HA4 B &l J. Geotherm.

W35k 4% (2013) Res. Soc. Japan

149 ~ 161 Vol. 35. No. 4 (2013)
24, —~
2 I P.149 ~ P.161

FIERB R 2 S WEBEE TN 2 T2 RO R % 5
U= —REHEEDR

%ﬂ:

AT - IBHEET - BT - WERET

CERE254E3 H 26 B2, TR 2549 H 24 HEH)

A Study of Prediction of Tracer Response at Different Inter-well Distances Using Fractional
Advection-Dispersion Equation

Anna SUzUK1 *, Hiroshi MAKITA * , Yuichi NiBORI ** and Toshiyuki HasHipa ***

Abstract

Use of fractional Advection-Dispersion Equation (fADE) has been proposed to deseribe mass transport in
a fractured reservoir. In this study, a finite discrete method to solve the fADE is developed and its accuracy is
tested against analytical solutions.

Tracer simulation is carried out using a 3D simuiation code for flow analysis {FRACSIM-3D). The fADE
mathematical model is applied to fit the numerical tracer results, which show highly anomalous behaviors such
as a long tail. The solution to the fADE including a spatial fractional derivative is shown to be in reasonable
agreement with the tracer response produced by FRACSIM-3D. The fitting parameters of the fADE equation
obtained for well interval of 50 m are used to make predictions of tracer responses for well intervals of 100 m
— 500 m. It has been shown that the tracer responses predicted by the TADE model are reasonable close to those
obtained by FRACSIM-3D irrespective of the different well intervals. This study demonstrates that the fADE
offers a method for predicting tracer responses in a fractured reservoir,

Keywords: reinjection, tracer test, fractional derivatives, numerical simulation

T BUERSEASEBEUEESERIER T 980-8579 WIREI A TR WLF W 6-6-11-707
Graduate School of Environmental Studies, Tohoku University, 6-6-11-707, Aramaki-Aza-Aoba, Acba-ku, Sendai, Miyagi 980-8579,
Japan

TOMEAFRFRIEHARRT AL - TEUE T 980-8579 ERIM AT RE B FHY 6-6-01-2
Department of Quantum Science and Energy Engineeting, Graduate School of Engineering, Tohoku University, 6-6-01-2, Aramaki-Aza-
Aocba, Aoba-ku, Sendai, Miyagi 980-8579, Japan

X RHEARS ARSI T RERRR £ b L ¥ — R R ¥ — T 980-8579 BIRE AT TF R M AV 6-6-11-709
Fracture and Reliability Research Institute, Graduate School of Engineering, Tohoku University, 6-6-11-709, Aramaki-Aza-Aoba, Aoba-
ku, Sendai, Miyagi 980-8579, Japan

©The Geothermal Research Society of Japan, 2013

- 149 -



Ml Dispersion into surrounding rock

e ) m— s

I 1Fractured reservoir
r

" C:'Concentration

ac arc., PC I ag 8C §itome
b__ bh— = — — —  X:Distance
a or? i ot ﬁ Pe aX aX b, &": Retardation factor
V  Pe; Peclet number
p : Skewness parameter
g ot C (1 ) g @By : Fractional derivative
= +(1 - (0<aS 1)OSSPE1N0S5SyS1)
Poxe P aix)e

Fig, 1 Schematic of the fADE in a fractured aquifer.
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Concept of tracer response analysis based on the fractured reservoir model
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Table 2 RMSE as indicators of performance of prediction for one-
dimensional flow. RMSE is the root mean square error.

Well spacing RMSE
[m] ADE fADE
50(fitting) 3.63 0.14
250 2.16 0.20
450 1.80 0.20
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Table 3 RMSE as indicating prediction performance for interwell flow,

Well spacing BMSE

[m] ADE fADE fADE

with recovery rate

50(fitting) 0.88 0.18

100 0.28 0.19 0.17
150 0.83 0.25 0.20
200 0.63 0.46 0.34
250 0.83 0.47 0.45
300 0.84 0.49 0.48
350 1.03 0.38 0.44
400 1.12 0.49 (.47
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Fig. 9 Relation between tracer recovery and well spacing.
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