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Sensitivity Analysis of Groundwater Model Predictions Associated
with Uncertainty of Boundary Conditions: A Case Study
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ABSTRACT

Appropriate representation of hydrologic boundaries in groundwater models is critical to the development of a reliable
model. This paper examines how the model predictions are affected by the uncertainty in the conceptualization of the
hydrologic boundaries including groundwater divides, streams, and the lower boundaries of the flow system. The
problem is analyzed for a study area where a number of field data for model inputs were available. First, a groundwater
flow model is constructed and calibrated for the area using the Visual Modflow code. Recharge rate is used for the
unknown variable determined through the calibration process. Secondly, a series of sensitivity analyses are conducted
to evaluate the effects of model uncertainties embedded in specifying boundary conditions for streams and groundwater
divides and specifying lower boundary of the bedrock. Finally, this paper provides some guidelines and discussions on
how to deal with such hydrologic boundaries in view of developing a reliable conceptual model for the groundwater
flow system of Korea.
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Fig. 1. Geologic map of the study area.
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Fig. 3. Cross section of hydrogeologic formations. Fig. 2 shows the location of the cross section.
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Fig. 4. Thickness of the hydrogeologic units: (a) filled layer, (b) alluvial layer, (c) weathered zone, and (d) weathered bedrock.
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Fig. 5. Model grid and streams specified with constant head
boundary conditions.
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Fig. 10. Models for analyzing sensitivity of streams specified with constant head boundaries. Small tributaries are consecutively
eliminated from the existing model: (a) original model, (b) Model B1, (¢) Model B2, and (d) Model B3.
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Fig. 11. Configurations of the bedrock aquifer (layer 4): (a)
Model C1, (b) Model C2, and (c) Model C3.

Table 1. Comparison of calibrated water budgets

= o™, Fig.
112 2o] 8% s kel 24 HAAY 3=r}
A AYeM 20 mZ DFF BHModel C1), F2F
B ehkze] FAZE 20 mE YAZF 7Z-9-(Model C2),
IS HAE EETFoE A% 9 (Model C3)E

TR mAE s,

34. 24 Z5t

Table 17} Fig. 12 &4 295 TS 2= 7|&
Ry vIZke JAS 98 o]8E 107 BEe) ®o] A
= vk Aot} Fig. 122 7+ Zdle] RMS 2k}
2d B4 S8l 2H8E Askr feFES YERH, Fig.
12b= E7A] 240 o3l Ak FgdE skl g
1A= ES Vet

AR Ak g o] AAE H3RAZ] Model AY] 2
= B w4 HFo] 7 B4 wdle] RMS 2
27F T sl o, keSSt Ao=E UE
YTh Model A49] 749, & B WZHo] 7j&E Hdlo]
73.1%4 o Al FUFES 95 mm/yrE 7S A
2 zlolg Bl B8MskA A4E Aalr E5ge] 2dl
BAol| o3 2 Ak deFEel AL dFE v
A F USS BoFr v AREAL] S5 24 4
H= B 2 ool Z4d] e A3 FEYE
HPL +5% o2 UEREo™, of= el 9]
A7 ] EAel A S vRA] ek QA
oS BolEr) SRR Ak e AskEAlell 71

Inflows (m’/day) Outflows (m*/day)

Models Calibration Recharge . o — -
RMS(%) (mm/yr) rescribe Recharge . ota Prescribed Total
head boundary inflows head boundary  outflows
Original 4.6 75 540.5 2094.0 2634.5 1917.7 2634.5
Model Al 44 80 524.7 2129.4 2654.1 1937.7 2654.1
Model A2 42 80 539.7 2026.9 2566.6 1851.0 2566.6
Model A3 3.9 85 544.9 1960.4 2505.3 1791.4 2505.3
Model A4 32 95 4914 1940.7 2432.1 1740.5 24321
Model B1 4.0 75 458.2 2096.4 2554.6 1837.8 2554.6
Model B2 4.1 60 4232 1650.4 2073.6 1356.2 2073.6
Model B3 14.7 35 499 981.2 1031.1 312.1 1031.1
Model C1 5.6 165 550.3 1634.5 2184.8 1470.1 2184.8
Model C2 5.7 115 559.1 1091.2 1650.3 1024.8 1650.3
Model C3 94 75 304.6 383.9 988.5 613.2 988.5
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Fig. 13. Change of simulated water levels caused by adjusting locations of the groundwater divide: (a) Model A1, (b) Model A2, (c)

Model A3, and (d) Model A4.
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