Tiruilo

i : ? 56. Tiirkiye Jeoloji Kurultan
JO0LE huTe

W] 56" Geological Congress of Turkey

HIDROJEOLOJI OTURUMU

Amasya-Bogakoy-Karligol Kaynaginin Karst Hidrojeolojisi

Ugur AKDENIZ, Burcu ER TURK, Nihal BASARAN
Devlet Su Isleri Genel Miidiirliigii,

Jeoiekmk Hizmetler ve Yeralti Sulan Dairesi Baskanhgi, Ankara

Bu karst hidrojeolojik etiit ile sulama suyu sikintis1 yasayan ve arazilerinin buiylik bir kesiminde
kuru tarim yapilan Bogakoy'iin 2 km batisinda bulunan Karligdol kaynaginin gelistirilmesi
amacglanmistir. Karligdl kaynag1 Jura-Rreta.se yash karbonathi kayaglar ile gecirimsiz Ozellikteki
Eosen yash tortul serinin, dokanagmdan 574,3 m kotundan, ¢ikmaktadir, .Bu ¢alisma kapsaminda
Karligdl kaynaginin hidrodinamik yapisi belirlenmeye calisilmis ve karstik akiferin yaythmi,
derinlik, kalinlik ve hidrolik parametrelerini arastirmak icin 5 adet su sondaj kuyusu agilmustir.
Ayrica su kimyasi ve izotop hidrolojisi ¢alismalar1 da yapilmustir,.

Su sikintis1 yasayan bolge icin onemli bir kaynak olan Karlhigol kaynaginin 1978-2000 yillart
arasinda yapilmig akim Olgiim, degerlerine gore ortalama bosalim, katsayist (Q,,), 7.1x10"giin",
ortalama akimi 193 I/s ve debi degiskenlik ylizdesi (Qd)., 58 oldugundan kaynagin debisi ile yillik
bosalttig1 su hacminin,, yillik yagis miktari ve dagilimina bagli oldugu sonucuna varimistir,. Bu
degerlere gore Karligdl kaynagi oldukga yiliksek debili ve debi degisimi fazla olarak,
tanimlanabilecek bir kaynaktir. Kaynagin, ortalama bosahm, katsayisinin 10° giin"' mertebesinde
olmasi dolayisiyla, inceleme alanindaki karsilasmanin orta dereceye yakin oldugu, yani halen
devam ettigi sOylenebilir,. Yeraltisuyu dolasimi kaynagin, beslenim sahasinda eklemler, catlaklar,,
karstik kanallar' boyunca ve yersel dolagim seklinde gergeklesmekte olup, genelde karstik
sistemdeki yeraltisuyu akimi kuzeyden-giineye dogru KB-GD dogrultulu ana-kirik hatti boyunca
olmaktadir. Ancak Karligdl kaynaginin gerisinde yersel, dolasimdan, yaygin dolasima gecis
gorulmekte ve bu boliimde karstik rezervuar olusumu gozlenmektedir.

Karligol. kaynaginin 1970-1999 yillart i¢in hesaplanan ortalama baz akim miktar 6.09x10°
m’/yil (193 1/s), cizilen, grafiksel baz akim analizinden hesaplanan ortalama, baz akim miktari, ise
4.43x10° m’/yil'dir. Yillik besleniniden gelen suyun miktart 4.43x10° m’/yiT1 astiginda, bunu
kaynak rezervuan diizenleyememekte ve bu durum, kaynak debisinde ani artig olarak
gorilmektedir.

Kaynak sularinin akisa gectigi, derenin mansabinda Baglica Goleti yapilmis olup, goletin rezervuar
hacmi 1x10° m”tiir. Bu durum goéz 6niine alinarak, ortalama, baz akim miktarinin. %70 emniyetle
3.63x10° m’/yiT1 yani 3510/s .suyun sulama peryodu olan 4 ay boyunca karstik rezervuardan su
sondaj kuyular vasitasi ile cekilerek sulamaya tahsis edilmesi uygun gorilmiustiir.

152



56, Tiirkiye Jeoloji KuruUayi
56" Geologkai Congress of Turkey

Inceleme alaninda Karligdl kaynagi ve sondaj kuyularinda alinan numuneler kalite agisindan
degerlendirilmistir. Kaynak ve sondaj kuyu sular1 C,S, sulama suyu sinifinda olup, orta tuzlu az
sodyumlu sulan karakterize ederler...

Amasya-Bogakoy-Karligol Spring Karst Hydrogeology

This karst hydrogeologic study aims to develop Karligol spring located at the 2 km west of
Bogakoy where water problem is experienced and dry agriculture is done at the large part of the
territory,. Karhgol spring discharge from 574.3 m altitude and at the contact of Jurassic-Cretaceous
age carbonate rocks and impervious Eosen age sedimantary unit. This study tries to determine
Karhgol springs, hydrodynamic structure' and in this context 5 water bore wells were drilled to
research Kkarstic aquifer expansion, depth, thickness and. hydraulic parameters,,

Karhgol spring is an important source for the area which is experience water problem.. Because of
average discharge coefficient (D,), 7.1xI0"™ day', average flow 193 16 and flow variableness
percent (Qa)p58 “according to flow measurements done between 1978-2000, it can be said that
springs discharge and annual discharge volume depend upon annual rain quantitiy and.
dispersion.. .According to these values Karligol spring can. be defined as rather high, flow and flow
variableness is high,. Because of spring average discharge coefficientj.s 10" day" grade,, it can be
said that Karstification is close to middle grade and continue now in study area. In. springs
recharge area, groundwater circulation occur along joints, cracks, karstic channels and as a local
circulation.. Generally groundwater circulation, in Kkarstic system is from north to south and along'
NW-SE direction of main fracture line. But at the back of Karligél spring local circulation is

transformed in. to widespread circulation and in this area karstic reservoir formation cen be seen...

Average base flow of 1970-1999 for Karhgol spring was calculated to be about . 6.09x10"
m’/year> (193 14 and calculated from, graphical base flow analysis was 4.43x10° m’/year.
When the water amount come from annual recharge exceed 4.43x10° nrVyear, spring

reservoir can not organize water and this situation is seen, in spring flow as a sudden increase.

At the downstream of the spring Baglica Small Dam was built and the dams reservoir volume is
IxIO® m’. In this situation average base flow of %70 with safety was calculated 3.63x10° m’/year
(350 1. This amount of water can be used in. ground irrigation by pumping with water bore wells
during 4 months which, are irrigation period.

The samples, which "were taken from Karhgol spring and bore wells in study area, were utilized by
quality.. Spring and bore wells waters are C,Si irrigation water class and these waters characterize
medium salty,, rarely sodiac waters.
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Tacin (Biinyan-Kayseri) Karst Kaynaginin Hidrodinamik Ozellikleri
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fleri derecede heterogjen.. ve anmizotrop ortamlar olusturan karstik akiferierin hidrodinamik
davraniglarinin kestirilmesi, karstik olmayan ortamlarda gecerli olan yontemlerin ¢ogunlukla
yetersiz veya gecersiz olmasi nedeniyle hidrojeolojide 6nemli bir sorun olusturur,. Hidrojeolojiye
iliskin sorunlarm c¢o6ziimii, temelde akiferierin. beslenme-depolama-dolasgim-bosalim iligkilerinin
fiziksel durumu yansitabilecek sekilde ortaya konmasini gerektirmektedir. Hidrodinamik yapiy1
olusturan beslenme-depolama-dolasim-bosalim bilesenleri, biiyiik oranda sistemin .smur kosullarini
belirleyen akiferin geometrisi tarafindan denetlenmektedir. Karstik olmayan, akiferlerde, ortamin
genellikle homojen ve izotrop kabul edilebilmesi nedeniyle bir sorun olusturmayan, akifer
geometrisi, karstik akiferlerde her bilesen icin 0Ozel bir calisma, gerektirir. Karstik olmayan
akiferlerde homojen ve uniform bir beslenme rejimi tammlanabilirken, karstik akiferlerde
beslenme rejimi morfolojik yapilarin yogunlugu ve dagilimi ile degisebilmekte; depolama doygun
zon disinda vadoz zonda da gergeklesebilmekte; dolasim, yaygin olabildigi gibi Darcy yasasinin
gecersizlestigi yerel Ozellikte olabilmekte; bosalim miktar ve kalite agisindan zamana bagh olarak
¢ok blylik araliklarda degisim gostermektedir. Alansal ve zamansa! degiskenligi ileri derecede
yiiksek olan bu bilesenlerin dogrudan gézlenmesi ve/veya tanimlanmasi teknik ve mali boyutuyla
heniiz olanakli, degildir. Bununla birlikte» gozlenmesi gorece kolay olan kaynak bosalimlari bir
kara-kutu niteliginde olan akifer sisteminin yukarida tanimlanan hidrodinamik yapi1 bilesenlerini
tiimsel olarak yansitan sistemin bir c¢iktist seklinde degerlendirilebilmektedir. Bu nedenle,
kaynaklarin debileri ve kimyasal 6zelliklerinin diizenli bir sekilde gozlenerek kaydedilmesi, karstik
akiferierin etkin yonetimi agisindan ¢ok biiyiik bir 6nem tagimaktadir.

Kayseri-Biinyan'a bagli Topsogiit Koyii sinirlari igcinde yaklagik 246 knr'lik bir alana sahip
Mesozoyik yash allokton kirectasi ile Neojen yasgh kirintili birimlerin dokanagindan bosalan Tacin
kaynaginin. 1965-1998 yillan arasinda minimum,, maksimum ve ortalama debileri sirasiyla 0.064
nvs, 3.506 m'/s ve 1.055 m’/s olarak ol¢iilmiistiir.. Akimda gozlenen vyiiksek, varyans katsayisi
(Vc=0.28) akiferin iyi derecede karstlasmms oldugu yoniinde bir gosterge olarak
degerlendirilmistir... Tacin Kkarst akiferinin beslenme, depolama ve akim gibi dinamik 6zelliklerinin
ortaya konabilmesi amaciyla, kaynak akim hidrograflar1 degerlendirilmistir., Akim hidrograflarinin
aldig1 sekiller, yagisa, kars1 farkli tepkiler gosteren farkli akim-dolasim yollariin, varligina iligkin,
gostergeler seklinde degerlendirilmistir,. Yeraltisuyu seviyesine bagl olarak calisgan akim yollarinin
yarattig1 etkiler analiz edilerek Tacin akiferinin ileri derecede heterojen ve anizotropik bir yapiya.
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sahip oldugu sonucuna varilmistir.. Kaynakta o6l¢iilen akim hidrografi, genellikle iki farkli akim
yolu bilesenine ayrilabildigini gostermektedir.

Kaynak cekilme analizleri sonucunda, cekilme katsayisinin farkli seviye-depolama kosullan altinda
farkli degerler aldigi belirlenmistir,. Cekilme katsayist 1.3x10" giin"' ile 2x10™ giin"' arasinda
degerler almaktadir.. .Analiz edilen cekilme eginlerinin yeraltisuyu seviyesinin degisimine baglh
olarak farkli sekiller almasi, akiferin farkli depolama-dolasim kusaklarindan olustugunu
gostermektedir., Cekilme egirisinin genel, seklinden, ¢ekilme katsayisinin ¢ekilme donemi boyunca
biliylime egiliminde oldugu goriilmektedir.. Bu durum, Tacin karst kaynaginin bir "tagsma" kaynagi
oldugu dogrultusunda degerlendirilmistir... Baska bir ifadeyle, Tacin. karst akiferinin bosalimi
ancak belirli bir seviyenin lizerinde gerceklesmektedir.

Cekilme egrisi analizlerinden ardisik yillara, iliskin dinamik hacimler hesaplanmig» ardisik yillara ait
dinamik hacim arasindaki farklar akiferin beslenme rejimi acisindan, degerlendirilmistir.. Dinamik
hacimde meydana gelen degisimlerle calisma alanini temsil eden Akkisla Meteoroloji Istasyonunda
Olciilen yagislar arasinda yapilan korelasyon-regresyon alizlerinden, siiziilme-beslenme (I) ile
toplani yagis (P) arasindaki iliski,

I = 2x10™ P* seklinde bulunmustur,.

Literatiirde farkli alanlar i¢in belirlenen iligkilerde listel say1 degismemekte, ancak egim farkli
degerler alabilmektedir. Sozkonusu farkin baslica nedenleri, akiferin beslenme rejimine birincil
derecede etki eden Kkarstik yapilarin yogunlugu ve dagilimi ile toprak-bitki Ortiisti varligi-tiiri
olmakla birlikte, ozellikle yagisin siddeti ve yil icindeki dagiliminin da beslenme rejimi tizerinde
onemli bir etkiye sahip oldugu gorilmiistiir,.

Anahtar Kelimeler: akifer, beslenme», ¢cekilme, depolama, dolasim,, hidrograf, karst» Kayseri,, Tacin,

Hydrodynamic Characteristics of Tacin Karst Spring (Biinyan-Kayseri)

Prediction of hydrodynamic behavior of karstic aquifers is one of the major problems in
hydrogeology because in many cases,, existing classical methods are either insufficient or invalid
due to the fact that karst aquifers form highly heterogeneous and anlsotropic media. Basically,
solution, of hydrogeological problems requires detailed definition of recharge-storage-flow-
discharge relations which are controlled mainly by geometrical configuration of the physical
system by which boundary conditions can be defined. Aquifer geometry does not create a problem
in non-karstic areas where the medium is assumed to be homogeneous and isotropic, whereas it is
quite problematic in karst and therefore each system should be treated as a special case. Similarly,
recharge regime is usually assumed, as homogeneous and uniform over the non-karstic aquifers
while, it depends on. the intensity and areal distribution of karstic depressions over the area in
karst terrains; flow may occur in interstices where it obeys Darcy law or in large conduits where
this law is invalid; storage may also be significant at the vadose zone as well as the phreatic zone;
and temporal variation, of chemical and hydraulic characteristics of discharge may be extremely
high... It is almost impossible to directly measure or monitor all these parameters as they are highly-
varied in space an time, However,, it is still possible to consider the karst system as a black-box
model and try to characterize its behavior by analyzing the output, namely the discharge.,
Therefore, it is of vital importance to have regular data of the chemical and hydrologie behavior of
karst springs.

Tacin. karst spring discharges from the contact between an. allocthonous Mesozoic carbonate rock
mass of about. 246 km’ and the overlying Neogene elastics,, around Topsogiit village of Biinyan-
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Kayseri... The minimum, maximum and average discharge rates measured between 1965 and 1998
as 0.064 m’/s, 3.506 m'/s and 1.055 m./s respectively. The high variance coefficient, of flow
(V,=0.28) reveals that groundwater flow occurs within open spaces and conduits which also
suggests that the carbonate rock mass is well karstified. The discharge rates were analyzed on
hydrographs of the spring in order to understand, the throughput characteristics of the aquifer.
Type and shape of the hydrographs demonstrated the response of the aquifer to precipitation
events and gave valuable infprmation about flow paths in the aquifer... The change in response of
the spring hydrograph to rainfall for different in high, and low water level seasons was interpreted
in. terms of heterogeneity and anisotropy of the' aquifer., Shape of hydrographs suggested that two
major flow paths (conduits) may contribute to the spring discharge.

spring recession analyses revealed that the recession coefficient, may have quite different
values depending on the varying water level-storage conditions.. Its value found, to range between
coefficient found to have values between. 1.Sx.10™ day" and 2x1.0"™ day'' for the analyzed period.. In.
addition,, the shape of the recession on semi-logarithmic paper suggests that the value of tends to
increase with time. Based on this, it is possible to postulate that the Tacin karst spring is of
overflow-underflow character,. Recession, curve analyses also allowed computation, of dynamic
volume of the 56, Tiirkiye jeoloji Kurultayr aquifer for sequential years.. Difference in the volumes
computed for sequential years were then evalua.ted in terms of recharge rate and related to the
precipitation over the recharge area of the aquifer, as recorded at Akisla meteorological station.
Regression analysis revealed that recharge is related to precipitation as below

I = 2x10~* P*

Compared to similar relations given for different areas in the literature, the power of P does not
significantly change. However» the slope may change significantly, This change can be accounted
for by the differences in type and intensity of precipitation as well as the soil-vegetation cover and
type and. distribution of karstic features over recharge areas.

Key Words: aquifer, flow, hydrograph, karst., Kayseri, recession.» recharge,, storage, Tacin,
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Evrik Modelleme Tekniginin Yeraltisuyu Akim Modeller inde ' Kullanimi

Erkan DiSLI, Leven TEZCAN
Hacettepe Universitesi, Jeoloji Aliihendiligi 06532 Beytepe

Akifer sistemlerinde yeraltisuyu akimini tanimlamakta kullanilan hidrolik, iletkenlik (K), depolama
katsayist (S), Ozgiil depolama Kkatsayist (S) gibi hidrolik parametreler, bir veya birden fazla .
pompalama kuyularinda yapilan akifer testleri sonucunda elde edilen diisim - .zaman
iligkilerinden, veya analitik yontemler kullanilarak belirlenmektedir.. Bundan dolayi, pompalama
denemeleri ile belirlenen, akifer parametreleri akiferin ancak pompalama kuyusunun etki yarigcapi,
icerisindeki alan1 temsil edebilmekte veya bazi varsayimlar altinda kullanilan analitik yontemler
ise,, akim alanindaki belirli fiziksel kosullar icin gecerli olmaktadir... Bu yiizden, hesaplanan
parametrelerin gegerliligi, akifer ortaminin, kullanilan analitik yontemin varsayimlarina ne 6lgiide
uyduguna bagh olmaktadir. Evrik modelleme teknigi, akifer ortaminin tiim sinir kosullarini,
heterojenligini, diisey ve yatay akim kosullarini ve akiferin degisen hidrojeolojik etkiler altindaki
durumunu goz Online alarak, hidrojeolojik sistem, icin gelistirilmis kavramsal yapiya en uygun,
parametreleri belirler., Bundan doiayl bu calismada akifer sistemlerde yeraltisuyu dolasimini
kontrol eden hidrolik parametrelerinin belirlenmesinde evrik modelleme yontemi kullanilmig ve
bu yontemin kullanilabilirligi Afyon-Suhut Ovasi hidrojeolojik sistemi iizerinde denenmistir.,

Bu ¢alisma iki asamadan olusmaktadir. Birinci asamada ¢alisma alanina ait kavramsal, hidrojeolojik
yapt MODFLOW yeraltisuyu akim. modeli ile modellenmistir. Ikinci asamada ise PEST
optimizasyon programi kullanilarak gozlenen hidrolik yiik degerlerini saglayan model
parametreleri MODFLOW modelinini evrik ¢6ziimii ile belirlenmistir.

Kavramsal modeli olusturmak icin Suhut Ovasi'nda acgilmig sondaji kuyularina ait kuyu. logu
bilgileri kullanilarak,, kuzey-giiney ve dogu-bati dogrultulu jeolojik kesitler cizilerek, yeraltisuyu
dolasim zonlan ve bu zonlar1 sinirlandiran gegirimsiz-yar1 gecirindi birimler belirlenmistir.
Heterojen bir yap1 gosteren Suhut. Ovasi akiferi diisey akim bilesenini de dikkate almak lizere 4
model katmanina boliinmistiir. Her bir model katmanini olusturan hidrojeolojik birimler litolojik
Ozellikler g6z oniine alinarak 7 farkli zona ayrilmustir., Her zon keneyi i¢erisinde homojen, hidrolik,
parametreler ile temsil edilmistir. Kil-silt gibi az gecirindi birimler gegirimsiz kabul edilmemis»
diisiik iletkenlik degerleri (10" m/giin) ile temsil edilmistir,, MODFLOW modelinin gerektirdigi
girdi ve cikti, dosyalar olusturulmus» bu girdi ve cikti dosyalarinda yer alan. parametre ve hidrolik
yuk degerleri dogrusal, olmayan evrik, optimizasyon yontemi PEST (Doherty, 1.994) programinda
tanimlanarak calistirilmis ve akifer parametre degerleri hesaplanmistir., Hesaplanan parametreler,
model alaninda yer alan. kuyularda yapilan pompalama denemesi verilerinin Neuman yontemi ile
degerlendirilmesi sonucu belirlenen hidrolik iletkenlik katsayisi degerleri ile karsilastirilmistir,. Bu
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kargilastirma sonucunda model sonucunda hesaplanan parametre degerleri ile analitik yontemler
ile hesaplanan parametre degerlerinin birbirine yakin oldugu goriilmiistiir.

Anahtar kelimeler: Evrik Modelleme, PEST, MODFLOW, Suhut. Ovasi, Hidrolik Parametreler...

Using Inverse Modelling Technique in Groundwater Flow Models

The hydraulic parameters such as hydraulic conductivity (K), storage coefficients (5),. and. specific
storage (S, are used to define groundwater flow dynamics in the aquifer systems, In. groundwater
flow problems, these parameters are generally estimated by the analytical evaluation, of the pump
tests.. These analytical, techniques are mainly based, on drawdown-time relations ofidealized aquifer
systems, and thus represent only a portion of the aquifer in the cone of depression of pumping
well under the specific hypothesis of the ideal conditions.. Thus, the validity of the estimation, is
dependent on the realization of the hypothesis., Inverse modelling technique estimates the best
possible aquifer parameters for a conceptual groundwater model representing all hydrogeologic
stresses, boundary conditions, heterogeneity,, and the vertical and horizontal flow conditions of
aquifer system,.

The aim of this study is the estimation of the aquifer hydraulic parameters controlling the
groundwater flow by using the inverse modelling technique... The capability of this approach has
been tested on the Afyon-Suhut Plain.,

This study consists of two stages. In the first stage, the conceptual hydrogeologic setting of the
study area has been, transferred into MODFLOW groundwater flow model. In. the .second stage,
the model parameters, which provide the best match between the observed and model-estimated
hydraulic head values by using PEST optimization, program, have been, calculated..

In. order to constitute the conceptual model, the geological cross-sections in east-west and north-
south directions have been prepared by using the logs of the boreholes in the Suhut Plain. Thus» a
three dimensional representation of the permeable and impermeable units have been, prepared,.
According to the cross sections, the Suhut aquifer has been, discretized into 4 model layers in order
to consider the vertical, flow component. The model, area is composed by 7 hydrogeological zones,
which represent the lithological units in each model layer,. The hydraulic parameters are assumed
as homogeneous within, each zone. The low permeability materials such as clay and silt are
represented by very low hydraulic conductivity values (107 m/day), and are not considered, as
impermeable barrier,.

Input and. output files of MODFLOW have been prepared, and the parameters and hydraulic head
values in these files have been identified in PEST (Doherty, 1994) nonlinear inverse optimization
program.. The aquifer parameters are then estimated by PEST. These parameters have been
compared with hydraulic conductivity values estimated by the evaluation of the pumping test data
by Neumann analytical method.

Key words: Inverse Modelling, PEST, MODFLOW, Hydraulic. Parameters, Suhut Plain
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| ff s1 Ovasi YeraltisuyulAlcim Modeli

A. Ozlem ATILLA
Hacettepe Universitesi, Jeoloji (Hidrojeoloji) Miihendisligi Boliimii, 06532, Beytepe-ANKARA

Afyon ili tarim ve hayvancilik agisindan 6nemli bir konuma sahiptir. Afyon Ovasinda gegtigimiz bir
ka¢ on yil icinde artan, gereksinime bagli olarak gittikce artan miktarlarda yeraltisuyu cekilmis ve
"bu. euygulamaya paralel olarak piyezometrik seviyede diisiimler ve su Kkalitesinde bozulmalar
gozlenmistir. Termal akifer sisteminden kaynaklandigi diisiiniilen, bu kalite bozulmalari, sicak
sularn kara.kteri.ze eden Na, Cl, Li, Br vb. kimyasal parametrelere soguk su kuyularinda da ytiksek
oranlarda rastlanmasi ile belirlenmistir.

Bu kosullar altinda ovada yogun olarak cekimin artmasi sonucu meydana gelecek etkilerin,
ongoriilmesi ovadaki yeraltisuyu konumunun bugilinkii durumunun ortaya konmasi ile miimkiin
olabilecektir. Bu amaca yonelik olarak, ovadaki yeraltisuyu akimi MODFLOW (Modular three-
dimensional finite-difference ground-water flow model) matematiksel modeli araciligiyla
benzestirilmis, ovadaki hidrolik yiik dagiliminin yer ve zaman igindeki yayilimi belirlenmistir.
Beslenme — bosalim iliskileri,, sinir kosullari etkileri bu model ile ortaya konmustur. Model siiresi
yeraltisuyu kullaniminin basladigi 1966 yilindan 1 yil 6ncesinde (1965) baslatilmus,, seviye ve kalite
gozlemlerinin yapildigr 1998 yilina kadar siirdiirtilmiistiir., Modelde zaman birimi giin olarak
secilmistir. Modelin kaiibrasyonunda evrik modelleme yontemi uygulanmstir. Model kalibre
edildikten sonra, hassasiyet analizleri yapilmstir.

Ova genelinde hidrolik yik dagilimi ovanin KB kismindan GD kismima, dogru azalmaktadir.
Benzesim sonuclarinda, 6zellikle ¢ekimin, yogun, olarak, basladigi 1976 yilindan sonra ve dnemli
Olciide arttigh 1990 yilindan somra piyezometrik seviyelerdeki diisiis dikkat cekmektedir. 1965
yilindan 1993 yilina kadar ovanin bazi kesimlerinde 5 - 10 mlik diistimler oldugu belirlenmistir.

Kalite bozuimalarmi.il 6énlenmesi icin yeraltisuyu kullaniminin dogal hidrolik denge kosullarini
bozmayacak sekilde diizenlenmesi ve kontrolsiiz ¢ekimlerin durdurulmasi gerekmektedir.,

Groundwater Flow Model of Afyon Plain

The agriculture and cattle-breeding are significant activities in. the city of Afyon. Extensive
groundwater exploitation over the last two decades has resulted in piezometric level decline and
water quality degradation in. the fresh water aquifer in the Afyon Plain,. This degradation is
identified, by some chemical parameters such as Cl, Li, Br, detected in groundwater, much are
characterizing the mixing of the thermal waters.
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Under these conditions,, the prediction of the consequences of the over-exploitation requires the
identification of the current, head distribution. For this purpose, the spatial and temporal extent of
the hydraulic head, over the plain is simulated by MODFLOW (Modular three-dimensional finite-
difference ground-water flow model). 'The effect of the recharge-discharge relations and the
boundary conditions was determined by the model The groundwater system is simulated from the
beginning of the year of 1965 to the end of 1998, and the time unit was selected as a day. The
model is calibrated by means of inverse modeling, and a sensitivity analysis was performed after
this calibration. "

The hydraulic head distribution declines from NW to SE over the plain., The model shows that
there is an increase in the decline of the piezometric levels after the year 1976 when an intensive
groundwater exploitation is started» and after 1990 when the exploitation is considerably
increased. It is simulated that the hydraulic head is decreased 5 to 10 m in some parts of the plain
from the year 1965 to 1998.

Prevention of water quality degradation requires that the ground water usage should be regulated
to' establish the natural hydraulic balance and, the termination of the uncontrolled ground water
exploitation,
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Sizir (Gemerek-Sivas) ve 'Gevresinin Yizey orfisi
Stiziilme: Kapasitesi (YOS) Haritas!

Tirkay COSKUINER

Hacettepe Unversiiesi, jeoloji Miihendisligi 065 3 2 Bey tepe

Stizlilme; etkin yagis, egim, ylzey yapilari, faylanma ve kirik-catlak yogunlugu, karstik yapilar ve
yiizey litolojisi gibi bir takini, meteorolojik, hidrojeolojik ve topografik parametrelere baghdir,
Yeraltisuyu biitce hesabinda, stiziilme miktar litolojik birimlerin sahip olabilecekleri siiziilme orani
Ongoriist ile yapilabilmektedir. Karstik. ortamlarda ise biitce hesabi kaynak bosalim analizler ve
etkin yagis arasinda denge kurularak yapilir,  Yeraltisuyu korumasi ve yonetimi gibi konularda
kullanmak tizere, gercek sliziilme miktarina gerek duyulmadan siiziilme haritalar1 olusturulabilir.,
Bu haritalar Yiizey Ortiisii Siiziilme Kapasitesi (YOS) Indisi olarak adlandirilan bagil bir indis
sistemi, kullanilarak hazirlanir. YOS indisi baz1 litolojik, yapisal,, hidrolojik ve morfolojik faktorlere
baghdir., Bu yaklasimda gecen "siiziilme kapasitesi’ terimi sadece, suyun ylizey altina sizabilirliginin
bagil ifadesi olarak kullanilmastir.

Sunulan calismada, Sivas, Yozgat, ve Kayseri illeri simrlan icerisinde olan, Sizir kaynaklarinin bagh
oldugu Ayanozii Deresi havzasmni, da igine alan 694 knr'lik alanda». Yiizey Ortiisii. Siiziilme
Kapasitesi {YOS) indis Sistemi .kullanilarak stzillme kapasitesi haritalanmistir.

YOS indis degerlerinin tesbit edilebilmesi igin gerekli veriler bu topografik haritalardan ve bolgeye
ait jeoloji hartalarindan elde edilmistir,. 17250007k haritalarda bulunan grid sisteminin
olusturdugu 1 knrlik kareler kullanilarak her Kkaresel hiicreye ait YOS indis degerleri.
hesaplanmustir., YOS indis degerlerinin hesaplanmasinda yiizey litolojsi (SL),. cizgisel yapilar (L),
karstik yapilar (KF) ve drenaj yogunlugu {DD) gibi. baz1 litolojik, yapisal, hidrolojik ve morfolojik
parametreler kullanilmaktadir..

Her 1 knr'lik hiicresel alanlar icindeki ylizey litolojilerinin (SL) alansal biiytikliikleri bulunup, her
litolojinin hidrojeolojik ozellikleri, goz Ontline alinarak her hiicrenin SL oran degeri hesaplanmustir.
Buna gore cahisma, alaninin %14,5'i gecirimsiz karakterli olup daha cok bolgenin kuzeybati ve
kuzeyinde yeralmaktadir. Gegirimli hiicreler calisma alaninin %33,5'ini kaplamaktadir, daha ¢ok
giiney kesimlerde yayilim gostermektedir. Yarigecirimli karaktere sahip hiicreler ise kuzey,
kuzeydogu, orta ve giineybati, kesimlerdedir ve ¢alisma alaninin %52'sini kaplamaktadir,.

Cizgisel yapilar (L) olarak nitelendirdigimiz fay sistemleri alanin kuZeydogusundan giineybatisina
dogru uzanan bir zon boyunca yogun bir sekilde bulunmaktadir. Burada olugsmus fay sistemleri
genelde dogrultu atmdi faylardan olugsmakta olup, gozlenen, hakim, dogrultu kuzeybati-
giineydogudur. Her hiicresel alan icgindeki faylarin uzunluklari olciilliip smiflandinlmis ve her
hiicreye ait bir L oran katsayis1 atanmustir,.

Topografik haritalardan yararlanilarak calisma alanindaki her hiicresel alan icindeki drenaj
uzunluklar1 Olciillip siniflandirilmis ve L'de oldugu gibi her hiicreye bir oran katsayist atanmustir.
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Sonug¢ olarak; her hiicresel alan icin tesbit edilmis olan parametrelere ait oran katsayilari,
parametrelerin "siiziilme" olgusundaki etkisine gore agirhklandirilarak YOS indis degerleri.
bulunmustur (Tezcan & Ekmekgi, 2002). Buna gore ¢alisma alaninin %1,44'l siiziillmeye olanak
vermeyen alanlardir.. Caligma alaninin %24,35'lik kesimde "gok diisiik siiziilme** ve %39,91'inde
"diistik sliziilme" gbzlenmistir.. "Orta derecede siiziilmeye" sahip hiicreler daha ¢ok Sizir Kasabast,
cevresinde olup bolgenin %33,72'sini kaplamaktadir.. Alanin %0,58'inde ise yiiksek siiziilme
belirlenmistir.

>
Buna gore Sizir kaynaklar1 potansiyeline en yiiksek katkinin gliney, glineydogu ve dogudan
geldigi ileri siiriilebilir.,
Anahtar kelimeler: Siiziilme, Yiizey Ortiisii Siiziilme Kapasitesi Indisi, CizgiseUik, Drenaj
Yogunlugu.

Surface Cover Infiltration (SCI) Map of
Sizir (Gemerek-Sivas) and Surrounding Area

The actual infiltration, depends on. several, meteorological, hydrogeological and topographical
parameters such as effective rainfall, slope and cover of the terrain, .facture intensity,, karstk
features and. the lithology underlying, the surface cover. As a common approach to assess the
infiltration ratio in. ground water budget calculations, the hydrogeological properties of the
lithological units .are considered as the primary factor controlling the phenomenon. The main,
balance approach is employed in karstk areas by spring flow analyses related, to effective
precipitation. However, it is also possible to produce relative infiltration maps that can be used in
ground, water manegement and protection studies without requiring any absolute value of
infiltration. The Surface Cover Infiltration (SCI) Index is a promising method of producing this
type of maps. The SCI index, relatives some lithologie, structural, hydrologie and morpholologic
parameters to assess the infiltration ability rather than an infiltration capasity value,.

In this study, a. SCI map is prepared, for the Ayanozii Stream basin having an area of 694 km’
which includes the Sizir Karst springs, The area is located in the provinces of Sivas, Yozgat and
Kayseri.

Datas for required by SCI m.etbot were obtained from topographical and. geological maps of the
area,. The SCI index was calculated for each grid, on the maphaving an area of 1 km’, on the basis
of 4/25000 scale. The SCI index, is calculated by weighting and rating the surface lithology (SL),
linem.ent (L), karstk feature (KF) and dremage density (DD).. The SL is defined by weighted
avarage of the lithologies that crop out at each. 1 .km’ grid,. Based on this calculation 14,5% ofthe
area was found to be covered, by impervous units where are 33,5% of the area is overlaid by
pervious unites. The rest of 52% is of semipervious character-

Fault and fault zone extending NE-SW are defined as linemen.ts (L) and. evaluated for each grid
measuring their lengths within the grids.. Similarly the drenage density (DD) was calculated for
each grid, based on the pattern identified on the topographic maps of 1/25000 scale.

All these parameters were related to a SCI index by assigning a specific weghts and rates as
defined by Tezcan & Ekmekgi (2002).. The output map of SCI index revealed that only 1,44% of
the study area was covered by a cover of no infiltration ability while 24,35% of the surface cover
was defined as having very low infiltration ability., 39,91% of the area is of low and 33,72%' of
moderate infiltration ability.. 0,58 of the area is high infiltration ability., Based, on this result it is
possible to postulate that the maximum, contribution to the ground, water reservoir is supplied,
from the southern, southeastern and. eastern parts of the area.

Key words: infiltration» Surface Cover Infiltration. Index, Linement, Drenage Density.
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Degirmendere (Trabzon)Havzasinda Tali Ve Mineralli Su Olanaklari

Fatma GOLTEKIN, Aizu Firat ERSOY, Remzi DILEK
Karadeniz Teknik Universitesi MiihMim. Fak. Jeoloji Miih. Béliimii 61030 Trabzon
fatma@ktu.edu.tr firat@ktu.edu.fr dfak@ktu.edu.tr

Degirmendere Zigana Dag1 zirvesinden baslayarak. Trabzon il merkezinde Karadeniz'e dokiilen,,
1061 km® drenaj! alanina sahip ve Trabzon jii'nin igcme kullanma suyunu saglayan &nemli bir
akarsudur.. Karadeniz ikliminin hiikiim surdigii bolgede her mevsim yagish ve ilimandir,
Havzadaki en onemli su kaynagi Degirmendere aliivyonlarmin icerdigi yeralti suyudur,. Ancak
havzanin yuiiksek kotlarinda genellikle yakin yerlesim, yerlerinin, kullandig1 tath su kaynaklan da
mevcuttur.. .Ayrica farkli noktalarda da gaz icerikli mineralli sular bulunmaktadir., Bu mineralli su
kaynaklarinin cogu .kaynak seklinde, bir kismi ise Degirmendere'nin yan kollarini olusturan
vadilerde yapilan sondajlarla ortaya ¢ikmistir, Bu calismada havzada yer alan bu mineralli su
kaynaklarinin hidrojeolojik ve hidrokimyasal ozellikleri arastirilmis ve ¢« havzadaki tathh su
kaynaklarina olan benzerlikleri de belirlenmeye cahsimustir... Bunun icin sulardan, ornekler
alinarak analizleri yapilmig ve sularla cevre kayaclarinm iliskisi, ortaya koyulmaya calistimustir.
Ozellikle mineralli su kaynaklarmnin detayli analizleri yapilarak, standartlara uygunluklari ve
uygun olanlarin ekonomiye kazandi.nlmal.ari amaclanmistir,

Degirmendere Havzasinda Erken Jura-Kuvatemer zaman araliginda olusmus kayaclar
ylzeylenmektedir. Havzadaki en eski birim Liyas yash bazalt, andezit, dasit lav ve piroklastlar ile
kirmizi kumlu kirectaslarindan olusan Hamurkesen Formasyonu'dur. Uzerine gelen resifal
kiregtasi, kumlu kirectasi ve ¢oOrtlil .kiregtaglarindan olusan Berdiga Formasyonu Geg¢ Jura-Erkeii
Kretase yaslidir. Havzada Geg Kretase-Paleosen yasli volkanik, karakterli beg fakli birim yer alir.
Bunlar kumtagi, killi kiregtasi, ve silttagi arakatkili bazalt-andezitlerinden olusan Catak
Formasyonu, liyodasit ve dasitlerden olusan Kizilkaya Formasyonu, ¢camurtasr, kumtasi aratabakah
bazalt ve andezitlerinden olusan Caglayan. Formasyonu, riyolit, ve riyodasitlerdem olusan Cayirbag
Formasyonu ve kumtasi, marn, seyi, Killi kirectasindan olusan Bakirkoy Formasyonlaridir.
Degirmendere Havzasinda Eosen kumtasi, kumlu Kkirectagi aratabakali andezit-bazaldann
olusturdugu Kabakdy Formasyonu ile temsil "edilir. Bu istif icerisinde Kagkar Granitoyidi zaman
zaman, sokulum yapmistir. En geng birimler ise hala olusumlari devam eden yamag¢ molozlar ve.
alivyonlardir.

Havzada bulunan tathh su kaynaklan genellikle tamm alan1 (findik bahceleri) igerisinde yer
aldigindan kirlenmeye maruz kalmiglardir, Cogunlukla Ca ve HCO,. iyonlarinin baskin oldugu
sularda organik kirlenmenin yani sira Pb, Cu, Cr gibi agir metaller de bulunmaktadir., Bu tiir
kaynaklarin kullanilabilmesi i¢in kaynak gevrelerinde' koruma alanlari belirlenerek bu. alanlardan
kirletici unsurlarin uzak tutulmasi gerekir. Ayrica Degirmendere aliivyonlarinin disinda tath su
iceren, Degirmenderenin yan kollarini, olusturan dere vadileri bulunmaktadir. Bu vadilerde gerek.
yamac molozlarinda gerekse aliivyonlarda acilan sondaj kuyularindan icme ve kullanmaya uygun
sular elde edilmektedir' (Asagimahalle deresi gibi).

Dégirméndere Havzasinda fay hatlarina bagl, olarak, yiizeye mineralli su. kaynaklarindan Akoluk ve
Yanlica kaynaklar1 yamag boyunca, farkli noktalardan bosalan kaynak grubu seklinde digerleri ise
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tek bir kaynak seklindedir. Mineralli su kaynaklarini genel olarak degerlendirdigimizde Na , Ca ve
HCO, iyonlarinin baskin olduklari, pH degerlerinin 5.78-6.20, sertliklerinin 28-45.5 °F arasinda
oldugu, Degirmendere allivyonlarinin icerdigi yer alt1 suyu. ve tath su kaynaklari ile major iyonlari
bakimindan benzerlik gosterdikleri belirlenmistir. Sondaj kuyusundan alman mineralli suyun ise
genel olarak yeralti suyu. kimyasina benzer bilesime sahip ancak Na' degerinin daha yiiksek
oldugu belirlenmistir. Mineralli sularin icerdikleri saglik acisindan zararli bilesenlerden Pb ve Cd
agisindan igme sinir1 tizerinde degerlere sahip olduklari belirlenmistir.

Anahtar Kelimeler: Degirmendere Havzasi, mineralli su, su. kimyasi,, koruma alanlari

Fresh and Mineral Water Potantial in the Degirmendere Basin (Trabzon)

Degirmendere with 1061 km’ drainage area originates from the peak of the Zigana Mountain.. It
reachs to Karadeniz in Trabzon Province,, and it is a significant river for drinking and using water
of Trabzon City, The region, basing Karadeniz climate has rainy and warm trough season... The
most vital water source in the basin is groundwater in the Degirmendere alluvial basin,. Further-
more,, fresh water springs, which used by near villages are seen toward the high elevation... The
mineral water with gases are also available in diffirent locations, The most ofthem are springs, and
some were obtained by drilling in the Degirmendere Valley. In this study, hydrogeological and
hydrochemical properties of mineral water springs in the basin were investigated, compared with
other fresh water springs, The water samples were collected and analysed to find out these pro-
perties, and. the relationship between waters and wallrocks was determinated. Mineral waters were
analysied in detail, and suitablity of the waters for standarts were examined and for a&sesment.

In the Degirmendere basin» Early Jurassic to Quaternary lithologies are present. The oldest unit is
Liassic Hamurkesen .Formation consisting of basalt, andésite,, dasite and their pyroclastic with red
sandy limestones. Jurassic-Early Cretaceous Berdiga Formation contanes reefal limestones,, sandy
limestone and cherty limestones is Late. In the basin,, the five different formation, with Late
Cretaceous-Paleocene age are: Catak Formation consisting of basalt, andésite with sandstone,
clayey limestones and siltston.es,, Kizdkaya Formation containing rhyodacite and. dacites,, Caglayan
Formation consisting of basalt,, andésite with sandstone and mudstones, Cayirbag Formation
contaning rhyolite, rhyodacite and,, Bakirkdy Formation consisting of sandstone,, marl, shale and
clayey limestones. Eocene is represented, by Kabakdy Formation containing andésite, basalt with,
sandstone and. sandy limestone, Kackar Granitoid cross cut all these formations. The youngest
lithologies are alluvium and talus.

Hence 'the .fresh water springs are located, in agricultural land, they have been, exposed to
contaminate. The waters enriched, in Ca and HCO, have organic pollution,, and they include heavy
metals such as Pb,Cu, Cr; In order to use the springs, the protection areas should be determinated
around the springs, and the pollutant transport should be hamper toward the protection areas,
Degirmendere alluvium includes fresh water,, the other river valleys of Degirmendere also include
fresh water. Drinking and using water have been obtained (Asagimahalle River) from, the drilling
well in talus and alluvium in these valley,

Of all mineral, springs related to fault lines, Akoluk and. Yanlica Springs, having a few different
outlets is in spring groups in the Degirmendere Basin.. The other springs have only one outlet.
Mineral waters enriched in Na, Ca and"HCO, have usually pH values 5,78-6.20 in and 28-45.5 °F
in hardness, Groundwater in. Degirmendere alluvium resembles to fresh water springs as a point
of major ions, Mineral, water obtained by drilling indicates groundwater chemistry, but has more
Ma content than groundwater.. Mineral waters are not suitable for water standarts due to high Pb
and Cd., .-

Key Words: Degirmendere Basin,, mineral 'water, water' chemistry;, protection areas
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Mersin-Tarsus Bilgesi Kiyi ve Yamac Akiferlerinin Yerallisuf iu Kimyasi

Ziibeyde HATIPOGLU, Serdar BAYARI

Hacettepe Universitesi jeoloji Miihendisligi Béliimii, Beytepe 06532 Ankara

Bu calismada Elvanh Karakuz Dere ile Tarsus Berdan Nehri arasinda yer alan Kiy1 ve Yamac
akiferlerinin yeraltusuyu kimyasi hakkindaki 6n bulgular sunulmaktadir.. S6z konusu bodlgede,
deniz kiyist boyunca uzanan ova Ky akiferi, bunun kuzeyinde, Toros daglarinin yamaclarinda yer
alan. akifer ise Yamac akiferi olarak adlandirilmistir. Yiizey alani ve kalinligr dogudan batiya azalan
Ky akiferi, Miyosen sonrasi donemlere ait aliivyal malzemenin birikmesi ile olusmus bir fan-delta
ortaminca. temsil edilmektedir., Yamag akiferi ise Kuvaterner yash kalis, Miyosen yash kiregtasi-
knmtasi-kiltasi-marn-konglomera agdalanmasindan olusan birimler icermektedir. Bu calismadaki
degerlendirmeler Kiy1 ve Yamag akifeilierine ait kaynak ve kuyular1 kapsayan 5? noktada Eyliil
2001 ve Eyliil 2002 donemlerinde gergeklestirilen yerinde Ol¢iimler ile derlenen su. drneklerinin
kimyasal analizlerini kapsamaktadir... Major iyon analiz; sonuglan yeraltisuyu kimyasinin alansal
olarak oldukg¢a degisken oldugunu,, buna karsin, ayni noktalarin farkli zamanlardaki bilesimleri
arasinda onemli bir farklihk olmadigini gostermektedir.. Ozgiil elektriksel iletkenlik degerlerleri
250 jes/em ile 12000 jtis/cm arasinda degismekte olup en ylksek iletkenlik degeri (12000 jis/cm)
Miyosen birimleri icindeki» %85 oraninda Na ve Cl iyonlarindan olusan i¢meler sicak su
kuyusunda gozlenmistir. Genel, olarak, ozgiil elektriksel iletkenlik degeri 250 ile 1000 jtis/cm
arasinda degismekte» deniz suyu girisiminin yadajips ¢oziinmesinin etkili oldugu kesimlerde 1500
Ds/cm'ye ulasan degerler gozlenmektedir.. Yeraltisuyu sicakligi 20-30°C arasinda degismekte olup,
gozlenen degerlerin cogunlugu 20-25°C arasindadir., En yiiksek deger 40°C ile i¢cmeler sicak su
kuyusunda goézlenmistir.. Yeraltisuyu pH degerleri 6. 3 ile 8.6 arasinda degismekte olup, gozlenen
degerlerin cogunlugu. 7.5 pH birimi dolayindadir.,

s Gerek. Kiyi, gerekse Yamac akifelierinde hakim hidrokimyasal fasiyes Ca-CO, olup,, asir1 ¢cekime
“bagl tuzlu su girisiminin etkili oldugu kesimlerde Ca-Cl, ve Na-CI fasiyesleri de gozlenmektedir.
Bazi alanlarda tuzlanmis Kiyn akiferinin dogal yollarla yikanmasina bagl olarak. Na-HCO,
fasiyesinin gelismekte oldugu da gozlenmektedir.

-,

Bolgesel yeraltisuyu. kalitesi azot ve fosfat tiirevleri acisindan genel olarak iyi durumda, olmakla
birlikte noktasal olarak evsel atiklar ve tarimsal faaliyetler ile ilgili oldugu diisiiniilen yiiksek NO,,
NO,, NH, ve P04 degerlerine rastlanmaktadir.,
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Groundwater Chemistry of Coastal and Hillside Aquifers
of Mersin-Tarsus Region

Preliminary observations op groundwater chemistry of Coastal and Hillside aquifers extending
between. Elvanli Karakuz stream, and Tarsus Berdan River are presented. Coastal and Hillside
aquifers represent the groundwater »systems extending along the seacoast and along the hillside of
Taurids Mountains at the north, respectively. The coastal aquifer, with decreasing surface area
from east to west, comprises of posy-Miocene sediments of fan-delta type alluvial deposition
system. The Hillside aquifer includes Quaternary caliche and the intercalation of limestone,,
sandstone, clay stone, marl and conglomerate of Miocene,. Evaluations in this study are based on.
field and laboratory data, collected from. 57 well/spring sites of Coastal and Hillside aquifers in
September 2001 and September 2002. Major ion data of both periods indicate a spatially varying
.hydro-chemistry while, point wise observations do not deviate significantly between periods.
Observed specific electrical conductivity varies between 250 jji&fcm and 12000 /zs/cm, with highest
value belonging to I¢meler hot water well in which, Ma. and CL comprise of 85 % of total major
ions. In general specific electrical conductivity range between 250 Ds/cm and 1000 /zs/cm, and.
values approaching 1500 /m/am are observed in sites where gypsum dissolution of seawater
intrusion is operative. Groundwater temperature ranges between 20°C and 30°C, except, hot water
well where it is 40°C. Many of the observed values are between 20°C and 25°C, The pH values
scatter between 6,3 and 8.6, and the average value is around 7.5 pH unit.

The dominant hydrochemical fades in both aquifers is Ca-CO, while, Ca-Cl, *"°" Na-Ci facieses
exist in places where seawater intrusion is in effect. Na-HCO, facies is observed in some places
where natural flushing out of already salted Coastal aquifer., Although, the regional groundwater
quality in terms of nitrogen and phosphorus derivatives is good, elevated, point wise NO,., NO,,
N,H, and PO, observations suggest contamination due to leakage from septic tanks and/or from.
cultivated lands,.
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