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Summary

This chanter presents,an cverview of hydraulic instrumentation and experimental meth-
ods that arg Irnportantstornvestigations in the field of Environmental Hydraulics. For
this purnose, Envirspmental Hydraulics is briefly defined and its multi-disciplinary
character is kighligited. Providing cross-references to relevant EOLSS-chapters, differ-
ent instrumeats ard experimental methods are introduced that are important for meas-
urements of flow’parameters, transport processes, and morphology in natural systems.

1. Introduction

Environmental Hydraulics represents a sub-branch of environmental fluid mechanics
that deals with movement of water and transport processes in natural systems such as
streams, lakes, estuaries, oceans, and underground aquifers (for a description of these
natural systems within the EOLSS see Dolotov and Zektser, 2005; Martinez Alfaro
Pedro Emilio, 2004; Dooge, 2004; Dolotov, 2004; Khublaryan, 2004; Khublaryan,
2006/Rev.2008; etc.) and at their interfaces (described e.g. by Cavazza and Pagliara,
2004; Berndtsson and Persson, 2003).
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Environmental Hydraulics is a cross-disciplinary academic discipline combining
technological, environmental and human-sociological interests (see Fernandez-Cirelli,
2004; Adeloye, 2006; Gladwell, 2004) in order to provide professionals working in
water-related areas with technology and knowledge to ensure a sustainable water
environment and adequate water resources for upcoming generations (Rowinski, 2007).
Moreover, it promotes the implementation of fluid mechanical concepts into
environmental and ecological theories and is therefore relevant for many ecological
research areas (e.g. Bertoni, 2011; Duarte, 2003; Zalewski et al, 2006/Rev.2007).

Environmental Hydraulics emerged from fluid mechanics and traditional hydraulics
(described in the EOLSS by Bergeles, 2010; Chabard and Laurence, 2004; Jordaan,
2006/Rev.2008; Lee and Sharp, 2004)) due to increased environmental awareness of
mankind and the need to protect water resources (see Frioux, 2010; Armanini, 2004;
Tamai, 2005). It focuses on fundamental hydraulic phenomena and their if€ractions
with other associated environmental processes or, in other words, on waaiys:s of
physical, chemical, and biological aspects of flowing waier on multip'e scales<tnat are
important for the protection, restoration, and manageis¢nt bf enyvironénental quality
(e.g., Singh and Hager, 1996). Examples are watergned.scaic hydivlogy (eg., Robinson
et al, 2008), aquatic ecosystem functioning (e.g., Nikg.a, 2410), arslow vegetation
interaction (e.g., Nepf 2012a, b).

Compared to engineered flows (e.g., Takanasi ef.., 2004; Sinks, 2004), flows in natural
systems are characterized by heterogdneities 1 terms Of Liwsical properties, transported
matter, biological species, ecotones as el as differant length and temporal scales (see
Swart, 2004; Goetze et al, 20065 Rue’to the heterggencous boundary conditions, natural
flows cannot be perfectly repiicated by degign. 1n vontrast, they are mainly observed in
numerical, laboratory apu fiewd=Cxperiments i order to understand their role for
environmental quality (:Rowirski, 2007). The detailed investigation of the relevant
physical, chemical/ and, “sivlogica! #prosesses and parameters demands adequate
experimental methous, measuriqg techiwiues, and analytical tools for data analysis and
interpretation. <hs" digital révalusion” and technical advance has enabled the use of
highly sophisiicawd’meastsesient instruments for the detailed investigation of biotic
and abiptic preansses in Wwateienvironments with high spatial and temporal resolution.
This_devalopment hesweontributed significantly to the better understanding of the
multiple priicesseteansututing a portfolio of Environmental Hydraulics.

The decisioft as= “which investigative approach is most appropriate depends on the
phenomena of jintérest (e.g., turbulence characteristics, waves, transport processes), the
associated scale (micro to global), the accuracy of the available instruments, and the
environment (ocean, coastal, estuarine, lentic freshwater, lotic freshwater, and aquifers).
Many relevant instruments and experimental methods are described within different
EOLSS-encyclopedias related to Environmental Sciences, for which Environmental
Hydraulics plays a crucial role. Therefore, the intention of the following chapters is to
provide brief descriptions of environmental hydraulic instrumentation and experimental
methods mainly by providing cross-references to existing EOLSS chapters. The present
contribution is restricted to the topics of flow measurement, transport processes and
water quality, and morphology and is not exhaustive.
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2. Flow Measurements

The adequate measurement of flow and fluid properties such as water level, discharge,
velocity, turbulence, pressure, density, temperature etc. is a prerequisite for the analysis
and interpretation of environmental flows. The available instrumentation and
experimental methods are multifaceted and depend on the purpose for which the
measurements are carried out. Many of the available instruments and experimental
methods are described in EOLSS-theme volumes edited by Iribarne and Federico Isla
(2004); Sydow (2004); Dooge (2004); Jordaan (2003); Nihoul and Chen (2003); and
Takahasi (2004). Each theme is an organized set of edited chapters on the respective
subjects as listed in the bibliography.

The following sections provide a brief overview on the available instrumentation and
experimental methods applied for the determination of the most impgiiant flow
properties, i.e., water level, velocity and discharge. Information on the_ puiscipias of
signal processing and related uncertainty-consideratigfis” can be faunc widiin the
EOLSS in Harmancioglu and Singh (2004); Muller (20C4"an¢ Erepsancé—errero (2003)
and are not repeated below.

2.1. Water Level and Pressure Measurements

Instruments and methods for the measurenant o7 water levits (stages), water depth, and
pressure range from manually opera‘ed simpie mechenizatsinstruments (e.g., sounding
leads, point gauges), automated pressu:2 measurenmaats, fully automated echo-sounders
to remote sensing techniques7ie ZOLSS-chaniers uuthored by Graw (2004); Teng
(2006); Chantler (2004); Jordcan (2004); Warren.and Yoon (2010) and Wessels and van
Biljon (2004) provide a ¢¢tailecsaverview uf the available instruments and methods for
measurements of water s:ages /ind préssure in closed conduits or water bodies with free
surfaces.

Measurements@af e around/watestatle are of interest for many hydrogeological appli-
cations and wfoimaiion, 0a, this topic can be found in Foster (2004) and/or Ando
(2008/Re\v 2088,

Wavenmeas ureme s, arenaf major importance for coastal engineering applications. Such
measurerients.havideen carried out by wave gauges but can, nowadays, also be carried
out by airblrnar=sacellite-borne or land-based remote sensing techniques (e.g. Teng,
2006).

TO ACCESS ALL THE 22 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx
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