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Gilnlimiizde ekonomik, sosyal ve gevresel maliyetleri en aza indirerek kullanima uygun mevcut suyu
bulmak gittikge zorlagmaktadir. Bugiin diinya iizerinde ulagilmasi kolay olan su kaynaklarinin ¢ogu
gelistirilmis  olup, gelecekteki su yonetimi, mevcut su kaynaklarinin verimli bir sekilde
degerlendirilmesine bagli olacaktir. Emniyetli verim kavrami yillardir hidrojeologlar tarafindan
akiferlerden istenmeyen sonuglar yaratmadan yillik ¢ekilebilecek su miktarinin belirlenmesi amaciyla
kullanilmistir. Son zamanlarda emniyetli verimin gercekte emniyetli olmadigi anlasilmis ve siirdiiriilebilir
verim kavrami ortaya atilmistir. Burada akifer yonetiminin en énemli parametreleri olan emniyetli ve
strdiirtilebilir verimin ne oldugu anlatilacak ve emniyetli verimin neden siirdiiriilebilir olmadigi
tartigilacaktir.

Yiizeysuyu kaynaklarinin yénetiminde uzun zamandan beri kullanilan verim, belirlenen bir zaman aralig1
icinde bir rezervuardan alinabilecek su miktarim ifade eder. Kullanilan zaman aralifi rezervuarin
biiyiikliigiine gore giinliik’den birgok yila kadar degisebilir. Ayrica, beslenim degerlerine bagh oldugu
icin olasilik hesaplart igerir.

Emniyetli verim kavrami ilk defa 1915 yilinda Lee tarafindan “Reservde tehlikeli bir azalmaya neden
olmadan diizenli ve siirekli ¢ekilebilecek su miktart.” olarak tanimlanmistir. Daha sonra 1920 yilinda
Meinzer “Bir akiferden insani kullanim amaciyla ¢ekilebilecek su miktarinin ekonomik olmayacak
degerleri agmamas1” seklinde tanimlamistir. Emniyetli verim kavrami 1946 yilinda Conkling tarafindan
“Cekilebilecek su miktarinin su kalitesini bozmamasi”, 1953 yilinda Banks tarafindan “Cekilecek su
miktarinin mevcut su_haklarini ihlal etmemesi” ve 1959 yilinda Todd tarafindan “Bir akiferden
istenmeyen bir sonu¢ yaratmadan g¢ekilebilecek yillik su miktar1’” olarak tanimlanmistir. Bdoylelikle,

geleneksel olarak, emniyetli verim her sene cekilen yeraltisuyu miktariyla yillik beslenim miktari

arasinda uzun siireli bir denge kurulmasi ve bunun siirekliliginin saglanabilmesi olarak tanimlanabilir.
Ancak, iilkemizde de yaygin olarak kullanilan emniyetli verim kavramu ile ilgili baz1 sorunlarin oldugu

bilinmektedir. Bunlar; kavramin belirsizligi ve farkli kisiler tarafindan farkli yorumlanmasi, diger
kaynaklar1 (6rnegin yiizeysulari ve yeraltisularina bagimli ekosistemleri) ve onlarla olan iliskileri gézardi
etmesi, bazen su haklari ile karistirilmasi, ve havza sartlarindaki olas1 degisikliklerin (bitki Ortiisii, arazi
kullanimi, sehirlesme, ¢ekim kuyularmin yerleri, yeni su kaynaklarinin saglanmasi veya iklimsel
degisimler) yeni bir verim hesab1 gerektirmesi seklinde siralanabilir.

Siirdiiriilebilir gelisim 1980’lerin basinda kaynak kullanimini kisitlayarak, bu kaynaklarin uzun vadede
devamimi saglama fikriyle ortaya g¢ikmustir. Cevre ve gelisim flizerine kurulan diinya komisyonu
(Brundtland Komisyonu, 1987) siirdiiriilebilir gelisimi “bugilinlin ihtiyaclarmi gelecek nesillerin
ihtiyaclari1 karsilayacak firsatt ellerinden almadan karsilayan gelisim” seklinde tanimlamistir.
Dolayisiyla, siirdiiriilebilir verimi ‘gelecek nesilleri ve hidrolojik sistemin tiim bilesenlerini (sadece
yeraltisularini degil yilizey sularini da) diisiinerek bir akiferden uzun vadede ¢ekilebilecek su miktart’
olarak tanimlayabiliriz. Boylelikle, siirdiiriilebilir verim yeraltisular ile yiizey sulari sistemlerinin entegre
bir sekilde yonetilmesi gerektigini ortaya koyarak havza yonetimi prensibini benimser, dinamik bir verim
kavrami olup zamanla revize edilebilme olanagini saglar, ve hidrolojik sistemlerin dogal girdileri
(yagistan beslenim) ve akifer parametrelerinin dagilimi rastlansal ve stokastik siiregler oldugu igin,
kavram dogal olarak olasilik terimleri ile ifade edilmelidir.

Bir akiferden pompajla g¢ekilen suyun 3 kaynagi vardir: (1) Yeraltisuyu sistemine daha fazla suyun
girmesi (arttirilan beslenim), (2) Yeraltisuyu sisteminden daha az suyun ¢ikmasi (azaltilan bosalim), ve
(3) Sistemde depolanan suyun cekilmesi veya bu igiiniin bilesimidir. Siirdiiriilebilir bir yeraltisuyu



gelisimi i¢in rezervden yapilan ¢ekim hizi sifir olmali ve pompaj arttirilan beslenim ve/veya azaltilan
bosalima denk olmalidir (Bredehoeft ve Dig., 1982).

Ulkemizde son 20-30 sene iginde akiferlerimizden yapilan asir1 pompaj nedeniyle yeraltisuyu
seviyelerinde Onemli miktarda diisiis ve buna bagl olarak rezervlerde azalma goézlenmektedir. Bu
akiferlerden biri olan Kiigiik Menderes Havzasi akifer sistemi i¢in emniyetli ve siirdiiriilebilir verim
degerlerini belirlemek iizere ayrintili karakterizasyon ve model ¢aligmalar1 yapilmistir (Yazicigil ve Dig.,
2000). Sonuglar halihazirda akiferden yapilan ¢ekimlerin siirdiiriilebilir verim degerinden 70 hm?*/yl,
klasik anlamda tamimlanan emniyetli verim degerinden 30 hm*/y1l daha fazla oldugunu ortaya koymustur.
Akiferden yapilan g¢ekimlerin artarak devam etmesi ise pompaj maliyetlerinin artmasina; mevcut
kuyularin daha derin kuyularla degistirilmesine; ve nehirlere gidecek yeraltisuyu miktarindaki azalmayla
bu nehirlerin kirlenmeye agik bir hale gelmelerine neden olacaktir. Bu durumun 6nlenmesi igin havza
bazinda entegre su yonetimi kavraminin gelistirilmesi ve yayginlastirilmasi, kisisel sulama yerine sulama
kooperatiflerinin tesvik edilmesi, akifere beslenimi arttiracak yontemlerin gelistirilmesi, ¢ekimlerin
kontrol altmna alinmasi (kuyulara saat takilmasi), yillik su kullanim raporlarinin hazirlanmasi, kontrolsiiz
ve izinsiz agilan kuyularin yeni yasal diizenlemeler ile 6nlenmesi, su tiiketiminin azaltilmasi, etkin sulama
yontemlerinin gelistirilmesi, etkin gdzlem ve veri toplama aginin olusturulmasi, ve halkin egitilmesi ve
karar mekanizmasina katilimlarinin saglanmasi gerekmektedir.

ABSTRACT

Today it is getting difficult to find abundant supplies of water which are readily available for
development at low economic, social and environmental costs. Around the world, most of the easily
developable water supplies have been developed, and future water management will depend on obtaining
more out of existing supplies in a safe way. Safe yield concept has been used for several decades by
hydrogeologists to determine the annual amount of water that can be extracted from an aquifer without
creating undesirable consequences. Lately, it is understood that the safe yield is actually not safe and
sustainable yield concept is put forth. The safe and sustainable yields, being the most important
parameters of aquifer management, will be explained herein, and why safe yield can not be considered as
sustainable will be discussed.

Yield concept is used for a long time in the surface water management and it declares the amount of
water that can be extracted from a reservoir in a specified time interval. This time interval can change
from days to several years depending on the size of the reservoir. Besides, it must be considered in
probabilistic terms as it depends on the recharge values.

The concept of safe yield was firstly defined by Lee in 1915 as “the quantity of water that can be pumped
regularly and permanently without dangerous depletion of the storage reserve”. Afterwards, in 1920,
Meinzer defined safe yield as “the rate at which water can be withdrawn from an aquifer for human use
without depleting the supply to such an extent that withdrawal at this rate is no longer economically
feasible”. In 1946 Conkling expanded the concept as he defined the safe yield as the amount of water
withdrawn should not cause any degradation in water quality, in 1953 Banks included the contravention
of existing water rights to the definition, in 1959 Todd broadly defined the safe yield of a groundwater
basin as “the amount of water which can be withdrawn from it annually without producing an undesired.
result”. In this manner, traditionally, safe yield has been defined as the attainment and maintenance of a
long-term balance between the amount of groundwater withdrawn annually and the annual amount of.
recharge. However, there are some problems related to the concept of safe yield which is also used
commonly in our country. These problems are the uncertainity of the concept, different interpretation of
the concept by different people, the negligence of the other resources (i.e. surface waters and the
groundwater dependent ecosystems) and the dependence between them. Moreover, it is often confused
with the water rights and the possible changes in the basin conditions (vegetation or land use,
urbanisation, location of pumping wells or incorporation of new water supplies or any climatic changes)
require calculation of a new yield value.

The sustainable yield, emerged in the early 1980s, centered on the idea of limiting resource use to levels
that could be sustained over the long term. The World Commission on Environment and Development
(Brundtland Commission, 1987) defined sustainable development as “development that meets the needs
of the present without compromising the ability of future generations to meet their own needs.”



Therefore, sustainable yield can be defined as “the amount of water which can be withdrawn from an
aquifer in the long term by considering the future generations and all of the components of a hydrologic
system (not only the groundwaters but surface waters also)”. Thus, sustainable yield concept assimilates
the management of the groundwater and surface water resources in an integrated manner by introducing
the principle of basinwide management. Besides, it allows revision over time because it is a dynamic
yield concept. Furthermore, it should be stated with probabilistic terms as natural inflows of the
hydrologic system (i.e., recharge from rainfall) and the distribution of the aquifer paramaters are
random and stochastic in nature.

Groundwater pumped from an aquifer comes from 3 sources: (1) increased or induced recharge, (2)
decreased discharge or capture, and (3) removal of water from groundwater storage or some
combinations of these three. For a sustainable groundwater development, the rate of removal of water
from storage should be zero and the pumpage must be balanced by the induced recharge and/or
decreased discharge (Bredehoeft et al., 1982).

The excessive amount of pumping from the aquifers caused a considerable amount of decrease in the
groundwater levels and accordinly in groundwater reserves in the last 20- 30 years in our country.
Detailed characterization and modeling studies were carried out for the Kiiciik Menderes River Basin
aquifer system, being one of the depleted aquifers in Turkey, to determine the safe and the sustainable
yields (Yazicigil et al., 2000). The results showed that the present withdrawal rates from the aquifer
exceed the sustainable yield value by 70 hm*/year and the traditionally defined safe yield value by about
30 hm’/year. The continuation of the present annual pumping rates would cause an increase in
groundwater pumping costs, replacement of current wells in the excessively dewatered areas with more
deeper wells and cessation of baseflow to the streams, making them more vulnerable to contamination.
To prevent this situation the integrated water resources management concept should be developed and
applied. This would require the encouragement and promotion of irrigation cooperatives instead of
private irrigation, development of facilities that will increase recharge to the aquifer, regulation of
pumping (water metering on all wells), preparation of annual water use reports, prevention of drilling of
uncontrolled and non-permitted wells with new legal arrangements, development of water conservation
measures and efficient irrigation schemes, development of efficient monitoring and data acquisition
networks, and public education and involvement.
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