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The applied model for this study area is WINFLOW using finite element method, It is thought that the
simulation result by WINFLOW model under the steady flow state reflects well the ground water distribution
within the reliability level which shows the error range of 1.1% to 8.0% from the comparison between the
computed values and the observed, and analyzed that the constant head distribution is shown along the east-west
direction and gentle and stable head gradient along the north-south direction. Ground water of the study area
shows stable movement from the south to the stream area, and the particle trace for each location shows
relatively linear shape from the upstream to the pumping location while the radius of influence according to the
pumping amount shows a significant difference at the down stream area from the pumping location. The
simultaneous pumping from P and Pl shows more complicated appearance, not the increase of the radius of
influence than pumping from a single well P or Pl, and it is analyzed that the particle path takes nearly linear
form. It is known that the flow direction of the ground water and the velocity of the flow affect on the
magnitude of the radius of influence of the wells from the fact that the more decreasing pattern of the ground
water head is observed at the side of the well and the down stream area than the upstream area when the
ground water moves from south to north regarding the radius of influence according to the pumping amount.

Satisfactory results in analyses of ground water movement are obtained through the significant reduction of the
physical uncertainties in the flow system as well as the relatively convenient model application using WINFLOW
model which is proposed in this study.

Key words : Groundwater flow, WINFLOW, Radius of influence
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Fig. 1. Flow diagram of WINFLOW model.
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Table 1. Choice of WINFLOW solution strategy parameters

TYPE WINFLOW PARAMETERS
OF SOLUTION LINEAR STEADY DT AIPHA TOL MAXIT NSYS
* Linear(ized) T T - - - Default 5% -
Steady « Modified F T - - small  Default 5" 999
state nonlinear
» Nonlinear F T - - small  Default 5 1,2 -
« Linear(ized) T F  Physically 05~10 - Default 5V -
based
- Quasi- F F Physically 05~10  Very  Default 3" 1 or 99
linearized based large
Unsteady * Modified F F  Physically 05~10  small  Default 5" 999
nonlinear based
- Nonlinear F F  Physically 05~10  small  Default 3" 1,2 -
., based
- Nonlinear & F? F  Physically 10% small  Should be 1,2 -
Change of status based larger than 5

¥ (1) Tterations can occur during linear(ized) solutions when
leakage fluxes are modified

rising water nodes are activated or 3rd-type

(2) If a change of status is anticipated, this version of Winflow requires LINEAR.FALSE. and ALPHA=1.0.

Critical time steps probably depend on the confined aquifer storativity, S = S.B
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Table 2. Meteorological data of study area
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Fig. 2. Numerical map of study area.
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Fig. 3. Geological distribution of study area.

Table 3. Characteristics of each well (Unit : m)
Well No. P P1 P2 P3 P4
Elevation 185.000 186.949 186.341 182.994 183.024

Stable W.L.(EL.) 182.050 183.557 183.458 180.992 180.871
From P Station
(Height Difference) 0.000 1.949 1.341 -2.006 -1.976
From P Station X 582 150.2 129.3 425
(Distance Difference) Y 793 836 1305 1437
* P Station : 3HP, Pumping Q=5m'/hr, P1 Station : 1HP, Pumping Q=1.5m'/hr
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Fig. 6. Variable distribution of water level drawdown.

Table 4. Observed data of study area

Pumping date @ 9. 14. (P : Q=5m'/hr, P1 : Q=1m'/hr)

Dist. Time Pumping Quantity Remark
No. Start End

1 2002, 1. 14. AM 10:00 L. 15 AM 09:30 P, Q = 5m/hr

2 2002. 2. 17. AM 1200 2. 18 AM 1100 P, Q = 5m/hr

3 2002. 3. 15. AM 11:30 3. 16. AM 10:00 P, Q = 5mi/hr

4 2002. 4. 5. AM 09:00 4 6. AM 1130 P, Q= dm/hr

5 2002, 4. 19. AM 10:00 4,20 AM 11:00 P, Q- 4w/

6 2002. 5. 18 AM 07:30 5. 19. PM 1200 P, Q= dm/hr

7 2002 5. 26. AM 10:30 5. 27. PM 12:00 Q- Amr | The Same Time

8 2002. 7. 16. AM 09:00 7.17. AM 11:00 P Q=dmhr | 1ye Same Time
PlL, Q = 1lm/hr

9 2002, 9. 14. AM 10:00 9. 15. PM 1200 S o/ | The Same Time
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Table 5. Comparison of observation and analysis values

(Unit : EL. m)
Dist. |Observation| Analysis Statistical Values
wel N~ | GWL | GWL
P 18205 18220 | Residual Mean = -0.0280
Pl 18356 18359 | Residual Standard Dev.
= 00738
P2 18346 18344 | Residual Sum of Squares
= 0.0312
P3 180.99 18092 | Absolute Residual Mean
= 0.0631
P4 180.87 18092 | Res. Std. Dev. / Range
= 0.0275

RSy
%
\’Q KA
SN %
%9

%

SRS
AL
S
5
@'0
0‘0
R

s

A R SRR
SRS A o

Fig. 7. Potential distribution of groundwater.
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Fig. 8. Distribution of velocity vector(Steady State).
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Fig. 9. Groundwater level distribution from unsteady
state(Well, P).
(Pumping 5m’/hr, After 24 hour)

Fig. 10. Groundwater level distribution from unsteady
state(Well, P1).
(Pumping 1m'/hr, After 24 hour)

Fig. 11. Groundwater level distribution from unsteady
state(Well, P & P1).
(Pumping 5m'/hr & 1m'/hr, After 24 hour)
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Fig. 12. Particle tracer of well(P : Pumping 5m’/hr,
After24 hour).
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Table 6. Relation of observed values and computed
values(Steady state)
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HE Ao} zt Byol me} ALdE AsrTee] & (Unit : EL. m)
R B.8 o ~ o] Ho= N
Z}—"fg(_E'P)L 0.011) 0'080‘_4_ 89S %E}LH%C}' Dist. ObservedTComputed Relative R K
TR Ao glo] A=A AWAZ 7 (o Nowo | Head head | Error (%) { emar
=2 3ol 1= S J o 2
2 Aol g uEhia glE Ade pAdesM o3 p 18206 | 18220 | 0080 | Max
g g 0089 & YUEPARL, 71 HE Aol T me T oo T
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oa) AAE ANAG B eAF uuy 2 P3| 18099 | 18092 | 0039 -
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Table 7. Relation of observed values and computed values(Unsteady state)
(Unit : EL. m)
Pump. Well P Pl P &Pl
Remark
Well No. Obser. | Compu. | Resid. | Obser. | Compu. | Resid. | Obser. | Compu. | Resid.
P2 18346 | 18351 | -0.05 | 18346 | 18336 | 010 | 18346 | 18330 | 0.14 -
P3 180.99 | 180.86 013 180.99 | 180.87 0.12 180.99 | 180.80 0.19 -
P4 180.87 | 18075 | 012 | 18087 | 180.86 | 0.01 180.87 | 18067 | 020 -
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(Well : P).

. 17. Groundwater level variation for pumpage
(Well : P & PD).
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Fig. 16. Groundwater level variation for pumpage
(Well : P1).
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