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Over-exploitation groundwater
Seawater intrusion affects about 30% of the Pingtung area. With climate \

change and rising sea levels, the problem has become more serious.

Land subsidence has been occurring over several decades. In 2022, the
subsidence area covered approximately 68.5 km?, with a subsidence rate
ranging from 4 to 6 cm/year. It extends 8 km parallel to the coastline and
averages about 3 cm/year inland.
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Literature Review

Jang et al. (2016) use MODFLOW to create a numerical flow model combined with groundwater
quality to establish utilization strategies for groundwater and surface water in the Pingtung Plain.

Gao et al. (2017) use MODFLOW and the groundwater fluctuation method to determine the
accuracy of groundwater recharge estimates in the Donggang River and Linbian River basins.

Vu et al. (2021) utilize the MODFLOW model to simulate the physical response of the
groundwater system and calculate its vulnerability under different climate change scenarios.

Dibaj et al., 2021 use FEFLOW in conjunction with MIKE11 to model 3D groundwater-surface
water interactions for managing seawater intrusion in the Pingtung Plain.

v" Research focus on the relationship between surface and groundwater interaction.

v" Using the combination of difference model and software to reach research purpose. O
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'Motivation

» Rainfall has a significant effect on the agriculture water demand of Pingtung Plain.

The main water recharge source of groundwater in Pingtung plain is the accumulation of rainfall.
Water Cycle
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¢ Currently, numerical models are simulating in saturated mode, and for further purposes, they ne
to be combined with other models.
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- THMC software (Thermal — Hydrology — Mechanic — Chemical)

HYDROGEOCHEM
1981 L 1991

e—0
FEMWATER

THMC is the groundwater numerical model using Finite Element Method simulation through
Saturated-Unsaturated Media. The software is continuity developed by CAMRDA team with a user-
friendly interface platform.

»  Applying under saturated and unsaturated mode
> Precipitation is used to calculate infiltration and percolation O

> Combine with the soil characteristic of unsaturated layer in the subsurface media
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Objective

Applying the variably saturated flow model to simulate groundwater flow
In Pingtung plain by using THMC software

» The accumulation of rainfall is the main recharge factor for groundwater in the model.
» The model simulates under both saturated and unsaturated mode.

» Impermeable surfaces are determined based on roads and buildings in the study area.

O
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- Study area - Pingtung plain
o 1210 km?

Natural boundary with fault, foothills and river valley
and the elevation gradually reduce from North to South
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The weather is influenced by the monsoon climate
with high annual rainfall rate
v Water from heavy rainfall in wet season b
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v" Lacking of water in dry season I
About 62% land use for agriculture e
v Rely on weather E=
v" High demand for irrigation purpose with large R
number of private pumping wells Laoghuse
=) Manage groundwater and establish sustainable i

use plans is an essential issue. Sztoaoay s U
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Rainfall "¢

* Study area - Pingtung plain reharge

+ Hydrogeological

Over-pumping

> Aquifer: high permeable coarse sediment ranging from A
medium sand - gravel

» Aquitard: low permeable fine sediments like fine sand,
silt.

Aquitard layers only appear in the southern part of the study
area and divide the aquifer into four layers.

The recharge area mostly consists of aquifer layers, with
almost no aquitard appearance. S < >N
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—> Water from rainfall can pass through the recharge areato e 0 490 30 20 10

Distance (Km)

reach all aquifer layers in the southern part. T T g

A conceptual hydrogeological profile of the
Pingtung Plain (CGS)
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Governing equation for flow through saturated-unsaturated media using in THMC software follow

below equation:

K.

Vh +
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Po
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Po

(Yeh et al., 1994a, 1994b)

0: effective moisture content (L3/L3)

h: pressure head (L)

t: time (T)

z: potential head (L)

q: source/sink of fluid [(L3/L3)/T]

po: referenced fluid density at zero chemical concentration (M /L3)

p: fluid density with dissolved chemical concentrations (M /L3)

p*: fluid density of either injection (p*) or withdraw (= p)

Uo: fluid dynamic viscosity at zero chemical concentration [(M /L) /T]

w: fluid dynamic viscosity with dissolved chemical concentrations [(M /L) /T]
a': modified compressibility of the soil matrix (1/L)

B': modified compressibility of the liquid (1/L)

n,: effective porosity (L3/L3)

S: degree of effective saturation of water

g: gravity (L/T?)

k: permeability tensor (L?)

k. saturated permeability tensor (L?)

K,: referenced saturated hydraulic conductivity tensor (L/T)

k.. relative permeability or relative hydraulic conductivity (dimensionless)

F: generalized storage coefficient (1/L)

F = ’9+ "0 + ds
=« B nedh

Ne

K : hydraulic conductivity tensor (L/T)

p p
K=29 - #Mkskr - #Ksokr
K /o Ho I
Darcy’s velocity (L/T)
V =—-K. (%Vh + Vz)
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? « Conceptual hydrological: build up from 42 borehole cores (CGS website)
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K value reference:
Aquifer: 148 wells pumping test result (CGS report)
Aquitard: According to type of rock and
giving K value base on reference table of
Domenico and Schwartz (1998).

Unit: m/day

Layer Material KXx Kyy Kzz

1 Material 0  1.719 1.719  0.172
Aguiferl 89.682 89.682 8.968
Aquitardl  1.239 1.239 0.124
Aquifer2 44438 44438 4.444
Aquitard2 0.874 0.874  0.087
Aquifer3 25.027 25.027 2.503
Aquitard3  1.816 1.816 0.182
Aquiferd 43.027 43.027 4.303

Bedrock  0.124 0.124  0.012

O 00 NO Ol kWb

F1:0-150m

F3:-209 - -24 m

F2: -105 - -25m

F4:-250 - -125m
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Groundwater level: daily data 2020 — 2022 of 90 stations (WRA)
Rainfall rate: daily data 2020 — 2022 of 19 stations (WRA)

Unit: mm/year

Station ID  Station name 2020 2021
1670P001 Jinsha 2192 3255
1730P021 Guxia 2286 3698
1730P060 Pingtung (5) 1996 3536
172NDPNK1 NMainnnn (2) 1744 207RA

Using Thiessen method to determine rainfall

distribution zone
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1/our14/( puoria 111 4515
1730P148  Xinfeng (1) 2094 4279
1730P150 Gouping 1797 3975
1730P151 Yuanfu Guozhong 1631 3616
1730P152 Xinzhuang School 2118 3141
1740P049  Salin 2136 3737
1740P050 Kanding 1941 3447
1740P051  Taiwu (2) 3270 5658
1760P011 Nanhe 2123 3453
1760P013  Xin Laiyi 2694 4962
1790P002 Shiwen 2439 3521

2022
1244
1350

1241
168N

144
1803
1437
1522
1077
1413
1182
1762
1117
1447
1161

e GW level station
# Rainfall station
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v" Rainfall: variable BC

Initial result
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- Recharge area distribution Grounawater level response

: Zhaoming within 1 day after rainfall
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Comparison between observation data and simulation data from 2020 — 2022
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The simulation yielded better results in the recharge area, with almost
the same accuracy of simulation at stations with different depths.
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Comparison between observation data and simulation data from 2020 — 2022
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The simulation yielded better results in the recharge area, with almost
the same accuracy of simulation at stations with different depths.
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Comparison between observation data and simulation data from 2020 — 2022
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The obstruction of aquitard make the simulation in
the deeper aquifer have the worse performance.
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The model have approximately reflect the trend as observation trend in all station.

The better result in aquifer 1, with R? range from 0.7 — 0.9.

The result of wells belong to recharge area have the better result in all aquifer layers
Moving to the south part with the appearance of aquitard, there is the difference simulation
accuracy result reduce from aquifer 1 to aquifer 4. The obstruction of aquitard layers make

the water movement slower and more difficult to simulation.

@ FUTURE WORK ]

» Continue do calibration to improve the accuracy of model and do the
calibration for the remain wells.
» Compare final model with previous model in the same study area. O
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Comparison between observation data and simulation data from 2020 — 2022
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The simulation give the better result in recharge area with almost same
accuracy of simulation in station in difference depth.

Meinong (1) Qishan (1) Jiyang (1)
( R=0.90 >0 R2=0. 70 o0 _ R2=0.87
—TTTNSS T 30 e e S Y
>0 30
20
10 10
0 0
NMNOAHAINNGO A MOO NS O OANTOWOONTOUNSHMILMNO ONTOVWONTOVWOOININAN I O
RSARRYRAERSERE NYRREYRLEREBES SERERIAEEREBES 3
——O0BS SIM ——OBS SIM ——OBS SIM
Meinong (2) Qishan (2) Jiyang (2)
50 60
_ R2=0.86 40 R2=0. 72 50 R2=0. 87
- /V‘\/’ “\"\0\/—'\\5 30 [ . e *\“_/f\\s_‘_"’_~~ N 40 A/
20 30
20
10 10
0 0
oNTJuOwooOoONTOWONIT OO OANTOVWOANTOWOOWILINAN T O
MINNOEAINDNOOEMMOMWIDN O NI 10 OMONS MOINSSTAN NI AONTH0WOUMOOOWLWLAN
NI O NTtT OO INANO O S ANANMIT NN WOMNOCDOOWOO T ANANMT NN OMNOWOOWO O
HNNMVLDLOLOI\OOOOONE i —
OBS SIM ——O0BS SIM ——O0BS SIM
day



—> 5.Calibration process » 6. Predict(Forecast Simulation)

!

Selectivity calibrated 7. Assessing uncertainty in
predictive simulations

1. Identify problem/define
purpose

l

2. Build a conceptual

Calibrate model & l
evaluate accuracy

|

3. Create mathematical
models and select
simulation programs

8. Evaluate results and prepare
simulation reports

l

9. New field data collection

No

Calibration passed

|
|
|
|
|
|
l
|
|
|
|
model I
|
|
l
|
|
|
|
|
|
|
l
|

4. Model design Icomple(;ed -
From conceptual model to Re-evaluate and refine the
Yes model

numerical model
(Boundary and initial
conditions/parameters/stress settings)

I
[ Evaluate calibration results
I




