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Introduction

▰Possible heat sources of coastal aquifer: 

▰This research considered all possible sources of heat in a coastal 
aquifer by using a combination of field data and numerical modeling 

▰This research considered the variable-density flow, coupled heat and 
solute transport to set up the model.

▰The position of the freshwater-saltwater interface (FSI) and its effect 
on temperature distribution have been modeled
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Temperature vertical profiles in W180 
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Methodology

Solute transport equation 

Heat transport equation 

Dm
T : Thermal conduction

ρb： bulk density of solid

Kⅆ
k： distribution coefficient of species k

Ck：concentration of species k

Dm
k ：molecular diffusion coefficient

α：dispersivity tensor

q：specific discharge

qs
′：fluid source or sink

Cs
k：is the source or sink concentration of species k
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𝜌𝑠： density of the solid

𝜌 :fluid density

CPsoliⅆ:specific heat capacity of the solid

CPfluiⅆ:specific heat capacity of the fluid

T:temperature

kTbulk:bulk thermal conductivity of the aquifer material

Ts:source temperature

Kⅆ
t = distribution coefficient of thermal

Bulk density ∶ ρb= ρs(1 − θ)

1 +
1 − θ

θ

ρs
ρ

CPsoliⅆ
CPfluiⅆ

𝜕(θT)

𝜕t
= 𝛻 θ

kTbulk
θρCPfluiⅆ

+ α
q

θ
𝛻T − 𝛻(qT) − qs

′Ts

1 +
ρbKⅆ

k

θ

𝜕(θCk)

𝜕t
= 𝛻 θ Dm

k + α
q

θ
𝛻Ck − 𝛻(qCk) − qs

′ Cs
k

Kⅆ
t =

CPsolid
CPfluid∗ρ

Dm
t = 

kTbulk
θρCPfluid

Heat transport is analogous to solute transport in groundwater modeling, adapted 
equation to assign suitable thermal parameters for temperature speciesThis research use SEAWAT to run the numerical model



Three models were constructed for 
different purposes

Methodology
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No flow 

Constant
head

Seasonal temperature change 

Constant head and salinity

Constant thermal boundary



Compare FSI position between Model 2 and Model 1

Model 2

Freshwater-saltwater interface (FSI) 

Model 1
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Methodology

Model 2 thermal distribution



Sensitivity analysis of hydraulic conductivity
Τ𝐾𝑥 𝐾𝑧 ∶Anisotropic ratios

Sensitivity analysis 
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Thermal contours 
was very similar

Sensitivity analysis 

Sensitivity analysis of Porosity 𝜃 Sensitivity analysis of Dispersivity 𝛼

W250’s location
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Sensitivity analysis 

𝐾𝑑
𝑡 =

CPsoliⅆ
𝜌CPfluiⅆ

maximumminimum
mean 

D(B,tc): vertical distance from the aquifer 
basement to each thermal contour 
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Thermal distribution coefficient 𝐾𝑑
𝑡 Thermal diffusivity Dm

T

𝑅 =
𝑍𝑠𝑙 − 𝑍𝑡𝑐𝑖
𝑋𝑜𝑏𝑠

Dm
T =

kTbulk

θρCPfluid

𝑍𝑠𝑙= the elevation of sea level 
𝑍𝑡𝑐𝑖= the elevation of the thermal contour 
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Sensitivity analysis 

Sensitivity analysis of hydraulic gradient Δℎ

35m

15m



▰Case study model

• The approximate setup of the model is 
the same as the model 3 

• Refer W180’s core data to set up the 
hydraulic conductivity

• They assume fresh water flow boundary 
have a constant recharge of 5000 
mm/yr

• Thermal boundary is reference W180 
to set up, the basement has fixed 
temperature 20.05
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Results

W250 V.S. Model x=300m

FSI
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Results
Compare the temperature distribution 

X=-600



Conclusions
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▰K is the most controlling parameter in the temperature distribution of a 
coastal aquifer

▰The Kx/Kz ratio had a notable influence on the vertical component of heat 
transport

▰This research is the first in considering all possible sources of heat in a 
coastal aquifer simultaneously by using a combination of field data and 
numerical modeling. 

▰FSI is the thermal barrier that separates the temperature of the saltwater 
and freshwater

▰ In this study, we discussed the major processes and the effect of 
parameters on the application of temperature in coastal aquifers.



• Because of the deterioration of marine environment, it is 
necessary to identify the groundwater flow’s direction

1. Measure the basic parameters in each well

2. Cross-hole heating test to estimate the groundwater flow’s 
direction

3. Set up a 3D model to simulate the groundwater flow field in 
coastal aquifer system

Future work

Sea
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Future work

Change heating the well : BW08Currently heating : BW02Change heating the well : BW04



Thank you for listening
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Result

模型hydraulic conductivity是照W250岩心

溫度邊界依據W180底部有20.05度固定溫度

右邊淡水16.7度(中間那段溫度approximate value )

水流邊界5000 mm/yr補注量，水流溫度計節變化

模型運行15年在第9年FSI跟地熱處於穩態，表層會季節
性變化
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