


such water supply system would be modelled physically or numerically during the design
stages.

The aqueducts were equipped with a few steeper sections as well as some overflow devices
that required the introduction of energy dissipation systems. The dissipation of the kinetic
energy was critical for a proper downstream operation, to prevent scour of the channel bed and
damage to the aqueduct structure itself. Some recent studies showed at least three designs: that
is, a steep smooth chute followed by a hydraulic jump, a stepped cascade, and a dropshaft
system (Chanson 2000,2002). Figure 9 shows a small hydraulic jump stilling basin. One major
dissipation structure was located along the Valdepuentes aqueduct at Cordoba (Spain) with a
series of three dropshaft cascades yielding a total drop of more than 350 m. The operation of
these energy dissipation structures was complex, including by modern standards, and required
some advanced hydraulic expertise.

Fig. 8. Water cascade at Perge (Turkey) in Sept. 2002 (Courtesy of Dennis Murphy).
Right: looking upstream. The right photograph shows the details of the overflow weir
with its broad-crest followed by a steep chute (flow direction from right to left).
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of the siling basin

Fig. 9. Small stilling basin along an aqueduct supplying a Roman fort in Potaissa Turda
(Romania) (Courtesy of Dr Fodorean Florin).

4. CONCLUSIONS

The Roman aqueducts operated successfully for centuries and their design constituted some
major achievement including by modern standards. Although the aqueducts were long
subterranean channels following the hillslope contour lines, they were equipped with a
number of hydraulic structures including regulation devices, stormwater systems and energy
dissipators. These successful design and operation of these devices required some advanced
knowledge in fluid mechanics and hydraulic engineering. Indeed the complexity of basic fluid
mechanics is linked with the non-linearity of the governing equations. The Roman aqueducts
represent a superb illustration of successful civil engineering designs, covering hydrology,
hydraulics, structural engineering, surveying and project management.

This contribution yields many questions. Who were the Roman engineers? How did they
design the aqueduct system? How did the engineers predict the free-surface profiles and
determine the needs for regulation devices and energy dissipators? Was physical modelling or
prototype tests conducted? The author believes that the Roman engineering expertise was
limited to a handful of engineers; these were the precursors of the French Ingénieurs du Corps
des Ponts, British Royal Engineers, and US Army Corps engineers.

REFERENCES

Bossy, G., Fabre, G., Glard, Y., and Joseph, C. (2000). "Sur le Fonctionnement d'un Ouvrage
de Grande Hydraulique Antique, I'Aqueduc de Nimes et le Pont du Gard (Languedoc,
France)." ('On the Operation of a Major Water Supply System in the Antiquity: the Nimes
Aqueduct and Pont du Gard (Languedoc, France).") Comptes Rendus de 'Académie des
Sciences de Paris, Sciences de la Terre et des Planetes, Vol. 330, pp. 769-775.

Burdy, J. (2002). "Les Aqueducs Romains de Lyon." ('The Roman Aqueducts of Lyon.")
Presses Universitaires de Lyon, Lyon, France, 204 pages.

Chanson, H. (2000). "Hydraulics of Roman Aqueducts: Steep Chutes, Cascades and
Dropshafts." American JI of Archaeology, Vol. 104, No. 1, Jan., pp. 47-72.

Chanson, H. (2002). "Certains Aspects de la Conception hydrauliques des Aqueducs
Romains." ('Some Aspect on the Hydraulic Design of Roman Aqueducts.") JI La Houille

50



Blanche, No. 6/7, pp. 43-57.

Chanson, H. (2002b). "Hydraulics of a Large Culvert beneath the Roman Aqueduct of
Nimes." JI of Irrigation and Drainage Engrg., ASCE, Vol. 128, No. 5, pp. 326-330.

Chanson, H. (2008). "The Hydraulics of Roman Aqueducts: What do we know? Why should
we learn ?" Proc. World Environmental and Water Resources Congress 2008 Ahupua'a,
ASCE-EWRI Education, Research and History Symposium, Hawaii, USA, Invited Plenary,
13-16 May, R.W. Badcock Jr and R. Walton Editors., Paper 166, 16 pages (CD-ROM).

Fabre, G., Fiches, J.L., and Paillet, J.L. (2000). "L'Aqueduc de Nimes et le Pont du Gard.
Archéologie, Géosysteme, Histoire." (‘The Nimes Aqueduct and Pont du Gard.
Archaeology, Geosystem, History.") CNRS Editions, CRA Monographies Hors Série, Paris,
France, 483 pages & 16 plates.

Février, P.A. (1979). "L'Armée Romaine et la Construction des Aqueducs." ("The Roman
Army and the Aqueduct Contruction.") Dossiers de I'Archéologie, Séries Les Aqueducs
Romains, Vol. 38, Oct./Nov., pp. 88-93.

Garbrecht, G. (1987). "Hydraulics and Hydraulic Research: a Historical Review." Balkema
Publ., Rotterdam, The Netherlands.

Hodge, A.T. (1992). "Roman Aqueducts & Water Supply." Duckworth, London, UK, 504
pages.

Hodge, A.T. (2002). "Roman Aqueducts & Water Supply." Duckworth, London, UK, 2nd
edition, 504 pages.

Leveau, P. (1979). "La Construction des Aqueducs." ("The Construction of Aqueducts.)
Dossiers de I'Archéologie, Séries Les Aqueducs Romains, Vol. 38, Oct.-Nov., pp. 8-19.

Leveau, P. (1991). "Research on Roman Aqueducts in the Past Ten Years." Future Currents
in Aqueduct Studies, Leeds, UK, T. Hodge ed., pp. 149-162.

Leveau, P. (2004). "L'archéologie des Aqueducs Romains ou les Aqueducs Romains entre
Projet et Usage." ('The Archaeology of Roman Aqueducts or Roman Aqueducts between
Project and Usage.") in Elementos de Ingenierai Romana, Libro de ponencias, Congreso
Europeo Las Obras Publicas Romanas, Tarragona, Nov., 13 pages.

Leveau, P. (2006). "Conduire I'Eau et la Controler: 1'Archéologie des Aqueducs Romains."
('Carrying Water and Controlling it: the Archaeology of Roman Aqueducts.") Colloque
International de la Société Frangaise d'Archéologie Classique, Archéologie et Histoire des
Techniques du Monde Romain, Paris, 18 Nov., 22 pages.

Valenti, V. (1995). "Aqueduc Romain de Mons a Fréjus. 1. Etude Descriptive et Technique.
Son Tracé, son Profil, son Assise, sa Source ..." ('Roman Aqueduct of Mons at Fréjus. 1.
Description and Technical Analysis. Its Plan, Profile, Footings, Source...") Research Report,
Fréjus, France, 97 pages.

51



PR SE gk
HfES 2> °“7.Z\ in BN

Proceedmgs of

3.\;.

The Internatzonal Sy po.smm on

2
-

Water and City in Kanazawa
-Tradition, Culture and Climate-

2010.10.144)— 15@)

October 14th(thursday)— 15th (Friday) 2010

BRHXEAR—

Kanazawa Japan




Proceedings of the International Symposium on Water and City in
Kanazawa - Tradition, Culture and Climate -

FES I AERS S R w7 A in ARG LE
Published in October 2010 Fi% 224 (2 0 1 04) 10 H 34T

Editing & publishing: Steering Committee of the International Symposium
on Water and City in Kanazawa
920-8577 Ishikawa Prefecture, Kanazawa City,
Hirosaka 1-1-1
(Kanazawa City Hall, Historic Heritage Preservation
Division, Cultural Preservation Section)
MRE « FAT « IERRHKERR Y AR Y U AT EREE R
T920-8577 AJIRERTETK I TH1IEF 1 5
(R  FESEERAT UM ORER )





