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Current Situation and Problems in Applying Groundwater
Flow Models to EIAs in Korea
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Abstract : This work was initiated to investigate current situation and problems in applying groundwater-related models
for various kinds of environmental impact assessment in Korea, and therefore. to enhance appropriate application in the
future. This study was carried out with 544 and 16 documents of EIA (Environmental Impact Assessment, Law of
Environmental Impact Assessment) and Mineral-Water EIA (*the environmental impact investigation for mineral water
developments™'; Law of Drinking Water Management). respectively. It was revealed that there were considerably many
cases which may cause serious impacts on subsurface environments in EIA. However, none applied groundwater mod-
els. Generally, the influences on subsurface system were underestimated or even ignored in EIA. For Mineral-Water
EIA. groundwater models were applied. in general. But. numerous and serious problems were noted: limited number of
calibration parameters and parameter types. setting boundary conditions without adequate bases, recharge rates several
times higher than precipitation rates. numerically unstable results. etc. Such kinds of misusages seem to be caused by
modelers lacking in professional knowledges. To solve the problems revealed from this study. more systematic re-edu-

cation programs are suggested.
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1. Lanadfilt, Water Treatment
/Waste incineration Plant
2. Road/Railroad (41.5%)
3. Incustrial Area (7.9%)
4. Athletic Facility, Resort Area,
Forest Development (11.8 %)
5. Port Construction,
Ocean Development (8.3%.
6. Water Resources,
Stream Utilization (0.7%;
7. Urban Development (17.1%;
8. Energy Development (3.5 %)
9. Military Facility {1.5%)
10. Mining (0.6%)

11. Airport (0.7%)

Figure 1. Project types of EIAs based on the documents submitted to
Korea Environmental Institute for about a year during Sep. 8. 1997 to

Energy Development), =¥ A"d(1.5%:; Military Facility), %  Aug. 31, 1998.
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Table 1. Survey results for the EIA documents submitted to Korea Environment Institute from Sep. 8th, 1997 to Aug. 31st. 1998.

No. of cases among the main EIA reports

Development type Total Main Showin G d Landfill i Is
Reports  Reports g water roundwater andfi constructing tunneis
supply plan development  construction  longer than 500 m
1) landfill, water treatment/waste incineration plants 35 13 5 3 1 0
2) road, railroad 226 79 1 0 Q 21
3) industrial complex 43 i0 6 3 1 0
4) athletic facility, resort area, forest development 64 19 16 7 1 0
§) ports & ocean development 45 18 0 0 0 0
6) water resources, stream utilization 4 4 0 0 0 0
7) urban 93 29 27 2 [ 0
8) energy 19 5 0 0 0 0
9) military facility 8 3 0 0 0 0
10) mining 3 1 0 0 0 0
11) airports 4 I 0 0 0 0
total 544 182 57 15 4 21
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Figure 2. Distribution of the suggested pumping rates in the 16 Mineral
Water EIA documents. The average was 654.5 m’ /day.
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Figure 3. Simulated head values from a model. The model results show
an enhanced drawdown near the model boundary by pumping. This was
caused by the bounded aquifer effect (Stallman, 1952; Ferris, 1959). The
tigure was redrawn after the original version for clarity.
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Table 2. Survey for model designs, boundary conditions and their
misusages among the 15 Mineral-Water EIAs which applied
groundwater models. Numbers in parentheses indicates the number of
documents which applied respective boundaries

Model Domain No. of
Cases
. Unneccessarily big* 7
Domain Size
Too small 2
2-D* 12
Dimension
3-D*
Type of the Confined* 4
Uppermost Layer Unconfined* 11
Boundary Condition
No Flow | Unparallel to the approximated 8
Neuman (15) groundwater divide or flow lines
Type |RCH (15) - -
WEL (15) - -
Dirichlet; Const.
Type | Head (2)
Set at higher elevation* 10
Set at lower elevation* 1
GHB (11) - -
Cause serious recharge increases (>20%) 7
Cauchy Cause strange flow lines 7
Type Set the same hydraulic conductivity values
for bottom sediments as those of nearby ~ 10**
RIV(15) aquifers
Simulated as considerable loosing streams 4
DRN (1) | Inappropriate but not serious R

*: Not misusages in itself.
**: The cases of insufficient information for decision were excluded.
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Figure 4. A model with a no-flow boundary that is poorly related to
groundwater divides or flow lines. See the no-flow boundary is not
parallel to the watershed boundary. Also note that the wells are closely
located to the RIV cells. The pre-pumping head values of those wells
will be determined by the RIV cells in large part. Therefore, using heads
from those wells are not good for model calibration. The figure was
redrawn after the original version.
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Figure. 5. A model that derived a tremendous recharge due to an inappropriate setting of general head boundary (GHB). (a) A model grid and
boundary conditions. (b) Water budget calculation results. The model applied GHB packages along mountain ranges as shown in the figure. However,
these GHB cells caused an additional recharge that is even greater than precipitation by nearly 3 times. See water input from the head dependent
boundaries (= GHB cells) which is 27 times higher than that from RCH. The recharge derived from RCH package was equivalent t0 10.3 % of

precipitation (= 1.344 m/yr).
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Table 3. Observation wells, input parameters, and model results (calibrations, sensitivity analyses, predictions) among the 15 Mineral-Water ElAs
which applied groundwater modelis

Performed Field Tests for Parameter Acquisition 15 cases
Observation Wells
Average Number 8.7
Distribution distributed within a circle of diameters of 270 m in average
) recharge/precipitation (%)
Recharge Observations
\1edn Range
Estimation Water budget 13 26.9 5.0~65.5
Method Water level fluctuation 11 11.2 33~18.1
Model Input 15 124 5.6 ~20.0*
Calibration
Calibration Target Snapshot head values 15 cases
Transient head values 2 cases
Average no. of heads used for calibration 4.4
All the head values used for model calibration was collected 8 cases
from the wells within 200 m from RIV cells o
Average RMS Error recalculated from this study 29m
Showing Numerically Unstable Results 3 cases
Showing Sensitivity Analyses none
Prediction
Head drawdown 15 cases
Capture zone (particle tracking) 12 cases
Prediction for extreme cases 1 case

ME wsolzl RYlg o3l Aslky el wlE £9] 7 o] HASAUY e A F /R 29 F Ued. A
aH(1570)9t A stee] T8 capture zoneyS SlE(137)3lT AR SHAFH I sk Fiod de dFAE H Az
AUTKTable 3). RdL AN E 474 FRAA] Pe  kte] & 550 v)ste B F& FAIHA UJL. F
Hoto] Alextreme case; AS B9 508 WX JHEA AL HAZE A rde] AFAHLE HLHUA He AE €
o] apeAlel vlAE G RAhelM el RsrA W AAGFRAIRIMME ZEMY A FAPRTE 229
T &% 4 dge HollM ofF %‘%ﬂ °HZE?ELT’- g 5+ g e38lE o 2 A7 ks Folrh
ek, ey, ZAA e diREe d H#FA, B ojn ¢ A 7 ddadelld oy A% e 2F 3 3
Aol 2HE REFEE, A5, 1Y 'r-r], 5¥e A zo] Hulg Rew #dEHE ARYEC] Fx g0l 2 4T
23 Ry &2 Fyst, ojjF Ao tE AFAE B oM BAHAT 2, oS tiF BEGFHE MM
oZE &£ AUt & 179 BaMdy 7FEAlY X ek g z|EERolrt AYRR A HriEZ A, ofdd FAE
g 2243 e X E5Ale] PdEe sty AJeu el e AAoId) AR A Bt (g24Rkg VlEeE &
49] a7} 7o) wElE)A] ol ARG & AFetuE B £ u, olE F Aok 870 A% 2gg 2 F A 2
AR} #7] g 7140] FutsE ARIE 470] AU HEF
&0l 2% Ashr SALARE AEJYA THRIAEL 9
QIZtE £ (Sensitivity Analysis) = A9E R gt =3, #Ha Ask A g o] B
N BAe BuaAs auss AAZRY, H4E ¥ AR ARAAMY Hag 43Ea Jeds $EEFH
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&S WAH RS FAEl] o5 BEANS HF3lElr] 9 Arke ddel e Fxelner, Elpy= U
3 Zolt}, zaju, ZAINA RN E & & Ax ugs AA S Ffelx ArjujAagat @4"}~ ]’\13}~— TrELR
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250-ITERATIONS FOR TIME STEP

1 IN STRESS PERIOD

OMAXTMUW HEAD CHANGE FOR EACH TTERATION:

0 HEAD CHANGE LAYER.ROV.COL EEAD CHANGE LAYER ROV .COL HEAD CHANGE LAYER.ROV.COL HEAD CHANGE LAYER

4

1

N

.RO¥.COL HEAD CHANGE LAYER.ROV.COL

-619.5 (
-150.1 (
-117.0 (
-144.5 (
~128.4 (
-129.8 {
-132.9 (
-130.9 (
-132.6 (
-130.7 (
~132.6 (
-130.8 (
-132.5 {
~130.7 (
-132.5 (
-130.8 (
-132.5 (
-130.8 (
-132.5 (
-130.8 (
-132.5 {
-130.8 (
-132.% (
-130.8 {
-132.5 (
-130.8 (
-132.% {
-130.8 {
-132.5 {
-130.8 (
-132.5 (
-130.8 (
-132.5 (
~130.8 (
-132.5 (
-130.8 (
-132.5 (
-130.8 {
-132.5 (
-130.8 (
-132.5 (
-130.8 (
-132.5 (
-130.8 {
-132.5 (
-130.8 (
-132.§ (
-130.8 (
-132.5 (
-130.8 {
0

OHEAD/DRAVDOVN PRINTOUT FLAG = 1

Ak b ke kb b bh A bk ek b b b b b (b A b ek A b bk b b b A R b b bk e b e ket bk bA bk ek A e bR a e A ek A e e e

9. 17) -83.79 ( 1, 3. 51)
4. 51) 2.12 ( 1. 34. 52)
3. 51) 44.28 ( 1,33 51)
3. 51) 3557 ( 1,33 51)
3. 51) 47.30 ( 1. 33, 51)
3. 51} 32.19 ¢ 1. 33. 51)
4. 51)  49.17 { 1. 33, 51)
34.51) 32.42 ( 1. 33.51)
34. 51)  49.04 ( 1. 33, 51)
.51} 3.3 ( 1,232 51)
K. S1)  49.05 ( 1. 33 s1)
3. 51) x.37 ( 1. 33 51)
34.51) 49.04 ( 1. 33. 51)
2. 51) 3236 ( 1. 33, 51)
4. 51) 49.0¢ ( 1. 33, 51)
4. 51) 32.37 ( 1. 33, 51)
34. 51} 495.0¢ { 1,33 51)
3. 51) 3.37 ( 1. 33 81)
M. 51) 49.0¢ { 1. 33 51)
4. 51) 2.3 ( 1. 33 51)
34, 51)  49.04 ( 1.33. 51)
3. 51} 3.3 { 1.33 51)
34. 51)  495.04 ( 1. 33, 51)
34.51) 32.37 ( 1. 33, s1)
34. 51) 43.04 ( 1. 33, 51)
M. 51) R.37 ( 1. 33 51)
34.51) 45.04 ( 1. 33 51
4. 51) 32.37 { 1. 33 51)
34. 51) 49.04 ( 1. 33, 51)
34. 51) 32.37 ( 1. 33.51)
34. 51) 49.0¢ ( 1,33 51)
3. 51) 237 ( 1.33 51)
34. 51)  43.04 ( 1. 33, 51)
M. 51) 237 { 1. 33 51)
3. 51)  45.04 { 1.33.51)
34. 51) 3.3 ( 1. 33. 51)
34.51) 49.04 ( 1,33, 51)
4. 51) 2.37 ( 1. 33, 51)
3¢. 51}  49.04 ( 1. 23 81)
. 51) .37 ( 1. 33 81)
3¢. 51)  49.04 ( 1. 33 81)
M. 51) 237 ( 1. 33 51)
4. 51)  43.04 ( 1, 33, 51)
34.51) 3237 ( 1. 33, 51)
3. 51) 49.04 ( 1, 33. 51)
3. 51) 22.37 ( 1, 33, 81)
4. 51} 49.04 ( 1. 33 51)
34. 51) 2 .37 { 1, 33. 51)
4. 51) 49.04 ( 1. 33, 51)
34.51) 3237 ( 1,33 51)

OOUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAVDOW READ DRAVDOVN

17.17
16.62
-11.51
17.27
5.750
13.67
5.894
13.84
5.936
13.77
§.912
13.80
5.920
13.79
5.918
13.79
5.919
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.79
5.918
13.719
£.918
13.79
5.918
13.719
5.918
13.713
5.918
13.79
5.913
13.7%

PRINTOUT PRINTOUT SAVE  SAVE
1 1 1 1

* CONSTANT EEAD® WUDGET VALUES YILL BE SAVED ON UNTT 50 AT END
‘FLOV RIGHT FACE ° BUDGET VALUES VILL BE SAVED ON UNIT 50 AT END
‘FLOV FRONT FACE ° BUDGET VALUES VILL BE SAVED ON UNIT S0 AT END
FLOV LOVER FACE ‘' BUDGET VALUES WILL BE SAVED ON UNIT 50 AT EWD
" RIVER LEAKAGE’ BUDGET VALUES VILL BE SAVED ON UNTT 51 AT END
‘ HEAD DEP BOUNDS' BUDGET VALUES VILL BE SAVED ON UNIT 52 AT END
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TOTAL BUDGET PRINTOUT FLAG = O

[ 3
oF
[ 3
OF
oF
oF

1. M. 82) -26.16 ( 1.29. %6) —41.15 (1. M.51)
1. 33.81) 3372 ( 2. 3458 22.27 ( 1.7 51)
4. 30. 53) -9.593 ( 1.39, 52) «41.70 ( 1. 34. 51)
1. 33. 81) 8.5S ( 2. 3.5) -30.75 { 1. 3. 51)
1. 34.52) 4.220 ( 1. 34, 50) -30.81 ( 1. 3. 51)
1. 33, 81) S5.110 {( 1. 34 52) -33.33 { 1. M. 51)
1. 4. 82) e6.211 ( 1. 33 50) -31.% ( 1. 3. 51)
1. 33. 81) S5.218 (1. 34, 52) -33.10 { 1. 3. 51)
1. M. 52) 6,053 ( 1.33 80) -31.18 ( 1. 34. 81)
1. 33.81) 5210 ( 1. 34, 52} -33.06 (1. 3. 51)
1. 3. 52) 6.029 ( 1.33 50} -31.25 (1. 4. 51)
1. 33.51) 5249 ( 1. 34, 52) -33.05 { 1. 3. 51)
1. 3. 52) 6.019 ( 1.3 50 -31.23 (1.4, 51)
1. 33. 51) 5.25 ( 1. 34, 52) -33.06 { 1. M. 51)
1. 3. 82) 6.5 ( 1. 33.50) -31.23 ( 1. 3. 51)
1. 33, 81) 5252 { 1. 34, 52) -33.06 ( 1. 3. 51)
1. 34, 82) 6.024 ( %. 33 S0} -31.23 ( 1. M. 51)
1. 33. §1) 5.252 ( 1. 34.52) -33.06 ( 1. 34, 51)
1. 34, 52) 6.024 ( 1. 33.50) -31.23 (1. 4. 51)
1, 33. 51) 5.282 ( 1. 34, 52) -33.06 (1.4.95)
1. 34 52) 6.02¢ ( 1. 33 50} -31.23 { t. 3. 51)
1. 33, 81) 5.252 ( 1. 34.52) -33.06 ( 1. 3. 51)
1. 34.82) 6.024 ( 1.33.50) -31.23 (1. M. 5)
1. 33.51) 5.252 ( 1. 34, 52) -33.06 ( 1. %.51)
1. 34.82) 6.024 ( 1. 33.50) -31.23 ( 1. 34, 51)
1. 33, 81) 5.252 ( 1. 34, 52) -33.06 (1. 4. 81)
1. 4. 52) 6.024 ( 1. 33 50) -31.23 { 1. 3. 51)
1. 33 51) 5.2%2 ( 1. 34, 52) -33.06 ( 1. 3. 51)
1. 3. 52) 6.024 ( 1. 33.50) -31.23 { 1. M, 51)
1. 33.81) 5.2 ( 1. 34, 52) -33.06 ( 1. 3. 51)
1. 3¢.82) 6.024 ( 1. 33, 50) -31.23 ( 1. 34. 51)
1. 33, 81) S5.252 ( 1. 34,852} -33.06 { 1. M, 51)
1. 3. 52) 6.02¢ ( 1. 33, 50) -31.23 ( 1. 3¢ 51)
1. 33, 51) 5.252 ( 1. 34, 52) -33.06 ( 1. M. 51)
1. 3. 52) 6.024 ( 1,33, 5) -31.23 ( 1. M. 51)
1. 33, 81) S.252 ( 1. 34.52) -33.06 ( 1. 34.5)
1. %, 52) 6.024 ( 1. 33. 50) -31.23 ( 1. 34. 51)
1. 33, 51) 5.252 ( 1. 34, 52) -33.06 ( 1. 3. 81)
1. M. 52) 6.024 ( 1.33.50) -31.23 { 1. 3. 51)
1. 33, 51) 5.252 (1. 34, 52) -33.08 ( 1. M. 51)
1. 34, 52) 6.024 ( 1, 33, 50) -31.23 ( 1. M. 51)
1. 33.81) 5.252 ( 1. 3. 52) -33.06 (1. . 5)
1. M. 82} 6.024 ( 1. 33 50) -31.23 ( 1. 34. 51)
1. 33 51} S5.252 ( 1. 3. 52) -33.06 ( 1. 34. 51)
1. 3. 52) 6.024 ( 1. 33.80) -31.23 ( 1. 3¢ 51)
1. 33. 81) S5.252 ( 1. M. 52) -33.06 ( 1. 3. 51)
1. 3. 82) 6.024 { 1.33.5%0) -31.23 ( 1. 3. 51)
1. 33. 51) S.252 ( 1. 3¢, 52). -33.06 ( 1. 34. 51)
1. 34.52) 6.024 ( 1. 33, 50) =31.22 ( 1. 34.51)
1. 33 51) 5.252 ( 1. M. 52) -33.06 ( 1. 34. 51)

CELL-BY-CELL FLOV TERM FLAG = 1

TIME STEP 1. STRESS PERIOD 1
TIME STEP 1. STRESS PERIOD 1
TIME STEP 3. STRESS PERIOD 1
TIME STEP 1. STRESS PERIOD 1
TIME STEP 1. STRESS PERIOD 1
TIME STEP 1. STRESS PERIOD 1

=x=xFATILED TO CONVERGE IN TIME STEP 1 OF STRESS PERIOD Jazzx

Figure 6. A part of the output file presented in a Mineral-Water EIA document. This model had not converged after 250 iterations with 0.1 meter of
error criterion. See that the maximum head change (error) at the final iteration step is -33.06 meters.
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