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Introduction 
➢ Definition

The exchange of groundwater between land and sea that is called

submarine groundwater discharge (SGD), is comprised of terrestrial water

mixed with sea water that has infiltrated coastal aquifers.

Total submarine groundwater discharge (SGD) as the sum of the

submarine fresh groundwater discharge (SFGD) and recirculated saline

groundwater discharge (RSGD). Moore, 2010; Taniguchi et al. 2002

SGD =  SFGD (1) (10%) + RSGD (2) (90%)

RSGD = RSGDW + RSGDT + RSGDC

(1)

(2) Recirculated saline Groundwater

Only 3-10% is freshwater

Taniguchi et al., 2010

IAEA, 2007

Freshwater

Freshwater



Introduction 
Two issues must be considered: (1) What is the flux of freshwater due to

SGD? (2) What are the material fluxes due to chemical reactions of sea water

and meteoric water with aquifer solids?

There has been an explosion of the SGD literature in the past 10 years. This is a record of published articles that use 

the key word “submarine groundwater discharge” as indexed by the Web of Science.



Smith et al., 2012

Introduction 



Annual precipitation

1180.08 (100%)

Annual evaporation

249.01 (21.10%) 

Annual runoff

880.55 (74.62%)

Annual infiltration

50.52 (4.28%)

Annual 

utilization of 

reservoirs 

41.59 

(3.53%)

Annual 

intake from 

rivers

69.27 

(5.87%)

Annual 

runoff to the 

sea

769.69 

(65.22%)

Groundwater 

usage

54.52 (4.62%)

Seawater

0.07

Total annual utilization

165.46 (14.02)

Total domestic 

consumption

31.83 (2.70%)

Total industrial 

consumption

16.29 (1.38%)

Total consumption 

for agriculture

117.34 (9.94%)

Unit: 108 M3

Introduction 

Water Resources 

Department (2017)



Motivation   

➢ Determination of the occurrence of SGD

➢ Estimation of the flux of SGD by radon

➢ Determination of short (tidal) time-scale variation in SGD

➢ Calculation of the water residence times (how long water remains) in

an estuary



Methods

➢ Radon is ubiquitous in the natural environment and found in the atmosphere, trapped in

mineral grains, and also dissolved in solution.

➢ Half- life is short (~3.82 day)

→ possible for tracing the reservoir interface within the hydrologic cycle

23 Bq m-2 h-1

N.D. Bq m-3

9187 Bq m-3

Radon ↑

Radon in SGD estimation



𝐹𝑟𝑖𝑣𝑒𝑟 =
222Rn 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 × 𝑄_𝑟𝑖𝑣𝑒𝑟

Methods
➢ Radon (222Rn) mass balance for SGD rate estimation



Methods
➢ Radon (222Rn) mass balance for SGD rate estimation

The net 222Rn flux 

(F(t))

The atmospheric 

loss (Fatm)

The diffusion flux 

from bottom 

sediments (Fdiff)

The tidal effect 

on Import and 

Export of 222Rn 

(FT-in, FT-out)

𝑆𝐺𝐷
𝑚

ℎ
=

𝑡ℎ𝑒 222𝑅𝑛 𝑓𝑙𝑢𝑥 𝑜𝑓 𝑆𝐺𝐷
𝐵𝑞
𝑚2 ℎ

(1)

𝑡ℎ𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 222𝑅𝑛 𝑖𝑛 𝐺𝑊
𝐵𝑞
𝑚3 (2)

=
𝑚

ℎ

1 = 𝐹 𝑡 − 𝐹𝑑𝑖𝑓𝑓 + 𝐹𝑎𝑡𝑚 − 𝐹𝑇−𝑖𝑛 + 𝐹𝑇−𝑜𝑢𝑡

The groundwater 

samples from wells  

The water samples in 

the coastal area.

The water samples in 

the coastal area.

The water density

The wind speed

The water samples in 

the coastal area.

The water samples in 

the pore water.

01 water sample in the 

offshore area.

01 water sample in the 

offshore area.

The water samples in 

the sediment. 



If the system under study is in steady state, then radium additions are

balanced by its losses.

Methods

➢ Radium in determination of water residence time

Where 𝐹22𝑥𝑅𝑎 is the total flux (𝑑𝑝𝑚𝑚−2𝑑−1) of 22𝑥𝑅𝑎 to the system,

𝐼22𝑥𝑅𝑎 its inventory (𝑑𝑝𝑚 𝑚−2), 𝜆22𝑥 its decay constant (𝑑−1), and 𝑇𝑤 the apparent

age 𝑑



Study area

➢ Location: TaiCOAST Station of National Central University, Xinwu

district, Taoyuan city

➢ Coordination: 24°57'58.3"N; 121°00'30.8"E

Study area



Well ID Distance (m) LSE (m) Well depth (m)

O3 83 0.081 7.73

O2 50 0.346 7.74

O1 2.1 1.461 7.82

I1 57 6.477 100

I2 63 6.497 50

I3 68.3 6.516 50

Tidal information :

➢ High tide: 1.8 m (1.5 m)

➢ Low tide: -1.9 m (-1.3 m)

Kaverage= 0.78 - 2.73 m/day

Study area

Geological borehole and wells 

information in this study area

Data from Thanh's Master thesis 



Study area



Study area



~2-6 mm/year 

(Yu et al., 1997)

Lin et al., 2007

Evolution of Taoyuan tableland



Evolution of Taoyuan tableland

Material 

from Prof. Ni 

Lin et al., 2007



Evolution of Taoyuan tableland

Study area

Terrance 1 

Terrance 2 

Terrance 3 

Tahan river

Tanshui river~30 ka ago 

(Chen and Liu, 1991)



Detection the confining layer

Confining layer

Data from Prof.Ni

beach

Terrestrial 

river

beach

Tidal flat

beach

lake

Offshore 

zone



Radon (222Rn) mass balance for SGD Rate Estimation

𝐹 𝑡 =
𝐼(𝑡)

1 − 𝑒−𝜆𝑇𝑓 × 𝑇𝑓

𝐹𝑎𝑡𝑚 = 𝑘 𝐶𝑤 − 𝛼𝐶𝑎

𝛼 = 0.105 + 0.405𝑒−0.0502𝑇

𝑘600 = 0.45𝑈10
1.6(

𝑆𝑐

600
)−𝑎

𝐹𝑠𝑒𝑑 = 𝜆𝜙𝐷𝑚
0.5(𝐶𝑒𝑞 − 𝐶0)

𝐹𝑇 −𝑖𝑛

=
ℎ𝑡+ Δ𝑡 − ℎ𝑡

Δ𝑡
(𝑏𝐶𝑤 + (1 − 𝑏)𝐶𝑠 )

𝐼 𝑡 = 222𝑅𝑀 − 226𝑅𝑎𝑆 × h(t)

𝑆𝑐 = 𝑣/𝐷𝑚

𝐷𝑚 = 10−[1.59 + 980/(𝑇+273)]

𝑣 = 𝜇/𝜌

𝜇 = 𝐴 × 10𝐵( 𝑇+273 −𝐶)

𝐹𝑇 −𝑜𝑢𝑡 =
ℎ𝑡 − ℎ𝑡+ Δ𝑡

Δ𝑡
𝐶𝑤

Salinity, water temperature, wind speed, tidal height 

222Rn in coastal area (Time-

series observations), 01 sample 
222Rn in offshore  seawater

Water density

Porosity of sediment, 222Rn in 

the pore water and the 

overlying seawater (Time-

series observations).

01 sample 222Rn in offshore  

seawater

The plan for a field trip 



Conclusions

The TaiCOAST site is a complex hydrological area and a potential area

for researching submarine groundwater discharge

This study area has evidence of the confining layer because of the

occurrence of the flowing artesian wells in the coastal area.

Radon mass balance can be used to calculate the flux of SGD

completely and the estimated contribution of factors in the coastal environment.



Thank for your attention !


