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Analysis of Aquifer Test Data in Fractured Aquifers and the Application of
the Generalized Radial Flow

Hyeonjeong Seong, Yongje Kim, Chul-Woo Lee, Kue-Young Kim and Nam-Chil Woo

IKorea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea
Dept. of Earth System Sciences, Yonsei University, Seoul 120-749, Korea

Data from 122 pumping tests were obtained from 100 boreholes in granites, volcanic rocks, metamorphic rocks,
and Cretaceous and Tertiary sedimentary rocks, and then were analyzed using AQTESOLV. Results from 86 of the
122 tests (71%) have an analytical solution corresponding to Theis (1935), Cooper-Jacob (1946), Papadopulos-Coo-
per (1967), Hantush (1962), Moench (1985), or Hantush-Jacob (1955), whereas the remaining 36 results (29.5%) do
not correspond to any of the analytical methods. Of the 86 results, only 17 match the Theis and Cooper-Jacob
methods, indicating that the basic methods for pumping test analysis are useful for only 14% of the total data. This
suggests that analytical solutions derived using leaky boundary conditions are appropriate for the analysis of pump-
ing test data in fractured aquifers in this study. Furthermore, the results show the importance of carefully selecting
an appropriate model for the analysis of pumping test data. Results from the 122 pumping tests were also analyzed
using the GRF model. Using the Barker method, the results show that 77 of the 122 tests (63%) have dimensions
ranging between 1.1-2.9. Of these 77 solutions, 39(44.2%) have a fractional dimension of 1.1-1.9, 26(6.5%) show
2-dimensional radial flow also applicable to the Theis method, and 38(49.3%) have dimensions of 2.1-2.9. The
results show that groundwater flows according to a fractional flow dimension in fractured aquifers.

Key words : fractured aquifer, analytical solution, generalized radial flow (GRF model), fractional flow dimension
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Fig. 1. A simplified geologic map and the locations of
boreholes in the study area (1:Gneiss, 2: Granite, 3:
Volcanic rock & Sedimentary rock, 4: Borehole).
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Leaky; Papadopulos-Cooper, 1967(Large Diameter);
Hantush-Jacob, 1955(no storage in aquitard)-Leaky;
Hantush, 1962a,b(Wedge-Shaped Aquifer))= ©]-8-51]
FrAl AR o3t FEehite] FRIEAE s e

GRFEHS ol§3l] 4% Aol 452 B4 saek,
3. ti=BAIE A=siMe| Hid

3.1. iy efd

Ee] B2 ogg viFoh) s E wlet £
3}, o] Zhe mide] EXAo] A3l B4 Ee 2
Aty 79 usislug tests) B UFAIE
(pumping tests)S HANA heFol £ EA
(hydraulic propertyys 73}71 9siA gl A==
FEAlgot), YFAEL dutdoz gl B oA



FEIN PAEAE Shsh Qi WAV fERDe) A8y @7 179

ST N ol TN eHUEE S8
FrEATDS AFAFO) @3 22 sINdT
(hydraulic parameter)& 2F33171 3l 3=t

FEAES B3l oS TeldrE ] A
e 8 2d g 7 si4al7F Theis(1935)0 <3l
ol24 wij7o] FHE o|F WS FAEd ofs] WA
o o, YEE d3d 535S 7HE Aot
(Cooper and Jacob, 1946; Neuman, 1975; among
many others). YRF 02 FHM O3 Fal)],
g% 9 FHEUE &2 7 Uck(Verwei), 1995). &
e dgAEE g 5 glon odt tirsel
Aol FEINY ML 7o) B e e 25T
Aoz shgsich ze A8t tige A4 71
£9] e A B2 7FIEC] AT &2
o o|2 Q] FEIAE AR sl oz Ho] Slrh
olgjgt ¥AHS 1 F3}17] 913l Barker(1988)= it
WAPY 58529 (Generalized Radial Flow Mode)& %
3 HIAFAR oiek Xek 55 ARIEkAT

o] Ao} zho] FHUE ol FPgt A
PoaRE & AFE M & o /P F8
3 AL I dieF MERd dFolrt Rl
S ofBA AAsbl] wet M) 52 el '
ZHA7] wjEolct. AUt thrdol gt Ady =
d25 34 w3, o]FFFEd(dual porosity
system), F-2ld@W Ed(discrete fracture network)
o] uth ol&L il B A (heterogeneity)S
vehdls walo] xjol7t o, olFF=Edoly £
LR FIW A f5S 2k E24
Aol 7 2o 4 ke el de v d
Aol AE3| 2H3)] of@ #Eo) vig gt A
BE YJEAFE s gFe] ok oM B A
S A A5k f-ael dak= v o A
2¥e Ay UrkBerkowitz ef al., 1988). E&,
wEUN gk ohd wiE Hae o 7R A

A=}
23S VRN o] KA o)2F AAZAL

#4E9 E1x, W3k, #FE, d7EH FE BAS
thBerkowitz ¢ al., 1988; Gernand and Heidtman,
1997).
e AR Whge g Fuek
RARdE, AA - R,
suiH - FAF o2 FREHCH ARAJEHS] e
= AFH 455 d9daEd iz Jehdy o
- TR AdsE HguieEd gt
Z9] = vkl o] AoA] FAalgol #8353
Al HgF- TR sldsiEA AdirEd ¢
FHYUFE AE T3z oledrt. siasie] oy
& BRaok) Jpd Y] £5E Table 194 7.

3.2, meftis=&olAMel siAs]

o] dellMe AYthrEe] A= Theis(1935)4,
Cooper-Jacob(1946)2, Papadopulos-Cooper(1967), =
22 ¥7)1H e H43(Wedge-Shaped Aquifer)l| ]
Hantush(19624, b)e] 143 & «-8-st%ch

53] FEdTE AEI] 93 FHAEAE
FAeo] ol &= 7P 71EFH olBon, FHpNTE
el AR o3t =978t Eaol Azt Hx29 ¢
ShEQ) 2492 Theis(1935)9 2l =T} )
oA AskE A5E sl AFHE FFHITE T2
ool ZatElo] k. mEhA el M
FFAEE AN A FRAIERAR S 22
o=z A tFd uA tfZe FE ke
Theis(1935)20]v}  Cooper-Jacoh(1946)2]-S o] &35}
ek 2y FEeht g A 71Ee] s
AN ATk B 7FIEe] JFIA ger ol
s FElA g AR sie] ozl Hol Ut AA=
RINFHNN FFAEE AAE 7 Theisd] =31
W3t Jacobe] Ao M7t e A9t
5% BAS. o] Y9l Theis7t 7S U553
a4E gutelMe] dirF 540 tE7] mEo)rh
Papadopulos-Cooper?] 3= tlseZo] w|ebdeislol 2l

Table 1. Selected conceptual models for interpreting pumping test data.

Flow Aquifer  Aquitard  Aquitard Well

Partial well ~ Anisotropic

condition type leakage storage storage  penetration  properties Reference

Transient  Confined No No No No No Theis(1935)

Transient Confined Yes No No No No Hantush and Jacob (1955)
Transient Confined Yes Yes No No No Hantush (1964)

Transient Confined No No No Yes Yes Hantush (1964)

Transient Confined Yes No No Yes Yes Hantush (1964)

Transient Confined No No Yes No No Papadopuos and Cooper (1967)
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Table 2. Distribution of solutions.
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Bedrock types
Number . - :
Solutions . Volcanic ~ Metamorphic Neogene Cretaceous
of data Granite . :
rock rock sedimentary rock sedimentary rock
25 Hantush-Jacob(Leaky) 17 2 2 1 3
17 Theis 6 2 5 1 3
Moench
16 (constant-boundary)Leaky 6 4 ! ! ) 74 o
12 Moench (no flow boundary)Leaky 4 1 ) 2 - B 5 _
5 Papadopulos-Cooper 1 - 4 - -
Hantush
H (Wedge-Shaped Aquifer) 8 ! ! ! -
36 Disagreement 22 5 2 3 4
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Fig. 2. An example of displacement-time curve showing a
good agreement with Theis solution in Sangju area.

T g

Sledal einjis

(a)

e Az FrRrEe] 14%2 1709 A8+ YR8t
o, e dtia32] Moench(1985)2] dj4ls] & 74
G 734 (constant-boundary)el 73-¢ 16702 =}E<2
131%E 2o, F5E ZA(no flow boundaryy= 12
7hel 228l 9.8%, Papadopulos-Cooper(1967)2] &}41
3= 5709 A5 4.1%, Hantush (1962ab)y= 11702
A& 9%7F ATt Sds] F rdEg aegt
WHEE A AR F 53] REEQ] 43%E e
et o] Al SMEIES B3l YA AEE
AAEIEE o T 2 AARAS 22 g Eol

ol Ueksih.

2. &AE 2o gt SaiMeliel EX
Ao} Axsl= 8ol AIE F 40.4%9) SRS}
= 36/f9] A&7t E5siAEE et Table 3). 4

Table 3. Examples of duplication check with solutions.

Solutions Number of
data
Theis and Hantush-Jacob 5
"~ Papadopulos-Cooperand 5 o
Moench(constant-boundary)-Leaky
Hé.ﬂtﬁsh(Wedgé;shéped aquifer) and 23
Hantush-Jacob(Leaky)
~ Theisand . '
Moench(constant-boundary)-Leaky
T " Theisand T ]' o
Moench(no flow boundary)Leaky
e 3

Hantush(Wedge-shaped aquifer)

i ‘“I.‘{éntliéwli(Wédge-shape& é(iuifer) and
Moench(constant-boundary)-Leaky

[ SREOFERIP YL SR UT] F NI G SO
e e

(b)

Fig. 3. An example of displacement-time curve showing (a) an inconsistency with Theis solution and (b) a good agreement

with Moench solution in Echeon area.
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Fig. 4. An example showing a duplication with two different solutions in Yangyang area (a) Hantush(Wedge-shaped
aquifer) solution and (b) Hantush-Jacob(Leaky) solution,

Table 4. Transmissivity estimates from pumping tests (T is in m/day).

Statistics Pumping Test
Hantush (Wedge-shaped aquifer) Hantush-Jacob (Leaky aquifer)

Number of data 23
Geometric mean T 1.27 1.41
Average In T 0.2404 0.3411
Minimun In T -3.892 -1.589
Maximum In T 1.7157 1.7155
Standard deviation of [n T 1.177t 0.8673
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Fig. 5. Incomplete gamma funtion of the GRF model
(Barker, 1988).

Table 5. Determined using Barker model.

Dimension Number of data Percents (%)
1.1-1.9 34 44.2
2 5 6.5
2.1-29 38 493
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=20
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Fig. 6. Barker GRF model applied to the abstraction borehole in (a) Yulam area, yielding a flow dimension of 2.0 and (b) in

Pohang area, showing an inconsistency with the model.
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(a) Low-dimension

(b) High-dimension

Fig. 7. Schematic presentation of change of flow dimension.
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