Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Q) yean .
\\\\.i I%,‘

European Journal of Experimental Biology, 2013, 3(8706-711
=y . ™

Pelagia Research
Library

ISSN: 2248 —9215
CODEN (USA): EJEBAU

Agriculture water supply in semi-arid zone by undeground dams
Mansoor Ghodrati* and Sargis Ghazaryan
'Department oHydrology-Water Resources Management, Member atégire Research and

Education Organization, Iran
’Hydro—technical Strictures and Melioration Armenisational Agrarian University, Iran

ABSTRACT

The increase industrial and agricultural developmemaused by the population growth on one handtaedimited

amount of water resources available on the otherdhiaas caused the ground waters to be consideredvatuable

water supply more than ever. The lack of rainfallthe past few years, followed by drought has iasee the
unmethodical usage of these water resources in &=anmvell as in other parts of the world more thamere which

ultimately has resulted in a severe drop in thel®f waters available within the aquifers that doeated beneath
many plains. This has caused problems in agricaltsector and other manufacturing sections in thasas. One
solution that has been suggested for supplying watually in a small scale) in dry and arid land$ere there is
no access to conventional water sources such ds aetl permanent rivers, is by using subterraneaments in

the dried bed of rivers which are controlled by ater-sealing wall (underground dam) and would eueily be

exploited afterwards. Exploiting the water resow@ecumulated in the reservoir created by a damdfarking,

agriculture and industry are considered as onehef inost important goals for constructing these damesid and

semi-arid regions. As we examine the utilizationgesss of exploiting underground water in a driegeribed, by
using an underground dam, constructed along theefédorders, we would also describe the managemiantof

water, stored in the underground dam’s reservodr, preserving and developing the level of cultivatiand

horticultural lands, by using a mathematical model.
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INTRODUCTION

The areas, where surface water does not exist oséess, the underground water is considered easnthst
important source of water for securing the wateedseof human communities. Currently, about a tleifdhe
world’s population depends on underground wated, more than 70 percent of the underground watesésl in
agriculture. The developments in agriculture andusiry has led to the increase in the water exgiloit from
underground water resources in a way that theseetihodical exploitations from underground water tgses has
resulted to the feeding rate of aquifers not towamsthe level of water exploitation and the ultigigt the
groundwater levels to drop. These actions havetegkin a series of problems including: drynessvafer wells,
water quality degradation, reduced river flows dakie waters, increased pumping costs, water eitracnd
ground subsidence. Drought, in recent years, hawedt its effects on the agricultural section. Gittemimportance
of this section and its fundamental role in pronglifood security to the community, we should coesithat:
despite the shortage of water and water crisis, th@ndevelopment of agricultural section shouldabkieved Iran
has many villages, which are scattered around dbetcy. These villages served as the food provittersities, in
the past, and their income was mainly based oragrre; when the population exceeded their prddogtotency,
their economic thrive eventually fell and becamegédten. The other basic issue of these scattayganunities is
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the provision of their water needs, which lack diseaccess to the surface and underground waser,; dle to the
declining trend of rainfall in their living areathe farmers are in danger of losing their agriqaltdand and
livestock that may eventually turn into non-produetand useless elements (Telmer K and Best M,2004)

Resolving the issues in these regions require tising simple and inexpensive ways of providingendbr these
areas, with the help and cooperation of the loealpte themselves in their required and designatealsg13]. The
aim of this study is to evaluate the efficiency dmel method of exploiting underground water indhied bed of the
Zar river, by using an underground Dam by the saame, and offering the management program of etupdpihe
water stored in the underground Dam’s reservoihlite aim of developing agricultural and horticrdtiulands
under cultivation by using a mathematical methog. e&amining the related history of exploiting subaeean
waters, by using the underground dams in variousces and conducted searches, it was shown thargnodind
dams in rural areas, located in developing coutnigh dry climate have more advantages in compansith the
surface dams, particularly when they reduce thsiptesrisk of contamination and the evaporationvafer [7].The
history of these dams, in Europe, has been at&ibta the times of the Roman Empire (Nilsson A,8)98luge
underground dams were mainly designed for the aseré access to the subterranean water for irrigatiche
regions of northern Africa, particularly in Moroceod Algeria [1 and 11]. The importance of undeugidbdams in
providing water to the dry region of Neroset, irat, has been studied by “Pompea Dos Santos, ipeing Leite,
Oliviera, Veja and IPT, and there are also exampfeancient dams in the said region (Institute @sdrisas
Technological do Estado de Sao Paulo [8]. In likanner, several dams have been constructed in draah,
regarding the increasing idea of using undergrodenais in the rural developmental projects, someal® under
construction [4].In association with groundwaterwiland identifying the hydraulic behavior of undexgnd dams,
various studies have been conducted, such asotithcted researches, on the effects of construatigrground
dams on the aquifer fluctuations, the interferentdresh and seawater, and the land subsidencehailahd’'s
Phuket Island, by using MODFLOW mathematical mofizland 6]. The underground water modeling and
MODFLOW model on simulating the behavior of aqusfemd their reactions toward the management method
feeding and exploiting have been diversely usgé]in

MATERIALS AND METHODS

Site description

The geographical location: Koohzar region, locatethe southeast of Kor River, among the Latitutids 20, 17"
to 35, 30 degrees north, and the longitude of 243D, to 54, 45, 08 degrees east of the ProvihG&emnan. This
field has the total area of 1152.5 Hectares, aaddéo Haj Aligholi desert [12].

Climate and hydrology

Tablel: The summary of Water resources and Climatstatus of Koohzar Region

Average rain rate 200 mm

Penetration rate 17%

Annual sustenance of the resource 234660 m

Annual average temperature 25.2

Annual evapotranspiration rate (average) 2000mm

Climate Semi desert, cold and arid

Surface water flow seasonal

The existing water resources One Qanat (whichicamée 1.5 L water per sec)

Table 2 Hydrological parameters of Koohzar waterwaybed alluvium

Q of subsurface flow 0.6 liter per sec (average)
Hydraulic Gradian 0.038

Capacity coefficient 11%

Transitivity coefficient 10 rhper day

Alluvial material Less gradated

The material of almost impervious bedrock Volcaaigglomerate)
Maximum alluvial thickness 8m

Chanel width 150 m

Surface declivity 3%

Methods:

In this study, and to achieve identical goals nausation of the groundwater flow of the undergrowtaan was done,
by using a mathematical model. In this study, metbbresearch includes conducting dam aquifer bstsidies for

the determination of some parameters like hydraedieductivity values of dam reservoir, topograpliyeservoir

and situation of bedrock depth, input and outpiutasion of the plain with fulfilling field visits rad field tests and
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based on which, determination of area of aquifet provision of conceptual model has been carried ©he
simulation in this study was done, by using the MARDW and PMWIN codeand based on which, culture
application development is presented.

Vegetation and current exploitation

The current exploiting from the lands of this regie as grassland. The small size of this regichdasased in the
failure of considerable surface water flow occucesnwhere its life with 35000 heads of cattle aB@ Bectares of
cultivating lands depend on exploiting subterranesater. Today, due to the shortage of water onlyt@30

hectares of the region is under cultivation. Duette limited water resources and rainfall in thgioa, the

importance of land along the main drainage valleyd orchards of fruit and forage crops is very higheat,

Barley, Gropes and Pomegranates of traditionalumiltn the region. The vegetation in the regiontha plant

Sociology is among the shrubbey.destruction of t&tgm, dominated rangeland pasture are low-vatap forage

terms).But in term of soil erosion are important.

Technical specification of Koohzar underground dam

The dam is located furthermost the watercourse kaaidre the plain’s entrance. It is eight metershhegd 150
meters long. The reservoir’s total alluvium volumeés6610 cubic meters, and the volume of storedmiat6230
cubic meters. The sealing wall is made of brickhwdgement and sand mortar, and its upper layerseated with
Bitumen and Jute.

Water exploit facilities are designed in a way ttieg required water for the expected use can béded, even in
the conditions that the water level is at its lotgsint. Given the bedrock located in the reserao@a limit faces
frequent changes, the water exploiting well is deatl in an area where the water has the maximysthgéo face
no interruption during water pumping. There is aéstower tipper on the dam’s rim and close to thliveg
(valley way). In regard with the dam’s height, thater exploitation is done manually through a dg&rgal pump.

RESULTS AND DISCUSSION

In order to achieve the expected goals, and aftamining various models, the MODFLOW model and PIMW
software were chosen for modeling the undergrowamd drea of Koohzar.

The mudflow model

MODFLOW consists of a single main program and sav&rbroutines called (Module). In this model theoant of

time decided for simulation, was divide into sevgramping periods (cycles) and each period itseis wlivided
into several time steps. Each time, the partidiedéhtial formula of water flow in the saturatedry® media is
calculated and solved, through the finite diffeesianethod. The matrix solution (n * n), in MODFLCftware is
as repetition which is calculated for the resulthe underground water level for each model nete/dmleach time
period (Rahimian M, 2007). Due to its high cafigbiand having several subroutines that includeiotes

parameters of a system consisting underground syates is a nearly complete model from the nunadricodeling
aspect of a system flow, in saturated environmadtadluvial formations.

processing mudflow for windows (PMWIN):

One of the complete software packages in hydraiiwlation of underground waters in the world whieds Pre-
processor and Post-processor three dimensional ftowdel of Modflow-96 and Modflow-97 with advance
capabilities such as: simulation of wells effectisers, drains, boundaries associated with hydcaldiads,
subsidence and solidification, Evapotranspiratiod Alimentation. The steps of model making in tkkaraining
range are shown in figure 1.

Numerical method

The examining area conceptual model specifications

This particular model of the bottom and waterwagesialls and the Dam’s axis (pivot) belong with thedel,
which is without any water flow and the upper baerbelong with the model, which is the entrancehsf water
flow. The conceptual model used here is made of@eslayer and of three dimensional net, comprisinks and
columns. The results of the simulated modelhm ¢ondition before and after the Dam constructiod water
exploit through well are explained below.

The water flow simulation before the construction of underground dam
The achieved results in this part show that watblet stands parallel to the bedrock. Also the amhotimput and
output from the calculated range, either by usimg model or analytically equals to 0.000004 cub&ters per
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second, per unit width. Figure two shows the sitedavater table monthly before the constructiommderground
Dam.

Mathematical model of aquifer

Basic studies of aquifer

Conceptual model and mathematical model of
aquifer

Numerical model selection and the proper
software

MNetwork linking — data entnes — border and
primary condition

‘ Initial setup and calibration of the model

| Examining various option

‘ Conclusion and suggestions

Figurel: the complete scheme of model making step§underground waters through

1o
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Fig 2 :Simulation Water table as monthly In unsteag condition (befor constraction of underground dam)

The water flow simulation after the construction of underground dam
The figure three shows the change in water tahleldein the year after the construction of undemgbdam has
been shown.
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After Dam Construction
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Fig 3: Changes in groundwater levels during the fist year of the underground dam

The simulation of water withdrawal from reservoir through well

as mentioned above, to exploit water from the desenvoir, a well was built near the dam rim, inditke reservoir
itself, and conjoining the axis of the reservoindaaccording to the reservoir's water capacity, émeount of
exploitable water is measured each month, accorttinje amount of water that can be welled, byngkinto
account the amount of its dryness.

The simulation of the cortical water flow for the well pumping management for land

Cultivation development

Regarding the climate of the area and becauseahes$t season is during spring and summer usingutface
flows for cultivation is common in this area, theater pumping period in this simulation is limitedly to the
summer. The results of this simulation the figurarfshows that four show that the maximum rate atiewexploit
from the Well is estimated as 30 cubic meters . dt is necessary to note that by examining tleimum
exploitable water for a five month period from tham, according to the simulation is estimated asutfic meters
per day.
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Fig 4: Maximum withdrawal rate during maximum consumption duration from the well is equal to 30 ni per day

The comparison of the options for different cultivations

According to the type of cultivation in the arehe trate of cultivating two kinds of grape and poraegte were
studied. Based on the daily water consumption efrttentioned crops and the maximum daily exploitaidger
from the Dam, the number of cultivable trees an&imam surface of extensible horticultural landsvegetation
can be calculated.

Due to the evapotranspiration rate of the desighaipe of plant and the plant co efficiency, avaiafor each
plant, the water needs for each plant was detednihleis rate for grape, pomegranate, and non-ptoautypes of
trees is equal to 0.13, 0.10, and 0.025.
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CONCLUSION

In this study, the simulation of hydraulic behavior examining the efficiency and performance ofusadlerground

dam to provide water from the cortical sourcesriodpction centers located on the edge of the désatrfaced the
shortage of water and also the possibility of depilg the area under cultivation, based on the maxi rate of

exploitable water from the Dam’s reservoir, by gsithe numerical model were examined and studiedising the

underground dams, one can easily create spac#®efstoring and extracting subterranean waterdmréimote areas
and those located on the edge of the desert, wheyeare usually out of reach, with respect to el issues,

Mentioned above. Despite having difficulties andipjems, related to its calibration on small scdllevaal, located
behind underground dams, the numerical model of MODW possesses ideal capability to manage and anogr
the water exploit operations in

An underground dam. Determining the maximum ratexgfloitable water from the dam, based on the cctedu
simulation, by using numerical model in a speqifariod, shows that it is indeed possible to cutéverops, 0.54,
0.7 and 2.8 ha such as grape, pomegranate, angraduoetive types of trees, resistant to drought, @eveloping
the lands, which are under cultivation, despitegkistence of water shortage in these areas.
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