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Scoping Calculation of Nuclides Migration in Engineering Barrier System
for Effect of Volume Expansion due to Overpack Corrosion and Intrusion
of the Buffer Material

Takashi, Yoshita”, Yoshinao Ishihara”, Kunihiko Nakajima?
Katsuhiko Ishiguro®, Takao Ohi"

Abstract

Corrosion of the carbon steel overpack leads to a volume expansion since the specific gravity
of corrosion products is smaller than carbon steel. The buffer material is compressed due to
the corrosive swelling, reducing its thickness and porosity. On the other hand, Buffer
material may be extruded into fractures of the surrounding rock and this may lead to a
deterioration of the planned functions of the buffer, including retardation of nuclides
migration and colloid filtration. In this study, the sensitivity analyses for the effect of
volume expansion and intrusion of the buffer material on nuclide migration in the engineering
barrier system are carried out.

The sensitivity analyses were performed on the decrease in the thickness of the buffer
material in the radial direction caused by the corrosive swelling, and the change in the
porosity and dry density of the buffer caused by both compaction due to corrosive swelling
and intrusion of buffer material. As results, it was found the maximum release rates of
relatively shorter half-life nuclides from the outside of the buffer material decreased for taking
into account of a volume expansion due to overpack corrosion. On the other hand, the
maximum release rates increased when the intrusion of buffer material was also taking into
account. It was, however, the maximum release rates of longer half-life nuclides, such as
Cs-137 and Np-237, were insensitive to the change of buffer material thickness, and porosity
and dry density of buffer.

1) Waste Isolation Research Division, Waste Management and Fuel Cycle Research Center, Tokai Works
2) Nuclear Energy System Incorporated.
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2 Pdxl.. €4
T,
AR,

a= C-5

D (C-5)

P

EBLE, CAHRD—BBIIRKTEHRON 5,
C =a, exp(ax)+a, exp(—a x) ' (C-6)

ZO—fET, REHARNORARGFTEREFROGE L —ERARDEEIIOV
THE, BEMPOOEERBEEZRD S,

(1) EREFIR

BR&MIRRTEZONS,
C0)=C" (NEER . BHREFIR) (C-7)
C(L)=C" HMAER . EEIF TV TTEVERE) (C-8)
ZZT,

c D REH P OBMRE [mol/m?®),
cr CIFV YT EVADEEBRE [moVm®),

—E (C-ORIZ (C-DARBLV (CORZHEAT S L,

*
C =a,+a,

C" =a,exp(aL)+a, exp(—a L)

EkbB, Thih,

C" =a, exp(aL)+(C" —a,)exp(-aL)
a,[exp(aL) - exp(-a L)]=C™ - C" exp(-a. L)
g C-Cep(-al)

'~ explaL)-exp(-aL)

PELND, T2,
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C"-C'exp(-aL)
exp(eL)—exp(—a L)
_ C'exp(aL)-C™
? exp(aL)—exp(-aL)

(] »
a,=C —-q,=C -

E2%o o T, ARGV ERENBROBEOETERITBEL LT, BEMIZK
Ea WA 1% (IR

_ C"-Cexp(-aL) eplax)+ C’exp(aL)-C"

" exp(al)-ep(-aL) oo(al)—epcaD PCEX €9

RIZ, (C-HRE CHRPLIF IV TENVEBE C 2K 5, (C-HORXRDHOMS
HiZ, (COHORPLUTD LY IzEENS,

dc
r [¢, @ exp(ax)‘— a, & exp(—a x)]L=L
_[C"=C exp(~aL)] _[Cepal)-C"]
eptal)-ep(—aL)" P opal) —epi—ar) @ P

_aC"[exp(aL)+exp(-aL)]-2aC’
- exp(aL)-exp(-a L)
__ac”  aC

" tanh(a L) sinh(a L)

Ihz, CHNIRATE L, EERHOIFV U TEVBEIELRS,

QC'"=—AeD,( ac ac )

tanh(aL) sinh(aL)
m( aAerJ aAeD,C
+ a—

tanh(a L) sinh(a L)

aAeD, tanh(a L)

o (sinh(a L), sinh(a L)] -

C‘

Q+cosh(aL )}

nCM = (C-10)

sinh(a L)
aAe Dp

BREIZ, SXFVVTEVHBLEIF VUV TEVHOEERE (C10)R1 5, BEH
PO DEFHHE ¢%7 [moly] AR TEENS,

T =QC" = { oc (C-11)

Q0 sinh(a L)+ cosh(a L)
aAeD,
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=L,
o= AR,
DP
R, =1+P%s
£
T,
c D REH P OBREE [mol/m’],
R, I REM P OBERYK [,
D, ! YERE [mYy),
A D REEH [Uy),
1] PIXRVUTENER [miy),
A D HER [m?,
L  BREHEES m],
€ D REERE [,
K, I REM R OSEBRE [m¥kel,
p D REM ORRERE [kg/md)
(2) —F®EHRAZE
BRI TEZ 6N 5,

-AeD, 2 =¢"  (WEER : —ERAK)

x=0

C(L)=C" HHAER . EEIFITENVEE)
Z 2T,

o BEHA~OEEO—EHAE [moly],

ct CIX VUV TEVADOEERE [mol/m’)

— i (C-o)R% (C-12)RNIRATH L, XEAIBEELNS,

—-A€D,[a, @ exp(ax)-a, @ exp(-ax)]
-AeD,a(a,—a,)=¢"

_ IN
x=0_¢

La,=a,+B
=72,
IN
p=—?
AeD,a

—%4, (C-13)X P b,

C" =a, exp(aL)+a, exp(—a L)
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Ekb, ThiY,

C" =a, exp(aL)+(a,+ B)exp(—a L)
a,[exp(a L)+ exp(~aL)]=C" - B exp(-a L)

__C"-Bexp(-al)
exp(aL)+exp(-aL)

'. al

»REbNhB, T/,

C"—Bexp(-alL) +B
exp(aL)+exp(-aL)

C"+Bexp(alL)
exp(aL)+exp(—-a L)

Ekb, foT, HARREHI—ERAROBESOEBERITRL LT, REMHIIK
E W Y (3

__C"-Bexp(-alL)
exp(aL)+exp(—-aL)

Rli: (C-HRE CIHORPHL IF TV TEVBE ¢ 2RO, (CHRDBDOH
SEL (C1HRDPLUTD L) 1cEENS,

a,=a,+p=

.- az -

C"+Bexp(al)
exp(aL)+exp(—a L)

exp(@x)+ exp(—ax) C-149

%l =[a, @ exp(ax)-a, @ exp(-ax)]|_,

x=L
_ [C" —Bexp(—aL)] L)—_LC" +Bexp(al)]
= epial)+ep—al)t PO @) rep—aL)

_aC"[exp(al)-exp(-aL)]-2a B
- exp(a L)+ exp(-a L)

a exp(—aL)

=a " tanh(aL)- cos:(ﬁ L)

Ih%, CHRIRATR L, EERBROIFV VT VBENRONS,

m - - B
QC"=-A€D, [a C" tanh(@L) cosh(a L))

a o™
C"(@+A€eD, atanh(aL))=A€D, woohal) Az D@

C"(Q cosh(a L)+ A £ D, & sinh(aL))=¢"
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" (C-15)
“Cm= 3
Q(cosh(a )+& AQS Dy sinn(aL ))

BRI, IXVUVTEVRELIF VUV TRIVHADOERRE (C-150 5, &
PO DEEBRLEE ¢ moly] IZRRTEEINS,

¢IN
¢OUT = Q Cm - (C‘16)
(cosh(a L)+< AQ£ Dy sinn(aL )J

=7EL,
AR,
a=
DP
R,=1+ PK,
£
ZIT, i
o I BREM~NOBEOEERAE [moly],
R, I BEH P OBERY [,
D, D IR [my],
A P RBRER (),
o IRV U TeNERE [mYy),
A : BTEMR [m?),
L P RREHE S [m],
€ AR [,
K, I BREH P OSFERE mYkg),
P : BREM OZREE kgmd)
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<% ! WHEHIRREAH >

exp(x)—exp(—x)
2
exp(x) + exp(—x)
2
sinh(x) _ exp(x)—exp(—x) exp(2x)—1
cosh(x) exp(x)+exp(—x) exp(2x)+ 1

sinh(x) =

cosh(x) =

tanh(x) =

(a) &R (b) MBFR
T 1.0E+04

1.0E+03 L

1.0E+02

1.0E+01

1.0E+00

1.0E-01

sinh 1.0E-02
—==——- cosh
tanh

1.0E-03 - :
1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01

R C—1 XehiREIEL

= 3B
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