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Abstract: This paperpresents anwerview on the sustainability oAncient water supply
systems in Jerusalefrom the Chalcolithic period (4503200 B.C.) until the present time.
Archaeological evidences and landscape settings were applied utilizing all available and
accessible literatunelevant to ancient water resources management in Jerusaigated
agriculture was practiced for many centuries in this region, hence sustainable water supply
facilities were erectedncluding well developed aquedsciwater harvesting pools and
irrigation channels for water storage and landscaping purposes. To cope with seismic
events soil subsidence and water leakage, ancient water engineers and architects applied
innovative construction methods for the erection of water pools, channels and aqueduct
systems. Ancient water supply systems in Jerusalem are valuable treaypast
civilizations and crucial urban environmental facilities and their protection is consistent
with sustainable development principles. Effective environmental assessment as a
decisionmaking process for sustainable development can be applied to preserve threatened
ancient water facilitiefrom major development proposals and urban infrastructure projects

in Jerusalem.
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1. Introducti on

The city of Jerusalemhas had a long occupation histeryhich startedin the Chalcolithic
period (400' 3200 B.C.) until the present timeJerusalemis considered a perfect plader
archaeologists and wat@ngineers to study ancient water systefgevious archaeological and
historical studies tried to answer the chronological questions related to biblical fietrmhthere is
little focus on the landscape setting of the ancient water sy$i@nmidopefuly, the landscape setting
of the ancient water systems in Jerusalem might haveffactive role in the near futuren
understanithg the technical design, construction and functional aspects of Jerdsaleoent water
systems.The behavior of the ordinay societiesthat lived alongide of ancient water systenod
Jerusalem through the coursa time is not well explored.For example, Angelakis and
Koutsoyiannis[2] reported that ancient Greek livelihood improvements and significant cultural
developmentsvere based on innovative technologies to collect, store, and transport water, as well as
legislation and institutions to effectively manage the available water resources.

A thorough understanding afie ancient water systems in Jerusalem calls for catesgoyn and
should be based on the landscape setting, water resources and their technical function. The aim of thi
article is to review the various ancient water systems in Jerusaleloding the underground water
system, the water harvesting pqo@adthe aqueduct systems. Archaeological evidences and landscape
settings were applied utilizing all available and accessible literature relevdiné tmcient water
resources management in Jerusalem.

2. Water ResourcesM anagement during the Bronze and IronAges

Many archaeological excavations and survaydertakerin the Jerusalem aresince1867 such as
those ofWarren, Parkef1909 1911), Kenyon(1961i 67), and Shiloh (1978 84) haverevealedhatan
underground water systewns the first water supply teeblogy in Jerusalerf8]. Recent excavations
carried out by Reich and Shukron during 198p contributed tothe discovey of the details of the
systend structure. Within the area of settlement of Jerusalem at Tell AbDuUbBdr duringthe Bronze
and Iron Ages, there were two springdhe Umm Al Daraj and Bir Ayyub springs. Both of them are
located topographically at the bottom of Wadi Sitti Miriaawadi is a small seasonal stream), which
is located east of the present Jerusalem Wwalufel). Accordingto Kenyon[3], the spring fbcation
especiallythat ofUmm Al Daraj determined the landscape setting of the urban settlement of Jerusalem
city during the middle Bronze Age (2001500 B.C.).

Ain Um Al Daraj (Figures2 and3) consists of a natural cave &k the entrance of the cave is made
of rock stepsmaybe constructed sometime time middle Bronze AgeHence the local people of
Silwan village gave it the Arabi c no#a(wt) mother n U
steps[5]. Archaeologicall, this spring was used befotiee time ofthe Middle BronzeAge city to
irrigate the agricultural fields located in the Wadi. The archaeological evidence from excajgtions
the Wadi show therareshards of pottery and structures datibgckto the Early Bronze Age (3200
2000 B.C.).
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Figure 1. Map of Jerusalem city witbverview onUmm Al Daraj and Bir Ayyub springs
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The morphological evidence in the Wadi indicates that the original Wadi swisabout 0.1 m

below the current Wadi surface. Thisasvexplained by Ref and Shukrori5] due to agricultural
activities conducted alonfe Wadi course during that era.

Figure 2. Structuralview of Ain Um Al Daraj spring
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The archaeological evidencdom the different excavations in the area of thetlsetent of
Jerusalem at Tell Abu EDuhur[3] showthe erection othe first fortification wall of Jerusalem city
during the Middle Bronze Age. This reflects theurbanization process in Palestine during the Middle
Bronze Age, which occurred after thdlapse of the urban centersthe end ofthe early Bronze Age
(Figure3).

Figure 3. Undergroundvaterstructures during the Middle Bronze Agegom[6].
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Technically, according to researchetise construction of the underground water systenthe
Middle Bronze Age in Jerusalemasa technical solution to link the water resources ftbmUm Al
Daraj cave withthe Middle Bronze Age city walbf JerusalemBasically the underground system
consised of ten structures as shown in Figure 3. These indiuble Warren shaft, access tunnel,
vaulted chamber, stepped tunnel, horizontal tunnel, vertical tunnel linking to spring, Um At®ara]
side cavetrial shaftandHe z e ki ahé.s tunnel [ 6]

Many interpretations were made by archaeologists to give reasorthefaconstruction of the
underground water system; mastholars have begroposedsecurity reasons.e., peoplecould thus
protect water resources by the constructioaraindergromd systenduring periods of unresi4,6].

During thelron Age (1200538 B.C.) many water installations were constructed in Wadi Sitti
Miriam (Mary), especially in the vicinity of the underground water system. The functitimeatater
installations in Wadi Sitti Miriam was most likely to convey the water through irrigatistems into
the southern part of the Wadi in order to irrigate the agricultural fieidsire 4 shows the important
irrigation systems developed during the Iron Age includimgSiloam Channel (Qanat Silwan) and
Silwan Tunnel ( He Siwknad Idtaiesl abbul threeamleters abdyathedJin Al Daraj
spring. The archaeological evidence at Um Al Daraj spring shows a higher damming wall that was
used in the past to (hydrawdity) raise the water frorthe Um Al Daraj spring into th&ilwan chanrel.
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The length of Qanat Silwais about 400 m anid conveyed water through Wadi Sitti Miriam into the
Birket Al-Hamra (AklHamra pool) The total area of the pool is5B2 nf [7].

Figure 4. Qanat Silwan and Silwan tunnel as irrigation systefmsm|7].
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Silwan Tunnel, alongidde Qanat Silwan in Wadi Sitti Miriam, was constructed over a total length of
about 513 m during the late Iron Age. The tunoaljedby workers inthe naturalcracks offissuresin
the rock was expanded to carry water frahe Um Al Daraj springto the Birket Silamand thennto

the Birket AFHamra in Wadi Sitti Miriani7].

3. Water Harvesting Pools for Domestic andAgricultural Purposes

The harvesting pools in Jerusaleonstructedluringthe differentagesare considered as onétbe
major water technologies applied to collect water runoff. Actually, some of the pools are natural
topographical ponds, while others argginally marnmade areas that were quarreesated in different

times for stone mining for construction purposederusalem city.
In terms of the landscape setting of water harvesting pools in Jerusaigma few pools are

located now inside the current city wadlg.,Birket Hammam Setti Miriam, Birket Israel, and Birket

Hammam Al Batrak. These poalgereincluded later within the city wall afteéheir construction for
various usesA few harvesting pools are located now far from the present city sgkifically
northwestof the city, such as Birket Husseini and Birket Mamillag(re 5). Topographically, th

landscape settings of the harvesting poatsdmand ouside of thecity wall are mostly relatetb the
slope ofthe landscapehat broughthe water runoff into the pools. According to Wilkins@h, a few
pools were connected together by a channel. &@ample a channel segmenwas discovered
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connecting Birket Mamilla with Birkect Hammam Al Batrakis connection transported water from
the high pool (Birkect Mamilla) into the lower one (Birket Hammam Al Batrak).

Figure 5. Water harvesting poolsside andoutside thecity wall of JerusalemFrom [5].
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The underground water system and the harvesting pools system were the main ancient watel
systems in Jerusalem city until the construction of aguedueisgthe early Roman period. Actually,
the use ofthe underground water system and associated parts was not completely for domestic
purposes, but some of the system p@hs springs and channgisere used in agricultural activities in

Wadi Sitti Miriam. Some of the harvesting pools were working aloméhile others were incorporated
within theagueduct8water system.

4. JerusalemAncient Aqueduct Water System in the Roman Period

The construction of the aqueduct water system in the Roman period was a consequence of the
impact of urbardevelopment inlerusalem. Upon occupation, the Romagecaked Jerusalem from
Tell Abu edDuhur (Middle Bronze and Iron Agesjhe Roman Jerusalem wassieed at a new
location relatively in the same locati@s the current OldCity of Jerusalem. This change in city
location was associated with the establishmerthefvater aqueduct systems to transport freshwater
from the springs locatedouth ofJerusalem

Due to these changes, the ancient water system of Jerusalem during the Roman period include
aqueductdhat wereerectedover long distancesn addition tothe springs, pools, and tunnels. The
various elements of this water system worked together under one unified water system to provide
Jerusalem with domestic water. One main reason behind adopting this watsortrsystem washat
the springs are locateshould of Jerusalem, exactly between the village of Artas and the Hebron
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region. Within this region, there were many freshwater springs with a shallow water table characterized
by strong water discharges. In #@duh to that, these springs have approximately the same eleaation
ancient Jerusalem city, thaowing the conveyance tiie water by natural gravity through aqueducts
from the HebronArtas region into Jerusalem city during the different historicalods (Figures5

ando6).

Figure 6. Al-Arroub and lower aqueducts between Hebfotas and Jerusalem city.
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4.1.FreshwaterSprings andAqueducts in Wadi ARrroub Region

In the Wadi Al-Arrub region, there are many springsuch as the Kuweiziba spring, Qanat
Al-Arayis spring, Ed Dilba spring, and Arrub spring,which areall connected by a channel to bring
the water into AlArrub pool. TheAl-Arrub poolis located at about 8 km south of Artas village with a
surface area of about 4,08¢ amda storage capacity of around 200,000 All of the stored water in
Al-Arrub pool was usually transferred throute Al-Arrub aqueduct. This aquedutinsfrom Al-the
Arrub pool until the middle pool irthe Artas valley. The total length of AArrub aqueluct is
about 44.2 km the depth of aqueduct ranges between 0.70 and 0.90 mitamas a width
of 0.50 m[7,8]. The long distance ahe Al-Arrub aqueducfollows the topographical contours of
landscapen theregion in order to transport the water thghuhe aqueduct by gravity intbe middle
pool in the Artas valley. Along the distance dhe Al-Arrub aqueduct, there are many water
installations the most important of them are the three tunnels used to cross the valleys or to avoid the
sudden rise ahe topography locatemlongthe aqueduét path.

A review of Arabic historical records revealed thia Al-Arrub aqueduchasbeen restored many
times and themost important one was done by Qansawa Al Yahyawi in the year 1483 A.D. This
information indicdées thatthe Al-Arrub aqueduct may ndtave beerin use before this restoration
process, but surely it was reused during the late Mamluk period /(1883 A.D.) and the
Ottoman (15171917 A.D.) era.ln the early British Mandate (after 1918)se of theAl-Arrub
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aqueduct was stopped and a new iron pipe was installedtfi®Wiadi Al-Arrub springs into the new
urban areas located to the south of historical Jerusalem. During the Roman period, the-Bigati Al
aqueduct was constructed south of Artas @), where Wadi AlBiyar spring was the main spring
which fed this aqueduct. The aqueduct consisted of four parts; the first part is anthimhels 3 km
long with aninternal heighof about 1.5 mand aninternal widthof about 0.80 m. Within this tunnel
there are about 80 vertical shafts of variable height235m) fromthe ground surface down into
the tunnel.

The second part of the Wadi-Blyar aqueduct is an open channel 70nyg. The third element of
the Al-Biyar aqueduct is a tunnel 700long with 10 vertical shafts. Finally, the fourth part is an open
channel (1 km long) that forms the final link between theBAdkr aqueduct anthe upper pool in
Artas valley.The Al-Biyar aqueduct was functional from the date of its construction in the Roman
Period until the British Mandate. The reason behind the aquednmtrterm use might be the design
and construction as a closed tunimelorderto avoid aqueduct blockage through sediragoh and
wastedisposal

As shown in Figure5 and6, the upper Atas valley consists dhree pool8 the uppermiddle and
lowerd in addition to several springs suah theSalih, Faruja, Burak, and Attan springs, forming the
heart ofthe Jerusalem aqueduct system. Table 1 lists the technical dimensiiesAofas valey pool
system. Probably, the Romans constructed this pool system for water balancing rather than watel
storage. They transported water from the poolshisouth bythe Al-Arrub and Wadi AlBiyer
aqueductsvhich were being useas booster pools for domstec water furtheonto Jerusalem through
two otheraqueducts; the upper and lower aquedugash spring, located wesf the upper pool, has
the function to feed water to the upper pool through a 120 m long tunnel. The upper and middle pools
are conneed together by an underground water tunnel.tilUthe preMamluk Period
(1250 1517AD), both pools fed the lower aqueduct, while the upper pool supplied the upper aqueduct
with water.

Table 1.Technical aspects ttie Artas valley pool system

Name Length (m)  Width (m) Depth (m) Storage Capacity ()
Upper pool 119 72 911 85,000

Middle pool 135 501 70 10i 12 90,000

Lower pool 179 46/ 61 8 16 113,000

According to Hawar{9], under the control of Qaytaby (14€68195), the lower pool was constructed
to inaease the water storage capacity in the upper Artas valley, thus increasing the total amount of
domestic water transported by the lower aqueduct to Jerusalem. Archaeologically, the surface
archaeological evidence iime upper Artas valley reveals two arewdogical sites located near the
pool s, Ky and hebet Alhaukh (Figire7). These have probably a satellite function in the
region to protect the pools and agueducts during the Roman period and onward. The satellite function
hypothesis is evieht more during the Ottoman period.
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Figure 7. Al-Burak castle in the upper Artas valléyrom [9].
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During thereignof Othman Il (16181622 A.D.),the Al-Burak castle (Arabic Qala't ABurak) was
built to promote the Ottoman rule as centralized abrdver the Artas valleyn orderto protect the
pools and the lower aqueduct. Locatedhtenorthwest of the upper podhe Al-Burak castle exists
until present time, having a rectangular structure with a length of 70 m and about 45 m in
width [9]. Duiing the late Ottoman period, local villagers in the area replaced the Ottoman rule and
took over protecton of the Artas pools, whereas the castle sustained its function until the early
British Mandate.

4.2 Upper andLower Aqueducts ag&ncientWater Supply Systems for Jerusalem

As mentiored above, all the water storage in the pools of the upper Artas valley was conveyed
further to Jerusalem by two aqueducts, the upper and lower agueducts. The upper aqueduct, erecte
with awheel stone of 13 km in lengtivas connected wittine upper pool, and reached into the Citadel
of Jerusalem city (seéigure6). The height of the upper aqueduct ranged between 0.90 and 1 m with
an internal diameter 0.33 m central hole. The wheel stowhes fitted together formed at@ne pipe
over a total length of about 3 km; howevdiazar[8] reportedn 1974that only 300 m were preserved
in the ground Kigure 8). In the Byzantine era, the upper aqueduct was not functideadliing to the
assumptiorthat the lower aqueduct was tbaly main water supply system for Jerusalem until the
British Mandatd10].

Chronologically, the lower aqueduct was construatettieearly Roman period, antiwassupplied
with water from the upper and middle poahdalso fromthe Ain Atan spring, witch is located tdahe
southeast of the middle pool. As the lower pool was added in the Mamluk Period, the lower aqueduct
was reconnected with the lower pool. The archaeological evidence shows that sometpaitsvelr
aqueduct were dug in the rock, arilb with stones to create a channel, while other aqueduct sections
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were covered by slab stones either to prevent water evaporation or to preserve the water quality agains
soil intrusion and waste materials.

Figure 8. The upper aqueduct with wheel storfeom [10].

Starting from Artas Valley until the south wall of Jerusalem city, the total length of the lower
aqueduct is about 21 km withvariable width (0.400.50 m) and a height of about 0.60 m. Abells and
Arbit [7] presented an approximate path bé tlower aqueduct showing the tunnels with vertical
shafts (Figre 9). The lower aqueduct entails also two tunnelse first is locatednorth of
Bethlehem (length: 360 m), the second is locatettierdabal AtMukabbir regionsouth ofJerusalem.

The later has a length of about 423 m within which three vertical shafts are built. Actually, the aim of
the tunnel construction at that time was probably to avoid the topography level increimegtthe
courseof the lower aqueduct.

Figure 9. Lower aqueductrowing tunnels with vertical shaftsrom [7].

During the various ancient eras, the lower agueduct supplied many pools in Jerusalem with water;
some ofthe pools werealso located outside the city wall, while others were inside the wall of the



