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When the radiocactive nuclear-power waste which was emplaced
in a geologic repository begins to release from repository,
dissolve into ground water and migrate in geologic media, the
irreversible sorption process would arise from the minerali-
zation reaction of the sorbed nuclides. In the present report
we have proposed the migration model with irreversible
mineralization. In addition the recursive solution of the
transport equation with equilibrium sorption process and
irreversible mineralization of a portion of the sorbed radio-
nuclides has been developed. The explicit solution has been
developed and demonstrated by numerical examples for three
member decay chain and for arbitrary nuclide source and step

release.
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1. Introduction

Current risk assessment(l)’(z), in which irreversible reactions
such as irreversible sorption reaction and mineralization are ignored,
may be overestimating their hazard to the public. While the radio-
nuclides migrate in the ground water, they react with elements in ground
water and dissolute in aqueous phase with the various chemical forms.
These reactants have different equilibrium sorption properties such as
parameters of kgyq.

On the other hand, at the surface of solid phase, nuclide might be
trapped with some mechanism and react with rock.

This is the mineralization reaction.

The purpose of this note is to estimate the effect of mineralization

on migration of radionuclide through the geologic media.

2. Mass Transport

In this note, we assume that the sorption and chemical reaction
process are attained to equilibrium state locally. The sorption

equilibrium coefficient for nuclide is assumed as

Concentration of nuclide in solid phase
Kk - mass of medium
di Concentration of nuclide in aqueous phase
volume of solution

The chemical reaction equilibrium relation is assumed to be given by a
linear relation between different chemical species of the nuclide element.

The other assumptions made are as follows:

(1) 'One dimension

(2) Dispersion or diffusion-like migration with convection

(3) Characteristic properties of geologic media are invariant spatially
and in time

(4) Convection and diffusion in solid phase are neglected

(5) Source term is in the transport equation
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(6) Step release mode

(7) Mineralization is a first order rate process

The situation of mineralization is shown in Fig. 1 schematically. The
horizontal arrows between squares represent the radioactive decay of
the nuclide.

The vertical arrows show chemical reaction and mineralization reaction.

The diagonal arrows represent reversible mineralization reaction.

2.1 Transport Equation

In this model transport equation for i-th nuclide can be written

as follows

My evd _op i R A 4Ny + Ny-1 + £fi(z,t)
©5c V3 TP T2 T TRadd iNg + A 31841 142,

[in aqueous phase]

3Mi

(1-¢) 3 - Rad,i - (1-e)AqMq + (1-5))\1_1[M1_1 + S%_'lflLi_l] - kiMj (1-€)
oLy LL

(1-¢) BT = _(1-F)>‘iLi + (l—s)ki_lsi_lLi_l + kiMi(l—E)

[in solid phase]

1
Rad,i = ky (N - PEry My)

LM L
si—l + S&_l =1

1)
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———————
Nj-1 Ai-1 . Ny
aqueous
T S , phase
Rad,i-1 Rad,i T
J v
M;_ - M
i-1 ‘-1 1
k;_1M kiM
i-1%4i-1 M 154
A1-154-1
Li1 — Li
LL
A{-15i-1 solid
phase
ki—lMi—l : reaction rate of mineralization
Ny : 1i-1 th nuclide in aqueous phase
Mi-1 : 1-1 th desorbable nuclide in solid phase
Li-1 : 1-1 th mineralized nuclide in solid phase
Ai-1 : radioactive decay rate coefficient
R - ¢ chemical reaction rate coefficient
ad,i-1
S%gl : fraction of i-1 th mineralized nuclide L that becomes
i th desorbable nuclide M
S%El : fraction of i-1 th mineralized nuclide L that becomes

i th mineralized nuclide L

Fig. 1 Schematic diagram of a decay chain of one species in
aqueous phase and two species in solid phase with
reversible mineralization



JAERI -M 9184

where

Nj nuclide concentration in aqueous phase, i th nuclide (Atom/m3)

M; nuclide concentration in solid phase, 1 th desorbable nuclide
(Atom/m3 of water)

Li nuclide concentration in solid phase, i th nuclide impossible
to desorb (Atom/m3 of water)

€ porosity fraction ( - )

\ groundwater flow velocity (m/yr)

D dispersion coefficient (m?/yr)

fi(z,t) source term of i th nuclide in aqueous phase (Atom/m3yr)

km rate coefficient of sorption process ( - )

kqi sorption equilibrium coefficient (ml/g)

From equation (1) with the assumption of local equilibrium state, the

final governing equation in aqueous phase is

AN N3 32Ny % l1-¢ IM
Ki 35+ Vo - D 5,2 = - AiKyNg + 243Ky Ny g + — S_i—lLi-l + fi(z,t)
ki (1-e)k
* i di
here A =2+ eKq
_ l-€
pu—
where
K{ Overall sorption coefficient ( - )
2.2 Solution of the Governing Equation
The solution of equation (2) can be obtained with the help of
Green's function. When fi(z,t) is expressed as fj(z,t)/Kj = £4(t)+6(2)
the recursive solution is given by
) t -Ai6 (z-v 9)2 h
i
Ni(z,t) = [ £5(t-8) ——= exp[- ————1 do
fo 1 Y4mkvib 4kvy8
Aj-1K t ~A16 -v40-E
i-17M-1 e 2-v40-6
42— 1 Ni(E,t-8) ———— exp[- ——=——] d&ds
Ki Iof_w %% Y4mkvy6 bevi8 ] _

In the case of decaying step release mode, Ni(t) is expressed by

Bateman equation.

(2)

(3)
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Source term fi(t) for three members are;

n

fl(t) VlNl(t)

= leloe—xlt

= VlBlle—Alt

fz(t) V2N2(t)

A | =Apt Mgt
= v, [ (N,04N,0 e "2° + N,0 e 1
2 2 Al AI-AZ , 1 AZ_AI
=Ast -At
= Vz[Bzze 2 + B21€ 1 ]

f3(t) V3N3(t)
N20%2 N1 2122 -Ast

+ e
Ao=A3 (A1-13) (A2-13)

- V3 [(N30 +
N0 N %22 2t
A3=Ap (Xl‘xz)(A3'A2)

N1 022 A1t
o 7MYy
(A1=23) (X2-23)

+ ¢

-\ 2 - -
= v3[333e 3t + B32€ Azt + B31e A}t]

Applying equation to three members, the transport equation for the first
nuclide is as follows
INy aN 32N,

—_— ¢ —_— -
€ ot eV 5z eD 52

= = Raq,1 - elNy + efy

Ny
(-e)5t

Rad,l - (1—€)X1M1 - klMl(l-E) (4)

oL .
(1—6)3;1 -(l—E)AlLl + klMl(l—e)

1-¢
Ml = kdl Nl(z,t), Kl =1+ —E_ kdl

From équat ion (4)

1 + KIA?NI = fl (5)
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L _Afe (Z-&-Vle)z

Ny = [ [ £,(6-8)+8(8) S exp|[-

—_— Jdede
o Y4rKy, 0 4kv, 0 ¢

*

15 8y (b8 S exp- Z21)°

= t-0) ——— exp[- ————
o VT Vameve ST Taxkwi®

t —

= f fl(t-G)-e

1de

A¥e
1 F(v10,2z-v16)d6 (6)

(z-vie)z

bkvy 0 ]

here F(vi6,z-vi8) = —l:—l—-— exp[-

From equation (6)

t *
N} = viBjje Mtf PRt arS ol F(v10,2-v16)d6

o Lf‘ *
-\t z/2x 1 2k + V]
e "1" @

4e(V-a )
o] -vefa EGI)

= Byye % [e erfc( )
4 (A1=) '
2/1 (V1 1) Vhkvyt
: 1
4R(AT-A 4 (A -2
lzl /o SOOI e SEGITAD
L Vi erfc( L ! )]
V4KV1t
= B;;*E(1,1; 1) (7)
here ]
o Biyttz/2¢ "%%lVYijk |z|-vitYyg
E(1,j;k) = ———x— [e erfe
ZVYi,j,k J—J- MaKth
z ————
2 Mgk 2l gy :
ﬂn(vkt
(Yijk >0)
Yigk = 1+ 4kO5-B4) /vy (8)
* *
A = 2\5 - —A-i T = -1— - .];_
M B
. A4 1=
ij A
243 i43
rij
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For the second nuclide

N> N> 32N,
e 7—+ eV-— - €D

3t 3z —SEE = - Rad,Z =~ €XgNy + eAN; + €f,

oM . '
(1—6)3E; Rad,2 - (1—€)X2M2 +(1-8)A1M1 - (1—€)k2M2 + (l-E)S%MllLl

(9

-(l—E)Asz + (l—E)S%Llel + (1—8)k2M2

(redge

N2 = Mz/kdz ’ 1+ lgs kd2 = K2

From equation (9)

aN N 32N
2 2 2 * l-¢ 1M
Ky —— + €V ~-eD + KyAoNs = KyAjNy ¢+ — S7 ALy + £ 10
2 o7 pe 522 242N2 1M e o1 Mla 2 (10)

t -A50
Np(z,t) = [ £,(t=85)e 272 F(vy0,,2z-v0,)
o

v ]

[

Ky l-e 1M
Q{KZ AINI(E,t—62)+‘ZE;SI AlLl(g,t—ez)}

— * ’ .
x e 292 (y,0,,2-E-v,0,)d0,-dE (11)
Taking Laplace transform for equation (11)

v -2 ¥t
£2(s)s[e "2

Ez(z,S) F(vyt,z-vot)]

[+

K v - n,
+ L AN (E,8) + 25 sPML (8,00 1aE (12)
here

NI(E,S) = fl(s)'L[e 171 F(Vlel,E-Vlel)]

t
I KlelNl(E,T)e
(o]

n
kikd;fi(s) X
L[e Xlt

s + Al

—Al(t—T)d

L, (&,t) T

ny
Li(g,8) = F(vit,&-vit)]



JAERI -M 9184

v -A38
No(z,8) = fa(s)Lle "2 F(vy0,2z-v,0)]

“ KA -2%o
+f ‘%El'¥l(5)'L61[e 1 1F(V191,51-V101)]

-\ %
xLoo[e 202 F(v262,2-£1-v205) 1dE;

® (l—E)s A ki kd o
f s f1(s)L91[e MOV p(vi0),E1-v101)]

e €Ky (s+11)
-1%e ‘
xLgg[e 272 F(v202,2-£1-v20,)]dE; (13)
The first term is; . [1]
z _ Jz| /[, 4x(stA3) z _ Il
" o2€ o 2K V2 n 12X 2¢ 2
Nl’z(z,s) = fz(s) ( Y ) = f,(s) e 5, (l4a)
/&+ s+A; 2
here
4x (s+1A3)
§y = [1 + ——2=
V2
generally
| 4 (sHAY)
K(s+
61 =\/§ + (1=1,2,3) (14b)
Vi z | 2| 5,
t 2 2K
1 -2, (t-0 e
Np,1(z,£) = vaByp[ —e 2(£26) 1 5 de
o V2 2
t 1 =i (t-08) é%; ) Zi %2
+ v,B —e "1 - de
2 21fo Vo L 8,
The second term is;
_AJe ~A3e
/ Lelle 1 F(v161,€1-V191)]L92[e 272 F(vp87,2-£1-v20,) 1dE;
-0 :
% *
-A161-256
= LelLez[e 19174252 F(v161+vq65, Z—Vlel—VZOZ)}
2 |z| z
A e2" e e
Viva e e 16
o * [ s - s ] (16a)
(12+s) (A7+s) 1 2
v2 - Vi
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The third term is;

N2,3(Z,S) =

NZ, 3(Z,t) =

. Y 61 62
LSUS B | 1 [eZK 2« e2F 2K ]
Ko 1(s s+B12 vi=vy 8, P
Z_ 2z sz _ 2z
Ky viByy 3 g Q2 26 P I T2 M (16b)
- Ky (vi=vy) s+); s+812[ 81 - 8,
3% - 70 &
K121v1By) M0 e
Kp (vy=v2) (812-A1)[{f 81 a0
°Js] o Ll
%" 2c O 2k~ 2k 2
£ -8 (c-e)e" 2k t H(e-0) - e
- [ eFl2 5 de} -{f e M 1 5 e
o o
z__ 12|
t _ (t=-8) eZK 2k
- [ P2 de}]
62
o]
K;Ayv,B :
1M1V181)
= E(1,1;1)-E(1,2;1)-E(1,1;2)+E(1,2;2)] (16c)
Ky (vi-vo) (B1g-ap) (BN -E(,251)-E(, 1;2)4E(1, 25
z _lz| oz |z
LM Q25 T 2 1 2k T 2k °2
(1-€)8) )\Jklkdl v1B1; [ e ]
eKp (v1-v3) (s+A1)4(s+872) 81 50
M
- {1-(=2+ tle "1™
eKp (v1=v3) (=A14B15)2 [e {1-(-x1+812) ]
ﬂ "2 & E -
- 17
z_ =]
(1-e)sT™\ k kd, vy B, ft Pr2(e0) o) 2% Zx N
z _ 2|
=5 8
t 2k 2c 2
- {1401t} e M(E0) 2 5 do
(o]
z_ _ |z] 5,
t 2K 2k
- e'BlZ(t'e)L-l e do
62
o
z _lzl
€ (t-0) ez'< k2
+ {1+ (=810t} &M 5 ae
o
IM
(1-e)s; Ak kd,v;B
ULV g (1,251)-E(2,252) )
eK, (v,-v,) (=1, +8,,)?
- {1+(A1-B;2)tHE(1,1;1)-E(1,1;2) }] (18)

_9_
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kl(l—E)kdl
here AT = 1 + ———EE;————
*
BIIS%MAI(AJ-AI)VZ

(-114812) 2 (v1-v2)

N2, 3(z,t) = [{EQ1,2;1)-E(1,2;2)}
- {1+(A1-812)c}{E(1,1;1)-E(1.1;25}1

Nz(Z,t) = B22E(2,2;2) + BZIE(l,l;Z)

BiikiAivy

K2 (v1-v2) (B1o-11) [E(1,1;1)-E(1,2;1)-E(1,1;2)+E(1,2;2)]

IM, (*-
+ Byysy M (-Ay)vy [{E(1,2;1)-E(1,2;2)}
(=\1+B12) % (v]-v2)

- {1+(3y-B1,)tHE(,1;1) -E(2,1;2) 1]

For the third nuclide

aN
€ -5—5 + eV rr el eD m = -Rad,3 - €A3N3 + €Ny + efj

(1—8)5?- = Rad, 3~ (1-€)A3M3 + (1-€)AMy - (1-e)k3M3 + (l-e)slz‘M)\sz

—(1-€)A3L3 + (1-e)sbTA L, + (1-e)ksMs

oL
—)—3
(l,e)at

N3 = My/kdy , 1 +35 kdy = Kq

From equation (21)

AN N 32N * -
K3 — + eV —> = €D - 3+ K3haN3 = KohoNp + 129 s L, + f4
z

t -2%e
N3(z,t) = f f3(t-63)e 373 F(V363,Z—V393)de3
o,
1-¢

t = k2 .
M
+ foi_w{E;'AZNZ(E)t-e3) + EE; 87 Asz(E,t-ea)}e

-2%64

X F(V393,Z—E—V393)d93'd€

Taking Laplace transform for equation (23)

- u)_

(19)

(20)

(21)

(22)

(23)
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n %
ﬁ;(z,s) = f3(s.)[,[e")‘3t F(v3at,z-v3t)]

T Ky o l- LM % A5t
+ 1 §32 Ny (E2,8) + == 83 AzLp(E2,8)]1,[e7 3" F(vat,z-E2-v3t)]dEy
- o0

eKs
(24)
n
Here No(£s,s) is expressed by equation (12)
From equation (9)
oL
SEE + Asz = A15¥LL1 + kzkdzNz
b, (t-8),. LL
Ly(z,t) = [ e "2 [A187 L1 (2z,65) + kpkdyNy(z,05)]1d6, (25)
o
a
LZ(Z’S) = S+X {klsl Ll(z s) + kzkdzNz(Z 8) } (26)
*
N3(z s) = f (s)L[e F(v3t,z—V3t)]
— oo n, *
f fz(s)L[e F(vzt Ez—vzt)]L[e F(V3t,z—52—V3t)]d£2
® ¥ A, A . Lk
. +ff 22 (e) LM F(vyt,E1-vit) 1, [e T 2E Flvpt,EpmE1-vat)]
2 -0
+ K3 Xz X _x*t
. X L[e 3 F(V3t,Z—52—V3t)]d51d52
® 1-e 1M Mikpkdy % ATt
+ff-w €K2 8] S+Al fl(s)L[e F(vlt,El-vlt)]
-A5t -A¥t
x ,le 72" F(vat,Ep-E1=vot) ] [e "3 F(vat,z-Ex-v3t) 1dE dE;
S | LL kikd) 2%t
f_m sty M1 gy fl( ), le e F(vit,Ep-vit) Iz le "3 F(vat,z-E2-v3t) ]dEp
® -2t d
+f S+X kzkdzfz(S)L[e F(Vzt,ﬁz-Vzt)]L[e F(Vgt,z—gz-vgt)] Es
[ *
1 KAy v -Art
+ff-w oW kokdo "122— fi1(s),le 1 F(vit,E1-vit)]
+. —:ELZK§ S%M)\zx —)\*t -Agt .
x L[e 2 F(vzt,Ez-El-vzt)]L[e JF(Vat,Z-EZ—V3t)]d€1d§2
* 1 l-¢ IM klkd *
ff_m s, kekdz Tp- el ~§+A 1 fl(s)L[e © F(vit,E1-vqt)]
-A5t -A5t
x ;e 2 F(vat,Ex~E1-vat) ], [e 3 F(vat,z-Eo-v3t) ]dE 1 dE, (27)

ull._
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here let

n v -A*t
N3,1(Z,S) f3(S)L[e 3 F(V3t,Z"V3t)]

[+

n Ko v
N3, 2(z,8) = / X5 Apefo(s), I 1,0 1dg;
-0
N ® K Kidy »
N3,3(2,8) = [f 22 rp o fi(e) L 1L 1D 1dgydep
— 3 2
|
|
I
|
! .. k kd v
v _ 1 1-e 1M M151%%
Ny,a(z8) = [f gy ke G sl —oy fi@l b L
/ b4 (s+A
..z_ - IZL 1+ ( 3) z -— J.z_l. 63
N N 2K 2K V3 ,\J 2K 2K
N3 1(z,8) = £3(s) = I £a(8) = 3
K(s+ v
’ V3\/l+ s 3 °3
v3
z_ _ 1z 83
t 2K 2K
-A3(t-0) -4 e
N3,1(z,t) = By3f e 3(66) -1 53 de
o
z_ _ lz| S
€y, (t-0) e2K 2k -3
+ B32f e 2 L—l 5 de
o 3
z _ 2|
-Xy (t-8) ezK 26 73
+ B3y e 1 L1 3 de
o 3
= B33 E(3,3;3) + B3, E(2,2;3) + B3y E(1,1;3)
z |Z| 62 z_ _ |Z‘ 63
; (2.s) = Eﬁ \ ; ) 1 1 ,eZK 2k ) eZK 2k )
3,2\ K3 21218 S+823 V2"V31 (52 53

kpAovy Bog

K3(va-v3) B23-22

N3’2(Z,t) =

K2A2v2 B2
K3(vy-v3) Ba3=A)

1dgqdE,

(28)

(29)

(30)

(31)

{E(2,2;2) - E(2,2;3) - E(2,3;2) + E(2,3;3)}

(32)
2 _lel ozl oz el
Kid<Aa n 2~ 2x O3 2k~ 2x 2 2c 2k 1
N (z,8) = 14172 £1(s) 1 e e e
3,3 % K3 1 V1Vv2v3 813823 83 g32812 62 821831 61
(33)
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* *
stag Sty
here gij = i - Vi
AAy By 1
N = - . E(1,1;3
3:3(2,t) v1valy3Tp3 (-X1+313)(-323+X1) 1.1;3)
AA, B 1
- 172 “11 . E(1,3:3
vivelisTas  (=x; +B813) (-B13+B23) (1,3;3)
_ MM By . 1 E(2,3;3)
v1vali3Tas  (-B13+B23) (Ba3+A))
vival3aTio (=X 1+B832) (<Byo+X)) >
AiA, B 1
1A2 By
- . E(2,3:2
vival3aTio (-A1+B32) (-B32+B12) (2,3;2)
A1X2 B1) 1
C- . E(1,2;2
vival'3oTyo  (=B32+B12) (-B1a+Ay) (1,2;2)
A1xy By 1
- . E(1,1:1
vivala1T3r (=X 1+B821) (B31+Ay) (1,1;1)
A2y By 1
- . E(1,2:1
viveT21T31  (-A1+B21) (-B21+B3)) (1,2;1)
_ M2 Bin 1 E(L,331)
vivalaT3y  (B21+831) (-B31+2 1) e
" 2z _lzl g, oz _ el 85
n A, (1-€) £1(s) 1 e2K 2k eZK 2k
N3 ,(z,s) = 2~ sIfM)\lklkdl +
’ €K3 sthp vivyvy 0 g)38y3 S5 832812 %,
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+ 1
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(to be continued)
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(to be continued)
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+ 1 — E(2,3;3)
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3. Numerical Demonstration

As the detailed mechanism and the rate of mineralization are not
known well, it is difficult to evaluate the effect quantitatively. So we
made a parametric study to understand the general effect of mineralization
on migration pattern.

Calculation was carried out with the help of computer code MINELO1 ‘%)
developed for the transport analysis with reversible mineralization.
From equation (2), we know that the effect of mineralization is expressed

with the increase of Ai value as follows

% ki(l-e)kdi
= + = 1
Aq Aq eKq
1
= Xi + ki(1 - =) (46)
i i Ky

Numerical demonstration has been carried out in the case of 23%y—

230Th - 226pg decay chain.

The nuclear data and other parameters used are shown in Table 1. Figure 2
and Fig. 3 are the migration profiles in the case of irreversible mineraliza-
tion reaction. Irreversible mineralization means that daughter nuclide
from the mineralized precursor by decay is fixed in the mineral.

Figure 2 shows the effect of precursors' mineralization to the concentra-
tion profile of 22%Ra in the case of transient equilibrium sources at t = 0.
Figure 3 is the profile for initial no daughter source at t = 0. Here N?
represents the concentration of 23%U at z = 0 just after the beginning of
leaching. As shown in these figures the mineralization of 230Th has a
marked effect on the 226Ra concentration profile. Figure 4 shows the
effect of irreversible mineralization for 23%U itself. Figure 5 shows the
comparison of the reversible and irreversible mineralization of

230Th in 234% — 230Th decay chain. In this figure ki = 0 means the
irreversible mineralization and k%M = 1 means the reversible one.

Figure 6 is the 226Ra concentration profile in the case of 23%y-— 230Th
— 226Ra decay chain. It is an interesting phenomenon that the concentra-
tion of reversible mineralization exceed the one of non-mineralization in
the range of z<1.7x10"2 km and z>1.5x10~! km. This is due to the delay of
release of 226Ra by the reversible mineralization of 23%U and 230Th.

This is an important phenomena for evaluating the ingestion hazard of waste.

(***) Appendix [3]
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Table 1 Nuclear Data and Other Parameters

2307

234y 226Rq
Half life (yr) 2,44%105 7.7x10% 1.6x103
Decay constant 2.84x1076 | 9.00x10"6 | 4.33x10~%
Ai (1/yx)
Overall sorption
coefficient 1 x 10" 5 x 104 5 x 102
Ki( =)
Velocity of water V = 100 m/yr

Dispersion coefficient D = 1x10~! m2/yr
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Appendix [1]

z _]lz]
2k 2k i
where | e-Ai(t_e)L_l = 3 de
o i
|z|
b (t-0) "EE' e 2€ 1
= f e 1 e “© L ! DV de
o i
here | | 5 _ ]z| 1 b (stri)
T2k i 2k vy
L_l e ____  _ L_l e g
51 V/l + 4K(S+Ai)
Vi
i
_ -1 1 f \/+(Ai IS
=, z
= J[;(A it 7 L
vy
2
- 2 x* V
1 1 bevip ~(Aq+ o
= . e e 4k
4x Y7o
vi
_Z _.EEL s
t 2k 2k
f e—xi(t-e)L_l e . 46
o i
2 v
z z * i
5o _ t _ - -(Xi+ -—=)8
- eZK e Aitf e Xie 1 4Kvie e IS a6

—_— v,e
vhmkv48 i

(s}

* vy -
" t -(Ai-Ait+ -25)e bevi®
i e 4K _e_‘__ Vide
V4Tvi6

Vie
here let w = —
4
he (W5 -2y) (2521
z t -{1+ 174 tw (ZK) ®
- eZK -A tf vi dw
. e L
B bx(Ai-21)
z_ _ zl 1+ 4K(Ai A1) |z|—vit/é+-———qu————
_ e2K e—Ait 1 [e 2K vi erfc
PR EW) vhrvit
21+ —— — 7
vi
Lk () F- | be(r¥-2
+ 2; /&+ <Qi721) |z| +vit/1+ _—'Vi 1
-e Vi erfc ]
Vhkvit
= E(4,1i;1)



JAERI -M 9184

Appendix [2]

\161-2%6
I-= LelLez[e 17174252 F(v101+v5890,2-v101=v765)]
®C —(\+s)8; -~ (Ny+s)o ’
= ff e 1 1 g2 2 F(v1061+v302,2-v101-v56,)d6,d6,
oo
© o * * ~(2-v161-v56,)2/4Kk(v,0 85) .
=[] o~ (X1+8)6) e-(A2+s)62 e~ (2V101-v262) /4K (v1814v26,) 46.d6
o o ' Yok (v101+v262) 1772
- here let -
X = v101+vy0, © > X >y
_
y = v18) © >y >0
=X =1 (x
B R
L. _(x‘f+s Aa+s Aots 2
v T TV Y T o X e-(z-x) NG
= [ dy[ dx e 1 2 e 2
vive 7, y _ Y4mkx
_ Af+s _ Ag+s
812 V1 v
h _ x;+s
2 = vy
© o ~(z-x)2/ 4xx
1 -8, -~hyx e
= f dyf dx e e .
vive Ty Yarcx
here let
® - (z=x)?/ 4k
~hyx e (77X KX
I, = f e 7 dx
y TKX
z24(l+4khp)x2
_ 1 - brkx + 2k
= e dx
y véTkx

[62 = 1+4.K'h2]

- |28 g
- f 1 4x 4y
= —_— e dx
Y Vimex
242 2
g2 2 227X _ 5%
4ex 4

K
‘dx = 2/% dE;//-Z%—

(to be continued)



JAERI =M 9184

26 2
1 X}, 2 oz
K 16¢2E
= — @ = € dg
ey I P 82
b4k v
z_ 82 62
RPN - LI LI EIE T =L LI
82 2 /ln(y ln<y
z 1z] z_
o 2" 2x 82 _ 2K -J'Z‘LGZ |z|—6
Lo L e e B1274y j {e 2x "B12Y erf “"'—/—yz
. v1iv2 o 52 4K'y
lz|
- 62 - z|t+y$§
e 2 812Y orfe l_%i;:g} dy]
z z z
—_— = L 1) - Z
1 re2|< 2k "% -grpy » ® 2k - %.Tcl %2 g1,y Z]°¥82
e S e T et
\20') 52 “g812 o O <y
Ll 4 |24y
e 2 e B12Y ¢ _%Y_E} dy]
¥ agy
here let
I, = [ e 812Y orfc |ZI+YG2 I
o Yy _ Slfiizézlf
-g12Y z|Fys, > . by
I, - e erfe | l y8o ‘ + 1 I 812}'( 2) e
812 v 4y o B12 7,4 vn by
-6
|z| 2
x (- 2y +2_‘)dy
[yé; ’ ]s";_ = k!
' (|z|4’-y')2
- S A A
__eEy |z]|¥ys2 LE Bl2%, le < dzl ¢ 1yay
g12 /4Ky o glz o /T—r )/4K'y' y'
here let
LI LI E 2D LN
I, = L 82 by "L + )y’
3 /T_I' o /E I*K
here

(to be continu

ed)



JAERI ~M 9184

Fv")2
_{glzyv + (lZI y')

1 | e 62 Yaky' __JEJ__.dyv
LI v'lHC'y'§
22;2|z'|y:+y'2 _ 812}"
= — d
/;fo 7"u" y
_ =l
Vac'y!
~2dn = ——l—l—,__3 dy"
Ky
K'g
2 +¥—L - -[n2+('|—1};) a2 —2)]
- _ _2 K f 2 dn
/r ©
| | 4k'g12
- _ 2|<' W= 6
s, CeEr
_:L.f e 62 Vll.K'y' 1 d '
T o Y4y Y
_ z2¥2|z|y'+y'2 _ _8_12}"
o T 1
=_1f e b4 y 62 dy'
VT Vaky'
i LY |
2 = Y 82
Nt =y o
4!
1 812
dn = —=— [1 + ——2 gy"
T 2Ty & |
+ 2 K'g1p 1
L 2K e, -{n2+(J4%,L)2(1+ )
A fo 14 4<'812 an
§2
Lzl 1zl A, 5B / 14 2K'B12
_ 2k 2! ) 52
=e
lz|
-L—L(l—a) et )
13 = - + ——————
/ 1+ 4 812
8

(to be continued)



JAERI -M 9184

: o 812Y c |z|Fys2 =
= - erfc ———
2 812 Yhgy o
okl el Ll Ll
e 2k 2k’ z |40 k! |z|-0
+ [2 - e erfc - e erfc ]
2g32 YO YO
+ 2 Izl |z| g
- 2! - a - a a
+ £ [ 2! -e 2! erfc _l_z_l—_O + e K erfc _lil;"_()]
2g1,0 /O Yo
2 _ ] _lel s,
2k e VA P 2k o v
1 = e 812 e e 812°%
vivy 82812 8o * gk
z. _1z2l g
2 2x 2 2e~812.0  -812-0
viv2 26, 812 812 0
(-as )2 (1-asyl
+ £ + £
z |z]
Tk 2 e -(1+cz<32)-Lz—;.l - (1+aé )Jﬂ
e e“X e812°0 z[4+0 | e Ko 272
5 erfc + + ]
v1vo P 812 /0 812 81,0
e K [e K 8‘812‘0 o K e K e— Py a8,
vivy 82812 28,810
z z
- - ' _<lEl
e 2k e 2k P aéz]
265 g120
2 el el
2¢ 2 2k
_e [
V1Vo 82812 828120
- b (\o+s // 4! // e

62'(1 = V(lz'f'[#l('glz

% 3
4e (A 3+ Ar+s Ao+
=/1+—(—23-)+4.<(—1—_ 2ts
V2 Vl V2
/[ 4x(AT+s)
= l-'-_—_..__
V1

(to be continued)



JAERI -M 9184

81
z
L B Ll Ll
viv, © 2k 2K
AT+s _ AS+s 62 6y .
Vi V2



JAERI -M 9184

Appendix [ 3 ] PROGRAM MINELQ1l

DIMENSTION ANAME(S5)yHLIFE(S)yCURIN(S5),CORFK(5),T12)+2(2),4,R(5),AT(5)

1 WVI(5),C2(5),C3(601,D1(2),02(5,2),C3(1542)4CN(5),CM(5])
2 +WRCCWI(3),FRI5),FK(5)

READ(5,53C) IC,ICAL,yIRCG,IDM
READ(54501) (ANAME(I),HLIFE(I)yCURIN{[),CCEFK(I)} RCGHW(I),yI=1,IC)

READ(54502) DIF+VEL,FLW,TL
REAND(5,503) IT,T(1),T(2)

READ(5,503)  1Z,Z(114Z(2)
READ(5,524) (FK(I),I=1,1C)

500

READ(5,535) SLM,SLL,SLN
FNRIWAT(411)

501
502

FORMATI(AT 4FELC)
FORMAT(4FE.,0)

503
5C4

FORMAT(I242F8.0)
FOCRMAT(3F10,.,C)

505

FORMAT(3FE.C)
DC 5 [I=1,IC

A= ALOG(2.)/HLIFE(T)
R{I)= A

AT(I)= CURIN(IV/(FLW%TL)
IFCICMLEQ.1) AT(I)= AT(I)/A

ViI)= VEL/CCEFKI(I)
VMAX=  AMAXLI(V(Ll),V{2),V(3))

VMIN=  AMIN1({V{(1),V(2),V{(3))
CUR= Q{1)*CURIN{(1)/1.16683E18

IFCINA.EGQGL.L)  CUR= CURIN(I)
N= DIF/VEL

WRITE(6,625) (ANAMECT) yHLIFE(I), CURIN(I),CCEFK{T)»R(T),V(I),ATIT),
11=1,1C)

WRITE(E,62¢) CIFSVELyFLW,TL
WRITE(&,6CT) (FK{(I),I=1,IC)

WRITE(6,608) SLM,SLL,SLN

635 FORYMAT(13XyA741FE15,3,%YR*,5E15,3)
606 FORMAT(10X, IP4E15e3,1HL)
607 FORMAT(3F10.C)
608 FORMAT(3FE,C)
R12= R(1)-R(2)
R21= K(2)-R(1)
R23= R(2)-F(3)
R3l= R(3)=-R(1)
RR= R(1V*R{2)*%AT(1)
Bll= AT(1)
Bl2= -AT(L)%*R(1)/R12
B22= AT(2)-812
B13= -RR/(R12%R21)
B23= -KF/(R12%R23)-AT{2)*R{2)/R23
B23= -RR/(R23%R31)+2T(2)*R(2)/R23+AT(3)
D4=  4.%D .
S1=  1./SCRT(\V(1)%D)
52= L. /SQRT{VI2}%D)
S3=  1./SCRT(V(3)*0)
po 6 I=1,IC
6 FROD)I=R{T)I*FK(T)

FL2=(VI1)=r{2)=VI2Y*FRTTTIZTIVITIT-VI2))
F23=(VI2)*FRA2)-V(3)2FP(2))/(V(2)=V(3))

F2l=(v O3 =rR{T)=VOTTFFRT3TI/TVIT=VUIT]
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Vi= V(1)/D4
V2= VI(2)/D4

V3= VI(3)/D4

[X= 3
TD= 0.
10 CCNTINUE

El= EXP(-R{1)*TC)
E2= EXPI{-R{2)*TC)

E3= EXP(-R(3)%TC)
Bll= Bl1l#*E1l

Bl12= Bl2=*El
B13= B813*FE1l

322= BZ2%E2
B23= 323%E2

B33= B33*%E3
RAM12= FR(1)/V(1)-FR(2)/V{2)

RAM23= FR(2)/VI(2)-FR(3)/V(3)
RAM31= FR(3)/V{3)-FR(1)/V(1l)

RAM21= -RAM12
RAM32= -RAM23

RAM13= -PAM3]
GAM12= 1.06/V(1)1-1.2/Vv(2)

GAM23= 1.C/V(2)-1.0/V(3)
GAM31= 1.C/v(2)-1.,2/V(1)

GA421= -GAM12
GAM32= =GAM23

GAM13= -GAv21
BT12= PANV12/CAV12

BT23= RAN2Z/CAN23
BT31= RAM3I1/GAMZ1

B8T21= 2T12
A132= 13TZ23

B4T13= HT21
Cl= 811

c2tl)= 012
C2{2)= R22

C2(3)= -BL1*R(1)/(V(1)%¥RAML2-V{1)*R(1)*GAV]2)
C2(4)= BII*SLV*R(1)#(FR(1)=-R(1))*V(2)/((BT12-R(1))%*2)=*

1

(vil)=-v{zZ))
C3(1)= B13

C3(2)= R23
€C3(3)= B33

C3(4)= BI2*R(2)/(V(2)*RAM23-V{2)*R(1)*GAM23)
C3(5)= -B22%R{(2)/(V(2)*RAM23-V(2)*R(2)4GAM23)

1

C3(6)= BI1I*R(L)*R2)/(IVIL)*V(2))=(RAMI2-RULI*GAM3 2T *(RAMLZ=RIL1)*
GAM12))

1

C3(7Y= BITFRTIVFRT2I/COVIITEVIZ I T (RANI3-RUIT*GANIIT*
(RAM22-R(1)%GAM23})

1

C3(8)= BII=R(L)*R(2I/7({VI1I)*V(2))1*({RAM3I-R{1}Y*GAM31) =
(RAM21-R({1)*GAM21))

1

C3(9)= -211#r(1V*R(2)*CAM32/ (IVIIY*V{2) )1 *TRAMIZ-RUT)*GAM3 2} *
(FAMIZHCAMA2-RAM32%*GAM12))

1

C3(1C)= FLILFP(L)*ROZIXGAMLZ/CIVIIT=VI(2) ) *[RARIZ-RU1T*GAM12) =
(RAM]12%CAYM3Z2-RAM32%GAM12))

1

C3(11)= ~SUIFR{11%P(2VEGAM3L/ TIVILT=VI2V 1 *{RAMII-RUTT*GAM3I)*
(o 2MZ1%CAM31-RAM31 *GAM21))

1

C3(12)= SIT=FTLI=R(2T%#GAMZT7 TIVITI TRV ZT T ¥ (RAMZI-RTU I T*GAMZIT=
(F AM212CAM31-RAM31*GAM21))
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C3(13)= =Bl 1*ROL)I=R(2}*GAMLI3/((VILY*V{2))*(RAML3-R(L)I=GAML3) =
1 (RAMZ22*CAM13-RAMI3%GAM23) )

C3t14)= EBl1L1*R{1)*R(2)*GAM23/ ((V(1)*V(2))#(RAM23-RI(L)ZEGAMZ3T %
1 (P AM23%GAM13-RAM13%GAM23))

C3(1e)= (BLLIASLMH*RULI*R(2)*(FRI1)=R(2))/V(1)I*V(2))/

1 GAMI?*GAM23*((R(1)—BT13)**2)*(3123—8T13)

C3(17)=  (B1LI#ASLM*R(1)*¥R(2V*(FR(Y1)-R(2))/VI1)*V(27117

1 GAM13*GAM23#((R(1)~-BT23)*%2)%(8T713-BT23)

C3(19)= (BL1*SLM*R(1)*R(2V*(FR{LI-RI{2))/7VILI®*VI21)7

L GAM22%GAM12* ((R{1)-BT32)%%2)%(BT12-8T732)

C3(20)= (BL1*SLM*R(LI*R(ZVX(FRILI-R{2))/VILI*VI2)17

1 GAM32%CAM12*((R(1)=-BT12)%*2)*(BT32-BT12)

C3(22)= (BLL*SLV*#R{1)I*R(2)%=(FRI1I=-R(2))/V(LI*V{2))7/

1 ' GANZI*GAMBL*((R(I)-BIg})**Z)*(BTB[-BTZI)

C3(23)= (BLL1*SLM*RULI)V*R(2V*¥(FRILI-RI2)VI/7VILIEVI2TV/

1 CGAM21%GAM3 1% ((R(1)-BT31)%*2)*(8T21-8T31)

C3(25)= Bll*SLM*SLL*R(l)*R(Z)*(FR(1)-R(1))*V(3,/(V(l)-V(3))*
1 ((R12*%2)%(BT31-R(2)))

C3(26)= Bll*SLN*SLL*R(l)*R(Z)*(FR(I)-R(l))*V(B)/(V(l)-V(B))*
1 ((R{1)-BT31)**2)*{R(2)-BT31)

C3(27)= B22*SLV¥HR(Z)#F(FRI2)-R(21I*V(3I1/(VI2I-VI(31)*

1 ((BT23-R(2) )**2)

C3(29):= —E12*SLMHRI2)*(FRI2)-R{2)II*V(3)I/(VI2)=-V(3]1 ) %R12*

1 (R(2)-B723)

C32(30)= ~BLZ*SLM*R(Z)=(FR(2)-RI2)1)I*V(3)/(V(2)1=-V(3)) *

1 R12*(BT23-R(1))

C3(31)= -B12#SLVH#RI2TZ(FRIZI-RIZTT=V (31 /TV(2TI=VI(31T=

1 (RT22-R(1))*(R(2)-8T23)

C3132)= BL1#SULN#R(1I¥R{21*(FR(2I-R{ 21 /VIIV#V(2)=*

1 GAM12%GAM23%R21%(BT13~R(1))*(BT23-R(1))

C3(33)= BLI*SLNARILI*R(Z2I*¥(FR(2)-R(21)/VIIVRV{2)%

1 GAM13*GAM23*%R12*(BT13-R{2))*{8T23-R(2))

"C3(34)= RLIASINFRTIV#R{2I*(FRI2I-RI2YT/VIITHVIDT=

1 GAMI3*GAM23% (R(1)-8TI3)%(R(2)-8T13)*(BT23-8T13)
C3(35)= BLL*SLN#*R(LI*R(2V=(FR(2)-R(21/VIIIEV(2) =
1 GAMI3*GAM23%(R(1)-BT23)*(R(2)-BT23)*(8T13-BT23)
C3(361= BLLI*SIN*R(1)*R(2)*(FR(2)-R(2)1/V(1)¥V(2)%

1 GAM32%GAMI2#*R21*(BT32~R(1))*(BT12-R(1))

C3(37)= BLL*SLN*R({1)I*R{2T*(FR(2J-RU2IT7VI{II*VI 2%
1 GAM32%GAM12*R12* (BT32-R(2))*(BT12-R(2))

€C3(38)= BLI*SLN*R{LI*R(21*(FR(21-R(2)1/VII)*V(2)*
1 CAM32+GAM12*% (R{1)-BT32)*(R(2)-BT32)+(BT12-BT32)
C3139)= RLI*SIN*R(L)*R(21*(FRI21-R(2)V/VI(LIEVI(2) %
1 GAM32%GAM12%(R(1)~-BT12)*(R(2)-BT12)*(8T732-3T12)
€C3(40)= Bll*SlN*R(1)*R(2)*(FR(Z)—R(2))/V(l)*V(Z)*
1 GAM2L1%GAM3L*R21*(3T21-R{1))*(8T31-R(1))

C3(41)= BLI*SIN*R{1V*R(2)=(FR(2I=-R( 21V /VII)*V(2T=

1 ' GAM21#GAM31#R12%(BT21-R(2))*(BT31-R(2))

C3(42)= BLI*SIN*RTLI*R(2VF(FRIZ)I=R( 2NV /VILI*VI(2 )%
1 GAMZ1%GAMIL*(R(1)-BT21)%(R{2)-BT21)}*(BT31-3T21)
C3043)= BLLI*SLAAR(LVI#R(2)=(FR(ZI-R(2II/VILI*VIZ2T=
1 CAM21*GAM3L1*(P{1)-BT31)*(R(2)-BT31)*(B8T21-8T31)
C3(45)= RITASLMASINER(TT*R 2T *(FRUIT=RU IV #(FRUZI=R(2)717
1 VL) *VI2)*GAML3%#GAY23%(R12%%2)*(BT13-R(2) ) *(BT23-R{2))
C3(46)= RLL*SLM*SLA*RULIT*RT2VF (FRTUII=R{ DI V¥ (FR{2V=R (2717

1 VI1)*V(2)*GAMI3*GAM23%((R{L1)-8T13)%%2)%(R(2)-BT13) %
2 {(3722-8713)

C3(47)= BLL*SLNASLA*R(1)*R(2)% (FRULI=R{1))*(FR(2)~-R(2))/
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1 VI1)Y#V(2) *GAMLI3*GAM23*((R(1)-BT23)**2)1%*({R(2)-BT23)1 *
2 (BT12-8T23) .
C3(4G)=  BL1*SLM*SIN*R(1V*R(2) %X (FR{1)=R{ 1)V *(FR{2)1-R(2)17
1 V1) *V{2) *GAM32%GAML2* (R12%%2) & (B8T32-R{2) )*(BT12-R(2))
C3(53)=  BL1*SLM*SLN*R{1)#*R(2)*(FR(L)I=-R(1)JI*(FR(2)-R(2))/
1 V1) #V(2)*GAM32%GAM12%( (R{1)-BT32)*%2)%(R(2)=-BT32)*
2 (B11z2-B132)
C3(51)= PRLl1#SLM*SLN*R(1)%R(2)%(FR{1)-R(1))*(FR{2)-R(2))/
1 VI1Y%V(2)*GAM32RGAML2*((R{1)-BTL2)1**2) = (R{2)-BT12) *
2 (BT22-8T12)
C3(53)= BL1LI*SLVMRSUN*R( L)V *R(2)*(FR{1)J=R( L) *(FR(2)-R(21)7
1 V(1) %V(2)*CAM21%GAM31*(R12%%2)%(BT21-R(2))*(BT31-R(2))

C3(54)= BLLI*SLM*SLN*R{1)*R{2)=(FR{1)-R(1)I*(FRUZ2)-R(2))/ .
1 VI1)*V(2)*GAM21%GAM31*({ (R{1)-BT21)**2)*{R{2)-BT21) *

2 (FT31-B121)
C3(55)= BL11*SLM*SLN*R{1)%R{2)%(FR{1)=R(1))*{FR(2)}-R(2))7/

1 VI1)#V{2)*CAM21*GAM3 1%( (R(1)-BT31)*%2)*{(R(2)-BT31) %
2 (BT¢1-8T731)

IF{IX.EQa.1) GC TC 13

Dl1{l)= Cl1.

DO 11 [I=1,3
11 n2{r,1'= C2{(1I)

DO 12 I=1,14
12 D3(I,1)= C3(1I)

TX= 1
TD=_ TL
GC 10 10

13 O1(2)= C1

DO 14 1I=1,3
14 D2(I,2)= C2(1)

no 15 I=1,14
15 D3(1,2)= C3(1)

- WRITE(S6,652) (CLOT), (D20dy1)yJ=1,301,1=1,2]
WRITE(6465)) ((D2(Jy1)4d=1414),1=1,2)

550 FORMAT(10E11.3)
IF(ICAL.EC., 1) 6GC TC 21

KM= 0
121= 17+1
ITl= IT+1

DO 100 M=1,IT1

T2= T(1)*10.%*(M-1)
KM= 1

GO TO 2C
16 CONTINUE

T2= T(1)*10,%%(M=-1)%5,

KM= 0
20 CONTINUE
Ti= T2

WRITE(6,6C01) T2,(ANAME(T) I=1,3), (ANAME(T), I=1,3)

601 FORMAT(// 43 Xy*T=%, IPE1003y15X93(2XeAT+1X)5X,3(2X9AT741X))
: DO 90 N=],121
DO 99 L=1,5C

Fl= L
Z1=  ZUL)*1C # 5 (N=-1)%(la+.L¥(FL-1,))

12= I1/C4*2.
JTA= 1

3¢ Cl1= OI(TA&)
D0 31 I=1,2
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2] C2(1)= D2(1,IA)
DC 32 I=1,14

a2 C3(r)= D2(I,IA)
[F(IALEC.2) T1= T2-TL

N

NA= ELF(R(L)FRII)-R{1)+V1,Z21%S1,22,T1])
XB= ELF{R{1),FR{2)-R{1)+V2,21%52,72,T1)

XC= ELFIR{2)yFfR{2)-R(2)+V2,721%52,72,T1)
XD= FELF{FL12,FR{1)-F12+V1,21%S51,22,T1)

XE= ELF(F12,FR(2)-F124V2,21%52,22,T1)
XF= ELF(R{1),FR(3)-R(1)+V3,21%53,22,T1)

XG= ELF(R{2)4FR{3)=-R{2)+V3,71%S3,22,T1)
XH= ELF(R{3),FR(3)-R{3)+Vv3,71%53,22,T1)

XI= ELF{F23,FR{2)-F23+V2,21%52,22,T1)
XJ= ELF(F23,FR(32)-F23+V3,71%53,22,T1)

XK= ELF(F31,FR(1)-F214V1,21%S1,22,T1)
XL= ELF{F31,FR{2)-F214+V3,71%S3,722,T1)

AM= ELF(R(2),FR(1)~-R(2)+V1,71%S51,22,T1)
C2(5)= BLIL*SLM*R(LI*(FRILI-R{1))I*V(2)*(1.—-(R{1)-BT12)*T1)/

1 ((3T12-R(1))*+2)%x(V(1)-VI2)])
C3(15)= (3113SLM*R(1I*R(1)*(FR{1)-R(2))/V(1)*V(2))%*

1 ((TL/(BTL3-R(L))%(BT23-R(L)II=((BTLI3-R(1L1J+(BT23-R(11117
2 ((RT13-RI(1))*({BT23-R(1)))*%2)/GAM13*¥GAM23)

C3(18)= (311*SLMAR{1I%*R(1)*(FR{L)-R(2))/VIL)I*V(2))*
1 ((T1/(BT32-R(1))*(BT12-R{1))-((B8T32-R(1))+(BT12-R(1)))/
2 ({BT32-R{1))*(BT12-R(1)))**2)/GAMI2%GAM12)

C2(21)=  (B112SLM*RE1IXR{1)*(FRIL)-R{(2}))/VI1)%V(2))%
1 ((T1/7(8721-P(1))*(3T31-R(1})-((3T21-R{1))+(BT3I-RT11))/
2 ({(BTZ1-R{1))*(BT31~R(1)))*%2)/GAM21%GAM31)

C3(24)= BI1*SLM*SLL*R{1)*R(2}*[FR{1I-R{L))I*V(3)*
1 (T1/R21%(BT31-R(1))-(R21-R{1)+RT31)/{R21*{(BT31-R(1)) )**2)
2 /{ViLY-V(3))

AC3(28)= —P22XSLVHR(2)*{FR(2)-R{2}))*V(3)*(1.-(R(2)-3T723)*T1)/

1- (VI2)=-VI(31)1%{(BT23-R(2) ) %%2)
C3(44)= (BLIHSLMESLNZR{L)I*R(2)={FR{1)=R(1)I*(FR{2)-R(2))/

V1) %V (2)%GAMI3*%GAM23)*(T1/R21*{BT13-R(1))*{BT23-R({1))

1
2 +(R21*#(PT13-R{1)I+{(BT1I3~-R{1))*(BT23-R({1))+(BT23-R{1})=*
3 R2Z1)/(R21=(ET13-R(1))*{RT23-R(1)))*%2)

C3{48)= (B11*SLMKSLMAR(L)%R(2)*(FR{L)-R{1))*(FR{2)-R(2))/

VOL)I*v(2)xGAM32XGA12)=(TI/R21%(8T32-R{L))*(BTI2-R{1I))

1
2 +(R21%(BT32-R(1))+(BT32-R(1))*(BT12-R(1))+{BT12-R(1))*
3 P21)/(R21*=(BT32-R(1))}*{BT12-R(1)))*%*2)

C3(52)= (RL1*SLMASLM*R{L)*R(2)*(FR{1LI-R{ L)) *{FR(2)-R(2)}/

1 V1)V 2)*GAM21*GAM31)*(T1/R21*(BT21-R{1))*(BT31-k{1))
2 +{RZ1*UBT21-R(1))+(BT21-R(1))*{BT31-R(1))+{BT31-R(1) )*
3

R21)/7(R21*(BT21-R(1)I*(BT31-R(1)) 1¥*2]
CM{1)= ,S5%CLl%*XA

CN{2)= 5*(C2(1)%*XB+C2(2)*XC+C2{3) *(-XB+XA-XD+XE]

1 +C2(4)*(X2-XB)+L2(5)*(-XD+XE))

C3{1)*XF+C3(2)%XG+C3(3) =XH+C3{4) = {XF-XB+XI-XJ]
+HC3(5) X XC=XGHXJ=XT)+C3(6)1*xXB+C3(7)%XF+C3(8) *XA

<
>
1}

+C3(C)xXT+C3{10 ) *XE+C3(11)%:XK+C3(12)*XD
FC3(I2)HXL4C3(14)%XJ+C3(15)*XF+C3(16)#XL+C3(17)¥XJ

RN B

+C2018)xXB3+C2 (19 ) *XT+C2T20VFEXE+C 321 I*=XA+CI(22T%XD
C2(22)5XK+C3(24) % (XA=XF) +C3(25) % (XM=-XG)I+C3(26)*( XK-XL)

<
=
1

+0302T7Y=(XC-XGI+C3( 28V *{XI-XJV+C3( 29V *(XC-XGT
+C3(22)*(XB=XF)+C3(31)*(XI-XJ)

OH N

+C20 221X F+C2(33)*XG+C3 (B3 4TFXC+CITISTEXI+CITIGTEXR
+CA(37)¥XC+C3(38)%xX[+C3(39)*XE+C3(40)%XA+C3(41)*XM

4~
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YC= C23(42)1XC+C3 (43) ¥XK
+C3(44) *XF+C3(45)%XC+C3146)%XL+C3(47) %X

[SSINS ] Eo

+C3(48)*XB+C3(49)*XC+C3(50)%XI+C3(51) *XE
+C3{52)%XA+C3(53)%XM+C3(54)*XD+C3(55) ¥XK

CN(3)= 5% (YA+YB+Y(C)
IF(T2.LT.TL)} GO TO 36

IF{IA.EQ.2) CGC TG 34
DO 33 I=193

33 CM(L)= CN(I)
1A= 2
GO TC 30

34 D0 35 1=1,3

35 CH(1)= CM(T)=CN(I)

36 CONTINUE
b0 37 1=1,3
CMUI)= CN(I)/AT(1)

37 CM(I)= CN(IIFROIV/(AT(LI#R(1))
CMAX= AMAXI{CN(1),CN(2),CN(3))
IF(TRCG.NE.1) GC TC 75
DC 38 1=1,3
CA(I1= CUR®CN(ID/TL

33 CN(I)= CM(I)/RCGW(I)

75 CONTINUE

IMAX=  VMAX*T2

IF(ZMAX.GT.Z1) GO TO 83
[F(CMAX.LT.1.E-100) GC TQO 95

CONTINUE
ARITE(E46C3) Z1,(CMII),1=1,43),(2ZN1),1I=1,3)

FORMAT (20X, 1PE1C.3,5X,3E10.3,5X,3E10.3)
Til= T2

CONTINUE
CONTINUE

130

[F(KM.tG.1) CC TC 15
CONTIMUE

21

GO0 TG 3cCo
KM= 3

121= 1Z+1
ITi= IT+1

D0 230 M=1,171
Jd= 1

DO 253 J=1,4
JJd= JJd+d-1

€= JJ _
Z1=  Z(1)*1Cu%*(M=1)%F]

L2= I1/04%2,.C
WRITE(6,6C2) Z1,{ANAME(I),I=1,3),(ANAME(I),1I=1,3)

602

FORMATU(//7 18Xy ¥7=% 4 IPELO. 395X 3{2Ks AT+ LXT1,5X3 312X, A7, IXT)
DO 190 N=1,IT1

DC 163 L=1,6C
FL= L

T2= TOL)*1C**(N-1)* (1. +. I%{FL-1.7)
NELT= ABS{T2-TL)

IF(DELT.LT.1D0.) GO TO 190
Ti= T2

[S¥]
2
—

TAa= 1
Cl= Ol(1A)

ill

20 211 I=1,3
C2(T)= D2(T1,1A)
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DC 321 I=1,14
321 C3(I)=_ D3CI1,T4A)

TF(1A-EQ.2) 11= T2-TL
XA= ELF(R{1),FRP(1)-P(1)+V1,Z1%S1,22,T1)

IF(IC.EC.1) GC TC 225
XB= ELF(R{1),FR{2)-R{1)+V2,21%52422,T1)

XC= ELF(R(2)yFRI2)-R(2)4+V2,71%524,72,71)
AN= ELF{FL2,FR{1)-F12+4V1,21%S1,22,T1)

XE= ELF(FL2FRI2)~F12+4V2,21%52,22,71)
XF= ELF(R{1)4FR(3)=R{1)+V3,21%53,22,T1)

XG= ELF(R{2),FR(3)-R(2)+V3,21%53,22,T1)
XH= ELF{R{3),FR{3)-R(3)+V3,21%53,22,T1)

XI= ELF{F23,FR(2)-F234V2,711%52+22,T1)
XJ= ELF(F23,FR(3)-F23+V3,71%53,22,T1)

XK=  ELF(F3L,FRI1)-F31+V1,21%S1,22,71)
XL= ELF{F31,F2(2)-F31+V3,21%53,22,T1)

XM= ELF(R(2),FR(L)-R(2)+V1,Z21%51422,T1)
325 CONTINUE

CN(Ll)= +5*C1l*XA
IFUIC.EG.1) GC TO 326

CMNI2)=  o5%(C2(L)*X8+C2(2)1*XC+C2{3)*(-XB+XA-XD+XE)
1 +C2{4)*{(X2=XB)+C2(5)*(-XD+XE))

YA= C3( 1)=XF+C3(2)%XG+C3(3)*XH+C3{4 ) *(XF-XB+XI-XJ)
+C2(5) % XC-XG+XJ=XI)+C3{6)%XB+C3(7)=XF+C3(8)*XA

+C3(G)=XI+C3(10)*XE+C3 (11 )%XK+C3(L2)%XD
+C3(13)=XL+C3(14)*xXJ+C3(LS5)*XF+C3(16)*xXL+C3(1T)*XJ

Pl N -

+C3(18)AXE+C3(19)*XI+C3(2G)*XE+C3(21)*XA+C2{22)*XD
C223)%xXK+C3(24) *(XA-XF) +C3{25) % (XM-XG)+L3(26)*{ XK-XL)

YB

+C3(27)2(xC-XGI+C3(23)*x(XI-XJ)1+C3(29) *{XC-XG)
+C3(33)*(XxR=-XF)+C3 (31 )X XI-XJ)

+C3(32)%XF+C3(33)%XG+C3(34)%*XL+C3(35)%*XJ+C3(361%XB
+C3(37)12XC4C3(38)%XT+C3(39)1%XE+C3(20)%xXA+C3(41)*=XN

N -

YC= C3(42)%X0+C3(43) XK
+C3(44)EXF+C3(45)%XG+C3(4€)*XL+C3(47)*XJ

+C3(42)XL+C3(49)#XC+C3(50)*X[+C3(51)*XE
+C3(52)%XA+C3({53)%X4+C3(54)%XD+C3{55)*XK

.
o) N

CH(3)=  5%(YA+YP+YC)
326 CONTINUE

[F(T2.LT.TL)Y GC TO 351
[F(TA.EC.2) GC TC 341

DO 331 I=1,1C
331 CM(I)= CM(1)

IA= 2
GO T2 301

241 D0 351 I=1,1IC
351 CM(I)}= CM{IV-CN(I)

361 CONTINUE
20 371 I=1,1IC

CMII)= CN(I)/AT(1)
371 CMN(I)= CMDI*RITII/ZCAT(LI®R(1))

IF(IC.NE.L) CC TC 185
CMi2)= 0.0

cM(3)= 0.0

CM(2)= 0.3
CM(3)= 0.C
135 CCHNTINUE

|
L]

CMAX= AMEXTCCNCL)Y CNC2),CNI3Y)
[F{IRCG.MEL1) GO TC 175
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0C 381 I=1,1C
CM{I)=  CUR*CAN(I)/TL

3AL CM(I)= CNM(IV/RCCW(ID
175 CONTINUE

TMAX= Z1/VMIN+TL
[F(TMAX.GT.T2) GO TC 180

[F(CMAX.LT,1l.E-1C2) GO TG 250
180 CONMTIMUE

WRITE(64+6C31 12, (CHTIT, 151,315 (CN(TT 1=, 3)
190 CONTINUE

250 CONTINUE
200 CONTINUE

300 CONTINUE
STQF

END
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