface considering
the uplift and erosion. Facility design is required to restrict the leakage of radioactive nuclides to the
environment as low as reasonably achievable. Besides, the wastes must contain radioactive nuclides
whose concentration will decay to a level that will not make a significant effect on human assuming
direct contact with the wastes in 100 thousand years. The regulatory requirements for intermediate
depth-disposal and their regulatory guides, safety review guides to the repository location, geology,
design process, and safety assessment are necessary. Establishing regulation for the following stage
to inspect and authorize the facility and monitoring activities is also necessary. This study conducts,
survey methods for the long-term natural phenomena influencing radioactive waste disposal,
assessment methods for the long-term evolution of barrier performance, and monitoring methods for
geological and hydrological environments.

Regarding the survey methods for the long-term natural phenomena influencing
radioactive waste disposal, studies on assessment methods for uplift/erosion, fault, groundwater flow,
rock mechanics/ hydrology, sorption / migration in rock have been conducted. Regarding the
assessment methods for the long-term evolution of barrier performance, studies on performance
assessment of engineering barrier and hydrological characteristics analysis of natural barrier have
been conducted. Regarding the studies on monitoring of barrier performance and hydrology,
groundwater flow analysis was performed to estimate the extent of the monitoring area. Closure
methods of monitoring hole were also investigated. f5i] X /& Important points for developing the

survey methods and performance assessments in general were identified. Studies considering more
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specific requirements for barrier performances such as very slow groundwater flow and very long-
term sustainability which is suite for intermediate depth-disposal systems are necessary in the future.

In this study some parts of “survey methods for the long-term natural phenomena
influencing radioactive waste disposal” were implemented by the National Institute of Advanced
Industrial Science and Technology to conduct sampling bowling and analysis. Some parts of
“assessment methods for the long-term evolution of barrier performance” and “monitoring methods
for the geological and hydrological environment” were implemented by the Japan Atomic Energy
Agency and Radioactive Waste Management Funding and Research Center to conduct barrier
degradation experiments, numerical analysis, in-situ test at an underground laboratory, and foreign
intelligence collection.

Besides, some parts of the “survey methods for the long-term natural phenomena
influencing radioactive waste disposal” were conducted as the joint study between Saitama
University, National Institute of Advanced Industrial Science and Technology, Japan Atomic Energy

Agency, University of Tokyo and NRA.
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Figure 2.1.3 The certification flow of the length of fault using seismic reflection survey
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Figure 2.1.4 The flowchart for under groundwater-flow conceptual model of fractured media
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Figure 2.1.5 Flowchart for under groundwater-flow conceptual model of porous media
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Figure 2.1.6 Distance from the coast and CI concentrations
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Figure 2.1.8 Stable isotope of water molecule and Carbon 14 age
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(2) AT A—NT L EIC X 5 ALBIE

A=V 7HERBIED- D, RT7HE—LTLE (LLF IBTV] W9, ) ZWILE
1 DBE A 1T > 7=, F£7=. Borehole Image Processmg System (ZAR— U > 7 fLEED 360 4
W6 2 & AL OGRS TV F VLR L. ZOEgT — Z ZnIC B R A G5 —
HON—RT 2T KR 7 hy=2T7OZEEWH, LLF [BIP VAT L] 0o, ) &ff

. BV OEST. R OBH DB OfENT 21T > 72, No.l FLIZBI L T, #& 0.2 mm LA LoD
B O EI BIZYLGERERGI BRI 2 < 0 LTz, a T TR S - EEiE BTV ©
bR TE /o, No2 FLICBI L Tid, BHAFINE SHUERER 225 1 m LA EOTEENIZ 2 AR
Tz, MHEZEBICL > TERSNAENBITIHELLICTERLTWI &2, EDZ OF|
ﬂﬁfi@%ﬁ%@@%“oﬁi\fﬁmﬁkiﬁéﬁﬂﬁﬂﬁ@ﬁ (ZIRNE B DS e B
TERZ e, REIICOI s THIR KBNS Z & TRAEBENPEE LT EZE X b,
PHIRFIC TE2EINA L1EB R, BAx BRICFELEENE & EZ 2 b5,

(3) FEAKRER

TNy T — D FKRBRAEE A W TE KRB 21T o 7o, EE OISR Z K 2.1.15
IR T, Ny I—DIEIC L > TR b=y 7y RORXMBAREBEXME &5, &
AKEERITE T, ARSIV AETER Ui AR 1310 m/s LT OHZE X E OB LA L
7= SEMEOFTARMENE <L 1x10710 m/s LTS o AL E B EKIEIC X D E KRR & FE
L7z,

No.l FLIZEBWTIL034m (Kff=o 27V — MNEX0.14m #5Te) LV IHLEM, No.2 fL
2BV T, mwm(%ﬁzy&u~hﬁéomm%éﬁ);bm Tk, KED EA
B KRHERBRA KN Lo 70, YUE & EAE LZBEKEOEWENRERFEL TN LB X
bbb, O mﬁ%i%h%ib%%%WT%MLtoﬁ%iﬂ/ﬁ DAL E %
THLRBS, 2m OFR—V 7 HNOEEONE THE LT,

26



A
. %
.

13vh—HKEh
Y% —(MPa)

A/DEH,
|R-MEAPC

— [

X4 2.1.15 /Sy I — &K
Figure 2.1.15 Conceptual diagram of packer system

No.1 FLIZ DWW TIE, HLEEND 0.34m L D IRVETOREREIZEB VT, BT 1x107" m/s
F—H =L TFTOFEBKFREPHE LN, RBRXMEICHAOFNEZE0HAICENTH,
1.29x10° m/s & IRWFEKFRE AR L7z, No.2 FLITIEE 0.8 m (MRff=> 27 U — hEX 0.23
mZ&Te) L0 ENE ST CTlE 3.98x107 m/s & LB W iE KR A2 R LT, 0.8m X
D BT TIX 1310 m/s A — & —LL N O@E KRS ZR LT, LEDZ &b No.2 L
® BTV O BR CHER INTEHSOM OB ITH £V EKREITEELZ 5 2 TORWA]
REMED B 5, Fiz, EEIZIHB W TIEL, BTV OFER T O FAH 2R S AL TWHRWNIT E 2
PhHT, BWEBKFERE R LI END, BTV TIEER T WEIILE A EDZ £ LT
TR S AL, BRI B AL 5 2 TV 5 ATREMEARIZ ST,

(4) BRI R A AR

JEPTEER R 1L, — IS, IR Ty~ —2C L 0 AN TSI 2 R 4E &
B, ETL TR T DT A, HRICHE L-REEE CHRL, S£HEREOBES
HiF OB AR I A RO DR EIE TH D,

JEPTIEBME S PR 13, PUEREmE I - UEREm R, A— VU vV HLUERIE - SUEREE
B, DUBEBEEREIGE - R—V V7 HANZE, A=V 7HRNEE. A=V 7THANZETE
fE L7z, TNEhDOA A —VR%EK 2.1.16 (a JLEREHZE-YUERERZE. b AR —U > 74l
JERAF-YUEBE R 215, ¢ YUEBERBE-R— U V Z7HANZE, d R—V v ZHAEE-R—V
v T HANRIE) 1TRT,

27



FEEE(m) EEEE(m)
0 5 10 0 5
L L 1 L L L L Il I} L L L L L L

10

AR 0000000000030000000004

777

FEEE(m) FEHE(m)
0 5 10 0 5
L 1 1 L 1 L L L L L I} L L L L L L

H’H’""H’H’""H’H’"""""""""'”

[ == = = ==

@sesss

X4 2.1.16 #y R B A
Figure 2.1.16 Conceptual diagram of geophysical survey
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#* 22-1DaT—H#tv h
Table 2.2-1 Dataset of Da

JLFR Da [m?/s] A ATl Do [m%*s] | /%8
Cl 1.5%x10°1° Cr 2.0x107
F 7.2x101 F- 1.5%107
7.2x10711% BOy 1.5%107
8 - HBO, —
S 4.0x10°11% SO.> 1.3x10° e
3.2x10" HSOy 1.1x10°
2410711 COs™ 9.2x1071 i
C M
4.0x10™" HCO5 1.2x107
b 1.2x10°11% HPO.> 7.7%1071° i
2.2x10°1 H,PO, 9.6x1071°
Na 7.4x101 Na* 1.3x107
Ca 1.7x10™" Ca2* 7.9x1071°
Mg 1.4x10" Mgt 7.1x1071°
K 3.0x10" K* 2.0x10° | &I
N 3.0x10" NH,* 2.0x10° | &M
Si 6.0x10°13 SIOR)s a
Si(OH)4 —
Fe(OH)y" — OH
Fe 2.0x10°" Fe(OH), — GEHEN
FeOH* —
Al 2.0x10°"3 AI(OH)y 1.1x10°

XAFX VWA A NTONTIE, %] OD\WzDazY43% DR EMEET D,
HL)  BARIFE MR 2B RS (2019) 2
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Table 2.2-2 Water composition of fixed boundary condition

HARSR #UF K
pH 8.0
— % B — B
mol/L mol/L
Na 6.7x107! S 3.0x107
K 1.1x107? Cl 5.9x10!
Ca 3.3x10* Al 3.2x107
Mg 2.5x10* Si 3.0x10*
C 3.5x102

) BORIE T e FEEAE (2019) 2
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Table 2.2-3 Minerals setting of modeling for engineered cementitious and bentonite barrier

" I wt% | 913 w.t% - I wt% | FIH w.t%
(cement) | (bentonite) (cement) (bentonite)
Ca(OH): 15.33 0 CSH(1.5), CSH(1.3)
CSH(1.8) 60.30 0 CSH(1.1), CSH(0.9) 0 0
Monosulfate CSH(0.833)
(AFm) 291 0 CSH(0.6), CSH(0.4)
Hydrogarnet
12.45 0 Friedel Salt 0 0
(C3AHg)
Brucite 1.78 0 Gibbsite 0 0
K>O 0.16 0 Goerthite 0 0
Na,O 0.08 0 Greenalite 0 0
Na-Mont 0 49.0 Gypsum 0 0
Quartz 0 38.0 Hydrotalcite 0 0
Analcime 0 3.0 Kaolinite 0 0
Calcite 0 2.5 Lomontite 0 0
Ettringite (Aft) 0 0 Mangetite 0 0
AS>H» 0 0 Melanterite 0 0
ASH 0 0 Sepiolite 0 0
Berthierine 0 0 Siderite 0 0
C3;ASH4 0 0 Si0Oz(a) 0 0
Chukanovite 0 0
) BARIE - SER AR (2019)
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% 2.2-4 HIERALFEIE DO DICRE LT _REEW
CRE LW, RT  BRET DI, BT RS Y)

Table 2.2-4 Selected secondary minerals for geochemical modeling

===

B+

(blue: not set for modeling, red: set for modeling, green: examine the effect on setting)

538 FIRVES 5y 8 IR 7ES gl FIRYES 53 IR 7ED
Ilite Katoite Phillipsite C4AHI13
oA M Kaolinite C-A-S-H#! Stratlingite Heulandite C4AH19
Pyrophyllite C-A-S-H7' 1 Clinoptilolite Ettringite
kA K-feldspar C-S-H# 1L Y474 b Analcime Hydrotalcite
- - - - KFugh S
Brucite Tobermorite Laumontite Friedel’s salt
KEE(EH = : > . .
Gibbsite C-S-H! Jennite Chabazite Monocarboaluminate
[7d:13 ) Dolomite Afwillite Merlinoite Hydrogarnet
Clinochlore Gyrolite fitcfesi Gypsum Monosulfate
Mg A K Sepiolite
M-S-H

i)
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[ 2.2-1 N2 A FRATANY T OHACIER DFHITE 7L & 7T = — RORR
Figure 2.2-1 Evaluation model for degradation of engineered bentonite barrier and system of

analysis code

ANDTAR EHR%
\ LAVRRATIYT RUMFARRAINYT /
y > 2% 25C
\ Y ~ Y F220 0.1m

1.0m 1.0m SALATT7 005%

i) BRI SEEE A (2019) 2
222 fRMTASR (BEAV RRATANYT LR bAoA FRATANY TR LIZR)
Figure 2.2-2 Schematic diagram of simulation (system for contact between engineered

cementitious and bentonite barriers)
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Figure 2.2.4 Example of groundwater flow evaluation results (flow velocity / salinity)
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Figure 2.2.5 Mean and standard deviation of flow velocity and salinity at a disposal depth of 100 m
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Figure 2.3.2 Difference in groundwater level based on groundwater level of a period from

construction of site model (up: the case of operation, down: the case of closure)
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