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Analysis of inhomogeneous geometry with fractal model

Hiroyasu Takase*
Yukiko Fukaya*

Abstract

A set of detailed and realistic flow/transport calculations using the stochastically self-affine fractal
model MACRO AFFINITY were attempted for a highly heterogeneous 2D (vertical ) transmissivity

field in Tono uranium mine.

A number of realizations of the fractal transmissivity field which have the fractal dimension same as
the one estimated from the apparent electric resistance data set along the boreholes and are conditioned
on the measurement points {boreholes) were generated. Based upon these fractal transmisstvity field,
a number of flow and transport calculations were performed. The particle distribution, which was
derived via convolution of the effects of the multiple time dependent sources, indicated a fairly good
agreement with the current distribution of the uranium deposit. This implements;

- applicability of the fractal model to this system is verified to some extent,

- distribution of uranium could be explained by considering hydrological factors, i.e., the

distribution of the flow path which contributed to the supply of the uranium.

Further analysis with finer resolution was also attempted by utilizing the fractal deconvolution

method. The resulting flow field and particle distribution indicated a channel structure which is self-

Work performed by JGC Corporation under contract with Power Reactor and Nuclear Fuel
Development Corporation
PNC Liaison : Chubu Works,Waste Isolation Research Section,Keisuke Maeckawa

* Nuclear & Advanced Technology Division, JGC Corporation

(iii)



similar to the pattern in larger scales. The pattern is consistent with the one seen in the actual site and,
thus, applicability of the fractal model to this site which possesses a hierarchical (heterogeneous)

correlation structure was demonstrated.

For the future R&D, a set of calculations considering further realistic features of the site, e.g.,
difference of the fractal property in the subregions above and below the fault, should be carried out.
The latest version of MACRO AFFINITY (version2.0), which is due in March 1995, enables these

necessary modifications.
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cell (i,j) cell (i+1,j)

Schematic of numerical scheme for calculating cell interface fluxes.
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- Peeretp >
\

v VvV ¥
The variation of grid cell fluxes with grid orientation. Flow directions are
marked with the solid arrows, and outward fluxes from each grid cell are

denoted with dashed arrows. Top: flow paraliel to grid cell edges. Bottom:
flow aligned with grid cell diagonals.
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Particle positions (left: at time t=io; centre: t=to+ At; right: t=ty+2At)
computed using a particle tracking algorithm that does not relate the exit
and input boundaries. The key indicates the number of particles in each

cell. Top: flow parallel to grid cell edges. Bottom: flow aligned with grid
cell diagonals.

B2.3-2 §HTEGRICE I IR BDR

19



Outward grid cell fluxes relevant to physical particle transport in uniform
flow aligned with grid cell diagonals.
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Four combinations of grid cell influxes/outfluxes (dashed arrows) on the
three boundaries of a cell with influx on the top boundary. Generic sets
of strearnlines are also marked (dotted lines). (a): outfluxes on all three
sides; (b): outfluxes on two adjacent sides, influx at the third side; (c):
outfluxes on two opposite sides, influx at the third side; (d): outfluxes on
one side, influx on the other two.
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LT F,+F +F,

Pr=0 -

s v (2.20)
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o1 ol

Streamlines for a grid cell with outfluxes on two adjacent sides (bl):
streamlines from the input boundary to both boundaries with outfluxes;
(b2): streamlines from the input boundary to only one outflux boundary.
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DOHRESVALREEHE UTERRETD, BEEMNICIR B3/ 0 %[02 7 OH—o07
oYU TV YT, N—F 4 7 VOPBXOERRITE>TEHRT S,
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Particle transport in flow aligned with grid cell diagonals, computed using
the DIVINITY particle tracking algorithm. The key indicates the number
of particles in each cell. Top left: at time t=%y; top centre: i=tp; + Aty;

top right: #=tg + 2At,; bottom left: at time t=t; + 3At,; bottom centre:
tztﬁ + 4&51.

H2.3-6 HMREBDFRICLAIHFHDIZFWN

29



X(t+ At)=X(t)+ VAt + a4/ DAL (2.29)
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-G Particle Tracker
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TIME = 10000.0

18 Darcy Flux
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