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Development of Partial Models of Comprehensive Safety Assessment Model
for Shallow Land Disposal of Low Level Radioactive Wastes (TT1)
Simulation Model for the Release of Radionuclides from an Engineered Barrier

(ENBAR)

Hideo MATSUZURU, Nachiro KUROSAWA and Atuyuki SUZUKI*
Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 23, 1987)

Simulation model (ENBAR) for release of radionuclides from an
engineered barrier has been developed to evaluate the source term for
subsequent migration of radionuclides in and through a natural barrier.
The system postulated here is that a waste package (waste form and con-
tainer) is placed, together with backfill materials, into a concrete pit
as a diposal facility which is constructed near subsurface. The model
includes following modules;

+ Water balances on the ground surface and in a concrete pit.

» Leaching of radionuclides from a waste package, by convolution of the
leaching of radionuclides from a waste form and the corrosion of a
container.

+ Breakage of the pit for estimating the amounts of water penetrating
into the pit and leaking from the pit.

» Migration of radionuclides in and through backfill materials.

+ Release of radionuclides from the pit.

The main advantages of the ENBAR are its simplicity of operation and
presentation while still allowing comprehensive evaluation of each element
of an engineered barrier to be treated. The performance and source term
of the facility might be readily estimated with relatively few key

parameters to define the problem.

* Tokyo University
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Table 1 Cumulative fractions leached from a cement waste form

at 300years depending on the apparent diffusion coefficients

Diffusion Cumulative leaching
coeflficient {nf.y) fraction at 300y
3.6x10°° 7.6 x10°!
36x10°° 32x107¢
36x1077 LIx1907!
3.6x10"°° 3.5x10"¢
3.6 x107° 1.1 x107°?
3.6x10°1° 3.5 x107°
3.6 x10°4! 1.1 x107°
36x1071° 3.5 x10°1
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Fig. 5 Cumulative fractions of !37Cs leached from a cement waste form
Diffusion coefficient {m2/y) : 3.6 x 1075 (A) . 3.6 x 10°8 ( B)
3.6 x 10°7(C)
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Fig. 6 Cumulative fractioms of $0Sr Jeached from a cement waste form

Diffusion coefficient (m2¢/y) : 3.6 x 10°9 (A) . 3.6 x 10°10 (B)
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Fig. 7 Cumulative fractions of ®0Co leached from a cement waste form
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Fig. 9 Relationship between break ratio of pit walls and water flow rate

in a pit {Case 1: no over flow)
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Table 2 Leak rate as a function of apparent diffusion coefficient

{No decay case)

Diffusion Leak rate at 300y

coefficient (nfy) (Ciy)
36x107° 1.gx10°
6x107°° 8.3x140
36X1077 2.9x10
36x10"" 9.6
36x107° 3.0
3.6x10°1° 9.7x10°!
36x107H! 3.1 x107!
36x107t¢ 9.7x10"°
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Fig. 11 Leak rate of 137Cs as a function of apparent diffusion coefficients
Dy {m2/y) :3.6 x10-% (A) _3.6x 1068 (B) _ 3.6 x 107 (C)
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Table 3 Leak raie as a function of apparent diffusion coefficient

(Decay case, haif life 1527 y)

Diffusion Leak rate at 300y

coefficient (nf y) (Ci/ y)
3.6x107° 8.9x1071°
3.6x10°° 3.9x107'¢
3.6x1077 1.4Xx107"°
3.6x107° 4.4x1077
36x10°° 1.4x1077
.6x107"? 4.5x10°°®
36x10°"! l.Lgx107"®
3.6x107"° 4.5x107°"°

FEORBAEOOCTFNOES S, ELEGERS3.6 X107 ° oy ORFOREEARVT, Wk
MBI EHITEE T 5 EUIEERE O FEHRICEN L T 5,

(5 RHER & DA OBER
FiEM D TORBOSEEYE (Kd, mé ./ g) 2FESETHELLBED, BEhoORE K
HMEBOEED 14 Fig. 14 (F*7Cs) & Fig. 15 (*°Co) ILm¥ . HROBIBFKUTHER
B, 755 TR HICEEY A EIEUREUR 5. 1 T EE L EARA Uiz AEFEIETILOM %%
L (SRENShIEOESIE Fig. 8ITR LD o
Kd (Cs—137):500, 2000,
Kd (Co—60) :50, 200,
WIC, HEOR KBNS HEEEEI VT, DEFEEE 2555200 0ETELSE, 300
FERICE T ARHEBICHT A0BREROZEORE A~/ iHHERET Table 4iTRY, 143,
EOBERIE 36 X 10t yE L, MO A—sBENFNOLEEM (5.1) & L1
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Table 4 Relationship between leak rate and distribution coefficient

{No decay case)

Distribution Leak rate at 300y
coefficient (mé&./ g) (Ci/y)
25 2.5 %1072
50 1.2x1072
100 6.0x107°
200 297x107°
500 9.7x1071
1000 4.4 x 107
2000 20x107*

Wiz, 'St AE LT EEOHBEIT L » R E TRIOR T,

Table 5 Relationship between leak rate and distribution coefficient

(Decay case , half life :30.5y)

Distribution Leak rate at 300y
coefficient {(mé. g) {Ci/vy)
25 40x1790
50 2.0%x190
100 9.6
200 4.4
500 1.6
1000 7.1 x107!
2000 33x107¢
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Table 6 Standard diffusion coefficient (Ds) dependence of the

concentration of radionuclides at the bottom of a pit

Ds (m) Conc. at 300y (Ci/nf)
2x107? 5.4><1.0"4
2x107¢ 5.3 X104
2x1077 45x107"
2 34x107¢

AGBOEMT T, EELEERA 4FBEMIE T, ©y MNERCBD 2KPOZERE G
4 0BEERDT I20OATHY, BEBIEE & ERIRRE - OB EEV LY SN 5,
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