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FIGURE 1.2.2

Components of the urban water system. (Grigg, 19%6)
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EPA stormwaler management model. (Lager et al., 1971)
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California State Water Project (Sabet and Coe 1986a, 1986b; reprinted by permission in Coe and
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I evikég évvoreg
¢ Lvem)na (system)
® (1) Zvvoio GUVOEOENEVOV TUNUATOV TOL amoTeA0VDV e oA0TNTo (Chow et al.. 1988, G. 5).
® (2) M guaotkt) (1] Kot pofnpatkn)) ovioTTo 100 HETUCYNIATICE [d 1] TEPIGGOTEPES
E10000DE GE 0. 1] TEPICCGOTEPES ECO00DS (CUUPMVEL IE TN YPNOT) TOL VIVETOL Y. GO TOVS
Dingman. 1994, ¢. 382, O’Donnell. 1986).
(3) 'Eva guvohro aveCdptnTev HETAS) TOVS GTOYEI®Y OV UAANAETIOPOVY, TO 0010
FOPUKTNPICeETO amo (o) Eva cVvopo mov Kubopilel av Eva GTOYEID UVI|KEL GTO GUGTILC 1) TO
nepipartov, (B) uAiniemopdceig pe to mepipailov (eicooor — ECooon). ko (V) oyETealS
LETOCY TMV GTOLYEIMV TOV KU1 TV £16000V Kol e20omv (Mays and Tung. 1992. 6. 8).
¢ LvuoeTi ki mpociyyicn) (systems approach)
Mo pef0o0A0YIKI) CVTIUETOTICT TOAVTAOKMOV OOLMV 1] QUIVOLEVOV YMPIS AETTOLEPELUKT)
Bedpnon TOV GYEGEMV 1] QLGIKOV O1EPYUGIOV oV Ta 61émovy (Dingman. 1994, ¢. 382).
¢ Avadiven cveTijnatov (systems analysis)
® (1) MeAetn OV GTOCKOMNEL GTV CVUYVAOPLGT] TOV TPOTOD [IE TOV OTO10 CAANAETIOPOVY Ta
GTOYEL0 TOV CLGTIATOC METUSD TOVS Kol e To tepifdiiov (Grigg, 1996, 6. 115)
® (2) AvoAvTiKi| HEAETT) TOL ECVOMNPETEL TV OVAYVOPIGT] KOl ETAOYT LHOC TPOTIUNTEUS OPAONS
LETOCD TOAADV EQPIKTOV EVOALUKTIKGOV opdcemVv (Biswas, 1976. G. 6).
® (3) Hemomuovikn Teptoyn LLe aVIIKEIILEVO TN AT PEATICTOV UTOQUGEDY — OPOC
TPUKTIKOS GLVAOVDLIOS [IE TOVS TEXVOAOYIO CLOTNIATOV (Systems engineering).
EMEIPNCIOKT Epevva (operations research) kol emoTun 6101k 0N (Management science)
(Loucks et. al. 1981. ¢. 14).
¢ Bsltietomoinen (optimisation)
H 1o61kacio e0pecnc TS PEATIOTNG OpACTC GE £VO GUVOLO EQIKTOV OPUGEMV.

A, Kovtgopavvnc, Bekniotonoinon cvompatoy vdankoy mopov — Ewoayor 1
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I'evikég évvoreg (2)

¢ Yopoovoetnypno (hydrosystem):
SUGTI L0 TOV UTOTEAEITAL OO YLGTKE VOATIVE. COUATO KO TEYVIKA EPYQ. TOL
cuvepYalOUeVa EELTNPETOVV EVU 1] TEPIGGOTEPOLS GKOTOVS, O1 OTTOI01 UVAPEPOVTUL
TOGO GTNV UEI0MOINGT) TOV VEPOL B¢ puoikob Topov. 0GO KUl GTNV TPOGTUGIL Und
TNV KATAGTPOPIKI) OpUGTH TOL VEPOL MC poaoikod kivovvov (Kovtcoyidvvng kot
EavBomovioc. 1998, 6. 4).
¢ LUOTINO VOUTIKAOV TOpmV (Water resources system):
® (1) Opoc cuvdvupog Tov voposueTiotog (m.y. Grigg. 1996. 6. 115).
® (2) Opoc e mepleyOLEVO GTEVATEPO TOV VOPOGLGTIILUTOS — deV TEPIAUPavel Ta
GUGTILOTO EAEYYOL TANULLPOV (TT.%. Kovtooyidvvig kol Zaveorovioc, 1998, 6.
33- Mays and Tung. 1992. . 3).
¢ Lyeol06pn0g - AE1TOVPYIC VOPOGUVGTIHATOS
® ITopudoGluKN UVTILETOTIG: ZVVIGTOGEC = Y OPOGUGTILLY
® ZUYypOovI] UVTILETOTION: Yopociotno = ZoviGTOGES
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FIGURE 1.1.2
Block-diagram representation of the global hydrologic system. {Chow, Maidment, and Mays, 1988)
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ipon, Peru and The Hydro Engineering underground aqueduct of the ancient
Marvel of the Inca world
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ipon, Peru and The Hydro Engineering

Marvel of the Inca

¥ The site of Tipén is made up of thirteen terraces flanked by polished stonewalls, enormous
_ orative waterfalls. Every archaeological complex features
well-built canals which channeled and distributed water throughout the settlement. There are

arious baths and irrigation channels that still function today, providing the archaeolo

ical site

BN with an endless stream of running water. The outer wall at Tipon, measures 15 to 20 feet high
# and nearly four miles long .encircling the entire community.

This wall also provides evidence that

a large labor force was once used, representing a major construction achievement in and of

itself. However, evidence points to it being built by an earlier people who pre-dated the Incas.
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Dujiangyan: The 2,200-Year-Old Chinese
Irrigation System That is Still Used Today!

Dujiangyan #ngaton system four map (CCB8Y SA 4.0)

clentists continue 10 aagmire Dujiangyan tocay for one pariicudar feature - the harnmonious way @
anages water for human: ecosystems and fish populations o continue naturally
his stands apart from dams which biock up and alker nature’s ways

The oldest irrigation system in the world is in China. Called Dujiangyan, it is also the only
surviving monumental non-dam irrigation system from the ancient past. A marvel of Chinese
science and engineering, Dujiangyan was built over 2,200 years ago. This system is still used tc

8 irrigate over 668,700 hectares of farmland, drain floodwater, and it provides water resources to

more than 50 cities in the Sichuan province today.

The ‘Fish Mouth’ levee. Part of the Dujiangyan irrigation system. ( CCO0)
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Dujiangyan: The 2,200-Year-Old Chinese
Irrigation System That is Still Used Today!

Traditional levee made of long sausage-shaped baskets of woven bamboo filled with stones
known as Zhulong, held in place by wooden tripods known as Macha. (CC BY SA4.0)

One of the most amazing features of the engineering project was the creation of a channel
through Mount Yulei. It is worth noting that workers did this before gunpowder and explosives
ere invented. Li Bing’s solution to cut through the hard rock was to use a combination of fire
and water to intermittently heat and cool the rocks until they cracked and could be more easily
emoved. It took eight years to create a 20 meter (65.62 ft.) wide channel through the mountain.




The Ma'rib Dam is an engineering marvel of the ancient world that is located in central Yemen.

This dam is easily one of the finest examples of masonry architecture in the Arabian Peninsula.
Local stories say the dam was in use for centuries, however, the great dam apparently stopped
serving as a barrier when it was breached by rats.

The Ma'rib Dam, also known as the Great Dam of Ma'rib, was in use for many centuries for the
storage of water. as well as for irrigation purposes. During the 6th century AD, however, the dam
collapsed, though the walls of its sluices are still standing today. A new dam, close to the location
of the ancient one, was built during the 20th century.

of what Marib Dam was by the University of Ca/gary and the American Foundation for
Anthropology. (CC BY SA 4.0

JANUARY, 2018 - 14:02 DHWTY

he Ma’rib Dam: An Engineering Wonder
of the Ancient World... Torn Apart by
Rats?



All that remains of the Ma'rib Dam today are its sluice gates, which stand as a testament to the
engineering capabilities of the ancient Sabaeans. In 2015, these ruins were damaged by
airstrikes during the ongoing conflict in Yemen

Ma’rib dam before and after the destruction in 2015. ( Fair Use )

};‘ |

S - A=
?\.g_;\-‘\“ - == 2 < o o =,- .e‘
JANUARY, 2018 - 14:02 DHWTY The Ma’'rib dam was vital to controlling waterflow. ( Inam’s Water World )

he Ma’rib Dam: An Engineering Wonder | ~ . |
f th Ancient world Torn A art b Over the centuries, the Ma’rib Dam was repaired and renovated. The dam was so imporiant to
0 e nee p y the people who lived in the area that its maintenance continued even after the fall of the

? .
Rats? Sabaean Kingdom to the Himyarites




| The Qanat Firaun, otherwise known as the Gadara Aqueduct, is an ancient agueduct that was
built to supply water to the Roman-Hellenistic Decapolis, which now lie in present-day Syria and
Jordan. Although the Arabic name ‘Qanat Firaun’ means ‘Canal of the Pharaohs’, the massive
canal was not Egyptian but Imperial Roman, and stands as a testament to their incredible
engineering abilities. The 170-kilometre pipeline is not only the world's longest underground
aqueduct of the antiquity, it is also the most complex, and represents a colossal work of
hydroengineering.
The underground canal system was rediscovered by Mathias Doring, a hydromechanics
professor in Darmstadt, Germany, in 2004. Excavations revealed that the pipelines were
constructed with an average height of 2.5 metres and a width of 1.5 metres. The aqueduct
extended for 64 kilometres on the surface, before disappearing underground into three separate
tunnels, with lengths of 1, 11, and 94 kilometres. The longest previously known underground
water channel of the ancient world, in Bologna. is 19 kilometres long, so the discovery of the
Gadara Aqueduct, and the sheer scale of the construction, was met with both shock and awe.

14 APRIL, 2014 - 13:32 APRILHOLLOWAY

Qanat Firaun, the most spectacular
underground aqueduct of the ancient
world
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DA o v Pian of the upper and lower tunnel system under the acropolis of Gadara. Image source
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The massive construction effort began in around 90 AD and continued relentlessly for the
following 120 years. It staried above ground in Syria, where they made rapid progress. However,




The Qanat Firaun, otherwise known as the Gadara Agueduct, is an ancient agueduct that was

built to supply water to the Roman-Hellenistic Decapolis, which now lie in present-day Syria and

Jordan. Although the Arabic name ‘Qanat Firaun’ means ‘Canal of the Pharaohs’, the massive
3

canal was not Egyptian but Imper

Roman, and stands as a testament to their incredible

engineering abilities. The 170-kilometre pipeline is not only the world's longest underground

aqueduct of the antiguity, it i

hydroengineering.

5 dlso the most complex, and represents a colossal work of

Long Pipe o .

The building of the Gadara Aqueduct

Total lengthe over 170 km
Service lunnels: 2900
Bullding time
fom 9010 210

AD g First sloping tunnels, complete with stairs,

were dug from the surface about 40 meters
apart. With the help of measuring posts, levels
and plumbs, the builders could make sure they
had the right depth in each of the tunnel's
sections,

2 Then the workers dug sections of the tunnel
one after another, They also dug small pilot
tunnels through the rock.

3 As the sections were jpined, the
tunnel was slowly expanded. y =TT :
Legionnaires worked on two levels to o= Ny 2 TSR ' 2l.2
make the tunnel deeper. . 2 !

Dedle t

Uadara ». /7
a -

"

Near the main water source, )
at least ten other test channels JORDAN
were driven underground.



