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Half of the world’s population lives in coastal areas, and 8 of 
the 10 largest cities in the world are located at the coastline

(Post 2005)

1. Motivation



60% of coastal aquifers are reported
as polluted due to seawater
intrusion
(Benavente, (Instituto del Agua) )

López-Geta y de Dios Gómez-Gómez (2007) 

1. Motivation

Salinization of coastal aquifers can 
affect local economy:

- Salinization of local freshwater
supply systems

- Salinization of agriculture lands

- Salinization of groundwater
dependent wetlands
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Figure 1. Schematic depiction (no scale) of processes associated with SGD. Arrows indicate fluid movement

be obtained because the distance from the shoreline for SGD may be unknown. In some cases, however,

sufficient information may be available to integrate SGD with distance away from the shoreline. In that case,

relatively precise estimates of groundwater flux per unit coastline are possible. For case (3), the total volume

of SGD cannot be evaluated without knowing the size of the area subject to the SGD flux.

For up-scaling or generalizing SGD, we need comparisons between observed (local) SGD and mod-

elled/calculated (regional or global) SGD. This is not only for validating the modelling that includes previous

global estimates, but also for estimating recirculated water. A continental-scale hydrogeological model that

includes heterogeneity of the aquifer may be needed to estimate the extent of recirculated seawater. Generic

models or other globalization approaches, such as typology, are needed to extrapolate to wider areas (Budde-

meier, 1996).

SGD AND COASTAL ZONE MANAGEMENT

Coastal environmental management concerns should certainly consider SGD where undesirable contaminants

in groundwater can be discharged into the nearshore marine environment. Although nutrient discharge from

fertilizers and sewage is by far the most common concern, virtually any form of contamination is possible. For

instance, nuclear-waste disposal plants are often planned to be located near the coastal zone in some countries,

such as in the UK (Chapman et al., 1986) and Japan, because it is difficult to find an arid environment in

these countries and it was accepted previously that the water does not move below the saltwater–freshwater

boundary. The coastal groundwater regime can also act as a geotechnically stabilizing (or destabilizing)

element to coastal zone systems, in terms of coastal zone sediment stability and coastal zone subsidence.

For example, Gambolati (1998) and Gambolati et al. (1999) revealed that coastal regression, erosion, and

sediment transport occurred in the Romagna region, Italy. They described that geomorphological changes

were caused by natural land subsidence due to deep downward tectonic movements and consolidation of

Copyright ã 2002 John Wiley & Sons, Ltd. Hydrol. Process. 16, 2115–2129 (2002)

2.Introduction

Taniguchi, M., Burnett, W. C., Cable, J. E., & Turner, J. V. (2002). Investigation of submarine groundwater
discharge. Hydrological Processes, 16(11), 2115–2129. http://doi.org/10.1002/hyp.1145



Henderson, R. D., et al.(2010). Burnett et al. 2006 

• SGD quantification

2. Introduction
• Monitoring Fresh-saltwater

interface
Monitoring methods

Low spatial
resolution

+
High temperal

resolution

High spatial
resolution

+
Low temporal 

resolution

Fibre Optic Distributed Temperature Sensing

High spatial resolution (0.25 m)
+

High temporal resolution (10 sec)
+ 

No system disturbation like pumping tests



Principle: Heat dissipation can be used to calculate flow velocity. 

Sensor within the well Sensor in contact with aquifer matrix

Taniguchi et al (2003)
Debnath et al (2015)

Klepitova et al 
(2011, 2014)

Coleman et al 
(2015)

Bakker et al 
(2015)

Read et al 
(2013)

3. State of the art



4. Experimental site
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5. Methodology



Skin Effect Flow effect:

- Unit discharge
- Cable properties
- Bulk properties

Soil properties effect

6. Heat transport – analytical method



6. Heat transport – analytical method
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• Two dimensional heat transport equation

• Rate of growth Skin effect and aquifer matrix properties

• Final Temperature Advection



7. Preliminary results
Logarithmic heating
depending on Soil properties

−> 𝜆=2,1 W/mK



8. Conclusions

• Fibre Optics can be installed successfully in the outer 
casing of a well to characterise aquifer properties in a 
cost effective way

• Heat dissipation tests can be used to measure 
groundwater flow, however
– Range of application to be tested

– Skin effects need to be corrected

– Longer test need to be performed to the stationary

– Method validation needs to be improved



Thank you!


