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ABSTRACT

"Foggara" certainly reflects a system of converdldrrigation, which has long served as caravanlidngeand
roaming in their travels through the Sahara. Butreports ingenious irrigation process conjectuseadapting to the
climate, inherent social context to this regiors & method for groundwater capture who assurecothyenent of local
institutions in the Algerian Sahara. History taetifto an evolution of the oasis, where the pastieslated to abandoned,
while others replaced the percolates gardens. Gaarsanate from the drawdown of the sheet, eitheilting, or at the

same time. There are overriding reasons that yustéf occupation of the ground of human settlemientise Gourara.

If the foggara, has of sustainability for long jpel$ the Algerian oasis; It is also important to timenthat the
hydraulic evolution, which were subject, has bessven in the Gourara: typically at Timmoun. Unfaoréitely today we
are witnessing the decline of countless oasis gfidoa. Thus, it can be assumed a quasi interimeim@htation in the
Gourara; even can be downright fear further semataral conditions, final desertification in thegi@n. In view of this is

to ask: How can we preserve and safeguard thisalidrheritage?
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INTRODUCTION

This is the Algerian Sahara, a vast area, whictlivigled, if it is by nature itself, then by men, timee parts:
The Gourara region, the Touat, and the Tidikeltd Amimprove the representation of the Sahara, sufficient to see the
picturesque landscape of terrain projecting: theeduof unequal intensity, which is grafted scattevases, where life is
possible as a result to the presence of water.eTbases near consistency have housing combinitigeinrich literature,
which became the vernacular heritage. Human agtivits the aforesaid, the dispersal of the popratnposed by the

weakness of the water resources.

To survive in this case, in a ruthless environmant extend the life of the oasis, oasis farmease fdeveloped
distinguished methods that get used to the logadlitions. These are the foggaras, authentic permiateiggle, who have
done this prodigy grant life in this desert regiovith a very fleeting rainfall, unbridled tempenras, high winds and

perpetual silting.
Purpose of Safeguarding the Foggara

The foggara water presence therefore extensiveiifipd implantation of vernacular establishmeraed the

attitudes of men for its subsequent exploitatiomotgh a system governing until an entire popuhatgpciety.
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This system that contains an art, a symbolic, hrtieie, and rules on water resources. And it isibge the survival of the
foggara dwindles for multiple reasons, and thatdéline is inevitable, that this paper completehtghlight the
desirability and urgency of this anthropogenic moent backup. This, to ensure the delay of the iithats of the oases,

witnesses of a collective memory.
Foundations That Animate the Safeguarding of the Fggara

» The foggaras are now challenged by plural drillswdijch intensively exploited, induce a drawdowrtlté water,

therefore, a gradual depletion of the existing fogg

e The consumptive use of water (low renewable, osifpgroundwater resources, risk the peril of tbgdaras,

due to the drawdown of the hydrostatic level ofwater

e The risk of depletion of the water. Dissipationaafricultural surfaces, and pertinently the incretakerisk of

decline of oasis is a cause major

» Agricultural surfaces scarcity generates de faatemployment, encouraging poverty. A phenomenon that

arouses the exodus in search of work.

« The difficulty of maintenance (in issue rock slidgs and the extension of the foggara

(as a result of the drawdown of the water), fromaie depths.

e The danger that manifest dredging operations, hamymmen in the history were killed buried, saciific to

ensure access to water in their community, andfbes to life.

» This traditional method of capture is unable topoesl to domestic and agricultural, current and reitwater

needs without recourse to modern
* The use of pumps, exempting a tiring manual spot.

Today, many of these foggaras debiting more (semesdata on the foggaras of Tidikelt, Tuat, Gourara)
Plural are the oases which destroyed. While thexe gin ingenious societal organization, and prodigiwater work
carried out by the man. It would therefore be atbsior abandon a world heritage, which was eviderfcanoefficient

method for the management of water resource inasés ecosystem.
PRESENTATION OF THE CITY OF TIMMOUN

Set Timmoun, one of the inherent in the Algeriah&a oasis, located in the region of the Gouraga Egure 1),
and which is inevitably designed around water miast it overlooks the Sebkha. Including relevarit iecalled that it is

graft on the caravan trade route, ensuring as athegs, the relay and the resupply of the transhuma
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Figure 1. Map of the Situation of the City of Timmaun from A.Cornet

In this very aggressive environment, man has sofayhnts and built works: Aghem (House) and the fagga
which enabled him to life in the plateau-sabkhaafée shape that emerged allowed adaptation tsldhenvironment

and most importantly, the domestication of a teryit
HYDRAULIC TRIAL IN SAHARA

Cope with severe climate constraints intrinsiche Baharan regions, and the scarcity of flows enstirface
(see figure 2), only the structures to withstaneséhconditions can promote the agrarian productids:at best, collect
rare and difficult to reach, through efficient diyement and important these developments are @sachovel technique
of the foggara, which drains ground water to thefase by gravity. This evolving system boasts witlbusands of
kilometres of galleries and several kilometers d¢Ep

The foggaras in this area draw water table of tlr&a, feeding water at origin of "the Sahararagt

a set designated by "water of the Erg"[2]. Largetaii these waters is rock reservoir water.

Therefore, to use, and effectively of the waterlgaht needs to dig galleries capturing: "the fogga'

However, the groundwater drawdown is not only asedor resignation of the foggara.

Figure 2: Foggara (Interlayer Water of the Continenal) Water Supply
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THE FOGGARA PRINCIPLE
Origin of the Foggara

Its ancestry goes back over 3000 years in the cpuwft Persians (Iran today) and was sent to throtingh
religious axis to the countries of the greater Mabhlt adopted multiple designations: "ganat"ram| "ngoula" or "kriga"
in Tunisia, "khettara" to the Morocco or even "sdfirto the Yemen, and "foggara” in Algeria. Thesfifoggara who was
born in the Algerian Sahara have been excavatatieirarea of Tamentit 15 km of Adrar. [3] This hyaia technique
which is operated primarily in the area of the Tuhe Gourara and South of the Morocco, was ableotinote a

prodigious deployment, in terms of mobilizationvedter flow.
Definition and Principle of Operation

"A foggara is a gallery which brings the watersgubundwater to irrigate with an appropriate slopsdf"
"Thus provided a watering simple gravity, hence ifierest of the foggara" [4]. The useful part bé tapparatus is

entering the water see figure 3.

‘Seb‘rna / .
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Figure 3: Flowsheet of a Foggara, from A.Cornet

The enfilade of well assembled by the undergrouate®/, whose length is quite variable, actuallgaged the
presence of the surface. These wells help durieghthit seasons, and dredging operations, the aeratithe gallery.
The foggara water flows constantly, but with a &bk rate, moreover it is continually decliningdéed, established by
sections prelude of the foggara, drainage causgsadown of water. At that time, relevant is toesd the foggara

upstream, to resurrect the first flow.

However, in all cases, the rate of water flow ig fast, she leads therefore sand deported by the,vénd
scree from the walls. What makes the foggara unesahless there is annual curages. The wateiiliitsn obeys rather
a share volume in time. It provides through "Cordispatchers". Control of water being one of thermaillars of the
social system, based on a general consensus {B]thés principle of irrigation requires that the of the land is lower
than that of the mouth of the foggara, where thmeation of the foggara is interdependent topograpWilyich illuminates
the situations and developments of the foggarasdasdepends on depression, either at the bottosioples. Indeed,
to explore the mapping to the said methods ofatitgn adopted in the Gourara, it turns out thatmoist, oasis of foggaras
along topographic accidents. Except that at the timany are those with wells at pendulum (see digjr We will see in

the paper now, the reasons for the abdicationeofdfgaras in Timmoun system.
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Figure 4: Map of Methods Adopted in the Gourara Irrigation

FIGHT ORTHODOX PROCESSFOR IRRIGATION, BECAUSE OF THE RELEVANCE OF WATER
IN THE ESTABLISHMENT OF THE PASTIN THE GOURARA

Oasis of Foggara

The Palm Grove of Timmoun consists of two partse digh, dense old Palm Grove begins from the ksar t
contrast low Escarpment that limits the shelf. Thwer more loose with Palm. Is a new part-on the dvand,
the drawdown of the water, and other attempts tprawve the foggara. Here up the offset to the sebBha as the
soil y intrinsic are unsuitable for culture, witetexception of the Palm, then upstream of anyissmvered with a layer
of sand, irrigated soil later in lieu of leachirgst earth in ancient times, the crucible of sewagepo full of foggaras.

It produces finally, ditch to lead-laden salts tpant below the sebkha. The done can be reappé¢artbe inadequacy of
irrigation. Just as the case opposite, occasidoadi$ can be salty ponds. This phenomenon is exgaldby the rise of the

water, at the same time to a low evaporation cdingiwith wet periods.

This panorama is expanding a view of the precariowsditions of the oasis of Timimoun, in cause loé t
considerable needs water, justified by an offsed &lty land, and the extension of the lengththefseguias promoting
losses, on the other. Unfortunately, beyond vettla to the foggaras, the chances of deficiencwater resources are
very possible. Thus, oasis are favor by the toggigrado not have much choice, being exposed tadwenstream to the
problem of the done, otherwise the probabilitylobéling. The high parts, occurs quite expensivetieroperation of the
foggaras, drilling the wells being increasingly dee These causes to effect, display the decadenteanger, to the day

of today, foggara oasis.
Qasis of Foggara and Lift Devices

The oasis at the fringes of small depressions eainrigated via the foggara system. It should beci@mating an

artificial
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Example of Aouguerout

The palm groves in the upstream portion of the Waadicurrently highlight a coast (from the mouthsoggara)
less than the specified sus terrace, in whichatiogm requires surhausser water to the bias of dyg below the level of
the mouth of the foggara. This system allows acdatimg water, via a pendulum "Tasskimt." See figGretherefore,
a garden can have two parts, one at the leveleté#ibkha and irrigation is performed by the fogg®vaile the other

(older) party on the terrace flows through the pemeh.
Example of Charouine

The Palm Grove of this oasis is coming on the haemaglateau. To perpetuate the use of their foggara
the inhabitants of this village lower the leveltbkir gardens, where the use of the séguias, wivaser is high to the

terrace by a "guenina" (basket of Palm fiber). fipee 5.
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Figure 5: Evolution of Gardens
Example of Tinerkouk

The oasis of erg or those based on a reg, arectubjsilting perpetuity. The various inputs farmsnure, clay,
amending the land, minimize dyked the level ofghedens, the opportunities to use the "TasskinmtymRhe moment that
the performance of the foggaras becomes low, theyabandoned in favor of the Dipper wells. We aimesgsing in
sum to a circuit of irrigation from the oasis t@émra, foggara and tasskimt, and then to the Wéllere the oasis enjoys
mixed irrigation: part operates the foggara systdma,other resigned himself to the tasskimt, anel calls the balance.

Like the three systems can be adopted in a sandemar
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USE AND GOVERNANCE OF THE FOGGARA CONSTRAINTS

Build, benefit, and maintain the foggara of our slalgecomes a daunting mission, given the difficaitythe
flushing that apostrophe a specialized workforceden condition that she agrees to work in difficaltuations.
This, on the other hand, silting, the lack of maireince and over-exploitation of the foggara duengnterval of time
therefore, lead inevitably to the regression offtiggara number, the weakness of the flow to tlavdown of the water,
as well as the degradation of many of the foggsli@eover, it is noted that a non-negligible amoohtrained water is

lost by infiltration the long inactive Gallery aitd length but also by the phenomenon of evaparatio

Management of this system, basis of legal and aggry framework which provided the right of acqtiasi of
the water after competition to the building of tfaggara recall, once was: the contribution is théon of water.

This cultural governance unfortunately fades irofavof modernity.

In addition, more that the population believes, enarban flourishes, and more that water demandsiisgr
In view of this, the traditional method of catchrhéa no longer able to meet current needs, whiah @ready
very important. From this, he must already to havcalled modern, in lieu of promoting the systespexially when the

water reserves are correspondingly substantial.

RESULTS AND DISCUSSIONS: PROPOSALS FOR THE SAFEGUAMING OF THE FOGGARA

Know-How for the Preservation of the Oasis: Approab to Social

Face, deficiencies, either to the decadence ofothhgaras system, the Saharans acted rekindled sowgiérsist in
their region as follows. When oasis was steep, avagclic shift of the gardens to the bottom of slofo moderate the
lowering of the water. At the time where this was possible, it should develop excavating deepcties, the water which
emanated, stood by pendulum. Where this was nailesthe foggara dropped altogether in favor eflsvto pendulum.

But in all cases, it is noted that the exercise intense.

Consequently, find proposals or the most approp@aid efficient processes at the same time, alteritribute
to the preservation of the foggara, is both tinatgd urgent action. It is to take steps againstreldeiced constant plan of
water and the regression of the flow and the ob8tm of the galleries by the textural materialswells, or even the

burial.
Gestures That Substantially Increase the Flow of th Foggara, and Evade the Drawdown of the Sheet

When the water was subject to a drawdown, humdimdrinew wells, extended upstream Gallery, arldvtered
in lieu to the original flow. Subsequently, the pagroves and gardens that are above the leveleoinéw foggara,

could no longer be irrigated. The time needed toeae other foggaras in low contrast of the new thax foggara.

In the event that the Palm is set on a reg loweslgmd unable to lower his plan; of course useeraddd the
duration of the use of the foggara, by diggingtaytiich will host the water of the foggara, but ebdhe level of the land
to irrigate. Hence the principle of irrigation byagity fades. In this case the man resigned toldiering of the flow,
without access to the improvement of the perforrandt the time, irrigation wells to pendulum provexs

one opportunity.
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Thus, in the maintenance of the secular schema,igisis here proposed some attitudes to adopt:

Excavating the soil of the Gallery, to achieve lineel of the land to irrigate. Notwithstanding,shprocedure is

not always possible for some gardens.

To drill other wells upstream, by extending thepeof the intrinsic drainage Gallery at the foggdanais action

is unfortunately provisional, thus perpetrating itigiation of the gardens to the downstream.

Achieve converging galleries (in the main gallenygter inflows from other galleries, will implicjtlincrease

flows. The increased flow is proportional to themier dug galleries

Make any corrections of the flow of drilling, dowresam, at the level of the places of capture, theevading

their interactions

Limit to best evapotranspiration, by developingterds for the purpose of child-bearing a relativelpist
microclimate: it is to deploy a belt for the prdiea of the gardens via Palms "Palm bours" obsimgdhe impact

of the wind and evaporation. Knowing that the coatpass of the oasis, is already in part its miénaate

Disjoin the inactive part of the foggara, the s waterproof material. This, because it permealnd is lost in

this case a relevant volume of water by infiltratio

Ensure the foggara, via a concrete waterproofiaf ghanting the reconquest of water on the one jhafilfrated

and barrier to the effect of evaporation of other

Cutting-off and final sis drilling in the field cturing foggaras, having a negative impact on théewaf the

foggara.

Avoid positioning the wells in adjacency of the Heaf the foggaras (drainage of the foggaras acthgrwise

the water will be at the risk of the drawdown ahe tlepletion of the draining by pump part.

Use of Energy in the Light of Sustainability of theProcess of Irrigation

Use solar energy for pumping water. Photovoltaibitelogy achieved the reliability to meet energgnead.

Drill for shallow depths downstream from the Gaflewill increase by inputs of water flow of the fyaya,

providing them with solar pumps

Mechanize curages systems to deport the sand Ipartithis, by providing for regular, along the @afi of the

manholes, using decoy for any sand deposits.

Equip wells pumps correcting the deficit of thedagas flows preferentially photovoltaic.

Actions against Desertification

To protect built-up areas, fertile land, and allrk&y He must prevent or even halting the advanceanfd,

by stabilizing the soil, either reduce the windesppgradient in situ. Hence, many dune fixation téghes are possible:
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* Mechanical Fixation

It is to stabilize the dune by a fabric designedsbgh natural elements dry palms, branches, feocestificial

plastic material.
» Biological Fixation: [6]

After the dunes are fixed mechanically, it is imnag¢ely possible fix definitively; by introducing @erennial tree

vegetation is available directly on the dune.

Note that the combination of the two processesastrefficient. The large dune fixation is almospssible.
* Chemical Fixation

o Application of bitumen

o Mineral oils

o0 Sprays of water
* The Aerodynamic Method is Accomplished by

0 The orientation of the streets parallel to thathef prevailing wind, to transport sand which is do&y built-up

areas.

0 The dredging of the gardens

CONCLUSIONS

Saharan men, cling to their terroir in relativebrd conditions, using archaic figures to susta@s¢harid regions
water: wells designated by "chegga”, then smaldinewhich deepens with the onslaught of time, cpnfng form

Gallery. Therefore we design a foggara in Wellgenits to implementing every 5 to 10 m

In this evolution, the foggara improves by his hdadeed, it must extend his gallery upstream,tendepth of
the wells of upstream is going to intensify. In Tinmun specially, the extension of the gallery respiia drilling well at
40 m. What makes the foggara economically quitelyxo8lso, the long galleries not only require argetual care and
persistent (curages regular and laborious), butrattsany hydraulic performance, and adhere togiteeving losses of
water it transships. Added to this, the permeabiit the foggara concedes the filtration of watghich can receive a

second smaller than the primary network.

In addition, the gradual drawdown of the table, tuthe evolution of the system hydraulics of tbgdaras in the
reduction of the supply of water in the Erg, mo$¢iw associated with burial, explains the urgentcintervention for the
safeguarding of this centuries-old monument, ds f course the conditio sine qua non of theivisal, but mainly
because the will of the Saharan continue to livehair village of origin. (The authentic rural lifeersists in the Algerian
Sahara, life in the ksour is to confirm). Thesestges of ingenuity has developed humanity forwés, this hard to

remain in the ksour of origin, deserves to be suego
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Future Prospects

Some elements are however necessary for the gtthil of the tribes: safeguarding the foggara, lwatnsilting,
and the use of the pump, or even the introductiophotovoltaic energy for such potential of perigrstof agriculture
irrigation, especially since this technique is pisimg for the sustainable development. These arddbls which concede
the economy of time and the punishment of men.olnaing, the palm groves and foggaras are more dtwmirag in

perpetuity.

Finally, the foggaras, a typical cultural landmadgnstitute no doubt, a new point attention geftar

Saharan tourism.
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