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What is hydrology ?

BREVKEMEKIRIZRPAYAE) - D mAllmE

the study of the movement, distribution, quality of water on Earth

|s that so ?
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At a Flood-Prone Land
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In Bravery We Face the Water



2006 Ruimte voor de Rivier

Creating Room for the Rivers

Lowering of floodplains

* . Lowering of floodplains
Dike relocati' e Depo'ldenng
: Removing obstacles
Lowering groynes n ‘

Source: www.ruimtevoorderivier.nl/meta-navigatie/english/types-of-measures/
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Abstract. Hydrological modelling is the s
and encoding a bydrological theory. A hyd
is mot & tool e & hypothesis. The whole d
the inadequacy of hydrological models we
of late, iz related to the wrong concept of w
Good models don’t exdst. Instead of lookin
madel, we should aim at developing beter o
cess of modelling should be top-dowmn, learnd
while at the same time connection should be
mderlying physical theory (bottom-up). As
ernEeneity ocowring at all scales in hydrolo)
remains 3 need fior calibration of models. T
we need tallor-made and site-specific model
mdels are fit for this modelling process, as
of the established soffware or “one-size-fits-
process of modelling requires Imagination, |
ativity, insemuty, experience and shill. The
that belong to the field of art. Hydrology is &
it is science and enginesning.

1 What is hydrolozy?

What is ydrology? Cme would think that

question. Hydrology has been long since defined. In my own
words, it is the sclence that describes the oonurence and be-

A HEdrcIn y and
arth System
Sciences

H H. G. Savenije: The art of hydrology

5 The trinity: science, technology and art

We have seen that hydrology i1s essenfally a mult-

!5 the connection between geology, ecology, atmosphere and |
i soctety, and that it ivolves basic sciences such as physics, |
: chemistry and biclogy, are we likely to find breakthroughs in :
yunderstanding how water behaves in the Earth system. In de-)
| veloping new theories and models of how the water behaves, i
| we need to make use of skill, knowledge and expenience that

e

One could argue that, defined in this way, art 1s implicit in
both science and engineening and that emphasising the art in
hydrology is trivial. That may be true, but in practice I see a
lot of papers, both in review and in prnt, that de not include
elements of art. There are many papers that deal with the ap-
plication of an existing hydrological model, or that describe
automated calibration, or that apply standard statistical meth-
ods, without much creativity, empiricism or mnovation. It 1s
clear that for finding engimeening solutions te water related
problems science and technology have to go hand in hand,
but when it comes to developing new insights and new ap-
proaches, art 1s an essential element of hydrological research.

Acknowledgements. The author would like fo thank all pecple who
have contributed to forming the opinions expressed in this paper,
either by agreeing or by disagreeing. Particularly the discussants
who added so many valuable points to the discussion are thanked
for their contributions.

I'he Word “ENonIALY - 15 WITHED DETWSEeT qUOAnon Marks he-
canse previous anthors called this phenomenon s snomaly,

havionr of water above, over and through the Earth It is
an earth science. However, depending on someons’s back-
eround, the interpretation of this definiton may vary. People

m Correspondence ro: H H G. Ssvenije
- = (hb g savenije mdalft nl)

whereas it was purely physical behaviowr that happened to
dizagree with their perception.  Tndl then models consis-
tensly underestimated the outflows of the main delta branch
duming A seven-year period (1974-1981) while performine
well during the remaiming part of the tme (1968-2003). The
“anomaly” disappeared when be considered the appropri-
ate surface water-grovmdwater interaction and the interplay

Published by Copemions Publications on behalf of the Evropean Geosciences Tnion.

N
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What is hydrology ?

FEFIEEFERIRIS

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.

Savenije, H. H. G. "HESS Opinions" The art of hydrology" Hydrology &
Earth System Sciences 13.2 (2009).
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A flood physical damage
with fin consequences

Houses and apartments: 162,000 ~ 346,000 euros price down
Furniture: 30% of the sales value

Industry: maximum damage of €1,367/m?

Roads and railroads: €710/m to €27,000/m?2

MM‘W\ The overall economic damage is at least 400 million euros

VLAAMSE MILIEVMAATSCMAPPI)
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_,ﬂ'nparaﬁuns for drafting the flood risk management i:lani . the
I of the River Dijle upstream of Leuven and the River WoluweinFlanders.

1

e i




Hydrologic processes in and around soils

We study the physical processes governing the cycling of water
where the soil acts as a major control. Therefore special attention is
given to the water pathways and budgets in and around soils. This
not only at the micro-scale but also at the scale of landscape
elements such as hill-slopes, wetlands, shallow subsurface
drainage and interaction between river and groundwater
ecosystems. Special attention is given to the connectivity and
interaction between different compartments as a control to the flow
of water within the catchments. The water carries also dissolved
elements like nitrates and dissolved organic matter.

One of the major objectives of a better insight into hydrological processes in and around soils is to create a better holistic
understanding of the hydrological cycle. This should lead to a more sustainable management of water resources, land use
impact, water quality and water-related natural hazards.

URL projects: ees_kuleuven.be/bwb/projects

KIGEFE MR KNEZPOLHEEE

Prof. Guido Wyseure
K.U. Leuven

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.
B AFRIEAIREPARIRIERIR ZENEEMEERE - 4 2T #BKERRENRIHEE
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Hydrol oglc connect|V|ty across the aguifer-

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

The hyporheic zone
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The Concept of Hyporheic Zone k)

Water enters gravel
Stream surface
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The Concept of Hyporheic Zone k)

THE FUNCTIONAL SIGNIFICANCE
OF THE HYPORHEIC ZONE
IN STREAMS AND RIVERS

Andrew J. Boulton," Stuart Findlay,*> Pierre Marmonier;*

Emily H. Stanley,* and H. Maurice Valett®

'Division of Ecosystem Management, University of New England, Armidale, 2351
New South Wales, Australia, e-mail: aboulton@metz.une.edu.au; nstitute of
Ecosystem Studies, Millbrook, New York 12545; 3Univcrsity of Savoie, G.R.E.T.I
ESA-CNRS #5023, 73376 Le Bourget du Lac, France; *Department of Zoology,

Oklahoma State University, Stillwater, Oklahoma 74078-3052; *Department of ~3 Wh at h y d ro | (@) g | C al , C h em | C al an d
Biology, Virginia Polytechnic Institute and State University, Blacksburg,
biological processes occur in HZ ?

Virginia 24061

KEY WORDS: aquatic ecosystems, hydrology, scale, ecotone, model

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

Main river channel with cross-sectional area of A

Upstream
Downstream

- ||‘ I
_ &Sﬁ)\fhange due to
Lateral inflow, nsient Storage Lateral outflow

Immobile subsurface storage zone with cross-sectional area of As

T

o a A ox ox
dC, A : .
i a* A_(CR -Cy) TSM did not explicitly represent the process of surface-
subsurface water exchange (Zaramella et al., 2006)
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The J-shaped Hyporheic model

=l

[}
=]
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The J-shaped Hyporheic model
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Theory: convective-dispersion equation (CDE)

oC 9°C  oC H N
R =D _y—= D=V"A+D,
f ., ot 822 dz + _____ e

mechanical dispemsobecular diffusion

D is the dispersion coefficient

V is the pore water velocity A represents the dispersivity
C is the concentration of solute n is an empirical coefficient (1~2)
R, is the retardation factor D, is the molecular diffusion

A transfer-function method for analysing breakthrough data s ++1+'”p“t

in the time domain of the transport process

_ gt ot o
f(t)=exp [1 TRJ / 4N£7RfJ 21R nN(TRJ

Mojid, M. A., D. A. Rose, and G. C. L. Wyseure. "A transfer-function method for analysing 0 0400 2 o404 4 e+04 6 e+04 8 e+04 1 e+05
breakthrough data in the time domain of the transport process." European journal of soil science 55.4
(2004): 699-711.
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Hydrodynamic dispersion characteristics of lateral inflow into a
river tested by a laboratory model

1.E-02

®
>

P Y. Chon and G. Wyseure

i1 2nd W Eathaliske Universiteit Leuven,

i : : [ T | : | [ Dept. of Earthand
1 E 03 ; | | : [ ; i ; Celestienlaan 200 E, 3001, Heveree, Belgmm
- T (| L
- 1 T T T Received: 15 May 2008 — Published in Hydrol Earth Syst Sci Discuss.- 20 June 2008

Revised: © Jemary 2009 — Accepted: 10 February 2008 — Published: 23 February 2009

Abstract. Groundwater and riverwater bove a diffrent 1 Infroduction

1.E+00

1.E+01
Vi0, (cm/hr)

Log-log relationships between solute dispersion coefficient (D)

compositon and iwemct i and below the mverted The
siverbed-aquifer Sws iversctions heve received growing -
terest bacause of their role in the axchnge nd manser-
mtion of nurienss and pollwants bemween Tivers and the
scquifer. Tn this research our msin purpose is to idenrify the
lysical prcascs ad chraciis naaded for 1 e

Knowledze of the aquifer and river water interaction s im-
ad

surfiace water hydrology. The siznificance of groundwater-

susface water veracion is bowsver dificull o quanify

(Valatt et al, 1994) and is conmonly igacred in water-
cies

sone, the aquifer . the riverbed. T onder 10 st

This s -
mmmmamlmpedmm\nm
the com:

hoa B E\E’yﬂ;xmminmmgumhmmechsaud

Growndwoter has different dissolved minerdls, comsins
less oxyzen, and has a more constmt temperamre a5 com-
pared to tiver water. On the one hend riverbed-aquifer fie
interactions result in specific dissolved minersls from the
aquifer moving into the riverbed, on the other band dowa
penetrating fiow from the river moves substances like oxy-

s and i the aquifes be-
low: The part of the riverbed subject to exchunge of fues
is called the byporhieic zome, Which also TS 3 A STDOT-
e beat source and. sizk that afects river water

s (Browm 3. 2005 Mocre st 2, 2005, Cormaro &

and ratio of pore water velocity to water content S R —

Soas slong the column, Remitsshowed ot e sammated S B PSR U RUE O T SR
conditions the dispersnity was fuly constant snd IEPEN e yrer and the subsurfsce Sowpats as reviewsd by Mar-
deat of the . In coazast, dispersity under msamated o . Q003 o Gl ot ol Q006 Comcepad
condiions was fimx ed o lower . scn dispersion ol sk
Foromr vest e and Walters,
I par velocity ¥ 555 ey kit 1 sy o e s s
conran A simmlasion mods] of iverbad-aquifar fx interac-
o eschangs banvesn VT Water and bed seGNED 1 Jongim-

Correspondence to: G Wysenme
(SO Pttt el
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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

1 T'T'l ['T'l

(@) t = 0 minute +1.44 1(b) t = 10 minute +1.44 |(C) t = 20 minute




Review Paper/

Heat as a Ground Water Tracer
by Mary P. Anderson’

Abstract

Heat carried by ground water serves as a tracer to identify surface water infiltration, flow through fractures,
and flow patterns in ground water basins. Temperature measurements can be analyzed for recharge and discharge
rates, the effects of surface warming, interchange with surface water, hydraulic conductivity of streambed sedi-
ments, and basin-scale permeability. Temperature data are also used in formal solutions of the inverse problem to
estimate ground water flow and hydraulic conductivity. The fundamentals of using heat as a ground water tracer
were published in the 1960s, but recent work has significantly expanded the application to a variety of hydrogeo-
logical settings. In recent work, temperature is used to delineate flows in the hyporheic zone, estimate submarine
ground water discharge and depth to the salt-water interface, and in parameter estimation with coupled ground
water and heat-flow models. While short reviews of selected work on heat as a ground water tracer can be found
in a number of research papers, there is no critical synthesis of the larger body of work found in the hydrogeologi-
cal literature. The purpose of this review paper is to fill that void and to show that ground water temperature data
and associated analytical tools are currently underused and have not yet realized their full potential.

Prof. Mary P. Anderson
University of Wisconsin
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The J-shaped Hyporheic model

Unsaturated section 1 [______] Water flow |:>

Saturated section 2 Thermal couple o

River section 3} === sensor

‘ Land surface
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Temperature (Celsius)

25
Measured temperature vs. HYDRUS simulation
3 Steady-state groundwater inflow = 2cm/hr
Steady-State | Unsteady-State River stage fising for 15cm
_linflow = 1cm/hr ! N
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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.



Impervious bedrock

7
A
High river stage
(a)
Zml' D iT = 0.49m
\ "DVin = 0.14m]
1mj

Sediment texture: Sandy Loam
Temperature of river = 2°C
Temperature of aquifer = 7°C

QLin=0.24 m3/d.ay: QVin = 0.13 m3fday

1m 2m

[ — — — — — — — —

Phreatic water table

v ' —_————— T T T
s | — L
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(b)

High river stage

DLih = 0.65m

Sediment texture: Sandy Loam
Temperature of river =10°C
Temperature of aquifer = 7°C

QLin = 0.29 m¥/day; QVin = 0.19 m¥/day
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High river stage
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hyporheic exchange
Sediment texture: Loamy Sand
Temperature of river = 2°C
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SkyView of TAIWAN
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Towards sustainable ground-water management

Rock Aquifer Hydraulic Properties Investigation
and Ground-water Monitoring Wells Construction
in Mid-Taiwan Mountainous Region
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In mountainous areas

Water Supply and Distribution is Difficult
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Emergency Water Supplies are Essential
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Field investigation and experiments
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Field investigation and experiments

Depth  Spontaneous Potential Shor-Normal Resistivty  Gamma Radiation Travel time Acoustic view Optical view
1m:500m 5 500 chmm 30050 CPS 200 200 usin 500 0

Lang-Normal Resistivity

-"-F - Y It X ’ dad - 0 ochmm 300
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Geologist mudlogging Geophysical logging
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Study of permeability ratio (K;/ K,)

® FAMBARFEML (Hughes et al. 1997, Putra et al. 1999,
Mobile Domain Ferng et al. 2008, Salimi et al. 2008, Najafabadi 2009)

o EERBERETFE (Kalantari-Dahaghi et al. 2011)

® —F{EWx#I7FE (Odling and Bonnent 2000,
Darvish 2007)

o £t aIRIRE (anisotropy)

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

4 3 A Sy /)
Rate- LImitediMass Transfer © ;T 49 (5 55 46 Bie B9 #2E )
ER%E interporosity flow coefficient (A)
=a x r?, x (K,/K))  (Chacon 2006)

DS
3%
EHEGE + EAH

Double packer test + Indoor
Gas permeameter testing

Immobile Domain
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Results

Matrix dominates Transition Fracture dominates
flow flow
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The central vs. the south part of Taiwan

Matrix dominates Transition Fracture dominate:
flow flow
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" 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
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Seeking Common Ground While Respecting Differences
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Thank you
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