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Estimation of Hydraulic Parameters of a Fractured Rock Aquifer
Using Derivative Analysis
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’Environment Division, Korea Rural Community Coporation

ABSTRACT

Derivative analysis, based on the derivative of the drawdown as a function of time (i.e., rate of drawdown change), was
applied to the evaluation of hydraulic parameters of the aquifer as an aid of the aquifer test interpretation based on the
Theis solutions. Pumping tests were conducted at a coastal fractured aquifer in Muan county, Korea, of which the
drawdown data, measured at the two observation wells, were used for derivative analysis. Wellbore storage and transition
period were hard to identify at conventional log-log and semi long plots, but was easily recognized by distinctive curves of
positive unit slope, hump and negative unit slope in the derivative plot. For the observation well of OW-2 at which
wellbore storage and transition lasted over an hour, conventional aquifer analysis would suffer from the uniqueness
problems and in further result in erroneous hydraulic parameters. Derivative analysis was found to be effective for
distinguishing the drawdown data directly reflecting the aquifer property from those reflecting non aquifer effects such as
wellbore storage and transition, which offers a unified methodology to yield correct hydraulic parameters from aquifer test data.

Key words : Aquifer test, Derivative analysis, Hydraulic parameter, Uniqueness problem, Wellbore storage

LA B

5] efsd 544 7l Qlo] 7R 71Ee]
A U AIdS Fl vl sk miviese,
FEER 9 AFATE A Aottt A8
o] ePdeiAtR = tiase] SAduRto] ohut #A
F(wellbore storage) &3}9} FHEgo] =wA e}
2 = A= AA @3 (boundary effect) & TFISF &3}
7} 3| wredElo] UERdTE. mebA tige] E/gnto] v
Fulo] Uehe epdst 71s AdelekA] o= e §-
At eleh wizat g 4 dok webA o
T35 BAS wdshe ks metele] SejuisiviarE
sl e i FEIE WrlelA o vk 5
23 FEolot

L
L

=
=

*Corresponding author : iwyeo@chonnam.ac.kr

L3954 :2010.8.26 AR :2010.8.31
o] 1l E9] :2011.2.28 74

46

O3] el miisE A783H7] $18le] Theis,
Cooper and Jacob, Neuman Wi Fo] o]-&Fi St}
SAYE Neuman 2 Theis WH2 & tlg=(log-log) ¥+
I8 o83l 93 A8E v A (matching)sl?] WiE
o, A7ARHES FYE d7Alet ) ik
TRl wet Aeldt el AEEE YA
(uniqueness)?] TAIE WEs|aL ot &S Ul5e] &
‘gute] HigE= FePdst 71ks Fopl7] 4] ot vt
Holl, H g (semi-log) EF FAS ©-83k= Cooper
and Jacob WS AAT7ES ol83ste] FEui/ETE
AEs] whizel], diiEes fdAY FAE =Y
= o] Ak sARE 274 o) e Fdo] yehk= A
5, od Ad pRhe delsle] FeuiEsE AREslor
sh=Aloll thgh ZA1-e] EAIgH(Samani et al., 2006).

A :2010.11. 16



s

M
tlo

J
=

ol theh Bt Felst 2ieh] B71E fleixie o
23 7Y (uniqueness) A1 HAast & Ha7) ok
HE5 e FX (derivative analysisy A7t }Oﬂ o3t =73
sol 1 Flie R £7HQ) S91ekEe ARleie &
Aphgloltt. mep vlee] ARl gk S5eh Akl
A sersr) olele WAAT R 271 msfel A w
= duFoE gGA Fol ¥ F = WHo Tk Bourdet
et al, 1983a, b, 1989; Beauheim and Pickens, 1986;
Ehlig-Economides, 1988; Horne, 1995). 3k = A]
ARV FePdslge JaRbgol] wolgel webA ThiA
e et B4 SJEapA HEE wEd B

& WE 38 el WskE siMsked vhe 83,
HEF B4 EH—’F’E A 2] REAQ ko 24

o] Ao o8] AVNEIFATH(Karasaki et al., 1988;
Spane and Wurstner, 1993;
1996), 528} Foplds de) olgwA] gk ek,
B Aot WEY B4 olg3le] el An
F WHAT A3t 5 oo 4] ofd i o
Bel S wiadsis 708 Pslel urk Ak o
Zo| Sejsta apiukeE ASstad S B3 < o)
- 3 A e :LEHE—EE— olgshz 71T WHEY U4
BASE FRREE A5l o] BT 5 e O
2238} saAt S,

Kevin and Laurence,

2. HEY EA(Derivative Analysis)

P AT ulst Lol FelgeAEels U, B
A, 22, ) ek e e Feld ggel wE
Z3slo] ehlr] tiRel, tiige) S4e] Higss 7
& Zh= Zlo] offth Theis WAAS 7[R0 k=
US SPHES old S5 Sele JejEe
el gl 7P olgie) s vhge) 42)
WSS ek dl glol eRTh WA o,
g it the e lE 2 49 ¥
A AT FRse] Sl oleld BARE B 9
3] Karasaki et al.(1988), Spane and Wurstner(1993)=
57 224 (derivative analysisyS X183

HEE B4 AREske] 1) viEeE Ve
ARYePEeE o w wetslr] ofelR wAIRE 49
shE gotd ¢ Sle AHol it g Al AREE
stFHAWAYS: FERPFo] Yol weby whiA o
= el 54 B FeiREeE Al A sk
B ] sk e R vis 55 e WiskE

o1§3t Shlti el SelsA v aS A a7

et 4= ok, weba] A9 Aksel gk WE
= o83l el Sty A &
A A4 gle gAFEY 7S T 5 Qo
(Fig. 1), 59] SAT] Ueh s 77kl 5 34
& oigsIo] S S0 2 R4 #A
£ FHast A Aok
HEFE ol 2l(1) 2] A8t A=e] W
2 BAo A=slaa) she A /S (before/after) A17F
_g] 978 e 98 o)83le] ARRITHMceConnell,
1992).

A _
dt

dh | —
i d(Inr)|;

(s ) Gt ©

ikl

A7 ¢, livjy li- tiope 27 Akt ske e AL
tHTE S(after)e] A7, Rl A (before) /\]7]'0 hiy
hivjy hiop= ZACANN i) li- ti el ABleloltt. =, 24
(1) ARk} Ao vlat S:9735ke) 712717} B,

Fig. 1> =52 EA7 74 24 wE o]el
IS WEFS AT 2RItk the 2 WA
Z7e] wetr B A F(wellbore storage), =7
(transition) 7%k, WAPS &5 %L, A &3} 5o] Y
Witk olefe BUE FRRe) LA FUE % o
G W O0R Tjolo] oldA, WEF S 4
£3j0] <09 Sopaste) WskE BAFORA sefol

7hFsslth. WEE EAe AR mE Asle]o] WalE
Uehy 7] Hva—Oﬂ, W5 aF 3 (derivative curve)®] s}
= AL FEEY EY fol 9 F=te A

ojuleh, sfakeh= ke 2] f9del
Aol FL AG7HA] 0] ¥
HEF el 2706l el e 71%7l(unit slope)=
Uehbe e #gAFaARRA, I 2716 BN
Eo| 23] WAEA g0l A 424_& Aefre] &
Hol YL oA 7] whiEel] dofu= Ae= i
o] 5 gskA et wARET S 99 Ve

ABS 5214
2o oujgic.

719} tlEo] wiEs Folx 5AAA “AY (hump) S
sl UiH, o] Yo AEARK} A7 FAFY A

=9 Rfshl wddd. o] A9l 1 o)l o &
Q717 AAE Fer] FreEA BHAFS Tio]
tlgel 585 wkgsiAl @2 kbl Ak Fig. 1914
Ko, T AREAEE A= of2dt BPAF
o} FHE=7] FRYe] oHA] AREET oftix EuleA] 2

J. Soil & Groundwater Env. Vol. 15(6), p. 46~52, 2010



48 bral B

Confined-Infinite

*
“smusmnnm:

Log Drawdown =——-Jp-

Unconfined-Infinite

evmEEER

Constant Head Boundary

Log Drawdown ————-Jp-

e, »*" Infinite -
Infinite - Acting Crane Acting
e Ve S e —r
" Wellbore
Wellbore Radial Radial
storage Fl slorade
ow Flow
Confined- Confined-

No-Flow Boundary

Boundary

Boundary .
“¢ — *s SeREAN
‘--n--. *ennnnn®
.‘
Infinite - % Infinite -
Acting % Actin
] '.“ ey 9
Wellbore . - Wellbore .
Radial Radial
storage Elow storage Flow
Log Time ——3» LogTime —»

= \Nater-Level Response

Derivative Response

Fig. 1. Characteristic log-log drawdown and derivative plots for various hydrogeologic formation and boundary conditions (from Spane

and Wurstner, 1993).

Sy T ol WEF Aol 417 Mokl 4
oIt
PRAT 7] 771 o]

ek, o] T A7kl

Let WAV BE T Uehdeh AR 550
ER= F7t] Theisian o= a4 359 71E714L ot
E3le Tl o TM] U] 1% 54

sh= T710] Bk, & $5TI0) ek} AksE
et oo B40 0 5 vk
Bl FelE AL ZASE 3%, P A

T 735 dambgel Aak wolAtt o] ZBAE wh
Ao}, mebd &3] WsH JHM F7(late stagey= T
T e AASES sk B-bEdt Fig 19
F: o) T} o], Tl 5] 71E7IE Hele A

J. Soil & Groundwater Env. Vol. 15(6), p. 46~52, 2010

2 FE gk Al =esl] B0 o] Y
oS ou]gitt. IR Fig. 19] REZF ofzff 19
¥} o], AR} MM o] 71E7E Hole AL
FEgo] BRG Al EEsle] B9 f9le] 98
314 e 789 YERdth(Philippe et al., 2008). ©|9F 2
o] WEEF w4 v A wiiwgs AEiTto]
ole} tire] S8)3 AR A gsiAl 2



kb

I~=

Sz el w212

49

Explanation
® pumping well

O observation well

I paddy field

—— residential house,
construction office,
restaurant

il field

Yellow Sea

Fig. 2. Diagrams of location and surroundings of the study area of Muan.
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