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Yerbilimlerinde son yillarda teknolojik gelismeye paralel olarak gerceklestirilen
caligmalarda Oznel yargilardan sayisal verilere dayanan degerlendirmeye hizli bir gecis
yasanmistir. S6zkonusu gelismelerin basinda uydu teknolojisine dayali uzaktan algilama
tekniklerinin yerbilimlerindeki uygulamalar1 gelmektedir. Sunulan c¢alismada, yerkireyi
belirli bir yoriingeden degisik dalga boylarina sahip elektromanyetik dalga bantlarda tarayan
uydularin goriintii kaydetme ilkeleri, goriintiilere etki eden faktorler ve yerbilimlerinde
yaygin olarak kullanilan uydular konusunda bilgiler verilmistir.

LANDSAT, NOAA, SPOT gibi uydulardan elde edilen goriintiilerin sayisallastiriimasinda
izlenen siirecler ve alansal ¢6ziimlemeler irdelenmis, bu baglamda, algilanan yerylizi
objelerinin yansima karakteristikleri incelenmistir. Farkli yiizey ortiilerinin degisik dalga
boylarinda verdigi spektral tepkilere iligskin bilgiler uygulamaya yonelik degerlendirmelerde
bliylik 6nem tasimaktadir. Farkli dalga boylarinda alinmig goriintiilerden yararlanarak 3
banttan renkli goriintii olusturma yontemlerinin degisik Ornekler tizerinde incelendigi
calismada, gortintii isleme ve siniflandirma teknikleri tizerinde durulmustur. Goriintii isleme
kapsaminda kontrast zenginlestirmesi, filtreler ve yumusatma teknikleri incelenmistir.
Kontrollii ve kontrolsiiz siniflandirma kavramlarinin agiklanmasindan sonra yerbilimlerinde
gergeklestirilen uygulamalara 6rnekler verilmistir.

New techniques in hydrogeology

The basis of evaluation and interpretation of observations related to earth sciences have been
changed from rather subjective judgement to more quantitative analyses parallel to
technological developments in particularly last few decades. Application of the remote
sensing techniques based on sattelite technology in earth sciences can be regarded as a good
example in this context. In this study, principles of remote sensing techniques, factors
affecting the remotely sensed images characteristics of electromagnmetic waves, sattelites
commonly used in earth sciences were discussed.

Processes and techniques applied in digitizing the images remotely sensed by sattelites such
as LANDSAT, NOAA and SPOT and spatial resolution were discussed along with the
reflection characteristics of the earth objects. Spectral responses of surficial covers are of
major importance in interpretation of the images. Image processing and classification
techniques were also described and examples of coloring the images using three bands of
different wave lengths are illustrated. Contrast enhancing, filtering and smoothing
techniques were explained and supervised and unsupervised classes were defined giving
some applications in earth sciences.
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Yeraltinda Termal Enerji Depolama Teknikleri (YTED) 1970'li yillarda basgosteren petrol
krizi sonucu evsel, endiistriyel ve tarimsal enerji gereksinimindeki, enerji tasarrufu ve
verimliligindeki talep artisi neticesinde gelismeye basglamistir. Bundan dolayr meydana
gelen enerjideki verim artist ve tasarrufunun, gelismis ve gelismekte olan Tilkelerin cevre
saghgi ve ekonomilerine olan katkisi gozardi edilemez. Konvansiyonel sistemlerle
karsilagtirildiginda,  bu tekniklerin kullanilmasi sonucunda fosil yakit kullaniminin
azalmasina bagli olarak aciga ¢ikan CO? emisyonunda onemli bir diisme olacaktir. Ozon
Tabakasin1 delici madde iceren konvansiyonel sogutma sistemlerine olan ihtiyactaki
azalmanin TED ile saglanabilecegi unutulmamalidir. Dogal enerji kaynaklan da (hava, su,
toprak, giines ve herhangi bir mekanik prosesten atilan atik 1s1 veya sogu) YTED'na destek
olarak kullanilabilir. Bilinen ve uygulanan dort farkli YTED teknigi bulunmaktadir:

Akiferde depolama, ATED (Akiferde Termal Enerji Depolama)

Kanalda depolama, KTED (Kanalda Termal Enerji Depolama)

Borularda depolama, BTED (Borularda Termal Enerji Depolama)

Yeralt1 cukurlari, tanklari ve kaya oluklarinda depolama

Akiferde Termal Enerji Depolamasi (ATED) diger tekniklere kiyasla daha ekonomik ve
uygulanabilir bir yontemdir. Avrupa, Kuzey Amerika, Japonya ve Cin'de bircok basarili
uygulamalar1 bulunmaktadir. ATED sistemi ile 1sitma ve sogutma prosesinde %40 ile %90
enerji tasarrufu miimkiindiir.

Bu calismada biiylik bir bolimii fuel oil ve elektrikle 1sitilip sogutulan Cukurova
Universitesi (Adana) Arastirma ve Uygulama Hastanesi icin giines enerjisi ve yiizey suyu
destekli akiferde termal enerji depolama sistemi dizayn edilmistir. Sistemin genel calisma
prensibi yazin sicak olan hava ve giines 1sisin1 akiferde depolayip kisin 1sitmada kullanmak
ve kisin soguk olan Seyhan baraj golii ylizey suyu sogusunu akiferde depolayip yazin
sogutmada kullanmaktir.

Akiferde Termal Enerji Depolamanin saglikli ve basarili olmasi igin hedef bolgede detayh
bir jeolojik ve hidrojeolojik c¢alisma yapmak gerekmektedir. Depolama sisteminde ve
dizaynindaki belirlenmesi gereken belirleyici kosullar; Akiferin varligi, akiferin bulundugu
jeolojik formasyon, yeralt1 su seviyesi (YASS), yeralti suyunun statik ve dinamik seviyesi,
akiferin 6zgiil tutum , verim ve diiglimi, akiferin kalinligi, yeralt1 sularinin akim yonii ve
hiz1, transmisibilite, porozite ve perméabilité gibi teknik kosullari, akiferin bulundugu
jeolojik formasyonun 1s1 tutma kapasitesi, akiferin cevre yiizey sular1 ve komsu kuyularla
iliskisinin belirlenmesi, suyun kimyasal bilesiminin analizi, Yakin civardaki tektonik yapilar
ve akifere etkisinin belirlenmesi.
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Adana Cukurova Universitesi Arastirma ve Uygulama Hastanesi'nin Akiferde Termal Enerji
Depolamasi ile sitiip sogutulmasi fizibilite raporu kapsaminda yukarida siralanan
parametrelerin belirlenmesi amaciyla 1997 yilinda bir arastirma kuyusu acilmistir ve akifer
simiilasyonlar1 yapilarak en uygun kuyu dizayni gerceklestirilmeye calisiimistir.

Important parameters of aquifer thermal energy storage system

UTES (Underground Thermal Energy Storage) system have been developed following the
oil crisis in the 70's in order to increase energy conservation and efficiency in residental,
industrial and agricultural energy system. Improvements in the efficiency of energy usage is
of vital importance for global environment and economies in both developed and developing
countries. Moreover Thermal Energy Storage ( TES ), which contributes to balancing the
the energy supply and demand, has been shown to play a significant role in improving
energy efficiency when compared to conventional systems. -Consequently the use of fossil
fuels and the carbon dioxide (CO,) emissions into the atmosphere can be significantly
reduced with TES systems. Moreover the use of conventional mechanical cooling, which
utilizes Ozon Depleting Substance (ODS) such as CFC and HCFC refrigerants can also be
greatly reduced or eleminated through direct cooling with TES. It is possible to utilize
natural energy resource (e.g air, surface waters, soil energy, solar energy and waste heat
from any mechanical process with the UTES system. There are four techniques used in
UTES:

Storage in Aquifers, ATES ( Aquifer Thermal Energy Storage )

Storage in Boreholes, BTES ( Borhalls Thermal Energy Storage )

Storage in Ducts, DTES ( Duct Thermal Energy Storage )

Storage in Underground Pits, Tanks and Rock Caverns
Among the above techniques, Aquifer Thermal Energy Storage ( ATES ) is the most
commercially and economicially viable with several application in many countries in
Europe, North America, Japan and China. The ATES system can be used for heating and
cooling providing an energy conservation in the range of 40-90 %. A system being
designed, using solar energy in combination with Aquifer Thermal Energy Storage ( ATES
), that will conserve a mayor part. of the oil and electricity used for heating and cooling
Balcali Hospital of Cukurova University in Adana. The general objective of the system is to
provide heating and cooling to the hospital by storing solar heat underground in summer and
cold in winter. As the main source of energy, ventilation air at the hospital and surface water
from the nearby Seyhan Lake will be used. For a succesful application of ATES The
following parameters will be determined: Aquifer site, aquifer's geological formation, water
table, static and dinamic level, yield and, depression, thickness ofthe aquifer, flow direction
and flow rate, transmissibility, porosity, -and permeability of aquifer, heat capasity of
geological formation, relations of aquifer with surface water and closer wells, chemical
analyses of ground water, closer tectonic structure and relations with aquifer.

An exploratory well, based on geophysical survey, was drilled in July 1997. The logs from
the well revealed the presence of an aquifer that is suitable for the ATES project. Further
pump test and aquifer simulation are required to the understand the hydrogeological
conditions of the area.
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Aladag Kkarstik akiferinde bolgesel akim yolu boyunca dizilmis olan 8 Kkarstik kaynak
Karbon-14 (“*C) goriiniir yas hesaplamalari icin 6rneklenin istir. Ornekler cesitli
miktarlardaki suyun 50 litrelik bidon i¢inde baryum Xkloriiriin baryum karbonat seklinde
¢Oktiiriilmesiyle toplanmugtir. Sudaki karbonun tamamen c¢oOkeltilmesi icin hizlandirict
olarak praestol ve suyun pH'in1 >10 yapmak icin sodyum hidroksit suya eklenmistir.
Cokellerin “*C analizleri Urdiin Su Kaynaklar1 Laboratuvari'nda yapilmistir. Kaynaklarm
"“C icerikleri ve hesaplanan goriiniir yas degerleri Cizelge 1'de sunulmustir.

Cizelge 1:"C izotop icerikleri ve degisik ilksel “C degerlerine gore hesaplanan goriiniir yaslar.
Table I :"C isotope contents and calculated apparent ages based on different initial “C values.

“C (pme) Error "C apparent age (year) "“C apparent age
(Unconnected) IEa) (“C,,.iai=100 pmc) (year) ~,1=5840 pmc)
Sogukpinar 58.40 1.6a 4446 1227 0 +227
Goksu 50.07 1.70 5718 +281 1272 +281
Kapuz 42.35 2.87 7103 +561 2656 1561
Yerkoprii-2 38.65 1.14 7858 +244 3412 +244
Yerkoprii-1 34.56 0.64 8783 +153 4337 +153
Tatlar 34.49 1.40 8800 1336 4354 1336
Yerkoprii-3A 29.40 1.42 10120  +400 5674 +400
Yerkoprii-3B 23.61 0.97 11933  £340 7487 +340

Aladag karstik akiferinde yeraltisuyu akimi baglica sig ve derin dolagimi iceren iki ana
bilesenden olusmaktadir. Bayan (1991)'nm yaptigi calisma, sicaklik, elektriksel iletkenlik,
trityum vb. gibi parametrelerin bolgesel akim yolu boyunca arttigin1 gostermistir. Benzer
olarak, akim yolu boyunca karbonat coéziinmesinin devam ettigi, pH ve ¢Oziinmiig
oksijendeki azalma ile kendini gostermektedir. Ilksel “C degeri ile hesaplanmis olan
goriiniir yaslarin, toprak, yeraltisuyu ve karbonatli kayacin "C verilerinin kullaniimastyla
diizeltilmesi ¢aligmalari siirdiiriilmektedir. Beslenim alanina en yakin karstik yeraltisuyunun
diizeltilmemis '“C icerigi 58.4 pmc (percent modern carbon) iken en uzakta yer alan
kaynagin ise 23.61 pmc'dir. Yeraltisuyunun "“C icerigi, sistemde kalis siiresinin ve
dolayisiyla karbonatli kayag ¢oziinmesinin artmasiyla olusan seyrelme nedeniyle akim yolu
boyunca azalmaktadir. Ilksel *C degeri 100 pmc kabul edilirse diizeltilmemis '*C yaslar
4446 i1l ile 11933 yil arasinda yiiksek degerler gdstermektedir. Buna karsilik ilksel "*C
degeri akim yolu basinda yer alan Sogukpinar kaynaginin '“C icerigi olarak kabul
edildiginde, goriiniir “C yaslan +318 yillik bir analitik hata ile 1272-7487 yil arasinda
degismektedir. Sogukpinar kaynaginin diisiik "“C icerigi (58.4 pmc) akim sisteminin basinda
karbonat ¢dziinmesinden kaynaklanan modern beslenme "“C igeriginde (100 pmc) énemli
bir seyrelmeyi isaret etmektedir
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Sekil 1: Bolgesel akim yolu boyunca "“C igeriginde ve diger izleyici derisimlerindeki degigimler.

Figure 1. Variation of’C and other age-indicating tracers along regional flow path.

“Ciiksei 58.4 pmc icerigi esas alinarak yapilan goriiniir yas hesaplamalari °C verilerinin elde
edilmesiyle tekrar degerlendirilecektir. Bolgesel akim yolu boyunca "*C iceriginde ve diger
izleyici derigsimlerindeki degisim Sekil I'de sunulmustur. Triyum ('H) ve kloroflorokarbon
(CFC-11 ve CFC-12) verileri yeraltisuyunun sistemde ortalama kalis zamaninin arttigini
gostermektedir. *H iceriginin sistemde kalis zaman ile birlikte artmasmin sebebi 1960l
yillardaki atmosferik yagislarin yiiksek *H icermesidir. Akim sisteminde sig dolagimda yer
alan geng sular diisiik 'H icerigine sahip giincel yagislardan beslenmektedirler. CFC-11 ve
CFC-12 degerleri; s1g dolagim sisteminde yer alan yeraltisularinin yiiksek CFC icerikleri, bu
sularin gilincel yagislarin yiiksek atmosferik CFC igeriginden etkilendigini ve derin dolagim
sularmin ise daha o©nceki disiik CFC igerigine sahip yagislardan etkilendigini
gostermektedir. Calismada sunulan '*C  verileri diizeltilmemis olmakla birlikte
yeraltisuyunun *H ve CFC icerigi ile oldukca yiiksek bir korelasyon gdstermektedir. ‘H ve
CFC verilerinin onlarca yil ve '*C verilerinin yiizlerce ve hatta binlerce yillik bir beslenim
bilesenini temsil etmesi, bu gibi bliyilik karstik sistemlerindeki yeraltisuyunun birkag yildan
birkac¢ onbin yila kadar varan biiylik bir zaman araliginda beslendigini gostermektedir.

Apparent Carbon-14 ("*C) ages of the springs of Aladag karstic aquifer

Eight karstic springs located.along the regional flow path of Aladag karstic aquifer were
sampled for their carbon-14 ('*C) content to determine their apparent ages. Samples were
collected by precipitating different amounts of water in a 50 liter plastic drum in ‘which
barium chloride is converted to barium carbonate precipitate. To precipitate the carbon
available in water completely, sodium hydroxide and praestol, a floculant, were added to
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make pH> 10 and to accelerate precipitation. Precipitates were analyzed in Water Resources
Laboratory, Jordan. '“C contents of springs and their apparent ages are presented in Table 1.

The regional groundwater flow in the Aladag karstic aquifer comprises mainly two major
components which are shallow and deep circulation. Bayan (1991) has demonstrated that
the parameters (temperature, electrical conductivity, tritium etc.) indicating groundwater's
residence time have increasing values along the regional flow path. Similarly pH and
dissolved oxygen possess decreasing values suggesting that carbonate dissolution is
continuous along flow path. Although, the apparent ages presented here based solely on
initial “C data, efforts are still continuing to refine them by use of "C data on soil

atmosphere, groundwater and carbonate rocks. Uncorrected “C content of karstic

groundwater located most closely to the recharge area is 58.40 pmc while the most distant
outflow has "“C content of 23.61 pmc. It is apparent that “C content of groundwater

decreases along the flow path both due to increasing residence time and increasing '‘C

dilution via rock dissolution. When an initial “C content is assumed to be 100 pmc the

calculated uncorrected "“C ages increase to the range of 4446 years and 11933 years.

However, based on the assumption that the initial “C is equal to that of Sogukpinar spring
located at the beginning of flow path, the apparent "*C ages ranges between 1272 years and

7487 years with an analytical error of +318 years. Low initial “C content of Sogukpinar
spring suggests that there exists considerable carbonate dissolution which dilutes the modern
rechaige's "“C content (i.e. 100 pmc) to 58.4 pmc at the beginning of flow system. Our

interpretations of relative apparent ages are based on 58.4 pmc which will be refined further
when “C data is available.

Figure 1 shows the variation of the contents of *C and other age-indicating tracers along
regional flow path. Tritium (H) and chlorofluorocarbon (CFC-11 and CFC-12) data
indicate an increasing groundwater mean residence time (MRT). The increase of'H content
as the MRT increases is due to higher ’H content of precipitation in the near post-1960's
when the atmospheric content reached a maximum. Younger waters of the more shallow
parts of the flow system are fed from more recent precipitation of low 'H content. CFC-11
and CFC-12 data indicate decreasing past recharge at the deeper parts, whereas shallow
groundwaters have higher CFC values because of higher atmospheric concentration in
recent years. Even though uncorrected, present '*C data exhibit a strong correlation with
both "H and CFC contents of groundwater. Considering that 'H and CFCs represent the
components of recharge with a magnitude of tens of years and "‘C represents those of
hundreds and/or thousands, it is understood that groundwater in such a large karstic system
include recharge from a wide time interval extending between several years to several
thousands (and even hundreds of thousands) of years.
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Sizir (Gemerek — Sivas) karst kaynaklari ve yakin dolaymin
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Bu calismada su miktar1 ve kalitesi acisindan sorun yasanan Yukar1 Kizilirmak havzasinda
yeralan Sizir kaynaklarinin miktar ve kalite acisindan optimum yOnetimine temel olacak
bilgilerin elde edilmesi amaclanmistir. Bu dogrultuda alanda yayilim gosteren kirikli-
catlakli, yer yer karstlasmali mermerlerden yaklagik 4 mVs'lik bir debi ile bosalan Sizir
kaynaklarinin hidrodinamik yapisi belirlenmeye caligiimistir. Bu kapsamda jeoloji, hidroloji,
su kimyasi ve hidrojeoloji caligmalari yapilmis ve Sizir kaynaklarinin beslenme alaninin,
O6nemli bir béliimiiniin havza digmda oldugu ortaya konmustur.

Su Kkalitesi agisindan su sorunu yasanan bolgede en onemli kaynak grubu olan Sizir
kaynaklarinin hidrolojik 6zelliklerinden yararlanilarak kaynak gerisindeki aktif depolama ve
cekilme dénemi sonunda kaynakta bosalan su hacminin sirasiyla 120* 10° m’ ve 62* 10° m’
oldugu hesaplanmustir.

Inceleme alaninda, Ayandzii deresi akis yukarisinda bosalan kaynak sulari kalite agisindan
degerlendirilmistir. Degerlendirme sonucunda havzadaki tiim kaynak sularinin icmesuyu
standartlarina gére 1. Simf sular olup orta sert su ozelligi sergiledigi belirlenmistir. Sulama
suyu siniflamalarina gore ise "cok iyi-iyi" sular sinifina girmektedir.

Halen Ayanézii deresi akis asagisinda bulunan Hidroelketrik Santrali diginda
potansiyelinden yararlanilmayan Sizir kaynaklarinin bolge acisindan biiylik 6nem tagidigi bu
nedenle, gelecekte saglikli ve akilct bir yonetimin miktar ve kalite acisindan etkin bir
koruma gerektirecegi ortaya konmustur. Biiylik akifer hacmine ve depolama kapasitesine
sahip olan ve yil boyunca emniyetli kullanim yapilabilen Sizir kaynaklarinin gelistirilmesi
olanakli goriilmektedir. Kaynaklarin beslenme alaninin sarp olmasi ve yerlesime uygun
olmamasindan dolay1 bugiin icin kaynak basi korumanin yeterli olacag: belirlenmistir. Ote
yandan Ayanozi deresi akig yukarisinda, dar alanlarda yiizeylenen mermerlerden bosalan
sig dolasim 11 dokanak kaynaklarinin bu 0Ozelliklerinden dolayr gelistirilmesi mimkiin
goriilmemektedir. :

Hydrogeology of Sizir (Gemerek - Sivas) karst springs and surrounding
area

This study aims to produce tha basic information required for an optimum managemnt of
Sizir springs located at the Upper Kizilirmak Basin where water problems are experienced
in terms of quantity and quality. In this context, the main point was to explain the
hydrodynamic structure of the Sizir springs, which.discharge with 4 m’/s from a fissured-
fractured and partly Kkarstified marble aquifer. Based on geological, hydrological,
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hydiochemical and hydrogeological studies carried ouf in the area, a major part of
catchment area was found to extend beyond the topographical watershed.

The active reservoir volume of the Sizir springs was calculated to be about 120x10° m’,
a significant amount of water for the region that suffers from scarcity of good quality water.
The total amount that is drained during recession is found to be about 61x10° mVyear.

Water quality evaluations have revealed that all waters exist at the area are of high quality,
moderately hard waters according to Drinking Water Standards and "very good - good" as
irrigation waters.

It was concluded that the Sizir springs not being used other than in the Hydroelectiric Power
Plant are of major significance for the region and therefore, an effective protection in terms
of both quantity and quality is required for an optimum and rational management in the
future. The hydrogeologic structure of the springs allows further development due to their
large aquifer volume. Local protection of springs in adequate because the rough topography
at the catchement area discourage any activity that may cause contamination. On the
contrary, further development of the upstream springs does not seem to be possible due to
their contact-spring character.
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~ GOl karisim  dinamiginin  kloroflorokarbonlar (CFC) kullanilarak
belirlenmesi: Koycegiz goli uygulamasi

N. Nur OZYURT', C. Serdar BAYARI'
'Hacettepe Universitesi Jeoloji Miih. Bél. Hidrojeoloji Miih. ABD. Beytepe 06532 ANKARA

Kloroflorokarbon (CFC) gazlari, 1930'Iu yillardan itibaren cesitli enddistriyel faaliyetlerde
liullamlmaya baglanmistir. Dogal herhangi bir kdkeni olmayan antropojenik gazlarin yaygin
olarak kullanimi sonucunda atmosferik CFC derisimi hizla artmistir. Uzun siireli atmosferik
CFC olgiimlerinin 1970 yillardan itibaren O6nce osinografik caligmalarda daha sonraki
yillarda ise yeraltisuyu sistemlerinde oOzellikle yas ve/veya gecis siiresinin belirlenmesi
amaciyla kullanilmaktadir. CFC'lar osinografik caligmalarda, deniz suyundaki karigim
mekanizmasinin belirlenmesinde ve deniz suyunun oksik, gegis, anoksik bdlgeleri
arasindaki etkilesimlerin ortaya konmasinda kullanilmistir. CFC'larin bozunmasina neden
olabilecek kimyasal ya da biyolojik reaksiyonlarin sadece anoksik kosullarda gerceklesiyor
olmasi, bu gazlarin konservatif (kimyasal durayl) izleyiciler olarak kullanimini saglamuistir.

Tiim bu 6zellikleri nedeni ile kloroflorokarbonlar (CFC) deniz ve g6l gibi su kiitlelerinde

- kangim ~ dinamigi mekanizmasinin aydinlatilmasinda yaygin olarak kullanilmaktadir.

Koycegiz Goliindeki calisma Tirkiye'deki ilk uygulamadir. Bu calismada, CFC gazlarinin
konservatif izleyiciler olarak g6l karigim dinamigi calismalarinda kullanilabilirliginin
belirlenmesi amag¢lanmaktadir.

Cizelge 1 : Cahsma alanindaki 6rnekleme noktalarinda CFC yaglar (y1l)
Table I: CFC ages of sampling points in the study area (year)

Sultaniye Havzasi Koycegiz Havzasi

CFC-11 |CFC-12  |CFC-113 , CFC-11 [CFC-12 |CFC-113
4m 18 20 10 4m 1 1 1
8m 1 7 1 8m 5 1 10
12m 29 17 ' 12m 20 10
16m 30 2 16m 34 | 12
20m 30 .20 20m 30 10
28m 34 39 23m 33 12
3lm 36 27

Termal Yeraltisuyu kaynagn
CFC-11 CFC-12
Sultaniye 24 26
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Calismada Koycegiz Goliiniin; - glineyindeki  Sultaniye ve kuzeyindeki Koycegiz
havzalarinda secilen iki noktada gol suyunun derinlik profili boyunca CFC icerigi
belirlenmistir. GOl sularinin yanisira gole su sagladigi dusiiniilen cevredeki yeraltisuyu
kaynaklarinin da CFC igerikleri belirlerimistir. CFC analizi icin su ornekleri, Bayan ve
dig.;(1998)'de ayrintilart verilen yontemle alinmistir. Alinan CFC o6rnekleri Uluslararasi
Atom Enerji Ajanst (IAEA)'nin Viyana laboratuvarlarinda analiz edilmistir. Tiim 6rnekleme
- noktalarinda CFC-11, CFC-12, CFC-113 yaslan Ozyurt ve Bayar1,(1998)'da belirtilen
yontemle hesaplanmustir (Cizelge 1). Atmosferik CFC-113 derisimine .ait kisa siireli veri
nedeniyle caligma alanindaki sularin sadece birkaginda CFC-113 yaslan belirlenebilmistir.
CFC-11 gazmin sudaki derisiminin kimyasal ve biyolojik reaksiyonlar sonucunda azaldig1
bilindiginden gol karisgim dinamigi acisindan yorumlar sadece CFC-12 yaslan kullanilarak
yapmustir. CFC'larin atmosferik derigimlerinin zaman icinde artmasi nedeni ile sudaki
CFC derigimleri ile yaslar ters orantilidir. Her-iki havzaya ait CFC profillerinde CFC-11
yaglarinin bozunma nedeni ile CFC-12 yaslarindan daha biiylik oldugu goriilmektedir. Gol
suyundaki ¢oziinmiiy CFC icerigini degistirecek en 6nemli siire¢ CFC gazlarinin 6zellikle
CFC-11'in anoksik kosullarda bakteriyel bozunmasidir. Koycegiz Goli gibi siirekli
tabakalarima gosteren ve alt tabakanin anoksik oldugu ortamlarda ¢6ziinmiis CFC iceriginin
oncelikle bozunma sonucunda degismesi beklenmektedir. Bugline kadar yapilmis tiim
calismalar anoksik ortamda CFC-11'in CFC-12 den daha ¢ok bozundugunu gostermistir
(Bullister and Lee, 1995). Koycegiz Goliit CFC derisimleri de bu goriisii desteklemektedir.
Ozellikle 12 m'nin altinda hesaplanan CFC-11 yaslart CFC-12 yaslarindan ¢ok biiyiiktiir.
Koycegiz Goliinde 12m'nin altinda CFC-12 nin bozunmadig1 varsayilarak goliin anoksik
bolgesinde CFC-1 1'in bozunma hiz1 yilda 0.15 pmol/kg olarak belirlenmistir.

Koycegiz Havzasinda tist tabakada (0-10m arasinda) CFC yaslari 1 yil olup, suyun
atmosferle dengede oldugunu gostermektedir. Sultaniye Havzasi iist tabakasinda ise CFC
yaslar1 20 ve 7 yil olarak hesaplanmistir. Atmosferle dengeye ulagmasi gereken bu sularin
CFC yaglarinin biiyiik olusu goliin bu kesimine daha biiyiik CFC yasina sahip Sultaniye
kaynagindan olan su katkisindan kaynaklanmaktadir. Golde 10-12 m arasindaki gecis zonun
altindaki derinliklerde CFC yaslar oldukca- yliksektir. Sultaniye ve Koycegiz Havzalarinin
ortalama alt tabaka yaglari sirasiyla 20 yil ve 10 yil olarak belirlenmistir. GOl alt
tabakasindaki bu dagilim Sultaniye havzasini olusturan sularda 26 yillik CFC yasina sahip -
termal Sultaniye kaynagi katkisimin biiylkligini gOstermektedir. Koycegiz havzasi alt
tabakasi ylizeysularin yanisira Sultaniye havzasindan gelen sularin karisimindan olugsmustur.
CFC yaslan dikkate alinarak elde edilen bu sonuclar Bayan ve dig.., (1999) tarafindan
Koycegiz golii fiziksel, kimyasal, izotopik 6zelliklerine dayamilafak olusturulan karisim
dinagimi modeli ile uyumludur.

CFC yaslan ile fiziksel, kimyasal ve izotopik parélmetreler kullanilarak olusturulan gol
karistm modeline yaklasilmis olmasi CFC'larin, ozellikle kimyasal ve biyolojik stireclerden
etkilenmeyen CFC-12 yaglarinin gol dinamii caligmalarinda konservatif izleyici olarak
kullanilabilecegini gostermektedir.
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Determination of lake dynamics with chlorofluorocarbons (CFC's):
Application to Koycegiz lake

Cholrofluorocarbon (CFC) gases have been widely used for different industrial activities
. since 1930's. Extensive use of these antropogenic gases has increased rapidly atmospheric
CFC concentration. Since 1970's. CFC gases have been started to be used first for
océanographie and later on for groundwater age determination studies with the availible
long period atmospheric measurements of CFCs. In océanographie studies, CFCs are used
for determination of mixing processes and interactions between oxic, transition, and anoxic
zones of seawater. In-situ chemical or biochemical reactions that cause CFC degradation in
water are only effective at anoxic conditions, thus CFCs could be easily used as
conservative (chemically stable) tracers.

CFCs with these properties have been widely used for determination of mixing dynamics of
water bodies like sea and lakes. This study is the first application of CFCs in mixing
dynamics of a lake in Turkey. The aim of the study is to investigate the applicability of
method for lake mixing dynamics. '

In the scbpe of this study CFC content has been determined along the depth profiles of both

. southern Sultaniye and northern Kdycegiz Basins of Koycegiz Lake. Beside the lake waters,

CFC content of Sultaniye thermal spring that supplies water to the lake, has also been
determined. Water samples for CFC analyses has been collected by the procedure given by
Bayan et.al.(1998). CFC samples were analysed at the Vienna Laboratory of International
Atomic Energy Agency (IAEA). CFC-11, CFC-12 and CFC-113 ages has been calculated -
for each sampling point according to the procedure given in Ozyurt and Bayan (1998)
(Table 1). Because of the limited atmospheric CFC-113 observations CFC-113 ages could
be calculated only for a few sampling points. CFC-11 concentration in water is decreased by
the chemical and biological reactions. Thus CFC-12 ages were used for lake dynamics
interpretations. CFC-11 ages are greater than CFC-12 ages in both basins. The main process
that changes the dissolved CFC content in water is biochemical degradation of CFC-11
under anoxic conditions. CFC-11 content were found to be decreased in the anoxic
monimolimnion (bottom layer) of the Koycegiz Lake. Previous work carried out so far
suggests that the degradation rate of CFC-11 is greater than that of CFC-12 (Bullister and
Lee, 1995). This degradation process is also observed in the Koycegiz Lake. Assuming that
CFC-12 is conservative under anoxic conditions CFC-11 degradation rate was calculated to
be 0,15 pmol/kg per year. CFC-11 and 12 ages of mixolimnion (top layer) of Koycegiz
Basin is 1 year. These ages values show that water in this zone is in equilibrium with
atmosphere. On the other hand, CFC ages of Sultaniye Basin top layer is calculated to be 20
and 7 years. Since the water here should be in equilibrium with atmosphere, the ages found
indicate contribution from the Sultaniye thermal spring which has low CFC content. Below
the transition zone (10-12 m) in the lake, CFC ages are become greater. Average bottom
layer CFC ages for Sultaniye and Koycegiz basins are 20 years and 10 years, respectively.
This age distribution in the bottom water layer indicates an obvious contribution into
Sultaniye Basin from the Sultaniye thermal spring. Koycegiz Basin water is composed of
surfacewater and overflow from Sultaniye Basin. These results obtained by CFC ages are in
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accordance with the mixing dynamics model which is based on physical, chemical and
isotopic properties of Koycegiz Lake as. suggested by Bayan et.al. (1999).

This concordance emphasizes that CFC gases especially CFC-12 which is not seriously
affected by biochemical degradation can be used as a conservative tracer for the lake
dynamics studies.
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Kuzey Anadolu Fay Zonu jeotermal alanlari ve jéotermal sistem
olusumu

Ali KOCAK
MTA Genel Miidiirliigii, Enerji Hammadde Etiit ve Arama Dairesi, ANKARA

Alp-Himalaya Dagolusum kusagi tlizerinde yer alan ililkemizde en etkili kirik zonu son
depremde de kendini gosterdigi gibi yay sekilli Kuzey Anadolu Fay (KAF) zonudur.
Erzincan dogusunda Karliova'dan baglayip batida bir kolu Biga Yarimadasi bat1 ucuna kadar
uzanan ve bir eklem vyeri niteligindeki bu zonda zaman zaman sismik hareketler
olugmaktadir. KAF zonu, jeotermal sistemlerin kirik zonlar ile yakindan iligkili oldugunun
giizel bir ornegidir.bu zon boyunca gelismis kaynaklarin sicakliklar orta Ve diisiik entalpili
jeotermal sistemleri karakterize etmektedir. Bu bolgede yapilmis olan sondajlarla kabaca
120 MWt'lik bir kullanilabilir sicak su potansiyeli bulunmustur. Ancak sondajli caligmalar
yapilmamis kaynaklar gézoniine alindiginda ve yapilacak ilave sondajlarla bu potansiyelin
artacagi kesindir.

Sicak akigkanlarda yapilan analizlerin sonuglarina gére kaynaklar genelde bikarbonath sular
karakterini tasimaktadirlar ve olgunlasmamis sular olarak degerlendirilebilirler. Bu
calismada bolgesel tektonik, jeolojik yapit ve sicak akigkanlarin sicaklik ve kimyasal
karakterleri degerlendirilip korele edilerek jeotermal sistemlerin olusum yorumlamalara
gidilecektir.

Geothermal fields on the North Anatolian Fault Zone and formation of
geothermal systems

The most important fault zone as confirmed in last earthquake disasters in our country
which is situated on the Alpine- Himalayan Mountain-building belt, is the arc-shaped North
Anatolian Fault Zone (NAF). Through this zone, that extends from Karliova (Erzincan) at
the East to western Biga Peninsula at the West is active and causes some displacements
from time to time. -

Occurence of geothermal systems are also closely related to fault zones and there are many
hot spring outlets on the NAF. The temperatures of these hot springs have been
characterising the moderate and low enthalpy fields. The proved potential of these fields that
have been investigated by some drill-holes up to now was estimated roughly as 120 MWt.
Hovewer, the studies carried out on some hot spring areas indicate that the potential of this
area can definitely increase.

The chemical analyses of hot springs have shown that the geothermal fluids are of
bicarbonate type in chemical character and immature waters. In this study, regional
tectonics, geological structure and the temperature and chemical character of the hot springs
are evaluated; formation model of the geothermal fields are interpreted by correlating the
evaluated data.
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Kahramanmaras ili termomineral kaynaklarinin kimyasal ozellikleri ve
kullanimi

Saziye ABACI
Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, ADANA.

Termomineral kaynaklar, kimyasal ve fiziksel Ozellikleri nedeniyle insanlar tarafindan

cesitli  hastaliklarin tedavisinde kullanilmaktadir. Kahramanmaras ve cevresinde de,

solunum, sindirim, dolasim, romatizmal ve cilt hastaliklar1 nedeniyle kullanilan mineralli su

kaynaklar1 bulunmaktadir. Bu caligmada Kahramanmaras ve ¢evresinde bulunan mineralli

su kaynaklarinin dagilimi saptanmig, kimyasal analizleri yapilmis ve onceki arastiricilara ait

analiz sonuglar ile birlikte degerlendirilmistir. Ayrica mineralli sularin kimyasal bilesimleri '
kullanilarak olusumlari arastirilmistir.

Kahramanmaras il sinirlar icerisinde 11 adet mineralli su kaynaginin varlig1 belirlenmistir.
Bunlardan 7 tanesi soguk su, 4 tanesi sicak su kaynagi olup bu kaynaklardan 2 tanesi Sir
baraj sular1 altinda kalmigtir. Aragtirmaya konu olan diger 9 kaynaktan alinan su
orneklerinin kimyasal ve fizikokimyasal ozellikleri kaynak basinda ve laboratuvarda analiz
edilerek, elde edilen sonuglarin degerlendirilmesi yapilmistir. Mineralli sularin kimyasal
acidan bikarbonatli, kalsiyumlu ve magnezyumlu sular sinifinda oldugu, fiziksel yonden
hipotermal, hipotenik sinifinda yer aldigi1 gézlenmistir. Sularin sicakliklar ise 12°C ile 43°C
arasinda degismektedir. Na/1000-K/I00-Mg diyagraminda ise sicak ve mineralli sularin
"olgun olmayan sular" boélgesine diistiikleri ve buna gore karisik sulart olusturduklar:
saptanmuigtir.

Ayrica bolgedeki su kaynaklarinin  kullanilabilirligi cesitli diyagramlar yardimiyla
siniflandirimis ve  Diinya Saghk Orgiitii (WHO) ile Tiirk Standartlari (TS)'na gore
karsilastirilmalar1 yapilmistir.

Chemical composition and utilization of thermomineral resources in
Kahramanmaras city

Termomineral resources are used by human beings for treatment of several diseases. In
Kahramanmarag and surroundings, there are several mineral water resources which are used
for treatment of digestion, respiration, blood circulation, rheumatism and skin disease. In
this study, distribution of mineral water resources is determined in the area, waters is
analysed for their chemical compositions and results of analysis are evaluated together with
those of previous studies, origin of mineral waters is investigated based on their chemical
composition. 11 mineral watec..springs are determined - within the borders of city of
Kahramanmaras. 7 of those Springs are cold water and 4 springs are hot water, but 2 of hot
springs are under the water of Sir dam. Water samples are taken from 9 springs, then-
physical and chemical properties are conducted in the field and laboratory and results of
analysis are evaluated.
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Mineral waters in region are chemically classified as bicarbonate, calcium and magnesium
rich and are physically classified as hipothermic -hipotemc. Temperature of waters vary
between 12°C - 43°C. In the Na/1000-K/IOO-Mg diagrams hot and mineral waters are
plotted in "immature waters' field which may indicate mixed water.

Utilization of water is classified by using several diagrams and results are correlated
according the World Health Organization (WHO) and Turkish Standarts (TS).
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Himmetoglu (Goyniik-Bolu) dolaymin hidrojeoiojik kosullarinin agik
isletme acisindan degerlendirilmesi

Mehmet EKMEKCI, Selim ERDOGAN

Hacettepe Universitesi, Jeoloji (Hidrojeoloji) Miihendisligi Boliimii, Beytepe, 06532 Ankara

Genelde kazilarda, ozelde de acik ve kapali maden isletmelerinde yeraltisuyuna iligkin
olarak kargilagilan iki ana sorun, duraysizlik ve drenajdir. Maden igletmelerinde tretimi
olumsuz yonde etkileyen bu sorunlar alanmn hidrojeoiojik kosullarnin isletmenin
planlanmast sirasinda dikkate alinmamasi ile cok daha biiyiik boyutlara ulagabilmektedir.

Tiirkiye Komiir Isletmelerine bagli Bolu-Goyniik Himmetoglu  Linyit Acik isletmesinde
yeraltisuyunun neden oldugu duraysizlik ve drenaj sorunlar1 giivenli ve surekli tiretimi
tehdit edecek boyutlara ulasmustir. Bu sorunlara etkin ¢dztuimler tretebilmek amaciyla agik
isletmenin de iginde bulundugu alanda bolgesel ve yerel Ocleklerde hidrojeoloji ¢alismalari
gerceklestirilmistir. Alanda yay 1lim gosteren litolojik birimler gozeneklilik, hidrolik
iletkenlik, suiziilme kapasiteleri- gibi hidrojeoiojik ozelliklerine gore ayirtlamistir. Beslenme,
depolama ve bosalim rejimlerinin ortaya konmasi amaciyla, yiizey jeolojisi, jeofizik,
yeraltlsuyu hidroligi ve hidrokimyasal yontemlerden yararlanilmistir.

Calisma alaninda isgletilmekte olan linyit,- baglica marn, kiltagi, bitumli sist, komir ile
tabanda bulunan yiiksek plastisiteli yesil killerden olusan Himmetoglu formasyonunda
bulunmaktadir. Himmetoglu formasyonunun kiltasi-marn kesimi ile komiir horizonu kirik-
catlaklardan olusan ikincil gozeneklilige bagli olarak gelisen dusiik gegirimlilige sahiptir.
Miyosen yagli Himmetoglu formasyonunun tizerinde yaygin olarak kizil-kahverengi kil, siit,
ince kumdan olusan gecirimliligi dusik bir ortli bulunmaktadir. Akarsu aliivyonlarinin
taban kesimini olusturan ve genellike filizi yesil renkli gecirimliligi ¢ok diisiik ince kum-silt
malzemesi, gecirimli aliivyonlart Himmetoglu formasyonundan ayirmaktadir.

Halen iiretimin devam ettigi isletmenin A Panosu olarak adlandirilan kesimi gliney ve
kuzey-kuzeydogudan iki akarsu ile gevrelenmis durumdadir. Caligma alaninda ana akiferi,
akarsu yataklarinda kalinligi 30 m.'ye ulasan aliivyon olusturmaktadir. Aliivyon ozellikle
diisey yonde heterojen bir yapiya sahip olup, ince kum-silt-kil ve cakil ardalanmasi
gostermektedir. -Cakilli seviyeler akifer, ince kum-silt-kilden olusan seviyeler ise akitard
ozelligindedir. Aliivyonun tabanini olugturan ve alttaki marnlarla hidrolik iliskiyi engelleyen
filizi yesil renkli killi malzeme ise akikliid olarak degerlendirilmistir. Tabaninda komiir
seviyeleri iceren Himmetoglu formasyonuna ait marnlarin.yogun bir sekilde eklemli olmasi
nedeniyle ikincil gozenekliligi iyi gelismis ve orta verimlilige sahip bir akifer 6zelligine
kavusmustur. Ancak, diisey yonde, eklem yogunlugunun azaldigi seviyelerin goreli olarak
daha distiik bir gecirgenlige sahip olmasi nedeniyle bu birimde, komiir horizonuna yakin
yerler disinda surekli doygun bir zon bulunmamakta, bunun sonucunda da genel bir
yeraltisuyu seviyesi gozlenmemektedir. '

Isletmeye gerek drenaj gerekse duraysizlik acisindan olumsuz yonde etki eden yeraltisuyu
sorununun iki ana kokeni bulunmaktadir. Isletmeyi giineyden ve kuzey-kuzeydogudan
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sinirlayan iki akarsu yatagindaki, basinch ve yari-basingh akiferler, kazilar ilerledikge aciga
c¢ikmakta, ortami calisilamaz hale getirmektedir. Yeraltisuyuna iliskin drenaj sorununa
yonelik ¢6ziimiin gelistirilmesi ‘amaciyla jeohidrolojik Ol¢iim ve orneklemeler -yapilmis,
acillan kuyularda pompalama denemeleri gerceklestirilerek akifer karakteristikleri
belirlenmis ve yeraltisuyu sorununu oOnleyecek drenajin saglanmasi amaciyla agilmasi
gereken kuyularin yerleri, araliklari, derinlikleri ve debileri hesaplanmustir. Duraysizlik ile
ilgili caligmalara temel olmak iizere igletme alaninda yeraltisuyu beslenimi, depolamasi ve
dolagimu ile ilgili bilgiler hidrojeolojik ve hidrokimyasal analizlwerle ortaya konmutur. Kazi
aynasinda ve aynadan igeriye dogru su tablasinin zamana gore degisimi ise belirli sinir
kosullar dikkate alinarak elde edilen analitik-ampirik esitlikler yardimiyla hesaplanmustir.

Hydrogeological assessment ofthe Himmetoglu (Goyniik-Bolu) open pit
area

Dewatering and instability are the two main problems related to groundwater commonly
encountered in excavations. Lack of hydrogeological data required for a preliminary
assessment of hydrogeological conditions at and around the mining site makes the problem
more complex and difficult to solve after a certain stage of mining operation.

Drainage and stability problems related to groundwater at the Himmetoglu lignite coal open
pit mine in Goyniik-Bolu are crucial as mining operations are adversely affected. Local and
regional hydrogeological investigations were carried out at and around the open pit to
generate data required for an optimum solution to the groundwater problem. In this
context, the lithological units were differentiated according to their geohydrological
properties such as porosity, hydraulic conductivity and infiltration capacity. The recharge,
storage and discharge conditions of the groundwater system were described based on the
geological setting, geophysical surveys, groundwater hydraulics and hydrochemical
analyses. :

The mined lignite is a horizon within the Hirametoglu formation composed of marl,
claystone, bituminous schist, coal and plastic clay at the bottom. The marl-claystone and
coal sections ofthe formation have a secondary permeability due to the fractures and cracks.
This formation is covered by an extensive overburden composed of red-brownish clay, silt
and fine sand of low permeability. The plastic, green fine sand-silt-clay layer of very low
permeability separates the pervious alluvial material from the underlying fractured marl of
the Himmetoglu formation.

The open pit where mining is still active is surrounded by two streams at the south and
north-northeast. The alluvial deposits whose thickness reaches to 30 m. at the river beds
contain the main aquifer levels. The alluvial deposits that exhibit an alternation of fine sand-
silt-clay and gravely layers form a heterogencous medium particularly in the vertical
direction. Layers containing gravel are the aquifer sections confined from the top and the
bottom by the fine grain material of aquitard character. The underlying green plastic clayey
material is the aquiclude. The fractured marls having low secondary permeability may be
considered as the Secondary aquifer in the region where it is recharged. However, an
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extensive saturated zone with a common water table is lacking due to the local impervious
horizons within the marl sequence.

After developing the conceptual hydrogeological model to explain the recharge-storage and
flow conditions, solution to problems related to groundwater were proposed based on the
origin of the groundwater and the hydraulic characteristics of the aquifers. A well-system
was proposed to dewater the confined-semiconfrned alluvial aquifers along the streams.
Pumping of wells, with a discharge rate of 6 15 was found to be adequate to lower the water
to alevel that will allow safe excavation. The distance between well pairs was calculated as
35 m. to maintain the required water level with the predicted pumping rate. Decline of
water table at the excavation face was calculated using some analytical solutions of the
groundwater flow equation.
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Mersin-Deligay akiferinde arazi kullanimindan kaynaklénan kalitatif ve
kantitatif etkiler

Zeynel DEMIREL

Mersin Universitesi, Miihendislik Fakiiltesi, Cevre Mﬁhéndisligi Boéliimii

Mersin-Tarsus arasinda yer alan ve yogun bir sanayi amacl arazi kullaniminin ve Mersin
sehir merkezinin tlizerinde yer aldig1 Delicay ovast Mersin civarinin en -6nemli yeralt1 suyu
kaynaklarina sahip bir bolgedir. Delicay ovasi 1/100 000 olcekli O 33 paftasinda yer
almakta olup, Berdan ovasinin batiya uzantisi seklindedir. Caligma alaninda morfoloji genis
diizliiklerle temsil olur ve kuzeye dogru gidildikge Toros Daglarinin yiikselimleri ile
karsilasilir. Alan1 doguda Berdan nehri ile sinirlamak olasidir ve Delicay ovasi baslica
" Delicay, Miiftii Deresi ve Mezitli dereleri tarafinda drene edilir.

Mersin ve Tarsus kent merkezlerinin icme ve kullanma suyu gereksinimi Berdan barajindan
karsilanmakta ve 2000'li yillarin baslarina kadar bir sorun yasanmayacagi diistiniilmektedir.
Ancak lokal olarak, ozellikle bolgede ¢ok sayida bulunan sanayi tesisleri gereksinim
duyduklari:suyu agtiklart kuyulardan kazanma yolunu tercih etmektedirler. Mersin kent
merkezinde de yaz aylarinda su gereksiniminiibbir boliimii sehir icinde bulunan kuyulardan
takviye edilmektedir:

70" li yillarda DSI Genel Miidiirliigii tarafindan yapilan hidrojeolojik arastirmalar sonucunda
Delicay ve Berdan ovalarinin verimli aliivyon akiferleri olugturdugu belirlenmis ancak ileri
yillarda kontrolsiiz ve bilingsiz arazi kullanim1 sonucunda ve yogun sanayiden kaynaklanan
hava kirliligi ve atik su desarjlari, denetimsiz ve bilincsiz asir1 pompaj hidrolojik dongui
icinde yeraltisuyu kalitesini ve kantitesini olumsuz yonde etkilemistir.

Akiferin kiytya yakin kisimlarinda Cl derisimlerinde artig, kati atik depolama alani
yakinlarinda K derisiminde artig, yerlesimlerin ve sanayi kullaniminin oldugu yerlerde
organik madde miktarinda artig beklenmelidir. Ancak boyle bir degerlendirme icin
yeraltisuyunun dogal hidrojeokimyasal karakteristiginin belirlenmesi Oncelikli olmalidir.
Bunun igin de yeraltisuyunun antropojenik etkenlerden etkilenmemis halinin kimyasal
analiz sonuglarina gereksinim duyulur. 1962 yilindan beri agilan yeraltisuyu kuyular
acildiklan yillardaki arazi kullanimlart ve bazi elde edilebilir kimyasal parametreler dikkate
alinarak 5 degisik periyot icinde incelendiginde; oncelikle 1970' li yillarin ortalarina kadar
yeraltisuyunun antropojenik etkilerden uzak oldugu, ancak 80'li yillardan itibaren akiferin
beslenme alaninda yerlesimlerin, yol-otoyol gibi arazi kullanimlarinin artis1 ve gelisigtizel
ve asirt pompajin akiferi kantitatif olarak etkiledigi ve bu periyotlarda su tablasinin giderek
dustiigii ve kiytya yakin yerlerde deniz suyu girisiminin oldugu ortaya ¢ikmaktadir. Cl, SO,,
O, derisimleri de iki boyutlu dagilimlarinda bu periyotlarda arazi kullanimlarina uygun
olarak degiskenlik gostermekte.ve yeralti suyu tizerindeki kalitatif olumsuz etkileri ortaya
¢ikarmaktadir. Mersin sehri icinde bulunan ve Ozellikle yaz aylarinda artan su talebini
karsilamak igin ‘kullanilan su kuyularinda yapilan incelemeler yeraltisuyunun bakteriyolojik
olarak da i¢meye uygun olmadigini ortaya cikarmustir. Sonug¢ olarak hizli ve bilingsiz
sehirlesme, sanayilesme ve arazi kullanimi Delicay akiferini kantitatif ve kalitatif yonden
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olumsuz olarak etkilemistir, buna karsin idare bu gercegin farkinda degildir ve gelecek icin
distinilen  kentsel gelisim  projelerinde  halen  yeraltisuyundan  yararlanilacagi
ongoriilmektedir.

Impact ofland use on ground water quality and quantity in Mersin-
Delicay aquifers

The Delicay plain forms an important aquifer in Mersin Region. This region is covered with
the city center and has an intensive industrial and agricultural land. Delicay plain is located
in the O 33 section of the map with a scale of 1/100 000. The morphology in the
investigation area is flat and the altitude increases northwards. The Berdan River bounds the
investigation area in the east. The Delicay, Miiftii and Mezitli creeks drain the area.

The domestic water of Mersin and Tarsus cities is supplied from the Berdan dam and it is
expected to provide water sufficiently until the early 2000s. However, many industrial
establishments prefer to meet their water demand by groundwater. Furthermore, some of the
water demand of Mersin is met by the groundwater especially during summer seasons.

In 1970s the area was investigated by the General Directorate of State Hydraulic Works, and
then a number of ground water wells were drilled, but not inspected. Excessive pumping,
careless land use, air pollution and wastewater discharge, which are originated from the
intensive industrial activities, have influenced the quality and quantity of the ground water
negatively.

An increase in Cl concentration of the aquifer at the seaside and K concentration nearby the
solid waste depositions is expected. Similarly, there may be an increase in the organic
matter content of the aquifer at the industrial areas. This can be determined from the natural
hydrogeochemical characteristics of the ground water, which requires the chemical analyses
of the antrophogenically unaffected water. There are many water wells in the investigation
area, which have continuously been drilled since 1962. These wells can be collected in 5
groups with respect to some chemical parameters and land use at drilling time. The results
show that the ground water was far from the antrophogenic impact until the mid-70s, but
beginning from the 80s the ground water has been influenced both quantitatively and
qualitatively because of the development of the industry and increase in land use. An
important negative impact is caused by excessive pumping, which lowers water table and
sea water intrusion occurs. The Cl, SO4 and 02 concentration contour diagrams follow this
negative impact on the ground water quality. The wells located in Mersin are also
bacteriologically polluted and can not used for drinking purpose any more. As a conclusion
it can be said that the intensive land use and industry have a negative impact on the ground
water quantity and quality of Delicay aquifer. However, the local administration does not
care about this reality and the ground water is proposed to be used in urban development
projects.
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KD dogrultulu Kemalpasa-Torbai1 havzasinin jeolojisi ve yeraltisuyu
kalitesi, Bat1 Anadolu

Alper BABA', Hasan SOZBILIR'

'Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 35100 Bornova-lzmir

Kemalpasa-Torbaii  havzasi batida Izmir-Ankara zonu ile doguda Menderes masifi
arasindaki tektonik dokanak tzerinde yeralan KD-SW dogrultulu Miyosen yagl  bir
cokiintiidiir. Havzanin batisindaki horstta yiizlek veren Izmir-Ankara zonuna ait kayaglar
kiregctagt ve serpantinit bloklar1 igeren turbiditik kumtasi-geyl karmasigindan olusur.
Havzanin dogusundaki horst ise Menderes Masifi'ne ait mermer arakatkili sistlerden
yapilidir. Havzada alt kirintili birim ve Ust kirintili birim §eklinde iki ana litostratigrafik
birim ayirtlanmistir. Alt kirintili birim uste dogru incelen ve kabalasan istifler sunan fay
kontrollii aluvyonal yelpaze fasiyesleriyle simgelenir. Bu kaba taneli kirmntili ¢okeller ince
komiir arakatkilarn igeren kiregtagt mercekleri igerir. Birimin alt diizeylerinde, kirmizi renkli
kirmtililar igine yerlesmis kiregtast olistolitleri de gdzlenir. Alt kirntil birim dereceli gegisli
bir dokanakla iiste dogru iist kirntili birime geger. Ust kirintili birim felsik tiif mercekleri
iceren ‘ince taneli golsel ¢okellerden olusur. Havzayr dogudan smirlayan fay Miyosen
tortullasmasini kontrol eden bir biiyiime fay1 niteligindedir. inceleme alaninda yukarida
belirtilen litolojik ve yapisal Ozellikler yeraltisuyu potansiyelini ve kalitesini belirleyen ana
kriterlerdir. Bu calismada, igme, kullanma ve sulama suyu saglamasi acisindan havzanin
onemi ve su kalitesi lizerindeki etkileri incelenmistir.

Havzada, yeralt1 suyu potansiyeli agisindan, Menderes Masifi igerisinde yeralan mermerler,
Izmir- Ankara zonuna ait kirectast bloklari ve ‘alt krintili birimde bulunan cakiltasi ve
kumtaglar1 onem tasir. Graben ortasinda yeralan kuyular alt kirmtili birim icerisindeki
kumtag1 akiferleri ile beslenir. Calisma sahasinin degisik kesimlerinde karst kaynaklari
cikmaktadir. Menderes masifine ait mermerler ve Izmir- Ankara zonu icerisindeki kirectas:
bloklart bu kaynaklar1 besleyen ana akiferleri olusturur. Kaynaklarin en biiyiigii Vigneli
Koyiiniin .batisindaki karstik kaynagidir. Debisi yaklagik olarak 50 It/sn'dir. Bolgede
gecirimsiz temeli, Menderes masifi metamorfik sistleri ve Izmir- Ankara zonuna ait
turbiditik kumtagi-seyl karmagigi olusturur. Karstik bosalimlar1 ve yeraltisuyu hareketini,
gecirimsiz temel kayaclar1 ile onemli faylar denetlemektedir. Izmir Ankara- zonu ve
Menderes masifinde yeralan sularin bilesiminde hakim iyonlar Ca ve HCO,'tir. Sularm
elektiriksel iletkenlikleri (EC) 200-688 nS/cm, toplam sertligi 17.02- 38.03 FS° arasinda
degisir. Toplam sertliklerine gore, kaynak sulari "tath su” smifinda diger yeralti drenaj
sistemi sulari ise "sert su" sinifinda yer alir. Su Orneklerinin kimyasal analiz sonuglarina
gore, inceleme alani sulari, sulama suyu agisindan genellikle C,S! sinifinda yer alan, " az
sodyumlu, orta tuzlu" sulardir.

Geology and groundwater quality of the NE-trending Kemalpasa-
Torbai1 basin, west Anatolia

The Kemalpasa-Torbaiir basin is a NE-SW trending depression lying on the tectonic contact
between the Izmir-Ankara zone in the west and the Menderes Massif in the east. 1zmir-
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Ankara zone cropping out in the west-horst of the basin, consists of blocks of limestones
and serpentinites mixed in a martix of turbiditic sandstone-shale, while the horst in the east
of the basin, is made up of schists intercalated with marbles of the Menderes Massif. Two
main lithostratigraphic units, namely the lower clastic unit and the upper clastic unit are
distinguished within the basin. The lower clastic unit is characterized by a succession of
fault-controlled alluvial fan facies showing both fining and coarsening upward sequences.
These coarse grained clastic deposits include some lenses of limestones bearing thin coal
intercalations. In the lower part of this unit, some limestones olistolites embedded in red
elastics are also observed. The lower clastic unit passes gradationary upward into the upper
clastic unit. The latter is made up of fine grained lacustrine sediments which contains felsic
tuff lenses. The east-bounding fault of the basin has a characteristic of growth fault which
controlled the Miocene sedimentation. The lithologie and structural properties mentioned
above, are the main criteria for determining the potential and quality ofthe groundwater in
the investigated area. In this study, the effects of the importance of the catchment area and
its effects on the water quality have been studied from the point of drinking, domestic and
irrigation water supply.
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From the point of groundwater potential of the basin, marble of the Menderes Massive,
limestone of the Izmir-Ankara zone and sandstone and conglomerate of the lower clastic
unit have importance. The holes in the graben are recharged by the groundwater in the
sandstone of the lower clastic unit! There are some Karst springs discharging the marble of
Menderes Massive and limestone blocks of Izmir Ankara zone. The discharge of the karst
. springs and the movement of groundwater are controlled by the major faults, which cut the
reservoir rocks and the basement. The major ions in the karst waters are Ca and HCO,. The
groundwater in the study area generally has different chemical composition and properties
due to the heterogeneity and tectonic activity in the area. Electrical conductivity (EC) of the
ground water range between 200-688 uS/cm, and total hardness values are between 17.02-
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38.03 °FH. According to the total hardness values the waters of spring is in fresh water
class, the other groundwater drainage system water are in hard water class. According to the
results of the chemical analysis of water samples, the waters of the study area are usually
classified in C2SL class of irrigation water.
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Depremlerin yeraltisuyu seviyelerinde meydana getirdigi degisiklikler

Hasan KIRMIZITAS

Devlet Su Isleri Genel Miidiirliigii, Jeoteknik Hizmetler ve Yeraltisulart Dairesi Baskanhgi, Ankara

Tiirkiye capinda yeraltisuyu potansiyelini tespit etmek ve akiferlerde meydana gelebilecek
» degisiklikleri izleyebilmek igin amaca uygun bazi sondaj kuyularinda limnigraf aletleriyle
yeraltisuyu seviye Olglimleri yapilmaktadir. Zaman zaman bazi sondaj kuyularinda seviye
degisimleri sira disi anomaliler olusturmus ve yapilan incelemelerde bu degisikliklerde
depremlerin etkili oldugu belirlenmistir. Limnigraf monteli sondaj kuyu yerlerinin
seciminde, depremlerin belirlenmesinden ziyade yeraltisuyu potansiyelinin tespit edilmesi
hedef alinmigstir.

Deprem ve yeraltisuyu potansiyeli yoniinden onemli olan iilkemizde, depremlerin akiferler
tzerindeki etkisinin akademik diizeyde ortaya konmasi, bu gelismelerden sonra mecburiyet
kazanmustir.

17 Agustos 1999 depreminde Eskisehir-Sivrihisar'da bulunan bazi sondaj kuyularinda
deprem aninda meydana gelen yeraltisuyu seviye degisimleri elektronik limnigraflar
vasitasiyla tespit edilebilmistir. Bunun tizerine baglatilan arastirmada, 1960'h yillardan beri
mekanik limnigraflarla yapilan 6lciimlerde zaman zaman bazi kuyularda yeryiliziinde vuku
bulan depremlerin etkisinin gozlendigi goriilmiistiir. Kiitahya-Gediz 1970, Diyarbakir-Lice
1975, Van-Muradiye 1976, iran 1979, Erzurum-Kars 1983 Depremleri Sanlurfa-
Ceylanpinar ve Harran, Erzurum, Batum, Konya, Edremit-Havran, {zmir-Menemen, Nigde-
Altunhisar ve Ankara-Beypazari Ovalarinda yer alan sondaj kuyularinda belirgin yeraltisuyu
seviye degisimleri yaratmislardir. Seviye degisimleri basingli, yari basinch ya da serbest
akifer kosullarin tamaminda gozlenmistir. Akifer malzemeleri, allivyon gibi daneli
ortamlarin yani sira kirectasi gibi saglam kayaclardan olugsmaktadir. Kaydedilen en biiylik
seviye degisimi 148 m yiikselim olarak gézlenmistir.

Ulkemizi yasa bogan 17 Agustos 1999 Depreminin akabinde gerek yazili ve gerekse gorsel
basinda yeraltisuyu seviye degisimlerinin, depremlerin Onceden belirlenmesi ile
iligkilendirilmesi lizerine yalmiz Kurulusumuzca Tirkiye'de diizenli olarak alman bu
degerlerin kamuoyu ile paylasilmasi kaginilmaz olmus ve bu bildiri hazirlanmastir.

Changes of groundwater level by earthquakes

In order to determine the groundwater potential and check the changes in aquifers, the
groundwater levels have been observed in some boreholes by water-level recorders.
Although the location of the observation wells have been selected for the determination of
the groundwater potential, and not for the observation of the quake effects, the records
indicated a relation between the earthquakes and several extra-ordinary water-level changes
in some of the wells.
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Since both the earthquakes and the groundwater potential are very important for our

country, the influences of the quakes on the aquifer systems should be researched’

academically.

The groundwater level .changes at the 17 August 1999 earthquake, in some bore holes in
Eskisehir-Sivrihisar region have been recorded by electronic limnigraphs. Then, the past
groundwater records since 1960's have been scanned and several effects of the large
earthquakes have been detected in some boreholes. It is observed that, the Kiitahya-Gediz
1970, Diyarbakir-Lice 1975, Van-Muradiye 1976, Iran 1979, Erzurum-Kars 1983
earthquakes caused water level changes in boreholes at the Sanhurfa-Ceylanpinar and H
Harran, Erzurum, Batum, Konya, Edremit-Havran, Izmir-Menemen, Nigde-Altunhisar and
Ankara-Beypazar1 plains. The changes occurred in confined, unconfined, and semi-

confined aquifer conditions. The aquifer materials are composed of both-detritic materials

and rocks like limestone. i

The recorded maximum level change is observed as 1.48 m.

Following the 17 August 1999 Marmara Earthquake, the groundwater level changes is
mentioned -as one of the earthquake precursor in media. Therefore this proceeding is
prepared in order to inform the public about the groundwater level observation which are
measured regularly only by the DSI in Turkey.
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