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A simple procedure is derived for being included in the design process of the engineered barrier system of the radioactive waste
disposal. This procedure is based on the steady state analytic solution of the diffusion-convection equation of the finite domain. Once
the fluxes on both edge sides are assumed for each domain in the multi-layered engineered barrier, the unknown fluxes are solved as
the solution of the simultaneous equation system of the steady state solution. The present procedure is very simple and stable for
obtaining the fluxes and three distinct outlet boundary conditions such as natural boundary, zero concentration, and the mixing cell
are formulated. The application of the procedure is readily extended for severer condition, for example, the case of the degradation of
one of the layers is examined by inserting additional domains as altered regions and the result indicates the fluxes are obtained fast

OE

and soundly without difficulties.

Keywords: steady flux, multi-layered engineered barrier, barrier performance, simple analytic procedure

1 [XCHIC

FRREEALSY ORI FEUESE[1, 2, 3] ClE, EFHEEFECORY
IZH A EFMICIIR Z NI EZ LS Z e n, A%
DORIE L S EREIH T TE 22K S § 5720 Oxb
& LT, BUHIEARI T % O A IS BREE~ O T E O 8
Z T B PEREA — B DK HEITIE L TV DB O FHER
OFNOHRLENT-LOERET L2 LE2ROTND.
BARMICIE, OHBRHER ESTORIREORE, QAT
U T ORRFHEIRDIEINEORE, ORFHRERDOF )5 Rk
R OEE, [R5 7 nk R 7ok R) O%Y
MEHGETDE L, BRI FIZBWT[3], srticiks<
AT O S PEMEFRIC R B AR EN TV A, iz,
HHEHERR B O BT 2 & R4 LR, TRbER
TRRE LIEMERLVEDLOREATIISH LN, BE
DS DBRE, BlZIE, AT b ORI O A
ORERELEZEDL L LTWA.

INE TOERMPWUSEEOES ETIE, ity et
AEFET 5 &V O TRITAME TIER L, RERRREHT
K HRETHEEZIT - C, BB & OERE T
CEEEERTAHIEN TS, WRKOEBZEZDE
F EROHRIEMECHEAT 5 &, “EFMEOMETA T v
g VEOBEEETHZ EIXTEREE LT, ISR
HEDBLA, & DITITRFETEOR AR E BIRAEIINCRE
DELZHWT 2101E, KRN TREYEE TS0

A simple estimation of the multi-layered engineered barrier performance adaptable
in the conceptual design process of radioactive waste repository - Simultaneous
determination of steady-state release fluxes from each layers - by Toshiaki OHE
(ohe@tepsco.co.jp), Takamasa INAI, Yoshinori YAGOME and Keiichiro
WAKASUGI,

*1 RERGHR AT

Tokyo Electric Power Services Co.,Ltd.

T135-0062  HUFHRILHKHE 1-7-12

HERF

Tokai University

T259-1292 M) IRFZ LA B 4-1-1

(Received 14 February 2023; accepted 9 June 2023)

*2

32

FEMOREFTL L V) FiEISLT LTV EIEE 2
P, ALY TICREL, MOREr 7ot 2 ICEHY AR
TUVEHMEFEREE LW EBbns. —F, B EREEY
W5y D B BN BE D BREE~D gt & M a4 5 = & ¢
Y, BREBITIMMOMS 2R 7 2 22l Ahb 2
LIFRFRTHD EEZOND. ZD=®, it L EER
ITEiE & A BB IEE S5 Z ENEETH Y, T2
KRR ATIRAT OFE R 2B 7 0 B RAICKM ST VWIET
PEREREM FIEE BT 5 Z LM E L Bbnb. £7-, &
BORPFUL DO BANHARILSC, B EGT 2 BIRT 571
TAZOLOEIIRT DL ME LD LO LTSN
DT, INLEMETDIZTHE, ZFto7vetAxnb
NYLFL, BHTEWERH D Z L ERTZELEET
bHorEEZOND. LU, WEEREEBITHTILIE T
NITRHRE 7 v ABNEMECR 0, ERROb LT S0
R DIFREROMIRPH L 2 HEBH L. £, B
ENERBITE bRRo TRERAIEROBE LI L,
DTRIEH LR WIEBRITIE, B2 - TR O Rl 24 % 1
LTLEI IREMNE S H 5.
PLEDOBEREND, Wy AT MR EHIERER T Z ) v o
EHDHEOOTFE, LI, ATAY T OB
B NBDCEELEOA X L— 3 VN ATRER W S 172
FEIZOWTHFEIT) 2 & & LTz,

2 A&

BURRE L~ X6, BUR MBI OS5y~ AT LT
IRBETE R OIMIN RS, (RIcHUE, REKER DL E
NRY T EFRT THBHI5,6, 71082\, SH%OH LTI
HIEERICHRNT DI, e 2D X 5 B ERIET 5 00,
Z DB EERT DEMIITED L ) RREE R 21T\, %
DWREZE EO L) RIEETHET 200, R EEPRT
THZENEFLWVWEBZOND. T T, TEXAHMRY



BT Iy 72 RIS

5T, FEROMR « SIHNE S e FlEEBEs LTz,

2.1 BImFEE
ZEHEEO N TN 7 R ORI T 2B O AT T I3

RGE RO BEMRZ A2 Z & BRI TH H[8,9].

UL, ZEEIOH Y IR LEBIEEITV A B LTl
Trk R b BRI WT, MR ARG Tk
AW v SRDIOOFIEE UCTHIEMA LT L b i
RS20 B E, FETIE RS IS SR VG
OYAEEMETIX, FEMAMNT LV DERBBRFICE LD
WG BRFIEOT D, 2EEWRT 5 ETiERNTh . £
I T, FRATRRCIRE L CIRIEARED Z L L L.
ZRBILRDOEFEDO U & DIZ Laplace B Hirs & DFE Y
&AM ARIEIC K D WA W A AL A& o H 72 Finite Layer
Method 23% 5[10, 11]. Z OFEITE b ICHEEMAT O 5 5
THWHILTWA[12], IR R3]0/ - o8B0z
X [14, 1SN HELOBEAGIN S D, 51T, — RS EEM
THIUE, BEOERER N THEZERESDI Z L LAETH
5[16,17,18,19]. 7=72L, TN BDOFIEFIIEEHEMERD
HH0ROT, BOBNHEZ 513 EMRERD D FINEITEM
272 o C, fRNTECH > THIMS e HmIcE LT\ 5d & iX
SV 20D, —F, ERHIE, —RAESHAVIEE RS
EWRT D & LTS R RN T, —fRfifICER
NOREBRBEELICRD D Z LN TE[13], BEEDLY
OWERATINT 2> T2 H % < & 520, 21, 22,23, 24, 25,
26]. L22L, 3L EOZIEMEEICImR L pile, Mg
Kop ETHY BWEIECH OB TEE (77 v 7
R) HRDDREIR L TODH[22,24,26] IZREATH
5.
ABRFOERTHLIRFF T o A~DY 7 WS
T, REHOLUZ X - THE, BERANY 7O (B
B, SHERY) 2D BT, BEBITERBORELE
BB TE—JEEGLZE LY, BMEINDIHKM
DEDRETH 21O IR G EbH D EH
ZOND. B, BETOYMBRME TIIHERLIRON, B

TR D OBRRH A Z = bHEETE RN EEZ BN D.

D XD RBRETIEFHIT 21T > CALANY TInb O
Tl B EE DR R 2 TR D = LTI R E R Rt 2 5 7=
W, NTAY 7 OB E21T ) &9 hUE, ERMEE W
TEROT T v 7 ATHATE DG ERINCE X, THHR
DOEREINE - CHREFHMBITEATTHOL—2DHRTH
B, 2L, RO & BEIEAR D O ORERE R R &
OBRMRIC L »TiE, EWMFETIIATAY 705 O
7T v 7 R0 IEKEHIT D ATREE D B D3, SRR
FEEERE T/ N A BE T D N EE L B 2, JEEH ML
DG RERBRTERLEITO> 2L Lic. ThET, %
F D ITAEEMH A ST RN T H OB TR & 5
R 2 72D O E W TR 238 L, #4173 Bateman 5
BRICEP LEEROMRE 25 2 L 2R L, B iR
B L TODRT]. 20X 5 elERnD, 22 Tl kil
DEEMROFZEZEL LT, 3 BU ELOZERKER TO—
WIEEE 7 T v 7 A% —fE LTIk 5 FIE (LLF
RIE) &, CTELRIMBRECEE T L L

33

December 2023

22 BE
BEEMRAMUDZIE N DD NTRY T 2T 28~ D
IR A Figd (R T LA T KTHRNT, BT LR EF]
[CHfE L CO B REEZEE L CHEERE CO 7 7 v 7 A
FEEZL. 22T, BETFEOBRMHIRSZ2EIC, KiEk
DOWAREPRAICRESRDLIITHELTND. Zofk
RICOWT, BB TEEOE FIRAE & fif < RIREIT 2 ABE
FAERIETH 0, KR O TORIZIETILHRT 5.
MTWEIT, EEENODAST TS v 7 A Fy b ALY T
OHAT7 T v 7 ARNEIZLNIUXRW. 22Ty T v 7
AZEBTHEEE, ALY 7 OB TIELEMREE T
THEITE, MRV TR DS & DR AR L
T ERDLIONPMHETCHLZLICLD.

et T » Filling Layer

Diffusion Resistant
Layer

xcavation Damaged
Zone

Concrete Pit

Backfill

Diffusion

Filling Resistant Layer
Layer __ p———
omain| domain | . domain’ domain domain
ﬁb'l 2 s 4 5
Concrete
Pit Low Permeable

Layer
Fig.1 An example view of the multi-layered engineered

barrier[6]

2.3 Kt

1 Wikt - B R o B H MR 2 15 2 (12T ik oo
WS CODT T v 7 Ad D WITREICET A8 E 5 2 007
e b7, —fFle LT, B—Eko AN CEEEZE
Ty I A FCAML, MH%BREREMF(dc/dx) =y =0
LIl EDT T v 7 AFHDORELLTIZRT.

F(X)=K, Ae“*-K, -B-ef )

K, =D,-a+Uy )
Kp=De-f-Uqg 3)
Ug—yU3+42"-D
g=_.—d d+ e )
2D,
Ug +U2+44"-D,
= 5
B 2D, (5)
A=eR-A ()



LI DN LAY 7 REEREGT O 72 OB ATIEIERRE Ol 57l - A& b 0ER K7 7 v 7 20 —fHEH -

Bt
A=Fpy- 7
0 Ka.ﬁ-eﬂ'L—Kﬂ-we*“'L @
a.e—wL
B=F- 8
" Ky peftKyae et ®
Fo : AO77vZ7 2 [Bqm?s!]
Ui Z—VioE [mst
D. s SEENPREAREL [m? s
L D AR [m)
) : RO ER [s]

& ;MR -]
D EBIELREK [,

RO X DI, E—DBRTHIVTHNEE 15D DI
HThH0, MHEEORRDEEAEET 555 I13FZ
ERG TR, —F, BHEEE Db OITBU - JLBUEA
ThHD, TIICH 2 RESMERERER INDLDOT
BRI O IR OBER LI MO hoR TlRE TENE, *
OFEIZIRE LT ERRESGHLZENTEDH. 220, i
HOMSH O THT T v 7 28 EMIC F Litikd 5 &,
BEEGSELENS, 77 v 7 X FI3EMIC 2 >OBY &
IRETHDT T w7 A Fuy & Fin OFJEFE LCRlab T
5. FlziE, Fig2 O L 97 3 sl L2GEa1ER
9),(10),(1D)D 3 SOEHEXBEHNLD. GEANIL Appendix
)

Agr-For =01 Ry =W Fp—Qp - Fy ©)
Ao F1p =09 - Fpp =Wp3-Fy3 —T'33- Fa3 (10)
Apz-Fy3 =—Dg3- F33 (11

For K 1ICHATDZ Fv 7 A

Fu R 228 2 KT 27 7 v 7 X
Fiz fEIR2 IZFEIR 1 DA T DT T v 7 A
Frn o fEER2 2O ICHT AT T v 7 X
Fr fEEE3ZHEHI 2 N OWAT DT T v 7 A
Fyo o I3 N BHEEBSMNIHE T 5 7 T v 7 R

Ao1, A12, A2z, O11, @22, P12, Wa3, Q2, Ta3, B3z : TEFRIL.

x2=L2
X3=

X3= L3

0
Fo [ >Fy F3 L)

cross-section S,

cross-section S;

cross-section S3

domain 1 domain 2 domain 3

Fig.2 Fluxes across the boundaries of domains

ZIZT, Fuk Fio, Fob FalZMCHDICRAZ 5, fHEik
1, 2, 3 CIIWmENRRDDT, BERFOBLEDIX
7T w7 A FIZWiEfgE S &8 U72MH SiX Fii=Si1 X Fign 28
EVLBRDUENRDHD. OFD, Fii & Fim \ZIXFECRHE
TDT T w7 Ak b LAOMEN S RIZODOENDN

34

b5, 2, RO~IDITE ENDHBEITIRZ FOET TR
SNBEMEHLDOBAT AT A—% (X Nr—iil, Ehhik
¥, BIERER &) OAPLTORD TR ZENTE
%. (FEANT Appendix ) Ko T, D n OGE,
ANAT T w7 A Fo &N n D757 22250 T n
HOFRXBHFOLND DT, FHIRRED T T v 7 A FI3#
TS 1 A1) E LTRDD Z LN TED.

S
[611 + ?1 : ‘Plz] —Qp 0
2
Fi1
S [@ 2y J Ty x| F
12 2 23 33 22
2 S3 |:33 (12)
S
0 —?Z'Azs 033
3
(Ao1)- Foo
= 0
0

7T w7 ANRESNTZEROLE, NLANY 7 OXE
WOEEMRIIZTRO N2 — LIMFIE LRV, Thbb,
OART T v 7 ARBEIT, A7 v 7 ANRRED,
I BIRICALTRE 9 2 FEI
OWiGED 7 T v 7 ANAE O e
OHA T T v 7 ARMHTHNIEEMT, AOT7 T v 7 AN
RED, e FRICALET 5 5E%
D 3RE =2 DHT, Fig2 1ZOQ@D /5 — > D/ Ml A
EbEofITHD. LoT, EROES HEADOEEITSI
X, 3 O/ Y — OB G R & L THEIC R D B
TENTED. BEHERSZERARITIOO FGER OB AE 2
D10 TH-T, FiuE, I 1RFEXORTHEET 72
FTH Y, ENTOREESICIEIH E 0 EIRR .

2.4 Rk

EBRDH(9)~(11)% n EOMEEZETRICIEL,
v by ARACHRT &, REATHNE 3 ExHATTAITC
B Y, Thomas D7 /LT Y X A[29]72 E & OTHHR L < it
EROHZENTE D, ZZ T, Microsoft £ Excel®!Z
-+ )& @ Visual Basic for Application Z i\ C7'mn /7 I 7
EToTREAE L. Ziuk, —R32 &EM2TFIRICE X
D0, FRBORLICHAMEE F-E+ Tk &, 7rnr 7
LUV EOLDITEIE EERETIT V. RETIERE O
TT w7 AE—FELTRODLN, MMDT T v 7 ANES
nol, TOHEBNOT T v 7 ASAACIE N B HEHIC
RDBHZENTE%. (Appendix = A9, AS8)

Table 1 (2T 5 &MEDH & T 3 ORI AR ST
fRNIZFEROBIE, ANDT T v 7 A FlZ6bt 548N o
7T w7 ANAADHE LT Fig3 ([T, Rk, i
TN XD WENROSRICEANL 2N X D 1ICT 572, Bk
ORI 1000 L Lz, MPCHEERmTOT Z v
ZNTREREN R SN D, THIIBEROMREEN SRR S
72T, 7Ty AW A R Ul AT AhE R LT
WD Z EIREHERE A THD. T2, RXNIIFILHAR
BEHFIEY VL A—Th 5 FlexPDE®Z W CTERINAE R F1 A
LR BRTR, 77 v 7 A0OREEELE D, RS0
HPBOENTEY, FHEIFEORYENHERTE 5.



BT Iy 72 RIS

FEAT AR 2 FA 2 7RI T8 C & 28R SAFITHIF A & 5
23, AE T ERR M OM A G DO THK ST
BY, RONARBATINEAEL S 27 0 7T L2 L TE
FIX, FHEOEDOWMER ENARET, b L ITMEEOA
NETTLREL THERIBENEOND.

Table 1 Parameters used for the example calculation

Symbol Unit domain 1 | domain 2 | domain 3
De m?y’! 0.1 0.1 0.08
Ua my! 0.1 0.083 0.05

£ - 0.3 0.4 0.4
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Ka m’ kg! 0.2 0.3 0.01
L m 1 1.2 1.5
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Fig.3 Flux profile inside of the three domains barrier
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Fig.4 Dimensions of the hypothetical barrier system
(unit : m)
Table 2 Parameters used for the calculation of the

hypothetical engineered barrier system

Symbol* | domain 1 | domain 2 | domain 3 | domain 4
D. 0.0252 0.0631 0.0252 0.0315
Ua 0.143 0.107 0.0817 0.0613
Pe 5.67 1.70 4.86 3.89

& 0.2 0.3 0.4 0.5
P 2600 2500 2650 2650
Ka 0.1 0.1 0.3 0.01
R 1041 584 1194 27.5
L 1 1 1.5 2
N 6 8 10.5 14
A 6.93x10*

$¢  Units are the same as shown in Table 1.
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system consisting of four domain barriers
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