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The Characteristics of Hydrodynamic Dispersion in a
Horizontally Heterogeneous Fractured Rock Through
Single Well Injection Withdrawal Tracer Tests
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ABSTRACT

Single well injection withdrawal tracer tests with bromide were carried out at two wells developed in a horizontally
heterogeneous fractured rock. The hydraulic conductivity of TW-1 well was 5 times larger than TW-2 well, and the
average linear velocity of TW-2 well was 1.8 times faster than TW-1 well. The difference of hydrodynamic dispersions of
two wells in the fractured rock was studied with the analysis of concentration breakthrough curves and cumulative mass
recovery curves of bromide with withdrawal time, and the estimation of average travel distance, pore velocity, longitudinal
dispersivity and longitudinal dispersion coefficient. The average travel distances of bromide were estimated to be 3.00 m
in TW-1 well and 5.62 m in TW-2 well. The average pore velocities for the injection/withdrawal phase were estimated to
be 4.31 x 107 m/sec in TW-1 well and 8.08 x 10~ m/sec in TW-2 well. Average travel distance and pore velocity were
higher in TW-2 well because of small effective porosity. Longitudinal dispersivities were estimated to be 28.73 cm in TW-
1 well and 18.49 cm in TW-2 well, and bromide transport was 1.55 times faster in TW-1 well. Longitudinal dispersion
coefficients were estimated to be 5.14 x 107°m?/sec in TW-1 well and 6.06 x 107° m?sec in TW-2 well, and diffusion area
was 1.18 times larger in TW-2 well.

Key words : Fractured rock, Single well injection withdrawal tracer test, Average travel distance, Pore velocity, Longi-
tudinal dispersivity, Longitudinal dispersion coefficient
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Fig. 1. Location of tracer test wells at the study area.

Table 1. Design of tracer test wells (unit: meter)

Desian Well No. TW-1 TW2
Elevation 37.6 37.6
Well diameter 0.15 0.15
Well depth(GL~-) 24 24
Casing depth(GL-) 20 20
Screen(GL-) 20~24 20~24

GL—: below the ground surface.
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Fig. 2. Bromide recovery curves for withdrawal phase.

Journal of KoSSGE Vol. 11, No. 6, pp. 53~60, 2006

240

cIC,

CAIE - AR

Zro.

[

A 7R F4=
2.7 ~3.08) A=o|t. A

B gol

N

O] FHngo] WoldbE ASTHELS i - 27 - 47
o7 Z7H=EA

33. BEE0|R9| 550/ ¥ FAES|+

TW-13} TW-234 G318 ST ddr FHAAE
Al FFAlA S5 BHEole] Azl WE AddiE
Tolgardo] Fig. 20 2MdE]o] itk HEgole] Hars

T TW-180IM AR F 88-(Fig. 2(aPiMe
TW-2F9M= 165 (Fig. 2(bpPIME 76i)0] B33 A)H
oA Uit Hiss ZEAF o, HEolRe T
© TW-1FNME oF 1304 B2 (Fig. 2(apRlAY] Al
66 ~ 1961%) A8 FHasichrt olfolle el 4
3tk TW23ollME oF 823 F<k(Fig. 2(b)ellAe] A
2 74 ~156) FAHSHA FH2slAon], olFdle et

Table 2. Conditions applied to SWIW tracer tests

TW-1 TW-2
20.0 ~24.0
20.0~21.0

Bromide(Br"), 2.014

6,000 7,000

Test wells

Injection interval(GL-, m)
Pumping interval(GL-, m)
Tracer and Injection mass(kg)
Injection concentration(mg/L)
Injection rate(L/min)

40
18

Tracer injection time(min)

Chaser injection time(min)

Pumping rate(L/min)

180

Pumping period(min) 160

o \
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(b) TW-2 well
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Fig. 3. Normalized cumulative mass recovered from the SWIW tracer tests.
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Table 3. Average travel distance and pore velocity of the bromide for SWIW tracer tests

Well Effective porosity Aquifer thickness

Injection rate

Injection time Average travel Pore velocity

(%) (m) (m*/day) (day) distance(m) (m/sec)
TW-1 0.256 4 79 0.04 3.00 431x10™*
TW-2 0.073 ' ' 5.62 8.08 x 107*

34.1. HolEARel 5/

Table 3= TW-13} TW-23 @dse] fFa3=&
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Fig. 4. Relative concentration history with Up/U; during the withdrawal phase and calculated dimensionless withdrawal volume increment.
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Table 4. Longitudinal dispersivity and longitudinal dispersion coefficient obtained from SWIW tracer tests

Well Injection volume Dimensionless Longitudinal Average linear Longitudinal dispersion
(m) withdrawal-volume increment dispersivity(m) velocity(m/sec) coefficient(m?/sec)

TW-1 029 2.44 0.2873 1.79x107° 514 x107°

TW-2 ' 1.43 0.1849 328x 107 6.06 x 107
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