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AQUIFER DIFFUSIVITY DETERMINATION
FROM AQUIFER RESPONSES TO THE RIVER STAGE
FLUCTUATIONS IN A MANGYEONG-RIVER FLOODPLAIN

A convolution equation for the flood wave response model was used to estimate aquifer dif-
fusivities using the ground water levels of the selected well in a Mangyeong-river floodplain.
Ground water levels of no rainfall periods showing high correlations with the river stages near the
river were used as inputs of the flood wave, in which uncertain riverbed leakance and possible
rainfall recharge can be neglected. Pumping test can provide a local property of the aquifer, but
flood wave response technique become a good tool in a sense that the overall aquifer diffusivity
related with hydraulic interaction of a river-aquifer system can be estimated. The flood wave re-
sponse technique proposed in this study can be effective when the response peaks by flood waves
are clearly defined, and the observed ground water heads are highly correlated with the river stage
fluctuations.

CBepToyHOE ypaBHEHHE JUISi MOJENIM YPOBHS MABOJKOBOW BOJBI OBUIO MCITOIB30BAHO LIS
oleHKH Kod(puimeHTa 1upPpy3un BOJOHOCHOTO IOPU30HTA C MPUBSI3KONW K YPOBHSM TPYHTOBOW
BOIBI B MoOHMe p.MaHTIHOHTr. YPOBHUM TPYHTOBOH BOJBI B HEPHOIBI OTCYTCTBUSI aTMOC(EpPHBIX
0Ca/IKOB, JIEMOHCTPUPYIOIIE BEICOKHE JaHHBIE KOPPEISIIMY C YPOBHEM BOAOTOKA, OBLIM HCIIOJNb-
30BaHbl B Ka4eCTBE BBOJHBIX JAHHBIX I10 YPOBHIO MAaBOAKOBOM BOABI, MPHU KOTOPBIX MOXHO IIpe-
HeOpedb HENMOAMAIONIMMUCS OIPEICICHUI0 YPOBHIMHU YTEUKH Yepe3 PYCIIO PEKH U YPOBHIMH I10-
TIOJTHEHHMS TIOJI3EMHBIX BOJ 33 CYET aTMOC(EpHBIX ocaikoB. [IpoOHOe OTkauMBaHHE MOXET NaTh
JITaHHBIE T10 JIOKAJIBHBIM CBOWCTBAM BOJOHOCHOI'O CJIOS, B TO BpeMs KaK METOJUKa M3MEpEeHUS
YPOBHSI MABOJKOBOW BOJBI SIBJISIETCS OTJIUYHBIM CPEJCTBOM C TOYKH 3PEHHUSI OLEHKU OOLIETro KO-
s¢pdumenta qudy3un BOZOHOCHOTO TOPH30HTA, CBSI3aHHOTO C TUAPABIMYECKUM B3aUMOJIEHCT-
BHEM CHUCTEMbI peKa — BOJOHOCHBIM cinoil. Metoanka u3MepeHHs ypOBHS NaBOJKOBOM BOJBI,
npejiaraeMasi B HaCTOSAIIEH CTaThe, MOXKET ObITh A(PEKTUBHO MCIIONH30BAHA B TEX CIydasX, KO-
IJla €CThb BO3MOXKHOCTh YETKO OIPEIEIUTh MUKOBbIE YPOBHH MAaBOAKOBOM BOJBI, a HaOI0aeMoOe
THIPOCTaTUUECKOE AABJICHUE ITOI3EMHBIX BOJ UMEET YETKYIO KOPPEISIHIO C KOJIeOaHUsIMH YPOB-
HS BOJBI B PEKe.

INTRODUCTION

Under suitable field conditions, it is possi-
ble to calculate the aquifer diffusivity, i.e. the
ratio of transmissivity to storage coefficient, of
alluvial aquifers by analyzing their response to
river stage fluctuations, which is known as the
flood wave response technique (Pinder et al.,
1969; Hall and Moench, 1972; Jha et al., 2004).
In this approach, an analytical model relating
the river stage to groundwater level is used.
The advantages of this approach are that by
using simple equations, reasonably accurate
estimates of parameter values could be made,
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which are cost effective and less time-consuming
compared with other methods.

STUDY SITE

The site for this study is a floodplain of
the Mangyeong River located in the western
part of the Korean Peninsula. Various agricul-
tural activities related with rice farming and
greenhouse cultivation are being practiced as
the fertility of the soil has been maintained
thanks to the frequent floods (Fig.1). Figure 2
shows the locations of the developed wells.
Most of the developed wells yielded ground
water in gravel and sand (GS) layer that can be
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thought to be the main aquifer in the site. The
thickness of the GS layer ranges from 4,0 to
6,7 m, and the average thickness of the layer is
5,7 m. Completely weathered zone (WZ) layer
which comes from granite bedrock is distrib-
uted under the GS layer. The thickness of WZ
layer ranges from 6,2 to 16,0 m, and the aver-
age thickness of the layer is 11,3 m. The aver-
age thickness of alluvium on study site is
23,8 m.

Ground water levels and stream stages are
monitored using an automatic water level de-
vice from 14 July, 2004 to 29 December, 2005.
A gate 7,1 km downstream from the study site
opens and shuts for flood controls and sustain-
able supply of irrigation water by preventing
salt water upcoming. Since the periodic
components by the gate operations and tidal
effects are dominant on the study site, periodic
components are shown in the river stage
records, and the river stages have just weak
correlation with rainfall.

The ground water levels of the wells dis-
tant from the river are higher than those of the
wells adjacent to the river in low river stage
periods. On the contrary, the situations are
frequently reversed in high river stage periods.
The ground water level fluctuations show little
correlation with rainfall, but good correlation
with river stages. The correlation coefficients
of the ground water levels of the wells (B2, B3,
BS5, Al, and C wells) adjacent to the river are
higher than those (B1, B4, B6, A2 and El
wells) distant from the river. The ground water
level fluctuations near the river indicate high
correlation coefficient to one another, as these
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Fig.2. Location of the monitoring wells

are directly influenced by the river stage
fluctuations together.

METHOD

The analytical solution used in this study
is based on convolution theorem and impulse
response functions(Pinder et al, 1969). The
stage hydrograph is approximated by a series of
discrete steps. In a semi-infinite homogeneous
isotropic confined aquifer, the influence of each
increment in river stage on the head may be
found by solving the following set of equations:

0°h 1 0h
— == (1)
ox o Ot
0 hen <0
h(0,1) = e (1a)
AH, when t>0;
Oh(oo,t) _0: (1b)
Oox
h(x,0)=0, 0<x<o, (1c)

where /4 is the change in hydraulic head [L], a
is the diffusivity, ratio of transmissivity to coef-
ficient of storage, [L*/T], and AH, is the in-
stantaneous rise of stage at time ¢ =mAr where
m is an integer. The solution to this problem is
available from the analogous problem in heat
flow (Carslaw and Jaeger, 1959, p.305). This
solution may be written with some changes in
notation as

X

2Jar

Since Eq.l is linear, the change in ground
water head is given by summing the values of

Ah,, = AH ,erfc
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Fig.3. Hydrograph matching, (a) B3-B4(GS), (b) B5-B6(WZ)

Ah, computed for each AH,, over the period
(p—m)At , and we can write

p p
> Ah, = > AH, {erfc
2Jp—-m

m=1
X

v oAt ’

where h, is the head at a distance x from the

u=

3)

river at time pAf, pAt is the total time since

the beginning period of analysis, where p is the
number of time intervals.

The substitution of groundwater level for
river stage is required so that the relationship
between a observation well near the river and a
distant well more closely approximates the
theoretical conditions of the Eq.3. The
substitution of the groundwater levels of a
monitoring well near the river also eliminates
the effects of possibly lower hydraulic
conductivity of the riverbed.

RESULTS AND DISCUSSION

A lot of flood waves are identified during
the observation periods, and ground water
levels of the well adjacent to the river (B2, B3
and B5 wells) show a strong correlation with
the river stage fluctuations. Eq.3 basically is
one dimensional, and the flood wave of the
river stage propagates perpendicularly from the
river. Then, two pairs of the analyzed ground
water levels are those in GS and WZ layers of
the B3 and B4 wells, BS and B6 wells. When
the ground water levels of B4 is the target of
calibration, B3 ground water level is used to be
a substitute of the river stage. In case of B6, the
ground water level of B5 will be a substitute of
the river stage. The distance between B3 and
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B4 is 282 m, and the distance between B5 and
B6is 320 m.

Hydrograph was matched on the rising
limb and peak arrival time, and the root mean
square errors between calculated and observed
ground water levels were minimized. Table 1
shows the results of application of flood wave
response technique using Eq.3.

Table 1. Aquifer diffusivities estimated by the flood wave
response model

Aquifer
Input | Output Analysis period diffusivity
(m?/hr)
B5(10) | B6(11) | 9 Dec. — 10 Dec. 2004 36,559
10 Dec. — 11 Dec. 2004 38,194
13 Dec. — 14 Dec. 2004 39,627
6 Dec. — 21 Dec. 2004 37,584
B5(30) | B6(27) | 27 Aug. — 28 Aug. 2004 25,409
30 Aug. — 3 Sep. 2004 33,573
13 Sep. — 21 Sep. 2004 39,902
B3(11) | B4(14) | 27 Aug. — 28 Aug. 2004 7,063

Figure 3 shows the hydrograph matching
the calculated ground water level response to
the observed ground water level for each well.
As shown in figure 3, the matching of the two
successive flood waves or long term ground
water levels was poor. This may be because
irrigation and local pumping for the agricultural
activity of greenhouse, or rice farming can
influence the ground water level changes. Other
factors that the matching of the calculated and
observed ground water levels come from the
inherent assumptions of Eq.3. The best
hydrograph matches can be produced when the
assumption of constant transmissivity for the
aquifer was satisfied.
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