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In nuclide migration analyses for the safety assessments of geological disposal, when there is not necessarily sufficient confidence
knowledge and data required for modeling phenomena, analyses are conducted using sufficiently conservative depending on the
reliability of the technical basis, such as selecting data settings and modeling that yield severe results. There is a high level of
uncertainty for setting a parameter value of dispersion length used for the nuclide migration analysis, due to the difficulty in measuring
field scale data. However, the effects of fluctuation of dispersion length on maximum nuclide release rate has not yet been fully
understood. In this study, the effect of fluctuation of dispersion length on maximum nuclide release rate was investigated. Specifically,
a series of the sensitivity analysis focusing on not only the effect of fluctuation of dispersion length but also the effect of parameters
related to the retardation effect such as distribution coefficient and half-life of nuclides was performed for fracture medium. As a result,
it was suggested the maximum nuclide release rate may increase due to the shortened nuclide transit time as the dispersion length
increases. When peak of the nuclide release rate is less than the half-life of the nuclide, the increase of the maximum release rate due
to an increase in the dispersion length remains limited to a few times. On the other hand, in case of exceeding half-life, the maximum
nuclide release rate increases ten times or more as the maximum release rate occurrence time of the release rate decreases. These
findings would contribute to setting the conservative value of dispersion length taking the uncertainty into consideration.
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Fig.1 Conceptual illustration of the process considered in the one-dimensional parallel-plate model and key parameters

relevant to these processes (created referring to H12 report [2])

Table 1 Description of parameters

Symbol Unit Description
Cn [g/m3] Nuclide concentration in fracture
ar [g/m3] Nuclide concentration in matrix
v [m/s] Flow velocity in fractures
i [-] Hydraulic gradient
T [m?/s] Transmissivity
Dy [m?/s] Longitudinal dispersion
coefficient in fracture
Dy [m?/s] Diffusion coefficient in free
water
ar, [m] Longitudinal dispersion length
Ry [-] Retardation factor for nuclide n
in fracture
R -1 Retardation factor for nuclide n
in matrix
Kay [m3 /kg] Distribution coefficient of
fracture surface for nuclide n
Ky [m3/kg] Distribution coefficient of
fracture matrix
2 [m?/s] Effective diffusion coefficient
pm [m?/s] Diffusion coefficient in matrix
pores
o [-1 Matrix porosity
P [kg/m3] Dry density of the matrix
2b [m] Fracture Aperture
e [-] Factor of fracture aperture
[m] Matrix diffusion depth of nuclide
F [-] Proportion of fracture surface
from which nuclides can diffuse
into the matrix
o [m] Perpendicular distance into the
matrix from a fracture surface
A [1/s] Decay constant
L [m] Evaluated distance
4 ] Elapsed time
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TN RIS TR & I KRR AT R R AR I 52 D 8
BEBE LT WSERMELE LT, Stepl 205 Stepd DUV LD
AT OWT BBV AV AT & LT, BRI, #
W 0 yr 225 1yr ORIT 1 g/yr D AT & L7z,

Table 2 Longitudinal dispersion length of sensitivity

analysis (common)

Symbol Unit Value
a, [m] 1/100L, 1/50L, 1/10L, 1/2L, 1/1L

Table 3 Half-Life variation for sensitivity analysis (common)

Steps of sensitivity

Nuclide Name Half-life [yr] ;
analysis
No. 0 L Step 1
No. 1 1x10%
No. 2 1x 102
. 1x 103
mg i 1x10° Step 2-4
No. 5 1x10°
No. 6 1x10°
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Table 4 Parameters value of step 1 to 4 (common)

Symbo Unit Value
i [-] 0.01
T [m?/s] 1x10°10
Dy [m?/s] 4x107°
R, =] 1
D, [m?/s] 3 x 10712
L [m] 100

Table S Parameters value of step 1 to 4 (specific)

. Value
Symbol — Unit  —eio T Siepd  Step3 Stepd
» [m] 0 0.1 0.1
F -] 0 0.5 0.5
X, [m3/kg] 0 0 0.08.11, (;.01,
3.3 MBHIERLEER
3.3.1 Stepl OFER L OH

Fig.3 (RN N2 DHEFE No.0 CHBEIT, ,= o) 0%
ITERORRRFEAL T H D HHR AR 2 om . HE IR A TR,
BES AR, LAIIA R DOENEER L TS LT,
Fig.6 & CREDERTH DH.

Step 1
No.0 (T, = o)
- 107 Longitudinal
:-:- ?ispe;sli:oal
= “rs ength [m
EE’ 102 ’ I &
® ‘o, Eal [ 1/100L
17 R DNy
S5 v i 1/50L
® o 100 1 P 1/10L
S 1 : |
© 3 [ I I B V|
= 3 P : - -1/
Qe 10 co b by i
= 100 100 102

Elapsed Time [yr]

Fig.3 Result of release rate (Step 1, No.0)

Fig3 IR &S5 L9512, HEED 1/100L OFFRIZH~
T, 1/50L OfEFIFEN TR o7z, £L T,
1/10L, 12L, 1/1L & Q58RO BN W EEREOTKIE 7S <
HIZRED, MOBRBITRN L RO TR L 2o
To. THLEY, SHE QBN R RIS T R I
MARE Y, BERERIERFRIC R 56055 Z &3k
AT&E . & <IT, Stepl OFFNT S TIXHUEEDS 1/10L B
D — A CRREEFERAT A AR 23 B 0 A0 Hh#R 23
FEXRTBRIC 72 DR R B LTz,

F7-, BREEBITRICOWTIE, S#EZ 1/100L 725
I/I0L F CEIME ' 5 i Lz, 2, SiehiRosk
WP TREREREDHEXPNCAR N T 572 B2 b 5.
— 5T, HEEL VIOL LV S oianses &, ki
FERATERNEINCHR U 2B MR Aoz, 2o X 5 e
ERTOE, SEHEEZRELS T EHBBNEL Y, MR
HAR NI FR R R T EEZBND. ZhiT 1 &

June 2025

(250 L7z Ogata and Banks Z£[5-7]O 61D L H 12, ~7 VMR
/N EWEGEREEREZ 6t L TOBE B R & 24
) T RWRABES Stk D % 52 Tkl 28 & 0 3k
SRR 20, WEOGRN L BE D 8BS LT
&b, 7=, JIREE[7]iX, Ogataand Banks [S]O AT RN

B3 5D aE B AR O FERIFRMEIZ DT, SERRTE O R AT i
PO DMIRE & L, X7 L 10 TEDOZEN
14.6%, 100 T 5.3%, 300 T 32%, 500 T25%&, ~7 L
BEtEMSED L20EMNNESLRY, <7 LD 100 LA
ETHIVUTER IO EA TE 5 & B8 L
TW5. Figd OFERIL, 20X 5 2B omE L &S
MCHD. HEN 1/100L <2 1/50L 72 /NS W (7 LK
73 100 X2 50 72 &R E )T — A D KAZFRAT 56 A RFH]
DEITNE WD, R DI R R BT
AEIRFRIEINE S e, & LTRSS 1/10L BL E(~22 L3
2510 LLF)YD 7 — A TlE, S RBEREBATRAAERMIZ LY
KRELEMEND & & BIT, BREBBITRITHM L.
3.3.2 Step?2 MFER LN

Stepl THER L7z, 50z OB R RAZRERBAT R34
RENZ 52 D BNC DN\ T, MR D% N % 72 &
JEFRAT (Step2) D 5 % Fig.4 (2))> 5 ()9, Fig.d (a)llix
SR VIL CRABEEBITRIS AR R R L v E<
BNl E LT No.l CRIBINT, ,=1X10" yr)Ofs %
AT ZAUSH L, BOREERERAT SRR A R R 3 Y & 0
FLHNTH & LT, (ISR No 3CEIIT, ,=1 X 10% yr),
(O THZFE No SCEIRINT, =1 X 10° yr) D B % 7=,

Fig.4 (a)ld Fig.3 L #2720, 538z 1/100L & 1/50L T
e REFERBATENMZIER UL 72275, 1/50L 706 1/1L ~
DOEEIMA LS THML TW5. Z D Fig3 & Figd (a) DEW
RO MR CERINO A EICL b0 LEZ DR
%. IZHE No.l OMH1% 1X10" yr(X P o BN TH 5.
TN TN R R E 72D 120 LV /hEWrk
RO —2ATiE, REHOFREIZE U TEENED L, &K
KEFRREAT SRAE AR M DS < 72 D AP W B KRR A TR D3/ )
ERMEE T2, —T5, K No.1 O LTI RS T
RN & 72 D5 HE VIL O — A DR KRBT RIL,
12L H D — R & Wl U CHUR A Z K 580 0 2
MNEATEAL L2 Z &2, Figd LB L THHE W AL L
TUNVRL.

Fig4 O (a)/» b () DM THBEE DR Uy — 2 & e 2
&, BRERERBITREARMNZIER UM TH S, Lr
L Fig.4 (b) & (c)DRGE AR IT (@) & B2 Y, Fig.3 ([ZHHELIL
T 5. Fig4 (b)DIEHE No.3 O¥-dllix 1 X103 yr, (D%
FE No.5 OFHL 1X10° yr THY, HHEORRD TN
T Dl — A TR TR I AR R 2 FES.
DT, BURHEEEIC X DWEOEENEE LT, ik
SEEELS 2 £ L72\V Figd & RO RN &
Ezbhb.

PLEnD, SHMESRKNEREBITRICEZ DHEY, K
KIZHERAT RIS AN & O K/ NEAR TE LT 5 2 &
Whhd. &L, BB ITREAERR S LR %
[ 5854021, 11001 ZE0/h SR BEDO 7 — AT, &
KT TERIAERF RN D 2 & T, MHEEEIC L2
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=

(@) No.1 (Ty, =1x10" [yr])

(b) No.3 (1y, =1x103 [yr])

(c) No.5 (Ty/, =1%x10° [yr])  Longitudinal

107 I 10-1
|

2 . -l'\

’ /I' <\

, .

~

Nuclide release rate at
fracture exit [a/yr]

dispersion
length [m]

1/100L
1/50L
1/10L
- ==1/2L
== 1/1L
Half-

101

101

2 ' Life
10 o 10 (No. 1)

Elapsed Time [yr]

Fig.4 Some results of nuclide release rate (Step 2, No.1, No.3, No.5)

Step 3

(@) No.3 (Ty,, =1x103 [yr])
- 10-3 I
L 5
85 .| T
b ! ’I'\\'\
§c>:< ! // | \\
e o0 b LA
o S .I ' B
= § [ I ‘Q
S& e Lol s
= 102 108 104

Elapsed Time [yr]

(b) No.5 (Ty,, =1x10° [yr])

1073

Kd = 0 [m3/kgl

Longitudinal
dispersion
length [m]
1/100L
1/50L
1/10L
-==1/2L
== 1/1L
Half-
Life
(No. 3)

102 103 104

Fig.5 Some results of nuclide release rate (Step 3, No.3, No.5)

KEFR DIRE O BN Ui RERBITE D35
(Fig.3 & ke LT Fig.d (a)? 1/100L <2 1/50L O i KA AN
HLTWE)D, SEELZMNSED &, RREBBITERE
ARG SV D Z & TRE DB NS LY, 58
BAVNE I r— A L Wl U CIRREEFERBATEN R E < 2D
BGNBELT 5. 22 B THE LIZAAL ADOHEFIIC
RSN TWEBES]EEGNTHS.
3.3.3 Step3 MEER L H#T

Step2 DOFEFTSMIC~ b Y 7 AEBE N Z -5E S IX
BIE L2V OB TRHTHS RISV T, B No3(H
HIT,,,=1X10° yr)DfE R % Figs (a)l2, HFE No.5(Hy
T;,=1X10° yr)DFE R ()T NZHRT

Fig.5 (a) DAl 23 53 B0R OEMT L 0 2k 2 [
1%, B2 RO E S L LT D Figd (a) & [FER
DRE—2THh 5. 72771, Figd(a)L Fig5 (a) TiLHtih &
I OMERMEA RE S B2 L. Tt~ b 7 ARHUC &
LB ATIRIES ROEEICL LD THDH. Figd (a) L
Fig.5 () MEIEF U —2 725> T B DU, R 0
EL~ b U AYHOEETREZR D0, SBEN 120 LY
INEWT— AT, & IR RIEFERBAT R AR 23 105
% LENY, BURPEEEZE O BRI T SR~ ORI
BTS2 THDH. L7, Figd(b), (c)& Fig.5 ()i
DWW, Figd(a)t Fig.5 (a) & [ UBLH Tt & Rifih oo
KHMEIZ IR 72 D23, B REEFERAT 338 A2 R ) 23 206 & 1]
D, S O KRBT RE~OREILITZ L A CBN
RWEREDAF — 2 R LTV 5.
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£7-, Fig5 (a), OBV THOMENEIN L840
TR OIERRER A oD, 2k, ~ Y 7 RK
B A LE LRIV T, SFUVE MR & 51 5
WO BEREEZHEINSE 5 EHORMFROIERFER AL D & D
BEAEDM R L AR OBIGN BT 2 Z L iR TE 7o

koT, = MU J AYEHUC X DRI TIRIE S R & &
THHATY, Step2 & RIBRIC/EERE ORI I KEEFER
TR & I KRB TR AR I 5 2 28, e R
TEATERIE AR & 3 O K/ BRI B 2 DD/ — T
DHETELHEEZIOND.
3.3.4 Stepd M#ER L HHT

Step3 OFHRMITMA T~ N 7 ATOREEEEL, K,
DENDB IR OIS U s KRBT RE L UK
KRR T SRR AR D ZALIT 5 2 B I DWW C DR EfR
Mr&4T - 7= Fig.6 ([ZFHTHE R OMRERF & LT, BHE No.5C
IHIT, ,=1 X 10° yr) & %15 & L= 5A OnaE i 2 =9
Fig.6 DORGE Hif 23 SR OB W2 b3 A,
Fig.4 (a)X° Fig.5 (@) L IFEFR L F —2 b7 oTND. T2
72 L, Fig.4 (a)<° Fig.5 (a) & Fig.6 Tl & Rfih o #aseH i
WRELERD. Zhud~ b)) 7 A TORFEI & 255
TRIEHRIZ LA DTHD. Tz, DEEOHEBICE S
B REREBATROZEIL, Fig.s (a)% & el L TIEFICRE
Ko TWVD. ZOLDRERNELTEEBIZOWTDS
B a L FITRd.

fotih A B RIZRERAT 2R, Ml A /3R & LT Fig6 &/
P L 7o fE S % Fig 7(a) 7. IHIZIE Stepd DORER] &
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LT, iR 1X10° yr OHE No.5 OFERD 9 LK,MN
0.001 725 0.1 m¥kg Dr— R L, HERDZDIT Step3 TH
BITEKN 0 D —AZRLTWD. 209 HKM 0.1
m¥kg THBEN VIOL LLFO7r—A1%, IGEIC X D15
AT OBIERN T K & W72 DA GRS CIIaE 23 H
SNeirotz7=, Fig.l(a)& Fig.7(b)IZFR L TR0,

Step 4

No.5 (Ty,, =1x10° [yr]) Kd = 0.01 [m/kg]

1076 o
© - " Longitudinal
oy 10 oD e dispersion
s w0t - length [m]
S 100 | e 1/100L
BF g b 1/50L
O 1/10L
w3 10 -1/
=g o - - 1/1L
S+ :
= 105 106 107

Elapsed Time [yr]
Fig.6 Result of nuclide release rate (Step 4, No.5)

WTHOBEICE W TY, Ky»h3 0.001 mikg UL LD 7r—
ATIE, 0 OHA LI L CRABEBITRBKRE W
L. F72, K8 0D —Z & 0.001 mikg L ED 7 —2T
I, SRR OMIIC X 2 BB T RO ERELD
N ZER N BT, KyhS 0 D7 — A DR RGBS TR
1%, Fig.4(c)<° Stepl @ Fig.3 & [FIEkIZ, /R % 1/100L 2>
SEINEES L L, /I0L LLETHEINZER U3, £ 0
531 V0L ISR THAEFEEE Cdh o 7. —J5 TK7% 0.001
mikg D — AL 0 DAr—R LY, SEEOME &
HICRKEREBATE LM 2MmA R oz, £/, K,
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23 0.01 BLO0.1 mkg D7 —Al%, kR OBz
B CHIN L7, ZOBALE LT, o~ M 7 AR
TONENEINT D Z & TBATEBIER AL, K080 D —
A & U TR AR TR IS AR 3B 72272 2 L T,
Step2 X Step 3 T/ L7z [ REERERSAT I8 A RF[H] 03 25
]z EA D) &kl 720, Figs @Dk 512, SEE ORI
I X DR KRBT ROBMNEE R Teld L EZ D
ns.

Fig.6 |2~ L7t R %, R & i KIEFRREA TSR IR
FEEI (T (Thpay) ERIDHOPEMRTEE LK Z
Fig. 7(b) 2R, el i KAZRERA TR F8 A RE [, Ry
BE, WK, 0ENE2E LTS, £, B No.s D
T 1X105 yr 2 BASHR TR LTV 5.

K8 0 DA TN TRONEEDr — 228N ThH, &
KRIEZERERBAT LRI EREM DR A TR 5. — 5T, K9
0.001 m¥/kg LA D — AT, K728 0.001 m¥kg CTHEF
W UIL D7 —RA&BRE, B RIZFEBAT 5 AR RIS 0
EREIAEMETHDZ ENHERTE .

L7223 T, Step3 OFMIZ~ b U 7 APEHELTOUFE D
HEEMZ 5B BT, [HE OB R RIS
T3 & I KRR TR IS AR 5 2 2 80, Rt
TEATERIE AR & i O K/ NERIZ K > T2 DD/ —
VICHFETED ] ZEDHRTER
3.4 JRAKERTERLARNMEEFBEHAOLICERLE
Vaxiis

33HITRIEY , R OIS R RKEREBATRICE 2

BN, I R TER IS AR & R o R NBfRIC
Lo TENT S, Z0izd, R T DR AEEBEAT
RRARBMOLELT, [ T,u/Trtl EEDEHNT, &
BEMCRREESAT R LT,

77

Step 3 - 4
No.5 (T;/, =1x10° [yr])
(a) Longitudinal dispersion length (b) Longitudinal dispersion length
and maximum nuclide release rate and Tpqy
m Kd = 0.001
~ 0.1
103 103 107
o X Iné/kg]
3}, 10°5 109 LTI TS T
S X — o0
- 6 -12 —
2z 10 RN o) 0) 0.001
g 0 x { oo g x0.01
55 10°8 10708 & 102 0.1
Ev  10° X 1021 10’
-E*; 10-10 9 10-24 0 e v v
2 1/100L 1/10L 1/1L 1/100L 1/10L 1/1L

Longitudinal dispersion length [m]

Fig.7 Organized results (Step3-4, No.5, Kd = 0 - 0.1 m’/kg)

(a) Effect of longitudinal dispersion length and distribution coefficient on maximum nuclide release rate

(b) Effect of longitudinal dispersion length and distribution coefficient on 7,,,,
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Fig.8 |Z Step2 2> 5 4 DT XT Dl — A DY HEFIZ OV
C, T/ Tipbt & S KSR TR O BIR 2368 U 7. it X
ENBEERAWE T — 2 OMBEREZRLEO S EBE
V100L @ %7 — A O fRHT /5 R CHEAL U7 fE, B
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FEONE L7 WAE R & 2r o 72720, Fig.8 121X Z 1 HIzxt it
T o7 — I IRR I TR0

Toa/T1pt 3 1 2 TRIZHZEITIE, ZOHRPEL TS
AL UTe i KRR TR O K & B LI A L Qi
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L1 2)85A121%, Figd(a), Fig.5(a), Fig.6(J 72> % Fig.7
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MERD &R REFEBATRNPEZF NS 5. o0
TIEHUTOEEREZ 2 HLE. KRBT R LR N
g a2 BlEl S &, RAREFEBATRRE A RIS U ior
PRI K D OMBEOEPBIE T 5. Z0XH57%
ST TOHR ASHEIN U S RAZAERRA T H 38 AR KR [ 0N i =
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25, Ko, SEE ORI R KRBT R IZIHE
\ZHEN 5.
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X% Closed symbols are also shown in Fig.1.

Fig.8 Relationship between normalized nuclide release rate and rate of time parameters (normalized by result of 1/100L)
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BB TRATIC AV SN2 /8T A —HZ DfE% Table 6 (27~
. 209 b, BAKEAREI IO LA T 15-9.99
SIEEAERZE 1,07, HALIE mY/s) TH Sh, bl 2 i &,
Rl B K BRE LT 5 & Fig9 DX HITREND. K
SRR LT AL, HI2 LR— FOREEESSRE LT
L7 7 LU AR — ZADOEHERBATIRNT C SRR & 7 > T
% Cs-135CEIEHIT, ,=2.3X10° yr)& L7=. HI2 LAR— kD
KRB TR ClE, 777 AL OfiEhrfii % Talbot 15T
WZEHL L TV 5 MATRICS ==— FIA7TIAHW LN TN S.
AT 3 BT HM L 7 BT & [ GoldSim®[16]
@ Pipe Pathway Feature % N CTHERL L7z H12 LAR— h &
R OEFERBITRATET AI8IZL YD, V77 LY AT —
Z L [RERIC/# R % 1/10L(Table 6)& L=/ —A L, 10 fF
(V1L 2 E) LTz 2 DD — 2R DFENT 24T, FERE 08T
L7z, 723, REA~OBEROBAAINGHE, RCET L
(I8N THRIT L TV B AT AU 7 b i S h B s
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Table 6 Parameters value of reference case [2]

Symbol Unit Value
a, [m] 1/10L
i -1 0.01
Dy [m?/s] 4x107°
T [m?/s] 48 segments (Seg.) according to
probability densities (Fig.9)
Ry (-] 1
D, [m?/s] 3x 10712
L [m] 100
Ky [m®/kg] 0.05
[m] 0.1
-] 0.5
0.05
Seq.23
- 0.04 6.64x10"
* [m?/s]
(%)
=
= 0.03
>
x
= 0.02
3
e
= 0.01
0.00 —m———
10-13 1072 10" 1070 10 10 107

Transmissivity [m?/s]

Fig.9 Transmissivity distribution of reference case

FRHTHE R % Fig10 173, FRIZIZA LAY 7525 0%
B TREOOMBRZ I TORL TS, £, 48 2%l
LK Z L oSBT 2 BERG ORI ONT
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Analyze sensitivity effect of dispersion length
variation on the maximum nuclide release rate

and Tyugo-
¥

Organize the sensitivity analysis results in
terms of Tyuax/ Tj/n.

Determine which pattern it belongs to @ or @. \

Set value for the dispersion length that lead to
more conservative results according to the
pattern it belongs to @ or @.

Note: on the condition that it belongs to
the pettern @, careful consideration on
setting dispersion length is needed, due to
the high sensitivity of dispersion length
variation on maximum nuclide release rate
(potentially, maximum nuclide release rate
might be changed by several orders of
magnitude).

Fig.11 Flowchart of longitudinal dispersion length setting
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