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What is hydrology ?

探討水在地球環境中的流動、分布和品質
the study of the movement, distribution, quality of water on Earth

Is that so ?



2/3 of all Dutch citizens—
live in, and 70 percent of 
Dutch GDP is produced

the Netherlands
Semi-saturated country !



In Bravery We Face the Water

At a Flood-Prone Land



Creating Room for the Rivers
Lowering of floodplains

Lowering of floodplains

Dike relocation
Depoldering

Lowering groynes
Removing obstacles

Source: www.ruimtevoorderivier.nl/meta-navigatie/english/types-of-measures/

2006 Ruimte voor de Rivier



What is hydrology ?

跨學門與專業的科學

only when we realise that water is the 
connection between geology, ecology, 

atmosphere and society, 
[…] 

are we likely to find breakthroughs in 
understanding how water behaves in the 

Earth system.

Prof. Hubert Savenije
UNESCO-IHE

Savenije, H. H. G. "HESS Opinions" The art of hydrology“ Hydrology & 
Earth System Sciences 13.2 (2009).



Belgium

Un-consolidated country !

Dutch speaking German speaking

Bilingual speaking

French speaking



Houses and apartments: 162,000 ~ 346,000 euros price down
Furniture: 30% of the sales value
Industry: maximum damage of €1,367/m²
Roads and railroads: €710/m to €27,000/m²

The overall economic damage is at least 400 million euros

A flood causes physical damage
with financial consequences



Floods 
playground



Let Rivière be herself



水文連通性是水文學最中心的概念
Hydrological connectivity: a central concept in hydrology

Special attention should be given to the connectivity and interaction between 
different compartments within the catchments as a control to the flow of water.

我們必須特別關注流域中不同環境區塊之間的串連和相互影響，才足以了解水體流動的機制

Prof. Guido Wyseure
K.U. Leuven
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Hydrologic connectivity: across the aquifer-
riverbed interface

http://chuitna.org/wp-content/uploads/2011/01/hyporheic-flow.png

The hyporheic zone
伏流水帶(或潛流區)，泛指河床底下與側邊，可提供河水與淺層地下水快速混和的區塊



The Concept of Hyporheic Zone (伏流水帶)



The Concept of Hyporheic Zone (伏流水帶)

Boulton, Andrew J., et al. The functional significance of the hyporheic zone in streams 
and rivers. Annual Review of Ecology and Systematics 29.1 (1998): 59-81.

 What hydrological, chemical and 
biological processes occur in HZ ?

 What hydrological, chemical and 
biological processes occur in HZ ?



(Chou, 2009)



Main river channel with cross-sectional area of A 

Immobile subsurface storage zone with cross-sectional area of AS 

Exchange due to 
Transient Storage 

Upstream
Downstream

Lateral inflow Lateral outflow
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subsurface water exchange (Zaramella et al., 2006)
TSM did not explicitly represent the process of surface-
subsurface water exchange (Zaramella et al., 2006)

modelling via a river-centric perspective
old method : Transient Storage Model



未飽和
飽和



The J-shaped Hyporheic model

Darcy’s law



The J-shaped Hyporheic model





Theory:  convective-dispersion equation (CDE)
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D is the dispersion coefficient
V is the pore water velocity
C is the concentration of solute
Rf is the retardation factor 

D is the dispersion coefficient
V is the pore water velocity
C is the concentration of solute
Rf is the retardation factor 

e
n DVD += λ

λ represents the dispersivity
n is an empirical coefficient  (1~2)
De is the molecular diffusion

λ represents the dispersivity
n is an empirical coefficient  (1~2)
De is the molecular diffusion
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A transfer-function method for analysing breakthrough data 
in the time domain of the transport process

Mojid, M. A., D. A. Rose, and G. C. L. Wyseure. "A transfer‐function method for analysing 
breakthrough data in the time domain of the transport process." European journal of soil science 55.4 
(2004): 699-711.

Input

Output





Log-log relationships between solute dispersion coefficient (D) 
and ratio of pore water velocity to water content 

Chou, Po-Yi, and Guido Wyseure. "Hydrodynamic dispersion characteristics of lateral inflow into a river 
tested by a laboratory model." Hydrology & Earth System Sciences 13.2 (2009).



Creating Backflow from the river to the aquifer



Prof. Mary P. Anderson 
University of Wisconsin



The J-shaped Hyporheic model

Use temperature as a tool
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Measured temperature vs. HYDRUS simulation
Steady-state groundwater inflow = 2cm/hr
River stage rising for 15cm

The finding

The rapid change in groundwater temperature has an important effect on K

After determination of the optimal K, the fluctuating water fluxes below the 
riverbed can be estimated by a numerical model.

The finding

The rapid change in groundwater temperature has an important effect on K

After determination of the optimal K, the fluctuating water fluxes below the 
riverbed can be estimated by a numerical model.



River

HYDRUS model

Study the impact of different environmental factors on hyporheic exchange





2009 to 2010



Plain Area Mountainous Area



Rock Aquifer Hydraulic Properties Investigation 
and Ground-water Monitoring Wells Construction 

in Mid-Taiwan Mountainous Region

台灣山區地下水資源調查研究整體計畫 2010

Towards sustainable ground-water management





山區地下岩層水力特性調查

1) 山區涵養水源的黃金區位在哪 ?

2) 岩層蓄存水源的空間有多少 ?

3) 水脈的出現位置與分布概況 ?

4) 山區活水如何補注 ?

5) 岩層水流路徑的連通性 ?

6) 地下水位波動的原因?

探討山區的水文連通潛能



Year Area 
(km)2 Basin

2010 1577 Mid-Jhuoshuei River

2011 2815 Upper-Jhuoshuei River
Dajia River

2012 2026 Wu River

2013 2410 Hulien River
Liwu River

山區地下岩層水力特性調查與地下水位觀測井建置

調查總面積約9000平方公里流域範圍。

水文地質鑽探井四年共74孔

總深度約7500公尺



Water Supply and Distribution is Difficult
In mountainous areas



Emergency Water Supplies are Essential
In mountainous areas



Emergency Water Supplies are Essential
In mountainous areas



200 intact rock cores

Gas permeameter testing

by Dr. J.J. Dong at NCU, Taiwan

Field investigation and experiments



Field investigation and experiments



Field investigation and experiments



孔內流速與流向
調查

孔內溫度導電度
調查

水力試驗及
抽水試驗

孔內地球物理
調查

孔內影像與位態
調查

單井水文地質概念模型建立



方法
雙封塞試驗 + 室內試驗

Double packer test +             Indoor 
Gas permeameter testing

裂隙

基岩

Kf

Km

異向性的問題(anisotropy)

 石油開採評估 (Hughes et al. 1997, Putra et al. 1999, 
Fernø et al. 2008, Salimi et al. 2008, Najafabadi 2009)

 頁岩氣體儲存 (Kalantari-Dahaghi et al. 2011)

 二氧化碳封存 (Odling and Bonnent 2000, 
Darvish 2007)

汙染物傳輸追蹤與控制
竄流係數 interporosity flow coefficient (λ)

=α × r2
w × (Km/Kf) (Chacon 2006)

anisotropy effect increases only with increasing 
ratio of (Km/Kf) (Paul et al. 2011)

山區裂隙與基岩的透水比例
Study of permeability ratio (Kf / Km)



東

西

Matrix dominates 
flow

Fracture dominates 
flow

Transition

Kf/Km

大理岩
片岩
片麻岩
泥岩
火山集塊岩
板岩
硬頁岩
石英岩
頁岩
砂頁互層
泥質砂岩
砂岩

Results

Permeability ratio (Kf / Km) by rock types



48

評估南段山區水文地質參數
與中段山區之差異

The central vs. the south part of Taiwan

補充恆春半島山區水文地質
資訊



“ Hydrologic connectivity” is the think-link 

… of surface flow and groundwater pathway

… of our understanding of rainfall–runoff processes

… structuring the habitats of aquatic communities

… of mountains and floodplains

… of human beings and the environment



Academic

Geological consultants

Environmental policy

Nature conservation

Energy

Soil and land

Waste monitoring

Hydraulic industry



地質學者

民眾

生態學者

土木學者
環保團體

官員

異中求同的哲學
Seeking Common Ground While Respecting Differences 



Thank you


