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Development of Elementary Models of Comprehensive Safety Assessment Model
for Shallow Land Disposal of Low-Level Radicactive Wastes (ILV)

—Modeling of Radionuclide Leaching from a Double Barriered Waste Package——

Noriaki WAKABAYASHI, Hideo MATSUZURU and Atuyuki SUZUKI*
Department of Envircnmental Safety Research
Tokali Research Establishment
Japan Atcmic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 20, 1988)

In order to evaluate the barrier effect of a multi-barriered waste package
consisting of a waste form, a coverage layer and a container, that retadrds
or prevents the leakage of radionuclides into environment, the diffusion pro-
cesses in the package have been formulated as the one dimensicnal diffusion
problem with a discontinuity between the waste form demain and the coverage
domain. Solutions describing radionuclide leakage processes from the package
and radionuclide distributions in the both domains have been derived from the
model developed here,

The cne dimensional diffusion problem with a discontinuity between two
domains has been reduced to a single normalized diffusion problem by trans-
forming variables to dimensionless forms. Thus the problem can be described
throughly with four essential dimensionless parameters, i.e., sguare roct of
the ratio of effective diffusicon coefficients in the both domains, the decay
constant, thickness of the coverage and a boundary coefficient. Censeguently,
all kinds of solutions representing the leakage process and the radionuclide
distributicn were shown to be given by the solutions similar to those derived

from the normalized diffusion problem.

*University of Tokyo
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One degree of freedom (defined as the boundary coefficient) arised
inevitably at the discontinuous boundary can be successfully explained by
assuming that the diffusion and adsorption mechanism controls the transport
of radionuclides mediated by water. This assumption enables the modeling of
the phenomena that the radionuclide concentration in a surrounding diffusion
layer can be higher than that in the waste form domain, even if a mass flux

keeps a specific one direction from the waste to the surrounding in the

System controlled by the effective diffusion coefficient alone.

Keywords: Multi Barriered Package, Radicactive Waste, Mcdeling, Diffusion,
Mathematical Simulation, Mass-transport Eguaticn, Leaching,

Leakage, Normalized Equation, Dimensionless Parameter
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EBHICROS SN Ll SBEOESBIRHEKI, €74 THIXI0 d d, R PO vF
oL THI TX10T el /d, RO TS b THIXL0 el dRETH - T, HEERO
TRl SN2 EDEHEROMECHER & idHFicid 5,

COFEERHET S ncid, MEFEHE L TRELUACESAERT L4805, FlA
g, mE e M D RES AR UERSAE TS B, COMBTE, KEEKED <Y
v 7 ABTOREERE (L£H ) A4BE LT, ERCHS LB FERERS 3 KHEERED
HE&EEZBNFNEHER»PSEH L, TOHEEGEZHOT M) v 7 X BOKPEFHBEICHE
EMAFENEMEREHEL Tod,

FidoWiElR, EHERBHERDIBCOAITLRL2DOT, ERNCRD o ENIE
BEAFELLTHVLERE, B-UXF LG -OXTrEshi2PEHZIRLOENT
BT LHEET ALENL D,

4, N7 A — 2 ORI LEBERE

THREAERNOEERAE L0, LHBCBT A, iHBE0E X, B, HiEEmEE
B, BERRHEURBREREERRERUBEAGREYL LT, Fidok sumikaibol:
HOEREBMEIT S

A F0 o
X =x/(Dy 4 V14 OO POPRP T
H zh/(Dlz/JDIA
T =2%t
Ci =Cy . Co
Cy;1 =C, ~Co

J :]‘/CD/'V(ZDlz)
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Q =q/Co V(D 1)
R =r1/Co / V(D 4)

A=008E (I=1(1,/T)&ENT)

X =x/(Dy/ [/
H =h/(Dy/ 1)1/
T =I=x%xt

Ci12 =C, ./ Co

Cz1 =Cz /Co

] =ij/Co /(I D)

Q =g Co V(D7 1)
R =r1r/Co /(D 1)

o, KD EHSIE,

270Dk, 4=1,
=00, 4=210

T, 19%,
(o EEX1)
A (A=1)

dC1/ dT=bd#Cy X -Cyy
3C21/3T=b_1‘ a2(:21/'61‘;2_(:21

LT, HRUEREZHEITIEOBD Th b,

Cu (X 03=0

Ca (X, 0=1

Cy (0, T)=0

Ca (eg T)=exp (—T)

Cinn{(H, T)=pCy (H T)

—bdC; /X (H, T)=-b"'3CyH X (H T)

A=00F(4=0 )

dCy,/8T=b *C X
3Cn/ 8T=b"13Cy /39X

22T, MIBRVEBRENBRATEA 6N %,

CII(X’ 0)=0
Cz](X, 0)=1

T =0 D,
T=00DkF,
X =0m#,
X = oo,
X=Ho%,
X =HoDr,
T= 00k,
T =0 D,

(BRI L 2EENX) W-0BicEL, RoBEEELZ 5,

19

- 21

...............
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3
04
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Cii (0, T)=0 X =00k,
Car (g TH=1 X =coD g,
Cit(H, T)=#Cy (H T X =HoDW,

—bdCy  dX(H, T)=—b'8C,;/dX(H T) X =HoHk,
Eh, DLOEKERICE >T, BECAETIERICIE, KROMESEITS,

Q(X, T)=_{)J‘J (X, A)dA e wva B e bae raa taereE i TR BAL BB de veserr tan e et nshe vy (27)

T T
R(X, T):_ij(X, A)exp{*(TvA)}dA=exp(-—T)_Of] explAldA

£ T, AL HER M T L2 TOBEE, 4, H, b, eA2AREH N5 2 -4 4 2 —20
BENTEAEAOBICHUSETHER SN AL EES D o, 02T, X510, lOEHE
T9,

Cki (X, T)=Cyz (X, T)exp (T} 2F0(A=1)DH k=1, 2 - g
=Ckz (X, T) Ai=0(A=0)0F x

Liztino T, LROEEOEER 11, 10BICodrbod, RICRTEER 2 CASESA 5,
(8 D imrE L 2 )

9Cin/8T=b 3Cy, /8% e e s s ]
@Cap 8T=b"" @ Cyy 3% e e 3])

LT, MRV ERESAGIROEDTH 5,

Ciz (X, 6)=0 T o= 0 D, ceeeireveenes 82
Cr (X, 0)=1 T=0DF,
Ci12 (0, T)=0 X =0 o,
Cag (oo, T =1 X =coD i,
Ciz (H, T)=pCy (H T) X = H o,

—bdC1, /8X(H, T)=—b"8Cy dX(H T) X =H®#,
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5, LaplaceZ#AH @i

R, AMEOEMBR AR L}, RB0-62%5ME, BECHRBT2ERAET 5 C
LiCHi#E SN B, ¢ T Laplace BMEMOT LBOERE M BREBN B, AFiki,
BoNLBAMO CTHE? — FERT 5OCE LT 3EEZ 5N 5,

51 HLAEOEEN 2 0B

(TER O BHER 2 DEE)
HiABADOEER2 D Laplace EBFENCEIBERIRATEZ 51 5,

C12 ( X; T)
= . §)$i[mfc{(21H+H—x)/?v(bT)}
(1+bg) i=o
ﬁeTfC { (21H+H+X)/2\/(b_T)}J i r mEatEetErveT TEY AT it EeE PN NeE NAC WAL b man o (33

Caz (X, T)=1—{bu/(1+bp)}erfc { (X—H)vb 2/T) )

2bhey co

T ¢ erfe ({2iH+2H-b(X—H) } 2T bT)) — i34
(1+bp P i=o

HL, b=/(Dy/Dy), §=(1~bag) (1+be)
tf, | be |[>1£0D | & <1

PP EitoBER*>EC L RBEOBEL R~ 2,
Cus (X, p)=_é' exp (—pT)Cys (X, T)dT G e 86

EENT, W OEBEL 2% Laplace B4 3 L, kxB 5,

b 32 CIS/a X2 ____pcls =0 et meedes1Be L4 EEE AR 8B aEN S BE sadsanEte naNEET et Nas wus 86)
bsl 62C23/6X2 "png +1=0

T, MIHNEUEREHEIROESCEEI®RE S5,

Cis (0, p)=0

Cz3 (o0, p)=1.p

Cis (H, p)=pCy; {H, p)

b §C13/ 8X(H, p)=b"t 8C,  dX(H, p)

be o » pe <
[ |
m T 8§ e
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LEEDFEERNOTIZBOEEL &, KO—BEIE SN B,

Cis =A 1 exp{X\/(p/b)}Jr"AZ exp{—X\/(p/b)}
Coa =A3 exp {Xv/(pb) }+A4 exp{—~X(pb) }+1.p

BREMFLD, DN RTEGSE 05,

Al+A2=0
A3=0
Al=—A2
={a/(1+be) } (1/plexp { B/ b) |/ (1—Eexp|—2H/ T/ b) })
Ad=—{bu/(1+bp)} (1 p)exp{H/(pb)} U +exp|—20/Tp b) })
/ (1—€expi—20/{p,/b) |3

FEEOME,L S TIRRTBIROEHEZ S b,

Cis ={pm/ (1+be)} (1/p) lexp{—(H-X {0/ D) }—exp{—(H+X)+/p, )]
A (1§ exp{—ZHm }J

Cos =L/ p={ba/C1+be) } (1/p)exp { (H-X)4/(pb)} (1+exp {—2H/(p b))

S (1—§exp{—2H/Tp b)) 1

et e e e TR AYE AN ke aeraen re aan B"?’]

EXELTICRTFHBRCBERELC, (| § | <1 &0, —BBs G )

(o)

(1-¢exp [ —2HV(p b3 17! =~2‘0 c‘;’j exp{—2Hj+v{p b))},

]
BFiRdBERIEONR,
Cis={pn " (1+bpe)}
.y ¢’ lexp {—(2 jHHH=X W/ (p/ D)} —exp—(2 jH+H+X 3 (p b} 1) /b
j=0

Cos =1/ p—lbu (1+be} exp{ (H=X)v(pb)}
v 3 ¢! fexpl 28V (50 Jrexnf—C2Hi 20550 b

j=0

=1/p—{be/(1+bp) lexp{ (H-X)+v(pb) }

O+ CErD exp -2 Tp ) b 3 t expl 20 (o 00 }/p
j*
=1/p={be/(1+be)}exp{ (H=X)v(pb)} D

—{2bpu/ (1+bp)? }OZ? ¢! exp {—~(2Hj+2H—bH+bX )W (p D)}

j=0

B8
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Ciz, Cozid, A Laplace MM AgE T, 83, Bdx £ 3,
() —HRBEHSNEDE, ROEEMHAETH B,

5o
(1+a)2 §a' =1+fat+832+8 2%+
j=0
+a + a8+ a8+

=1+(&+1) a.z'n 5'1 aj L L TT T R 1
i=

52 HMEBOEERX10BE

(IE#DOEER 1 DRE)
BER 1, AROEER 2 LORATRTBERMSE SN B, HL, b=/(D;/D,;),
E=(1—-be)/ (l+be) Lt s,
A=00DF (4=10)
BEEIXRALTELZ OB,

Cu(X T, 4=0)

_ Y ¢ ferfc{(2iHtH—X), 2/ DT )
(1+bp) i=o

—erfc{2 iH+H+X ) /2/{bT ) }] wroemrevrerrmmsnns 4
Ca (X, T, A4=0)
=1-{be/(1+ba)}erfc{ (X-H)vD. 2+T) }
2b,f‘l cQ i

———— ¥ § erfc ({2iH+2H+b(X-H) }/2/T(bT)]  cooeeerinn m
(1+bpe)? i=o

MEFREREALOBRTERSNIYWEHRK (BT h ) IKRATHEA S h 3,

J{X, T, 4=0)
{ba/(1+bp)}

o0

> ¢ lexp {—(2 iH+H=X)2/4bT} +exp{ - (2 iH+H+X ¥ 45T} 14/ (7T
PHEBREHES LARMEAES D OBERBE (BRulbtshk ) RERNTE L 50 %,

1

Q(X, T, 4=0)

==2{pa/(l+bpe)}+/(bT)

-i}j &' o lexp {~ (2 iH+H~X)? /4bT } +exp{—(2iB+H+X) 2 40T} 14/ 7
—{(2iH+H-X) /2V/(bT) }erfc{ (2 1H+H-X)/ 22/ (bT ) )
—{ (2 iBHHX)/20/(0T) er fef (21 HHERX ),/20/(bT) 1) woroeeees u3
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AFDDOE(4=1)

RERIERNTRIN bo

Cll (.X.; T, A= 1):exp (—T) CII ( X, T’ A:O ) e s triuTE T I atE teease bt ras (44;1
Coy (X, T, A=1)= exp ("T>C21 (X, T, 4=0 ) B R T R R TR PP PET P RES TP PR P )

MERBFERRATTREN S,
J(X, T, A=1)=exp(—T)J(X, T, A=0) e (4§
BNEEYDOREREERRATREN 2,

Q(X, T, 4=1)
=—05{p/ (1+be)}vb

i

¢ lexp{—(2iH+H-X)ADB terfc] (2 iH+H-X ) 2/ bT)~/T}

g

i=0

—exp] (2iHFH-X0A/D Jerfc { (2iHHE~X )72/ (DT ) +v/T }
+exp{—(2iEHHROAT ferfe{ (2iFHHX),/ 2/ bT) /T }
~exp{ (2IEHROAE Jer fo { (244X /24 (T +y/T )

HETEY D OBTERESHBRIRANTRS A S,
R(X, T, 4=1)=exp(=T)H)Q(X, T, 4=0) R |

Prie, LoSBBErhoBEOMELTENS, HHOBERX 2DMCr, (X TIXD,
40, 4, WARUURAS5A 6N, S/, UIROUIRIEE 2 Cy (X, T)% X TS Lk
BThH B, BRI, BRO—BEN NS 5B NE, £, 43, Uk CUSDE
gromEriosl comEr, RREBHEIC L > TABN TSSO TEWNEEKXICHT,
(H4 58 )

t e
@ _68Xp(—lﬂ—B/a’)/ﬁda:2‘6 GXD(“Z}#'—B/yZ)dy
=05+ (7 2) lexp{-2v/(B2) Jerfc{v/(B/t)—/(4t)}

~exp{ 24/ (BA) Jerfe {V (Bt )+/C At ) )] oo 4G
@ _[texp(*B/a )& da=24T vexp {— (B t) =24/ (zBlerfc{v/(Bt)}
@ 21008, ComlE, @OHIITIET B, o b

A3 M2 E HBIC, BN K- TR T2 & THON S, Wik, R %188,
MIXNICE - TR I DL &TE SN S, WBADLIE, W6XND@IiC exp (—=T)exp(a) %
MUOTHETT 579, exp(~T)ERO TUWIDHEBR LERTH 5,
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B, WHAFRICLHABEER O -RER, BI0~81C, E|XKLILOERHERIY~19% 3 i
LT, MECBLoAS,

53 =REBEBHERE

TUO~UBDFH E I EBRAMSE TN 5700, HEWECRKEIE TOHE TEEHSED LI
wL, AFENEETHL. LioL, WAoo QoHE T, BHEEOCIEMAL T LR+ 27
B, WOLHINBWHEHE LOTAETO2LENE D, TOERR, EFBEIEHEK L &M E
M OHAET, LENB{BREILHTH LI EMNREN S,

O F(X T)—exp(X)erfc(0.5+ X VT+/T)DitH&

O HEE2EHOZHE

erfclY)=(2//7 )CZBXp (—t2 ydt=exp (=¥ ) (247 )O{oexp (—t2-2Yt)dt

62
.109=(ma572em(—ﬁ—2Ythn (EHEMmt—Ye—1 )
iz &b, kMBS D,
F(X, Ti)=exp|{-T-X,(471)}1(05+X/ /T+/T) e B3

N, 1OFEICHE, Gauss-Laguerre HMERE? (N1&SAK, N1 ~1 08g )%

Hud,
I(Y) =,élexp(“t ) ( Z/ﬁ)exp (#t2*2Yt+t )dt CrresrsiesuaEEssas e enn ke 64)
POt Y)=(2 A/ exp (=2 =2Y 1+ 1) EHNT, oo §Y
N1EDFoH Pi
Christoffel ¥ i
N1

i=1

@ #EEREH NS HE
CITIRT#EBHEICE O T,

erfe(Y)~( 2/ exp (— Y2 )ff:‘; (=1 {(2n—1)111}/12

(2n+1)11={(2n+1)(2n—-1)=+*==3+1, (—1)11=1

N2IEgTEAE (N2~10REE ), RAMVBLH S,



JAERT-M 88-089

n 211}

1<Y>=<1/Yﬁ>ng<~1>“{<2n—1)!!}/{2Y 58

LT, ATAHORBAB L, —(2i—1)/(2V) 2HFAPETHES 3,
FOX, T)=exp {~T=X/(4T)}1(0.5 « X/VTHVT)  crormermemscmsnnns 59

O Q(X, T, A=1) o3t =
LT, PToRIEFELFHT,

F(X, Try=exp(XJerfc (0.5 X VTH+/T)
=exp{-T-X*/(4T) } [({05 «X AT+/T) e e ()
X, ={(2j+1)YH-X} VT,
X, ={ (2 j+1)H+X} /B,

EECE, KABB LN L,

Q(X, T, A=1)

'i:sfj g lexp{ =Xy }erfc{ X/ 2+/T—/T}
—exp | ~T=X2/(4T) } 1 {X ./ 2v/T+/T}
+exp{—X; }erfc{ X,/ 2+/T—/T}
—exp {—T—X2/(4T) } 1 { %X/ 24/T+/T})

TR LNLBIN B ERREL TS 2, BB, FORELESORCEMLTLAH
HMMThaEMREN:, '

6. BEHEKP S ORMEEFM~ O EH

KE TR, ABOEHETV (FESGEREFE -7 Liknli# e 70 ) OBRMTFEEER
DERCOVTHRHNT S, CITHITONR ETL2EEGY TRHEERE I, REEEREY %
ErOHETEEALABRL, S5z oBDE2REEVELGELVYE (BREKRLTE)
HERLNAEBECEY, RAACEBURSE LA THE0TH S,

bRo#EEAsAETAEREEKE TR, £/ ) AEXOMNSHES S OB EED RS
Mt b EEATE 5, $18b6, UnEHOHEKRIE,

o H—[Ekk-BHE -FEBB (TN R) -SHEFa2r s - EBEY
Lizh, REMice Ay PEHVARE, KER ALz Y27 ) - MEEYROEUMCHEEE
RABEDT, 20645 — L TAEEY & CETHIE, CoBRE IO L diciiibsn s,
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o Zn}

1<Y>=<1,/YVG?L§§<—1)“{<2n—1>!1}/12 ¥

T, PToRORFEEE ITAY, —(2i—-1)/(2V¥) 2B 3&8bEeTHEST 2,
F(X, T)=exp{~=T=X (4T} 1 (0.5« X /TH/T)  ooreermmaecannen 59

O QX T, 4=1) Oft#®
LT, UtokRkiLlExsHOT,

F(X, T)=exp{X)erfc (0.5 X/ VT+/T)
=exp{7T*X2/(4T)}I(O,B-X/\/f%-ﬁ) ........................... 60
Xy ={(2j+1)H=-X} VD,
X, ={(2j+1)H+X} A7,

EELE, RAMEON B,

Q(X, T, 4=1)
-ig Ei lexp{—X; terfe{ Xy 2+/T—+/T}
—exp | —T—X2/(4T) } I | X; /2 T+/T}
+exp {—X; Jerfc{ X/ 2/T—T}
—exp{—T=-X2/04T) } 1 { Xo/ 2/ T+T })

L TR OAKBIR BT ER AL RMAITS S, B, POELEEORCED G LH
B THATEMREN:,

6. EEALSORBEITM~OEH

AECE, BROERE T ( AMERERLF -/ 1 Iociif e 7 ) OBRKELREEKA
ODERCO2VTHRIT 2, COTHRIFORR LT 3EE0 7T SBEEERE, RPEREED %
W(EroHFETERLCAEL, SoZoBR 04+ HHBDELZETNORE (BHERLLTS)
LORLABBETH, BALLEBUEELETS60DTH S,

bRo#EEsE T 2EEER: Foild, =/ ) 2BEX0RSHER» S OB EDRE R
ECHBEHTE 2, §4b5, LoHEEORERE,

o H—FEtE-BH -FKER (/)R ) A s ) - rHEEY
Lich, REMICeA Y P EFHCDES, RiER LA Y7 ) — MEEY AU E) I EE &
20T, cho% L TAEBEY & ERITNE, TOBMRIEITRHO X Sic{ban s,
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o H—ELEk - T - AEEEY
IO, BARADBRICIZEBENREBERBEL/IZTE2ZIKT A6 0L L THEELT,

o ¥ —FEfiE- ARG - B
LR —DRENEL S (BHNEDEE ), — 7, ANEA—REXZUSTLEE, UniEo
BRELUTRRT IS RETER 35,

o BEELEEY-REEB(74+ - ) -FHh RAREBE(€, J2) - A&ar s 1) -+ #E

&
LT, 74+ —-RUE/ I ARABICex YRV BEEEETL L, ThiEA
Havy ) P EEWEALUNCRIBELERUEE 07, AaEiROBRE, LTiIRT o
Heibtah b,

o [EEALEERN B -AEEEY
Lichi-T, AEEEHOMEICeA Y OsMHVoNIESE, /) 2EXONSER
OO EBMEEEORBEEITFMC, AWHETHE LA TTVPERTELIEEL NS,

L L, 5343 —RUT/IVAEEABOMELSALT v 2 0 — MEEH ERE D X 5505
R oBe, UHEAROESGERSEREALD, KEFATHRBIRTENINL S,

ST, Bk LTH-BMLE -AMBEY -BER L0 OBERE - HBEEL (EEY vy 7
—Yydfk3es ) ARLoLgER, CORBMEBORHBERELFM T 2L %2, BFY
WAENE, NEICHEREEYELMENRGD, Z20AMITTERIROAME LD - T, BAEER
Wi &5 [ MEGHERTE - 1 RouiEEE | CRUETIEHTES (Fig.2), #0iR
B TORMNABLY TV REBLEATREEZHI TRMEELZE L 5, S0iT, AR AE I OH
LtATOBEBARELE23FTHRE, TOBRATRLIPERTTEEELE, 0L HKES
BOE UMb 2 2 2 THBRERE &P 858, COLS RRETIE, HEI NI B HEE RS
BoORHEELDHSAIES, RARRIBAEAD, RE~OBBIHE L TL2HN0FES
BEAZCEitits, c2T’, RERI, RMEBEERVHLSB ORE L - T, BIKLE
TEZLTL LT B,

wic, BbESEBAERCHAIN T, E{LENLBETHEIATVWEIE &2 E X
L, ThoSBAWE, 0, ERTOLEENER, BEEECEEIh 20T, BHE
bikid, TR maEs BEEs2 U rEBLS LTS LCkE, COLH5KKEZ
MABEERIIEE, URY A TONNERAEFHREEFEFER LTS 5,

6.1 #MHBLLE,oDEHE

2T, UToiExH 5,
iCx, t) I WHERE (M/L2/T)
qg(x, t)  HERHE (MALE )
r{x, t)  REEEEHE (ML)
h P FEHRE (L)
S L # (L7)



JAERI-M 88-089

v YN (L) _
a C KEREBEIMEERE (DTENAGR )
o WEE(HEE )DL E
re TEE (L)
he tEE (LY
S=2rr,h,+2n= r‘:2 L T T R CLT TR T PPRTTRPPRPPPRPRN 37

o HiElE/UR(EAER)DEE
Lx; Ly, LZ:TJ"{%(L)

g =2 ( LxLy + LyLz +LzLx ) 64;

o, BMERHE () RURFEREBL () B3RATEZ S50 5,

fq—{aqS/(VCo} @aqS./{VCs VL DR, e 66

1 agS/(VC =1

fr—{arS/(Vcn) fq 1 v )
[araSAVCy Jexp{—2(t—tn) ]| fq=1

2L, twitagS/ (VG )=1&,H >HBEOEIT, BXTOBOrOETHI, KB
2, q=q(H)(x=HATORHE) 2HV T, £8KaqS (VG I=1 LT XETHE4,
ZCTHEEREELT, g=q (0 )5S, Zhid, BELBRHEFT CLiCLD, 2o
il & 75 B,
O tms Twm (BRABHELHEZTOROREBFERHL ) OFE
aqS/ (VCe )zl OEHT, tnEkbhid, i, ThHs, LichT, TILT
Bt ®RK¥ D,

I LT, (4 (0 <L &0, (to)>1783 to KRG (0, to] Tid, BEFBEMHHD
BRI, M—2ETT 3, LSBT, MOWTNLOFETEERDHLIENTE S,
O AT HE
@ Newton-Raphson i

6.2 HEHREELIMOORRE

SEEOCERICIVIDHANER (BEREHE )I®NdT s, 2ottt EL4 288 hA
B, Logistic MMTEBR TR engmycERsncy 3, muzmu2tico
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EREEESE Lo NE,
(ti, 0;) I Fr¥lt, THREEREES, i=1, 2
EEOR t KBU L BEEEE (Cr (1)) HRRRTHA SN 5,

Cr(t)=86={1+Aexp(—Bt) }~1 e e B
EL,

B=C(ty—t, 3 " Inf(0," =1 (8,7 —1) b g

A= (02—1 —1lJexp [(te( ts—1t, )_111’]{(01_l_1 1. ( 82_1“‘“1 )] }] ...... 71

CCTEBBROMAL, BEABEOLEHBEOMBRHLABEZ 5 (202 ) LsR
B, TUTHAME SMEE(EORILROBRICET 248EEED, 2BEDE %, &
HMEFMICKM EE 22 &0 TX 5,

LT,
T=10 :BEEDONS B
k=qEhidr

LECE, BMARREIROEKBETSA 5h 3,
T
Lie (T)=Cr (0) 1y (1) + J* £ (T-p){d Cr (p) dp}do e 1)
IodE, ROIIBERGAETH S,
T
Li (T)=Cgr {0) fy (T)+AB{ fix (T-plexp(=Bp){l+Aexp(~-Bp)}=? dp
T
:CR(T)fk(O)+'é CR(D){dfk(Tfp)/dp}dp ........................ 73

HE, L (T)DEEITE Gauss~Legendre BB EH V5,
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. B fE RO

7.1 FENGINHEREORF

[ AEEBER R - | IR MEE] &, EENSEHNECREINI T EEH LK
Lo LEchi-T, TLTRALADDNT * =5 —, BB, 2 EHOENLIEHE OEFB(b)
%Eméntﬁﬁﬁﬁ(.%ﬁ%ﬁ(&@#ﬁméhtﬂmgEém®&%%ﬁﬁnﬁiwo
LTV 20OFERERL, Y7 4 -y ORBLEET

GtEY -2 1 (BESH )]

%9, Fig 3~51ic4=0, b=2, RU p=07 7T, H=1, 2, 30OBLOBESHE T4,
COFEAE, mAEECHEMNRERFE (A=0 ), AEE CPEER ) ki 2 £
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g-+G-=( g+ G, Jexp (4 (AB)) =05vT erfc {4/ (B 1)/ {A1))

L/ f‘:ﬁs I Ts mﬁb}b&jﬁ_éo

2g+ =057 {—erfc W/ (B t)+/( 1))
+exp (=44 (2B)) erfc W{(B/ t)-/(it )} }

i, g, P(L)DEMLA, BEOQOBEGENLEL IR 3,
A=00F, HEODEBS LK,
t Vi
{exp(—B/ﬂ’)/\/—a_ da=2{ exp (=B ¥ )dy=P(t) &&<,

O

FWt%ﬂVE%%%m<—ﬁ>/ﬁ dx (EHE®m B/ =)
=2+Trexp(~B/t )=2+/(7Blerfc &/ (BAt)) (D)

Lfcdd =T, ME@QOBEEHEIEE L sHh 3,
BE@I>OTE, HEORLGEIODFIREV/AITCERTABIL VAL 0ET5EH
FHOOFEAL LN L, ELCOOTHAWETES 2, (TFHT )



