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The long-term safety of the geological disposal system has been demonstrated by the safety
assessment with internationally agreed approach that consists of elements such as scenario,
models, and data. Although there are a number of researches discussing the safety of the
whole system, researches focusing on individual safe functions and their mutual
relationships are scarce. This is because multiple safety functions are a fundamental concept
for ensuring the safety of the geological disposal and the long-term safety is accomplished by
the whole system. Therefore, we developed a methodology to identify performance of the
individual safety functions and their relationships considering the characteristic of the
multiple safety functions, and examined the safety functions in the engineered barrier
system (EBS) based on this methodology. As a result, glass dissolution rate has higher effect
for the maximum dose than sorption and diffusion of the EBS in the case of a single safety
function. Then relative importance among safety functions and their mutually
complementary relationships are examined by taking into account combinations of the safety
functions. In order to identify workable conditions for the specific safety function, bounding
analysis is applied using the Cs-135. The workable condition for the safety function of the
containment of the vitrified waste and the containment of the buffer are specified respectively.
Furthermore, it was found that the condition of the Reference Case in the H12 report falls
under the effective range of containment of the buffer and the safety function of the
containment of the vitrified waste is less sensitive to the maximum dose. It is unlikely that
the safety function of the containment of the vitrified waste dominantly works in the
repository system because this function only works when the Peclet number is high. This
condition is less possible as long as the groundwater flow rate is small and the quality of the
buffer material is properly controlled. The results from this study are useful for constructing
design requirements for the system components of the geological disposal as well as
developing repository concept.

Keywords : Safety Function, EBS, Safety Assessment, Sensitivity Analysis, Design
Requirement
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3.3 T4

# 3.31~FK 334 =T 74—V RORLMEL R TEELIMITr —ATh o &
3.2:3 D7 —AFEHS 5 ITHIET DM r—A (FE2KMY E£LHDO) 77 LU Ay —A(C
BUFDHNLANY 7 BTN HET 5) THWEE N T A= L Z2OREMBERT,
r—AFK 5 LSO ZEDMD 31 OffTr— A TIEL, £ 8.3-1~% 3.3-4 [T T D /1T
A—H D%, & 3.2-31Z777 ON/OFF Offtt EORENFICEDETERE LTV 5,

£ 33-1 AI/N\YTFIZIRBADT—4

INSA—A RE(E
BEMAEIEE [m] 0.41
BEMSMAEE [m] 1.1
BEMOES [m] 2.14
BEMERE -] 0.41
EEMEIRTE ke/m°] 1.60 x 10°
HSREL D LA [m*] 0.15
HSRELEDZE [ke/m°] 2.75x10°
HSRBIEEE [o/m’/y] 0.365
AR BRI O IR 38 #9752 $B 1 D 1R FE [m®] 0.001
HSRELAREEDRERZEEEOREE [-] 1
BEISZEERBERE (/Y] 0.001
1RHIS2 BB D IKTE [m*] 0.001
EHIZEEEOMEE [-] 1

= 33-2 HEOFERBELIVARUM)

75 fl‘iE‘Ji‘;.,ﬁJi »r>[&‘>]|~u . ﬂiEJEi,ﬁﬁ 4>[’\‘>]I~U
\Y mol V. mol

Pu-240 6.54x10° | 1.78x10”" Ac-227 2.18x10' 1.48%10°°
U-236 2.34x10" | 1.05x10” Sm-151 9.00x10' | 3.20x107°
Th-232 1.41x10" [ 650x107° Zr-93 1.53x10° 8.54x10°
Cm-245 8.50x10° | 7.26x10°° Nb-93M 1.36x10" | 7.21x107°
Pu-241 1.44 %10 1.23x107° Se-79 6.50x 10* | 8.04x107?
Am-241 4.32x10° | 1.88x10” Tc-99 2.13x10° 8.27x10°
Np-237 214x10° 3.74x10° Pd-107 6.50 x 10° 2.04x10°
U-233 159x10° | 1.17x107° Sn-126 1.00x10° | 2.25x107"
Th-229 7.34x10° | 251x10°° Cs-135 2.30x10° 3.19x10°
Cm-246 4.73%x10° | 8.29x10™* Nb-94 2.03x10* | 2.80x107*
Pu-242 3.87x10° | 1.12x107? -129 * 1.57x10" | 1.46x107°
U-238 4.47x10° 1.31x 10’ Cs-137 3.00x10' | 2.66x107"°
U-234 2.45%x10° | 1.50x107° PbR iE E {4 - 3.81x107°
Th-230 7.70x10* | 5.37x107° SmEE R - 3.33x10°
Ra-226 1.60x10° | 2.62x10”’ Zr R E R - 4.74x10'
Pb-210 2.23x10" 3.48x107° NbZR TE [El i {4 - 2.67x1072
Am-243 7.38x10° | 4.01x10" Se RE LI - 6.86x10""
Pu-239 2.41x10* | 1.60x10” PAR E RI{L{R - 1.18x10'
U-235 7.04 x 10° 1.46x10"" SnRERMLF - 6.82x 107"
Pa-231 3.28x10* | 2.23x10°° CsRE R - 8.84 x10°

20 EHBICEALTIE, [TRURZEMNS BATRETE—E2RTRUBREMN DA REARIMYE LD
— I (AT E2RTRUBRYEEDHENS) "OF—a%EERLT=, Tz, N290 42U [ZEALTIE,
FAFBRHDDF1292EANEEICHLT, HASAEILEADIEITERELLTO.1%EEEL, 1.46E-03
mol& L=,
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£ 33-3 AL/N\U7 (BEH) OREBT/S5A—4

% BRE HDERE (AT T) R Bt K Hr DR ER IR 3
e [mol/1] [m®/ke] (ANIAYT)[m?/y]
Se 3.00x107° 0 2.00x 107
Zr 1.00x10°° 10 3.00x 107
Nb 1.00x107* 1 3.00x1072
Te 4.00%x10°8 0.1 3.00x 1072
Pd 1.00%x107° 0.1 3.00%x 107
Sn 5.00x107° 1 3.00%x 107
Cs AlAE 0.01 5.00x 1072
Sm 2.00x107’ 1 3.00x1072
Pb 2.00x10°8 0.1 3.00x 1072
Ra 1.00x 1072 0.01 3.00%x 107
Ac 2.00x10”’ 1 3.00x 107
Th 5.00%10°° 1 3.00x 1072
Pa 2.00x10°® 1 3.00x1072
U 8.00x107° 1 3.00x 1072
Np 2.00x107° 1 3.00x 107
Pu 3.00x107° 10 3.00x 107
Am 2.00x10’ 10 3.00x 1072
Cm 2.00x1077 10 3.00x 1072
1* Al 0 3.08x107°
*UZBALTIE, $2RTRUBYEESD DT —2%&[M ALY,
* 334 REWBERHY
178 REBREREK — REMEREY
[(mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]
Pu-240 1.49x 107" Am-243 2.44x10""
U-236 1.35x10 "2 Pu-239 1.50x 10"
Th-232 154%x107"° U-235 152%x107'2
Cm-245 485x10" Pa-231 2.44%107"°
Pu-241 3.66x107"° Ac-227 8.54x10"""
Am-241 1.63x10" Sm-151 1.59x10°"°
Np-237 1.30x 10" Zr-93 1.56%x10"*
U-233 1.71x107"? Nb-93M 2.32x107"°
Th-229 7.90x107" Se-79 2.68x10'2
Cm-246 3.53x 107" Tc-99 1.22x10™"
Pu-242 1.42%x107" Pd-107 1.44%x107"°
U-238 1.33x107'? Sn-126 9.84x 10"
U-234 1.44%x10°"? Cs-135 1.14x107"°
Th-230 3.60x107" Nb-94 7.08x 107"
Ra-226 3.80x 107" -129 * 3.20%10°'2
Pb-210 3.04x10" Cs-137 5.40x107'°

*129(12BALTIE, BE2RTRUBRYE LD DTF—4%FEALT .

_11_




JAEA-Research 2011-006

3.4 fRMEER
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EREAR AL, MEZM LG EORKHEEEZ R LTS (U7 AEE 1R D
DR %E 40,000 5 L TRIKERZHE L TV D), B, £7—ADHEIZ, ¥—A0T
Hik b L7z, F£72. ON/OFF OFEE2Z Fenr—A (7o& 21X, sliEkETh s Cs 135
WCBWTIAMENREE SN TWD Ty —R) ITFEROELROGENBEN LT,

R OFRHTAE RIS < B2 A LU FITRT,

3.4.1 HEMTIER
o H—DLEMHEAIE LT —Z (F—2 1-1~1-5) 1BV T, HEMFEIZ RN
HEINDOIE, T AOHATIADWREDOHR (F—A 1-1) Thd,
o 2O0DLEMFEDHAETICEBNTH T ADH UIADIERENHERE L TV A A, &
DM DL ERERE DN RITIE E LN (F—R 2-1~2-4), ZNEHDF —ADE:
KEATHRIIN 7 ADEHETHE S TWVD,

3.4.2 Cs-135

W7 AO CiADPERED OFF ICH B 53, 7 — X 2-9, 3-10 [T KR 7o #r B AR
BENRFEHEINTWD, ZABIHE L TV D ZEHEREIL. BEHM T Ccoyitiis L O
FEEHR B OO HoMEl (EDZ HiT/KiE) Thob, 377bb, BEBITO
B SIX, BRESEEM P 2LV Do WBIT L, 222/ S0y EDZ Hi Rk
Tt B R U CREM MU D OO 5 Tnbd Z L2k v I
7T AECARHIZIFAE L2 Cs 135 DIRIE &R P E 0T D 7r— A
Thod, ZNLEDT—ADEKHET, WD T ZAEIRIETICAFET D Cs-135 D
SR, EE P CHEICHMN LT L & ORIBAKT T Cs-135 2% (Cmax) . EDZ
R KT R L O ERBEAROB TH 2 b5, AT, ZhbOREHEED
KA I L0 AT M S D HEREZ [RREH OB CiAD MR LT 5,
B K DB R A Z I8 LT RR @M O LiADMERE (X —2 3-10) 1, 7 AD
P UIAOVEREDMEEE S 2 7 — A (r— & 1-1) L RIS OB ERB RN B I N TN D,
TOZEND, AREIOEKMETIR, WAEIC L BEBES R A LR LI EEM O CiAD
PERE & T 7 A DB CiADMEREIIMH BMZEDOBRICH D LB X D,

IFEIZ K DBIEENF D 20\ KRR OB TUiADMERIL, H T A CiAOMEREO A #
WL > TREMEET 2 (5—2% 29 L7 —2R 3-5 DIER), —J5, IS L DEBIE
IhH A B L TR E M O TiIADMERESERE L TV 256, MEIET 7 2D LA
OYERROF T E A EIRF L (F—2A 310 &7 —R 42 D), ZDOZ &
D, HTAOM LADMERE & FEEM O CIADHEROBRIL, ThEn O 2
BREDLI > TR EWRIREZHIET HMOBMRTIE R, KV BOEWIER LI
BT O2REHRICE VI IND L WIHIBBRTHDL Z L3bnd, 20X RLse
BEREM O BIfR DY, L AMERE DR E~DRE Z M L T D,
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Np-237

VSARIERIIRIC K A EEHERH UiIADMEREDS ON DA TH > Th, BEM T THO/hE A
WEBATHRE (JE80) 23 OFF OWEI2iE, WSRO FIT R Sz, 2,
FEAEI P A LR BRI AT L, BIBRKF OBENE ISR E DN D720, FEEM
NI ORI T2 2 &, D10, BRRHICEEMAMIICBE ST 57
DIZ, FEEHHIZ 1.0x1030 [m3fy]l L W H D TRERMEEZZEL CNDH72H, A
7 AR BEREIZ R L Ch . BEEMNANCIS 1T 5 Np-237 ORENRMEE A T
[ Z &R T 5, (F—A1-2, 2-6, 27, 3-9)

FRTEA P L OYRER hIc W TR AE UL BBRUK O Np-237 H#EEDME < #1
ZHDZ EIZED IR KBRESKIBICERT 57— (75— 2-5, 31, 3-7, 3-8,
4-1, 4-4, 45, 5) PAET D (LLF, T OLEEEIC XL EREBITAIH S5
PEREZ VMR EERIIRIC K D P CIADMERE] & WD), 2D DT 7 — A1T3@ L T
WD I, AR & DR THARUREAY ON 725> TWA Z L h | IRREEIC L DR
I R L, FREM P OB TEE N NS WHAICREI N EEZ DD,
7T ADH CIADIEREIEIE L TR WEAICE W TH ., WREEHIRIC L 58 TiA
DIERER L OREEH O CIAOMERRIBERET 2 Z LI X D . KRiEAH & O
ADZD (r—A 2-5, 31, 37, 3-8, 4-1), T72bb, MAMTEDOBEENTFEL T
WHEBEZ LD,

FEMEH O CIADPEREDHERE L TV D GEIE. T ADM UiAOMERE D K&~
DT LALER bR (F—R 310 L7 — R 4-2 DY), E7-. AAREEH]
PRI L DD UiIAOYERESERE L TV DA, T ADOM CiADIERED i K
ENOEBIIEEAERY (F—RA 38 LT —RA44DHE), ZDOEINDL, HT
A D CIADMERRIIMOE L DL EMRE L BAMERICH D L L bz, KVHEEDR
VR D B UaA OPERECIR IR HIPRIC L 2 BAEDO B LA MEREIC K S D,
—J5. FEEM O CiADYERE, 35 X OWSAEEEHIFRIC X 2O P UiA O MERE O BIfR
X, TR ERFERFICERB L7y — 21BN T, EFICRERREMEZENR SN
% (r—A 38, 41),

TRARFEHIR & JEER R O i 5 OFEREDY ON OIFEIZHB W T, EDZ i ON/OFF
kv, K& Res (F—R2-5, 3-8), DF VIEEM O UiAbHERE (ILdtRik
& EDZ i & 578 ON) 1%, WAEEERIBRA ON O5AIC S R ElREE R4 H
Do
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77 ZADM CAOYEREN OFF I 6B 677, 77— R 2-9, 3-10 1L KIE e #r &K h
RPFFINTND, T Cs-135 [AERIC, $EEHF O UiADMEREDHERE L TV
H—ATH D,

BRI CH D Cs 137 1L, —D 7 — AT Cs-135 L1722 7oz w7,
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F DM DL LHERED BT R S /e o 728, Cs-137 TIXIEBUR IO % Z &+
HZEIZXR, Foxy EREEEOBELE L TER TS, ZiUE, Cs137 DY
B B0 L E W LICEFN LTS EEZ NS,
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FEE—HLTND Z &0 D, 1-129 TIEA 7 ADF LiADHEEED & D72 2iHE L 0 8
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DRI SIERBEN R 2R LTV 2D,
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