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ABSTRACT

PRESENTING THE WATER QUALITY AND HYDRODYNAMIC
STRUCTURE OF THE WATER RESOURCES I N THE KU
COPPER MINE (KEBAN)

¥ZT) RK, Metin
MSc. Thesi€Environmenal Engineeringdepartment
SupervisorAs i st . Prof . Dr . Er kan DKKkKLK
June 202195 pages

In this thesis study, in order to describe the hydrogeological characteristics of
underground and surface wat-GpperrMineanditsces of
vicinity sampling studies were carried out in 20 locations (15 well water, 3 springs, 1
stream and 1 rain pan) at 3 different periods (December 2018, March 2019 and
September 201%roundwater and surface water suitability for drinking usage was
evaluatedaccording to the World Health Organizafd¢'HO 2011) and Turkish
Standards (TSR66) In situ measured parameter (pH, tempse electrical
conductivity dissolved oxygen, total dissolvedlid, salinity), major anios and cations
(HCOs, CI, SQ%, NOs, NO, ve NH,", Na', K*, C&*, Mg**) and heavy metal (Al, Zn,

Mn, Cu, Fe, Ni, Cd, Pb, As, Ba, B) analyzes were perforr@gassification of water
resources was made with the help of Piper, Schoeller and USA salinity diagrams. In
addition, age and origimvaluations of the water structuregre made by isotope
hydrology studiesAccording to TSE 266 and WHO criteria, spring/fountain waters are
in the excellent class according to the TDS parameter in all three periods, and drilling
waters are generally ihe good to excellent clas$.was observed that NaCl, NOs,

NO, ve NH;" concentrations not exceed the limit values determined for drinking water
according to international and national regulatiohscording to the Piper diagram, all

the waters arecomposed of marble/dolomitic limestone/limestone and evaporite
deposits. It has been demonstrated by the Schoeller diagram that groundwater and
surface water resources have similar origins. The tritium values of the waters in the
study area varied betwedh658.93 TU. It was concluded that most of the water
resources are young waters fed by current waters.

Keywords: Water Quality, Groundwater, Surface water, Hydrodynamic

structure
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SKMGELER VE KI SALTMALAR

Bu- al eékmada kull anél mécx bazé késalt mal a

sunul muktur .

Késaltmal ar A- ékl ama

¢ O ¢co°z¢snmegk Oksijen

DK Doygunl uk Kndeksi

E K El ektri ksel Kl et kenl ik

GMWL Gl obal Met eoric Water Line (
Hatt é)

KMSD K¢resel Met eori k Su Dojrusu

PPB Part Per Billion (Milyarda B

PPM Part Per Million (Milyonda B

PTras Alt kist |yesi

PTram Al't Mer mer | yesi

PTr ¢s l'st kist | yesi

PTr ¢m l'st Mermer | yesi

PRBm Baskil Magmatitleri

TCM Toplam ¢°z¢sgnm¢gk Madde

TS T¢e¢rk Standartl aré Enstit¢syé

TS Toplam Sertlik

TU Trityum

YAS Yeralteée suyu

YASS Yeraltée Su Seviyesi

YSKKY Yer ¢ste¢ BonKEbhegemel i

WHO World Health OrganizatidnD ¢ ngjal &k ¥r ge¢t ¢)

ZD ZeryanDeresi

Xii






1. GKRKK

D¢nya genelinde sosyal ve éek aamoak@suk gel i &

kaynakl ar énén mevcudiyetine, bu kaynakl ar €
gel ecek adegsehdadnl isrglri J 1 nin gésvence alten
¥zell ikl e, géneégmegzde en °neml i doj al kayn
sanayinin gelicktmersémdal amaareean de, kentl ek me
yakam kal i t emesimdée nve ekygsistereexvtrie i let ki | eki m b°
korunmaseénda °neml. bir role sahiptir. Bu
g°l |l er, g°yendletak ivben!| esre ve Kkaynakl ar) k¢t
ol arak far kl é nrkakytnéaxd ralr idRavikeniadave IS@mashekar,

2017) Son zamanl ar da, géenegmegzen geli kmekte ¢
ekonomi k geli kmeler nedeniyle tarémsal, enc
su talebi °neml i Czettle klaet &xir @R /sy &mrane Kiur
kaynaklaré i-in arz ve talep d@amadogei zI| i J i n
ark.,2016) Son yél |l arda, genell i kle a-éeék velveya

faaliyetlerinden kaynaklanan su kaynakle n én ki r | en miestsel | nef us ar
geni kKl emesi , tar émsal faaliyetl er, evsel \
nedeni yl e tgagtridegr g ime ki lairtée siekvid | i ama-1ar a |
eKit °neme slahnp o¢kdih kit BDhEIPOYLEB)E Y|l a g¢ n¢ mg
gel ecekte neredeyse t¢gm canl é& organizmal ar
karkél anmaseé d¢nyadaki en °neml sorunl ar
bakl améexkt ér . Ayr ékcia thardelodtoj iyRP ng° rweegdevap
oksidasyon/indirglamega etylinl eri] mik,i mmi, n esrua | -
mi nerallerin birikmesi kgl btesiakit°etkrl|l suyeirk
fiziksel-kimyasals ¢ r e -(IDeirkdliiry y 2,.G2020)

Bu -al ékmada, -al ékma alané genelinde vy
°czelli kl eri, s u kaynakllkaya-kisi vdiizotogk s uyu

o zell ickrliteayianiknonul masé ama-| anméxkteéer .






2. KAYNAK BKLDKRKEKLERK

Ul umvead hidrojeol ojisi hrakrk € mdiaz é mlearn z&ej é
- al e k@gunl we Kalkan, 1994y er al thbeaekemgmdan en °neml. F
birimin Pliyo-Kuv at er ner yakl é kum, -akeél vV e kil
-%kell erindenayaléckat ugmudazivte birimlerinde vy
yapélaréenganbdol akefer ©°zelliji g°sterdiijin

Haringet ¢ayé Havzaséneéen (radstasaméhir) Yer al
-alda(maeti ndap| adl aanE)adany&kmaynak ve kuyu sul
enf azl a HE®Mg?E ca&mMa veK'ol duj unu, §chop’hrheer di vy
sul ar @hkaltdsularsseen éf énda gruplandéjéenée belirtmi
AJl uova (&hahteiEfdi)obog jebillyifeigtemieri ilvincelemeshade vy ¢ ks e k
lisans tez- al & Kk maGelnidkae 49, ade? Kuyu 8vgrisinden, 204007 y él | ar é
arasenda, al t e kK@lruoavyahbe krmddstecd P gile md e de ki dej
incelenmik ve su kalitesine &ronefohku-°raolei
Uluovaday er abeei ga@si nde sondaj Kuyul ar ®inén a- el
azal ma meydabnea i géledi Ki mni . Hazar y@%lad t @ari
sul asuemansuyu a-éséendaondywyymgun, odldmng ué md g ks
dol aye Hazar G°Il ¢ tar émsal sul aks®d9PE wuygun
0.0157mg/L, Cr 0.005 0.027mg/L, Pb0-0.0018mg/L, Cd 0-0.0016mg/L, Zn 0.0053
0.038 mg/L, Fe 0.2730.814 mg/L, Mn 0-1.398 mg/L, Cu 0.00030.0283 mg/L
dej enddderj iigrism delitemy Kt i r .

El azéj il e TunceliPamuklrenda EBameéklol-anF.
Hamam Dajéeédénén -&olasi Kdggihgeenlcardeamdi i b i
(At asoy ve sonadundak,ap R 668) kaynéajkd rma°E ved @ S éca
debisinde saniyede toplall.5Lo |l duj u bel irl enmi ktir.

CaroDer esi n{nBukaliesmj ) bel i r | eymaepké |aamma cbéi ri |-eal &
(Topal, 2015)Der e s uy unumnhpI . Be jagralseernichin3403BK dej er
€S/ cm aK@Kk édding946eg/iar as é nsddae,] eldnl mg/L
ar as émneNa,d eNhnrologoro8mg/Lar as én g¢ga& e jrish@I0&kr i
0.002mg/Lar asénda deji Ki m g° sAtyerrédciaj iyneir ¢rsatpso rSua i



KontYohegtfmel(iYSKYYQar meDgresi 0ni n-lielarakk al i t e

belirl enmiktir.

Hazar G°l ¢06n¢gn (El azej) gé¢neydojusunda
hi drojeolojeolojik ©°zelliklerini(Oknmveaya koy
ark.,2018)Yapél an bu -al éeékmalar sonucunrdagnkaynaj

1 ol arak belirlenmiktir -MgAICGE aladkajnakav &« ay n a
suyununTS-266 (TS, 2005) ve D¢nya Sajl ek ¥rgete (V
standartl ané&r lldkée] kadrélia-kme suyu ol ar ak
belirl enmiktir.

HazarG° | ¢ ( EIl a z é]jy)e r lad sigemdmia gineniklarini anlamak
i -in havza geneligdepéflfianktbep |sokaEsymmg e rda
ve ark.,2019)HazarG° | ¢ havz aasxémiébn izlo&d @ypeé kalbti @ exu Imad re &
Séraddyloa:d . BRab5v.e4d 4B 2i. [7da arasénda ve Yy izey
1.57a8.9w-15. 0a54ledaasénda dejiktijini bel i
izotop denleullea i Ksrog el Met eori k Syer Dojrus
al dévesmué ar é me tyesareil k k°kenl i ol duYemal toer t a
sul aHenermPirkhle&tieme d°o°nemi B8e TU. 47T as@nidlae de
yer al t é& gepeliklecarn@e e m rylajnékdes!| endi jiséjve bisonu-
dol akema sahip olduklarénée belirlemiklerdir

El aXKiégfiin farkIl e b°l gel erinde yeralteée su
d¢zeylerine dayalée sajl ghpel aal ddéeanleirkleern, di r

2020)sonucunda EIl azéj i genelinde su numun
8. 99NmgLoT ar ak hesapl anméxkteéer. TBS(50mmgl) eme nok
ve WHO (50mg/L) standartl arénda ©°nerilen reénér de

sahip olduju ortaya -ékméxkteéer.



3. MATERYAL VE Y¥NTEM

3.1. Materyal

311. ¢al éxlmanénén yer.

Hi drojeol oj ik -al exmal ar én ger - ekl ekt
il -esinin g¢neybatésénda, Bajneli efegpesi [
(ZD) al t havzaséder . ¢tal ékma al ané Keban
mesafede Kurkunkaya k°y¢gnegn mevkiinde bul

mer kezinden EIl azeée]j Keban Karayolu (D260)
Key rwaolge-il mesiyle sajlanmaktader. ¢al ek
1/100. 000 °1I -ekli topojrafi k haritalarén
al ane g°sterirkekiddeairl idiumiuk thiar i t as é

3.1.2.Genel Ikl im °zellikIleri

Genell i kle karasal i klimin hoOokim ol duj L
yer Akdeniz i klim °zellifji g%zl enmektedir
etken El azéej'én cojrafi k onulnlua zvée] moe f -0é \0
13001400 m dol ayl aréendaki yéecksel ti ortal ama
d¢kek bir y¢gkseltiye sahiptir. Ayréca - al
G¢neydoju Torosl arénda mevcut Magdee-ni t Qleu ]
°zelli kle kék mevsi minde, géneyin daha el
zaman sokul maséna yardémcé ol maktadeér. Kl
Keban Barajébéna aittir. Keban Barape dneén

b°l gede ger-ekleken buharl akma mi ktarl ar é

ol arak y°re ikl imi, °©zellikle kuzeydojuda
ikl i mine oranl a ol duk- a étaélntaknma biarl ayapa
meteds ol oji k °zelli klerinin yapélabil mesi -

Genel Mederl &7 ¢, Keban Mer k €2z0 1 Me tyeeolrloal rogj i



kaydedi |l mik rasat wverilerinden yararl anél
Keban Met eor ol oj i Ks-2@$% 8 ontuabrniunnl ed ©® 6 3ar as é 5
kKull anél mékteéer. Uzun ¢yiezld8lldgreday v eki bmt at a me
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®  Yerlesim Merkezi “®  Kaynak/Cesme
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—=== Mevsimsel Dere

Siirekli Dere

kelil.Lkal ekxkma al anénén yer bulduru haritaseé.



¢ i z e3ll.Keban meteoroloji istasyonu 19230 1 8 vy el | ar é

arasena i

veriler.

Ocak kub Mart Nisan May i Haziran Temmuz AjJ us Eyl Ekim Kas € Aralé k
Oort . Se
€c) 1.3 2.6 7.6 13.5 18.6 24.3 28.8 28.6 235 16.4 8.8 3.7
Oor t . Y a
(mm) 412 384 476 579 50.7 17.9 4.5 3.9 8.7 36.7 42.6 40.9
Ort.
Buharl a - 66.6 117.4 197.6 304 380 3512 2412 1296 475 33.5
(mm)

Keban MeteorolojK s t a sy o n 0200n1u8n t1a9r6i3h | er i arasend
ortal ama sékaklizdk ddejdefjleediendi ri |l mi ktir
g°re ortalama sécakl ek 14. 8t AlCéddalar &ma ¢om
sojuk ay 1.3 AC ortalama ile Ocak aye, e n
ayeder

35 1

§

A
F & F S PR S

TSI TN
Zaman (Ay)
 Ortama Stcaklik  =——ZLinear (Genel Ortalama)
k e K3i2.IKeban meteoroloji istasyonuna ait 1983 18 yél | ar é& ar asé g°¢°

s é ckavérileré

Keban
verilerinde
yaz ayl arénda

2.5 Acodir

yer

Met eor ol oj i-20KIs8t aglohaot@aurmr 49é&R8d:¢

al an mdé&we$BiBatl e rveergi®°lrme lsteec dil

27.2alAiCp oirk e aknak s@yglakil @i dha



" Kis

u flkbahar
" Yaz

¥ Sonbahar

k e k 3.3 Keban meteoroloji istasyonuna ait 1983 1 8 yéell ar e aras
mevsimsel ortalama sécakl éek verileri
Keban Met eor dlhopni-210R€8B8atgphnhbl er i arase.
topl am vyajlka«k3dbe jteer veerii | mi Kkt i r . Keban Met
dejerlerinin yéllék ortalamasé 32.6 mmoédi
Nisanay énd a, ortalama minimum yajék ise 3.9
Uzun yeéellar ortalama vyajék verileri i nce
Haziran, Temmuz, Ajustos, Eyl ¢1 ayl arene
Ekim, Kmasleenk, Ocak, kubat, Mart, Nisan ve

ol arak belirlenmixkktir.



15 (mm)

g

Aylik Ortlama ya

Zaman (Ay)

mm Ayhik Ortalama Yagig ——Linear (Genel Ortalama Yagis)

kek3dlKeban Meteorol 0c3018Ksyéalslyama dr9&és3éna ¢
yaj éxk grafiji.

Keban Meteav | 0 j i Kstasyonudnda g%zl enen y
daj el leenk3iddrtée veri |l mi ktir. Keban Meteorol o]
dejerlerine g°re etkin olan yajécxialey¥%an0
yaj] ékl ar én %3 10 i k ek, %2 20 s i sonbahar v

g%zl enmektedir

| | K_ls
® flkbahar
"Yaz

® Sonbahar

kek3bdKeban Meteor ol 02)0i1 8Ksytéalslyaornéu alr9a6s3eé na a

grafiiji
Keban Merle z Met eorol oji -KBiI&syanubhani 186:
yéll ék sécakl ék ve yajék verilerine g°re

ortal ama buharl akma dejeri kK&8®H) 9 Yénl oi air =
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tespit edilen en y¢ksek buharl akma 380 r

buharl akma ise 0 mm ile Ocak ve kubat ayl &

400 1

QD
o O o

s Q  a
o © o

Aylik Ortalama Buharlagma (mm)
— — 1 I~ o “w
=4
o

o

R
&
™

SEPT A
e

¥ & & S F LS &S
v “‘.z\iq @ ¥ @‘9 \2@,\\‘ 6‘& 1’?‘1\' Qﬁ Q& &

Zaman (Ay)
m Aylik Ortalama Buharlagma

——Linear (Ortalama Toplam Ag¢k Yiizey Buharlagmasi)

kek36lKeban Meteorol 0c3018Ksy alslparha adyros@ské nar t
buharl akma dejerl eri

32.Y°nteml er
3.2.1. Arazi-al ékmal ar é

Arazi - Klapwsmanéardaa - al ékma al ané ve ger
yapémmeegyut jeolojik haritalarén yenil enme
kaynakl ar éeammeams é t arfé@mlek | e me noktal ar @énén I
noktal arénda su kalitelerinin belirlenmes
°rnekl eme nd%reesmlidgr ierkiialpmasna ks ade&aci. ni

Kncel eme al anéneypn wer y ekalratrseaueycdub suk a y n
kali tesini ve kirletici terl erini belirl el
ve yer i Mdkekimyassaip &t ametrel erin (hidrojen iyc
(T), el ektri ks%2 ¢ nnmeek(keddipjkamhEKY z¢nmegk ka
i - e (Ti¢IH) o1 - ¢m¢g ger Agk ke ktaimrainldrai kftairrk.l & z an
-al ékma alané genelinde yeralt é&sduydu, kd gvi y
metr e kuydraalétl as ¥RG)°d e v iny aem &l afye rk didvamojik
s¢re-leri tanéml anamaka |lame@fee, ®Oive’H)i evnesel
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°rnekl emel er yapél mekter. ¥rnekl eme, - al éx

°r nek al @énan Ki kKel er -eanlakedé k3 dkaehza °sronnerka sil
kabarcéjé kal mamaseén&agiak kIomeéaeall &rfeldeme Kk k ap

noktal aréndan al énan s u °rnekl eri anal i
buzdol 8B édel amuh af a¥er iendd d nfi Ik-h ganrametrslé¥Slg e r e k e
Professional Plus Portatif Multi Parametrecilazi | | anél arak yapél méxkt

¢cal ekxkma kaps ®Ouoarkda2 O0ya8Bp é |Manr t akfl 19 ve
- a |l é ksorautudbr adedikuyu, 3 adedi kaynak, 1 adedy ¢ z e y vesl adedi de
ya] mmarvasé ol mak ¢zere 20 farkleé | okasyond
al neé m&wttéorp. ° r ntBHk | vebiDeasiia | ii zdhe ri & kMar2 D18
ve Haziran 2019 °rnekleme d°n¥inlémMamnde 20
2009d°neminde ise 20 noktadan 20 adet °rnek

322. Yer al t(&ABYyu g®°zl em kuyul ar é

¢tal ékma al ané genelinde farkl é& | okasy

hidrojeolojik parametreleri belirlemek (hidrolik iletkenlik, depolama ve iletikalili

kat sayésé vb.), su °rnekl eme ve yeraltée s
15 adet g°a-lélmmékkutyéurs u( ( Di kdenel0ilmde YAS exn
kuyul ar é Keban Met amor fi kl eri () st Ki st
Magmatikleri + i nd e bul unmaktader . ¢al é Kk ma al an

Kuyul arén&opokdyTaoatnjbaecé i e zaBRgemekt ér (
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¢i zeld2gad al ekxma gkaelinydeer ayearesalVamgseVeme (
Kkuyul ar é.

Koordinat Topojrafik
Kuyu Kodu Jeolojik Formasyon

X Y m
BGK-01  Keban Metamorfikleri _1i 47700838  4290961.9 949.73
BGK-02 Keban Metamorfikleri | 4779904 4290633.9 906.08
BGK-03 ~ Keban Metamorfikleri _1i 47710548  4290395.7 942.42
BGK-04  Keban Metamorfikleri _1 47686829  4200466.1 946.56
BGK-05 Keban Metamorfikleri | 47661609 4290901.3 847.61
BGK-06 KebanMetamo f i k1 eri _! st ki 47654206  4290796.8 837.78
SGK-01 Keban Metamor fikleri_ 476533.55 42903595 921.59
LSGK-02 Keban Metamorfikleri_ 477355.8 4290230.8 1028.48
O1GK-04 Keban Metamorfikleri_ 475507.88 4291141.4 763.37
O1GK-06 Keban Metamorfikleri_ 475711.78 4290729.2 796.19
P3GK-02 Keban Metamorfikleri _, 474806.74 4290954 .4 818.12
P5GK-3 Keban Metamorfikleri _ 475946.07 4290537.3 794.82
P3GKOL  Baskil Magmatikeri 47459698 42903925 1002.7
P3GK-03 Baskil Magmatikleri 474939.34 4291009.7 803.46
O1GK03  Baskil Magmatikleri 47527486  4291236.7 735.78

33. Laboratuvar ®atbdéloimal ar & ve

¥rnekl eme seéras-knthgasaslul paeamdtpride ke K, (
TCM, ¢ O, Tuzluluk) ©°1 -¢mleri Y S| Professi
cihaze ile y&Suifdeekbhpeéei maktteaménda sézdérm
kKul | ané&lumékkitneyras BARAEKI| ivzel eALS ¢Cevre ¥I| -¢m
Laboratuvareé Hizm. Tic A.Kk. ¢tevre Labor a
anyon katyon ve aj-M3 onehtaaz é aknuallli aiéglrarr alkC |
iyonlar ise ilgili laboratuvard@&merican Public Health Association (APHA), American
Wata Works Association (AWWA) ve Water Environment Federation (WEF)
standartl aréna uyQksienl8ekel det gapaemméeegbépop
t ar a f Eunomh aSnoientific ANCAGSL ve 2620 | RMS kul Il aneéel ar ak

i zotop orametketslie i dme lytap@&| mékt er
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34 B¢ro ¢al ekmal ar é

B¢e¢ro -al éxkmalarée kapsaménda, il k °nce a
edilen verilere ait sonu-1I| ar kendi aral ar
°n¢gnde bulundurul aervak siimdell g meo | aljdrké hwae i -t
vV e ki myasal anal i z dejerlerinin dairese
kull aneéel ar ak -izi Il mi ktior. Su ki myaseé ana
ArcGl S [/ Ar c Map, Ex celklulgiabnié | yaar zagk! éthae] perrd gern
edilen analiz sonu-1|lareé kull aneéna&ayank - al é
(C&*, Mg*, Na', K*), anyon HCO;, SQ* ve Cl)ve aj ér anealail z sonu- |
kendrii di-rede dej eklué h dimaimll rair, i€ tYaenes kimilik
parametrel erSulianrcéenl emimd Kkdjieoki myasal °czel |
AquaChem bi | gi sayar pr o gaheelee (1968) vey ePiper 61944)n
diyagranl a sulBama suyus é n é f | a ABDstézluldkadiy a g r emaeuk a y a -
etkil ekimlerini bel i grame kla&kra ma s ganaltani kK s &
yoruml amal arSul na gal adal-tléam&@méen dejerl endi |
(TSE266) e ul u dWHOr2@ld)a s e s uy u kglanaéd drerktt [éar. €






4. BULGULAR VE TARTI k MA

41. ¢al ékma Al anéebDenemTbpodr ameki

¢al ékma al anée Elazéj il Kurkunkaya yer|l
olup -alékma alanénéen batédgandktax mhéradtanBak
seviyesinden ortalama topojrafik y¢kseklifJi

m arasé dejiken y¢kkek)l kl erde yer al makt ad

475500 476‘000 478000

475500 476000 477500 478000

07 035 o 07
Ac¢iklamalar e | 1\
®  Yerlesim Merkezi ~®  Kaynak/Cesme Topografik Yiikseklik (m)
E Calisma Alam Maks : 2016

—=——=— Mevsimsel Dere Ort:1199.

Siirekli Dere
Min : 678

kelkil.t al eékma al anéna ait topografya harita.

42. ¢tal éxma al anénén jeolojisi

El azéej Havzasé metamorfi k), sedi manter v
(k e k4.2) . Keban metamor fikl erii (Kbialzieg] | Hav zAG
Kipman, 1976; Ozgul ve Tursucu, 1984)] ukt ur makt adér . Met amor f
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Karmakéjé ile tektonik bir ili«kki i--inde o
Kist, met akongl omer(@Akg ¢grie,r med 008 Buranieik It iedaji Ir u
Bi ng?©° |l . Tenflde bulunan ikinci birim aglomera, andezit, dasit, dolerit, aplit,

mi krodiyorit pilov lavlar ve bazalt gibi y
yakl & Y¢ksekova M pkagt il k HKH&®BMaik eBjedyidaé rsl am6 , \
Kbiliojlu, 2008; Peri Blaekeyvéacel it kHamput K¢
Har ami ol ukumu i se havza genelinde Y¢kseko
sczerinde a-ésal uyukmeekéXl arBw ogleukuaniuma l
d¢zeylerinde kérmézeée renkli -akel t akeé, K L
renkl i resifal Kire-t&wlidn®fnaduyenriO®i8; bdmuak
1991)

Al i bonca Formasyonu foamasdganKérkgedi ne u
gel mekte olup tavanénda i se Karabakéeér for
czerl enmektedir. El azé] -evresinde farkl e |
ve kire-takeée |itolojilaetekmanahaAEntdankar €c
ol unma(kkbaidléiroj Il u, 2008;. T¢rkmen ve ark., 20

Ge - Mi-B/loisyesmms en yakl é& Karabakeér ol ukumu
ol an kire-takée, mar n, kongl omer a, -amurt a

ol ukulmd ar @y &€ ml(aKrbmd ki tog d éeur, 2008; Turan ve Bi
Aksoy, 1998) Karabakeér Formasyonudnun ¢St séneé
Kuvaterner yakl é Pal u Formasyonu yer al ér
Kerkge-it, Yekesekov KelKam mavkedjamioe K42k | er i y
(Kbiliojlu, 2008; Turan ve Bing®°l, 1991)
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kelREI azéj
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4.2.1. Keban metamorfikleri

¢tal @ékma al ané genelinde b°l gesel met ame
ayne zamanda temeTrirhyaso|l yakbuée arKelBadn mdlet a
i -erisinde AftaskjsAl{ybMserméP | yesi (PTr am)
| st Mer meRTr ),ynmod ima K czere d°ert farkl & Dbir
tanémlamal aré yapél mékter. Ayréca bununl &
Magmati kl eri 6nin eotftamoenufridki] ZomKohKB&)Y Mse
t anéml aKaymeléEermi(r bajk,e k31 9) (

422. Al't Ki(BTras)¢ y e s i

Keban metamorfik kaya-I|larénén en(alt bi
kekd43) - al exma al ané -gelnermiitndar ki katkakeée m
Kistlerden ol ukmaktader (Demirbaj, 2019) .
Al t Ki st l'yesi genel ol ar ak (Asytay; k985 er ec e
g°sterirkenndai yanalhese dgasg y°nde farkl
Ayr éca kire-take birimlerinde i se belirl
dol omitl ekme( B&Ir ¢&kne ke Aldtirkci,stl1%%8)n yaxkée

taraféndan yapéTrainy asal e&lkaraak Werrimomi Kkt i r (
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Agiklamalar

®  Yerlesim Yeri

[ catigma Atam

====== Mevsimscl Dere

2
8
b
£
s

Surckli Dere
*  Kaymk

* Yeralnsuyu Gozlem Kuyusu

A—4—4— Bindirme Fayi

Cizgiscllik
———— Normal Fay
------ Sag Yonli DAF
4—& Siriikicnim Fayi

-\ A-B Dogrultulu Jeolojik Kesit

0 0.275 0.55 11
I Ka, Baskil Magmatikleri I 7 1ram, Keban Metamorfikieri_Alt Mermer Uyesi
[l Prrus, Keban Metamorfikleri_Ust Sist Uyesi | PTras, Keban Metamorfikleri_Alt ist Uyesi

g2EE8 s
s B SN =

kek43d Kncel eme al ane vV e genel inin jeol o]
dejiktirilerek).

423. At mer mer (Pdrame)s i

¢al ekxma al ané genelinde Keban metamorf
gel en Alt Mee kB eryegesir fayl é bir ©°zellik
beyazémseé r enkl ¢Asufag 1983)kalgk ibsotl iledpgkabeeiyel yer
nor mal fay zonlaré olukturmaktadeéer. Ayneé
magmati zmaséna ait siyenitler birimleri g@
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424. 1 st Ki st ¢yesi (PTr ¢s)

I St ki sk ekp3lesi Keban metamorfi k kaya-
ol ukturmakta ve ayné zamanda Alt Mer mer |
(Demirbaj 2019) . ¢al ekxma alané genelinde
g°stermeyen Kk°tg¢ Dboyil minmlé&r ime it (aBuonbagnkl béal eaar &
2002)ve daha sonra tedrici ge-i Kl i ol ar ak k
dojru ise fillkitstInmirkeakge-tmewe ek avlek Ki st b

met abazit ara katkel ar endai nMee kima kk lker i gamll

mercek yapeéelaréna rastlanél méxtér (Arda, =
425 1 st mer mer ¢syesi (PTr ¢ m)

I st Mer mere k4i3y-easlie k(ma al ané genelinden
doju séneéer éeneéayiredcia | moaanterkd ev erredi J i al anl a
ge-i Kl i ol a(Asukay, 989) mé Weedi-rer i si nd-ei dtaz@r & €

katkelkavenorahakal eder (Arda, 2006; Demir

4.2.6. Baskil magmatitleri (PRBm)

¢cal ekxkma al ané genel ke #d8)bBaxdleicla Mag mat ii k

ve y¢ivyeaeyl kme il e temsil edil mik olup -exi
genelinde Y¢ksekova Formasyonu, ya da EI ¢
2006; Demirbaj, 2019) . Asutay (1985) yap
-evresindeki kampgmhar én genel de tedrici g

magmatikleri, Granodiyortonalit grubu, Diyoritmonzodiyorit grubu ve Monzonit
kuvars diyorit ol mak ¢zer(eDufan! élBaski,me2 (alyx
magmatiklerinde Yazgan ve Chesse® @ 1 ) yapmék ol dukl ar é -
Baskil magmati klerinde 76KR2.45 ve 78N 2.5
2006).
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43. ¢tal ékma al anénén hidrojeolojisi

Arazide yerinde ger-eklexktirilen akifer
dejeenrdli ri | mesi il e b°l genin hi drojeol oj ik
belirl eemiktba] , i 20dP ol oj ik birimler é -
dejerlendiril mektedir. Bu kategoriler -0l
ge-iri msdrzdibri.riBu kapsamda -al é&kma al ané v
takéma ve il etme ©°zelliklerine g°re dej €
-al ekxkma alanénda hidrojeolojik a-éedan iki

Kekil dedi r;

atok Ge-irimli Biri mler,

b . Ge-iriml:i Birimler,
-Ge-iri mli Birimler,
-Yar é Ge-iri mi Birimler,
-Az Ge-irimli Birimler,

C . Ge-irimsiz Birimler.

Akajéda farkl e hidrojeolojik birimlere
al makt¢iadel)gBearveark,1968) Bu dej er aral ekl ar éna
pki kmawal(&r) birimlerde -ok ge-irimli, ge-
sénéflama yapél méxkteéer. Buna g fen geolojjka | & k ma

birimlerin hidrojeolojik °zellikleri a-eéekl
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¢ci zedAl.fle dr ol i k il etkenli k ve hidrolik ilet]|
birimlerde al abi(Bearveasjki196Be] er ar al ekl
-log,, K (cm/sn) -2 l1 T i T T 4 5 6 i zls gI 1(13 1I1
Permeabilite Cok Gegirimli Gogirima | G | Geuiena Gegirimsiz
Akifer lyi akifer Zayf akifer Akifer degil
Temiz | Temiz kum veya Cok iyi kum,silt,
Pekismemis cakil kum ve cakil loam
Turba Tabakal kil Bozunmamis kil
Kayalar Petrol kayalari | Kumtasi k;,;)gtas. Breg
dolomit grank
-log,, k (cm’) 3 4 5 6 7 8 9 10 1M1 12 13 14 15 16
boukindj & F B B 4 8 2 A4 B A 2 B 4 5
Baskil Magmatitleri
Genelli kle ince taneli yer yer porfirit
genelinde °zellikle Keban Metamorfikleri or
zonl arée ol uktur manketkaldiélriljair .d ¢Bki¢rki n@lidn gl w e
tektoni zmaya bajl e ol ar ak i ki ncil g®zene
biriml erde yapélan pompa testl eri sonucun
bel i r |l en mi-metmerfsiyenikibeli -yteankiét ar dal anmaséneén 0 |
pompa testi sonucunda el de €%iell@rcm/shi dr ol
arasénda dlejgp kmMBPkkEki bi2rOilmMi)nisi ykeanlikKki st k e
yapeél an akifer t est legreirnidnei n h iddarhbatm/syk ¢ Kitlégt,
gor ¢l megkt gr Dol ayéséeyla siyenit por firi
b°l gel er de yar é ge-irimli, kal kKki st ard
tanémlanmaktadér
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Keban Metamorfikleri

Kist
Kal kkinmett a- akéltake, mer mer , re kristal
met amorfizma ge-irmesiyle ol uUKmuktur . Ki :

dokuya sahip olup dayanémlaré ve bu vy¢zd
¢tal ékma ateaRemeTgengabki rnyakl & Dbatbaki mli st ieml
hidroter mal akékkanl arén etkisiyle ol ukmu
uyuml u kil bantl aré g°zlenmektedir. Yapeéel
verilerin dejerhesdpltahameshi drideldotkemisl et ker
araseéenda dej-iékkenmé kd egjre r(lDeirkdleia k Zillk Bi®@mleraz Do | ay é

ge-irimli/ge-irimsiz sénéfta yer al makt adg®

MermerKi r e-t ak é

tal ékma al ané vergrenkiiedeamdsbirai ml er
karsti k bokluklaré ol an kal sit dol gul u me
PermeTr i yas yakl ée i ki birim siyenit por fir]i
por firi .St¢ne bbodibimée mFayéefalyezgerlUraon

unsurl ara bajlée olarak yeralté suyu-drenaj

mer mer birimlerde yapél an pompa testl e
dejerlendiril mesi sonwedeidd e 16°icdv sl iakr aisléetc
dej i ken dejerl er al makta ol up (Di k11 201

al maktadeéer .

Kristalize Kire-take

¢tal ékma sahasé i-erisinde planlanan a- @
ve kristabiremkerientakei stozite d¢zl emler
kekilde g°zlemlenmiktir>ileMfcdm/osl iakr a sl éentdae nd
dejerler al maktadér. ¢tal eékxkma sahasénda bu
iletkenlikk at s a{ile $08c m/0s ar asénda -déekmékketné rd e(jeirk le

Dol ayéséyla bu birimler yarée ge-irimlil/az
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44. SuYapél ar e

4.4.1. Akarsular

¢al ékma ya&pe&lleen aHé&r atavzal arénda do0Kki say

g°steren dereler bulunmaktadeér. ¢al ékma a
kaynaj é, yalnézca yajeékleé d°nemlerde sg¢re
yalnézca ani yajJ] ékl arén ol duju zaman boyu
ol arak akék g°steren Zeryan Dereddir. Zer

¢al ekxkma al anénén kuzeyinde yer al an Fé
n

ol a Doju Anadolu B°l gesi nden kaynaj éneé
ge-ti ktasraoKPafBzi one d°k¢l mektedir. bl oK
ol an Feér at Nehr i czerinde Atat ¢¢r k, Keban,
hi droelektri k santrall eri yer al ér . Ferat
d¢zerml esraihni ptir . Nehrin su de0dimlijiivameas

dejikir. Minimunm/ge¢mbelmaldebmasim 4% b@ki debi
Ortalama ge-en su miktareée 635 mj/s olan F
200ile300m/ s araséenda deji Kir. Nehrin bir yel
mevsiminde yani Mart ile Haziran ayl aré a
i K|l etmesine olan wuzakl éejé yaklakéek 780 mbé

s ¢ r eekmevsimsel dereldr e KALA de ki haritada g°steril mi

4.4.2. Barajlar-g ° |-¢ % Ir esuldkealanlar

¢al €k ma al ané genelinde doj al ol uku
bul unmamaktadeéer . Bunuml a alkeerna g rl  -KeelbéaknmaB ac
Keban Bar aj G°l ¢6n¢n -al exma al anénén K u:

ajérl ek ve kaya dolgu tipinde%®aolcan RB&maijs
yatajéndan y¢ksekI 17 210 nohnfabg mal Neuméb
kotunda g©° Péadliaanée Bea7r5ajkny®° | ¢, ’0o0ae° Féegamt NEH
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kol larénén havzaseé ®ldip, Kredmaj Balrajé GB4 .;:

A

T¢e¢rkiyednin Atat grk Bar aj @%Ir¢ 6 IDdbgral s grrl d

arada séralandéjénda Van G°I ¢, Tuz G°1| ¢ v
yer al maktadeér . Bar aj gl ¢n¢gn Mur at Nehr
Geni kIl 17 yer yer dejikmekt ediimi.n Kedmna Bar
avcelejée yapél makta ve balék ¢reti mi de ¢

bakl anan barajén toplam kurulu g¢ceg 1330

KkWho der . Keban Barajeée ¢rettdhkielbaktemiek j s &
olma ©°zellijine sahiptir. Bar aj mev ki i E I
km kuzeydojusunda ol up, Karasu ve Mur at l

akaj éeda nehrin akteje en dar bojbaa | ar dar
gevdesinin bulunduju nokta ol up, bu nokt ac

akarsuyu Férat Nehri odir.

4.4.3. Kaynaklar

¢tal ékma alané ve genelinde yapélan ar a
ve 3 adet -eKm&ekddstp izted2g i IYmpet an @r azi
sérasénda el de edilen verilere g°re 11 ac
2019 d°nemlerinde kuru Eckliduj2aQ 181 dkanyenra jnédr
Keklinde bokalém g°sterdiiji g%zl eml enmi Kt
kokull ara bajlé olarak d¢ke¢gk debil erde sé
al anéenda kaynakl|l ar én ol ukumkreu | ene k asminzumnau
yapeésal unsurl ardan yani kerek -atlak yap
Genel ol arak kaya- i -erisinde-atbakhari ka

bokal an bu kaynak ve -exkmelnare d/apEHW ade Bill-
Ekim 2018 bakénda kaynak debilerinin 0. O0C¢
ol duj u, Ocak 2019 tarihinde ise kaynak b
arasénda olduju tespit edi | miektgi°rr.e C¢ieskemeE |
2018 bakénda sadece tek Dbir -ekmede debi

tari hinde ise -ekmelerin debilerinin 0.18
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¢i zelRgana k|l ar/ - ekmel er kod ve koordinatl ar

Ter Kod Koordinat Topojrafik
X Y (m)

¢texkme Cco1 476548.3 4290817.6 836.43
¢texkme Cc02 474255.54 4290144.7 1056.16
¢texkme Cco3 476154.37 4289381.5 896.07
Kaynak K01 475081.51 4290522.5 904.77
Kaynak K02 47551.72 4290965.3 746.9

Kaynak K03 475500.92 4290975.6 748.28
Kaynak K04 474943.96 4291007.2 803.58
Kaynak K05 475586 4291140 790.34
Kaynak K06 475354 4291010 eas

Kaynak K07 475342 4291070 788

Kaynak K08 474415 4290470 982.05
Kaynak K09 474279 42904® 970.96
Kaynak K10 475369 4291097 751.46

45. YAS Seviye Dejerlendirmeleri

¢al ékma alané genelinde yer alatlseviges isyown d &
deji ki mlerini °] - me k aemnarcee k Ulel aknuayrual ka r°dla-
t¢em gzl em kuyul arénén kuyu ajzé °1 -¢mleri
45.1. Kebanmet amor f i kIl er i &St Ki st ¢yesi

Kncel eme al aneénda Meaamafidkrear i v e}t sgtengdéiki esbta n
zamana bajlée olarak yerardidg®zIlsaimlue nseekv i aymasd
toplam 7 adet sondaj Metamoyfid u i lai-| Estitensak t € r
22.12.20189.03.2019 tarinler ar asénda hagtal ekl gapésanu Y
zamana bajl ékdkpddx i vme rgiklarbddgde deg °r ¢ 1 d¢j ¢ gi &
sondaj kuyul aréenda y er al gemellikls pyralelik sevi ye
g°stermektedir . -Bl nwmsoddg kupusunda itk éirhaftd8da KAS

seviyesinde belirgin bir artek g°°zirenirkei
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hal al dej e g°-@38 e mzoddg kugusumdga sBGKI i | er Kkuyul ar

dojrusal bir artéxk g°zlenmixktir.

452. Keban metamorfi kleri alt mer mer ¢yesi

Kncel eme al anénda mostra verenndéeban M
zamana bajbhéet®l augk gewviyesi (YAS) dej i Ki
toplam 5 adet su sondaj Kuyusu a-él mekt
I yendd 22122012 9. 03. 2019 tari hl eri arasénda h
sonu-|l arénén zamankae kb5d] Ide deld ibdn kgei adda | i
gor ¢l dej ¢ gi bi sondaj kuyul arénda yeralteé

paralelli k g°stermektedir.

= BGKO2
8 —&—BGKO5
=== BGK04

=B GK06

== BGKO01

Yeraltisuyu Seviyesi (YASS-m)

810 4 = BGKO03
460 —fi—SGKO1
770
750
22.12.18 22.01.19 22.02.19 22.03.19 22.04.19 22.05.19 22.06.19
Zaman (Giin)
kek4d4 Keban met amor fi kl er i gsél ami ssongdyesi khu
g°zI|l emleermds evsyglueri nin zamana bajl é
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950.00

900.00

—a—L5GKO2
850.00 —&— 01GKO6
—a—P5GKO03

- P3GKO2

—&8—P3GKO3A

Yeralti Suyu Seviyesi (YASS-m)

800.00 S—8—8 a

—o—

—— L_‘__‘_—ﬁ—‘—t——ﬁ—‘/‘\‘

750.00
22.12.2018 25.01.2019 22.02.2019 23.03.2019 19.04.2019 24.05.2019

Zaman (Giin)

k e k4.51 Keban metamorfikleri a | t mer mer cyesdajde kay el ar
g%zl emlenen yeralté suyu seviyelerini

4.5.3. Baskil magmatitleri

Kncel eme alanénda mostra verenardgasKki |
yeralteée suyyu deyvi yiemimekY Alfeam &€ tsusondajopl am
kuyusua - €| mée Kk tMearg.maB a 4 k ielr i 2008.201%2t&ihlek 2 a2 @ 8nda
haftal ék gapleémheYIASsonu-1| arénékeki@mana b:
dever | mikketkdisde de g°r ¢l d¢j ¢ gi bi sondaj kuy

deji kimleri zamana bajl é ol arak paralell ik
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1000 4

950

900 A

850 A —e—P3GK01
01GK03

01GKo4
800 A

Yeraltisuyu Seviyesi (YASS-m)

750 4

700 T T T T T T
221218 22.01.19 22.02.19 22.03.19 22.0419 22.05.19 22.06.19

Zaman (Giin)

k e k4i6.|IBaskiilmagmatt | er i 6nde a-é&l an sondaj kuyul ar
seviyelerinin zamana bajl é dejikim gr

46. Yer adYt¢éz BuyuKal i te Dejerl endir mesi

Sdar hidroojik - evri m s¢resince temas ettikl eri

yékl ¢ i yonopalragm --°°zzegnm¢mk i yon mi ktareée ve
oranlaré suyun hidrojeolojik ©°zelliklerini
mi ktarl aré dikkate al énér . Ul usst a®d agase H
orané %Pdemmefqgdzl a ol an iyonlar en b¢yéek or

sahip olana dojru seéralanarak séneéefl amaya

katyon ol mak ¢zere iki sénéfa’ MajMElvenakt a
Ca?iyonl ar @ndan oNeugkamai kit ayd@kl. ¢ an w9 HCOE,r I se
SO ve Cli yonl aréndamed38a d@8266 ve WHO i - me

standartl ar-kinmy gale Vvda zi koel emewrtsiterliinmisu

dej eveérirlimi ktir.
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sul-26éndaea

W8 O

me

suyu

-st anda

kimyasalparametreleriv e i z
dejerl eri

el ementl er4s8tstui knay!

Su Kalite Bifim WHO TS (266) Su Kalite Bifim WHO TS (266)
Paranetresi (2011) (2005) Parametresi (2011) (2005)
pH 6.58.5 6.59.5 Al mg/L 0.1-0.2 0.20.2
EK Gsicm 1500 650-1500 Zn mg/L 35 5
T¢ M mg/L 1000 1500 Mn mg/L 0.1-0.4 0.020.05
TS mg/L 500 Cu mg/L 0.052 0.1-2
ca* mg/L 75-200 200 Fe mg/L 0.1-0.3 0.05.0.2
Mg? mg/L 30-150 150 Ba mg/L 0.050.7 03
Na* mg/L 200 200 B mg/L 0.1-0.5 0.0010.001
K* mg/L 12-20 12 As mg/L 0.01-0.01 0.01-0.01
HCO; mg/L 500 - Ni mg/L 0.07 0.020.05
COs? mg/L 200 Pb mg/L 0.01 0.01-0.05
SO, mg/L 250 250 cd mg/L 0.003 0.005
cr mg/L 250 250
NOs mg/L 50 50
Yeraltée ve y¢gzey suyu kanyenakiltar@&malni 7 i &

Ci zedhged | z 450y et eer i | kme ki, lk e k4B Ve k e k4i9dla inceleme

al angadaa kl € d°nemde ugern-ad klzekgdpgmu iydeanr € nd a

deri kimlerine ait dai r ®areskl diyhgrymdag et g ©° st
dejerl eri kull anél arak - mzktl an &ndadahere bic
y¢zde wmmelkatl @méar ak ° 1 -Ceak [éexmthi rail lammiéxk tgyern.e | i nd
kaynak ve vy pHeydeg edh2Dr €68a8mM8e 840 . 02 ar al ej e
deji kKim g°Butedeap & tkkuedyrue .sgu°lraer € - ok hafi f as
kaynak sularé hafif alkalin ile kuvvetl:]

kuwe t | i al kal i n arc¢aszéefMdgak iy esro nad -maakrt saaydge®rr.e p
sul ar éeénén vy akka yankaekk s%ll2a r3¢ ndeen %4 4. 4' de ve

%33.3deWHO (2011)stamdasuyde] eri nfSRA66(RMWI) ¢ nde

standr déna g°re ise b¢gten su kaynakl ar énda
i -erisinde yer al maktadeér . ¢al ékma al ane
kuyul ar-é300dves/cniile 4744371.26mg/L, kaynak s786nms/crenda 4
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ile 257-429mg/Lve sonolaraky ¢ zey suyu kay-83k$/anril€ed9e a i s e
5568 mglLar asénda dejikitmz ¢g ¢ 8u meskotneudilrar @ g°
sul aréenda °1 - ¢%33n. 3EK WWeOe r (12886 ddnhddl aw@aé n T S

tanémlanan maksi mumms/iaom'tn idne ] ¢es Bo42rddim no | 1d5U0j (

ise TS-266 standatt nda yer al an Imaniam derjiemr i alotl&éamd a

belirl EKmidedier. k ay nsawkl avreé nyd¢az eiys ennak@g2| 8 v
lokasyomd ayapél an °1 -¢m sonu-1laré hari - di’
I - me suyu kalTG2 @6 i | amésémsdamdart dejerir
gzl enmi ktir. Su kaynak]| arBeKogael v 6GKll en T
kuyul aré Hhar,im ndoikjtad aP én dISE-2WHO stahdh)y t Ve
tanémlanan | i mit dejer |l er i nDavisve-De Wiedg i nde

(1966) taraféndan 9apélbge zelfge fzleddBmpderree | ma
°rnekl eme dkPunyeuml!seurt88¢dédrbéand .33, ve kaynak ve

sularéenén tamamé ( %100) i - meKysiu yraa yefad i t e s
al makBan@éml| a ber abe £3.38 9286 veDdI3'alf damae B m%Bi - i n
ve geriye kalan %.67, 7.14 ve 6.673sise i - me ve tarém su kal:/|
dejil " sénéfénda yer al maktadeéer

Yeralté suyu ve y¢zé&gns kut yelMgy iRamk | ar én
baskén anyeenSQfdere@Ot é suyu kaynalkdnar énda

dizilimi genellikle katyonlarda rMg>rCa>r(Na+K); anyonlarda
rSO>r(HCO;+#CQOs) >r C1I kaynak sul aréenda i'yon
rCa>rMg>r(Na+K); anyonlarda r(HC@CGQ3)>rSQO,> r C | Keklinde séral;
suyu °rnekl erinde i'yon di zil i mi i se k at

r(HCO;+CO3)>rSQ>r C Keklindedir.
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¢i zedhYeraltésweuykapyakl arénéen fiziksel p e

¥rnek!| ¥rnekl ¥rnekl T pH EK Te¢M D(gkysu;nun ¢ O Tuzluluk g;%ﬂa(?g)
Lokasyonu Kodu Tarihi

- (°C) - (&S/ mglL % mg/L a (FS)

P3GKO3_1 24.12.2018 127 86 593 35 104.5 101 036 287.13
P3GK03_2 20.03.2019 1250 7.87 469 297 97.20 937 030 348.86
P3GK03_3 23.09.2019 2230 7.80 588 301 75.60 580  0.30 268.46
BGK02_1 24122018 157 7.86 2570 1539 63.2 561 154 1539.40
BGK02_2  20.03.2019 15.60 7.70 164 - 36.20 3.19 - 1276.48
BGK02_3  23.09.2019 23.30 7.75 1833 958 45.00 341 095 902.05
BGKOS1  24.12.2018 16.8 7.83 3350 2006 56 495 201 2551.12
BGKOS2  20.03.2019 17.80 7.44 3010 1807 42.30 3.60 184 2609.70
BGKOS3  23.09.2019 2230 7.81 3780 2066 4830 3.76 207 2158.57
BGKO6-1  24.12.2018 147 866 58 351 58.2 541 035 337.49
Kuyu BGKO62  20.03.2019 1470 7.84 1036 658 44.40 410 066 692.78
BGKO6-3 ~ 23.09.2019 19.60 8.15 1513 835 32.40 440 083 755.54
BGKOL-1  24.12.2018 157 7.72 4490 2689 56.1 504 269 4319.76
BGKOl-2  20.03.2019 1810 6.68 5240 3200 38.20 320 328 4623.56
BGKOL-3 ~ 23.09.2019 19.00 7.08 6030 3619 43.00 351 362 4810.64
P3GK02_1 24.12.2018 13.7 847 875 524 112.3 1061  0.52 383.59
P3GK02_2 20.03.2019 14.80 7.57 689 430 53.00 490 043 498.00
P3GK02_3 23.09.2019 19.60 7.50 894 536 52.80 421 054 451.20
01GK03_1 24.12.2018 15 843 7300 4371 52.9 503 437 435.91
01GK03 2 20.03.2019 1540 7.70 598 370 39.30 3.64 037 383.25
01GK03_3 23.09.2019 17.50 7.80 769 421 2410 208 042 404.71
P3GKO1_1 24122018 134 92 560 335 111.7 846 034 162.46
P3GKO1_2 20.03.2019 16.40 8.05 446 258 105.30 915 026 235.46
P3GKO1_3 23.09.2019 179 8 539 303 86.4 7.4 0.3 249.87
01GK04_1 24.12.2018 163 84 929 556 41.7 375 056 659.72
01GK04_2 20.03.2019 16.10 7.86 578 349 96.90 878 035 413.77
01GK04_3 23.09.2019 1840 7.89 989 564 71.90 574 056 540.97
P5GKO3_1  24.12.2018 159 854 564 338 60.7 443 034 330.97
PSGK03_2  20.03.2019 1650 7.77 603 364 101.00 912 0.3 408.53
PSGK03_3 23.09.2019 1800 811 485 291 89.60 761 029 246.30
01GK06_1 24.12.2018 143 848 580 347 74 72 035 364.78
01GK06_2 20.03.2019 1560 7.80 511 310 80.70 744 031 369.81
01GK06_3 23.09.2019 1840 7.95 596 531 87.40 743 053 31863
SGKO1_1 24122018 151 8 1630 976 81.6 735 098 1027.31
SGKO1_2  20.03.2019 1690 7.08 2046 1239 44.40 384 126 1497.48
SGKO1_3  23.09.2019 18.80 7.01 2490 1494 30.80 251 145 1570.02
LSGK02_1 24122018 13 863 460 275 117.6 11.09  0.28 173.3
LSGK02_2 20.03.2019 16.90 7.88 327 184 106.70 8.92 0.8 198.48

LSGKO02_3  23.09.2019 17.90 8.35 337 174 94.00 7.69 0.17 28.72
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¢i zelhYeraltéeswpepuykaewyak!| ar éné@evdm) zi ks el p e

BGKO4_1 24122018 1401 7.92 1450 868 30.9 287 087 702.33
BGKO4 2  20.032019 17.70 7.02 1626 937 32.30 274 095 1172.38
BGK0O4_3  23.09.2019 1810 7.15 2220 1254 31.20 261 125 1211.89
BGKO3 1 24122018 125 854 793 475 313 242 047 254.01
BGKO3 2  20.03.2019 16.00 7.23 914 544 34.10 300 055 563.21
BGKO3 3  23.09.2019 17.50 7.32 1227 722 32.90 283 072 585.44
KO2_1 24122018 112 88 626 375 123.9 1243 037 417.32
K022 ~ 20.03.2019 1500 808 574 333 10640 949 033 372.70
KO2_3  23.00.2019 19.40 868 786 429 90.30 761 043 399.37
KO4_1 24122018 139 854 547 328 123.4 1156  0.33 262.50
Kaynak KO4_2 20032019 1290 7.79 411 263 10170 977 026 304.82
K04_3 23.09.2019 1750 7.89 529 270 84.00 700 027 275.65
KO1_1 24122018 138 864 504 302 125.1 11.97 030 311.49
KO1_2  20.03.2019 13.90 7.98 409 257 10360 978 026 304.80
KO1_3 ~ 23.09.2019 17.40 843 490 274 93.90 793 027 264.31
Yezey D1 24.12.2018 g5 902 932 558 126.9 1085  0.56 464.52
(gsrfé’is ZD_2 20.03.2019 1070 846 450 296 11040 1091  0.30 346.60
ZD_3 23.09.2019 2470 842 916 452 101.20 7.63  0.45 418.35
Y_1 24122018 570 864 46 28 10320 1164 0.03 -
\(Taaivrgljs Y 2 20.03.2019 112 7.71 223 149 90.8 9.03 001 ;

Y_3 23.09.2019 - - - - - - - -




¢i zedlbYeralté ve y¢zey mywayswal kaypymdhklzarsoman llar é

e

- Katyon Anyon
¥rnekl o ekl er ¥rnekl yu K* ca* Mg?* CO# HCO; Cf so? NO;y  NH. NO, Su tipi
Lokasyonu Tarihi
- mg/L

P3GK03_1 24122018 114 322 5868  34.22 0 296 7.35  81.61 1311 <0.02 - CaMg-HCO3-S04
P3GK03_2 20.03.2019 11.1 3.02 70.6 42 0 302 6.12 75.6 16.8 <0.05 <0.005 CaMg-HCO3S04
P3GK03_3 23.09.2019 114  2.78 57 30.7 0 314  9.03 51.2 106 0.081 0.0057 CaMg-HCO3
BGKO02_1 24.12.2018 60.6 6.06 18171 264.1 0 718  54.23 1044.57 6.49 <0,02 - Mg-CaSO4HCO3
BGK02_2 20.03.2019 434  3.58 121 237 0 438 332 896 <2  <0.05 0.398 Mg-CaSO4HCO3
BGKO02_3 23.09.2019  30.2 2.9 86.3 167 0 - 215 597 - - 0.0072 -
BGKO05-1 24.12.2018 137.46 10.66 346.53 410.13 0 600  67.6 2251 107 <002 <0.005 Mg-CaSO4
BGKO05-2 20.03.2019 130 14.5 390 398 0 499  51.8 2200 <2 0.35  <0.005 Mg-CaSO4
BGKO05-3 23.09.2019 140 13.5 285 352 0 - 47.1 2220 - 0.053 0.0189 -
BGKO06-1 24.12.2018 1968 431 73.18  37.67 0 175 547 249.6 <0,05 <0,02 - CaMg-SO4HCO3
BGK06-2 20.03.2019 46.2  4.57 144 81.1 0 257 139 579 <2  <0.05 <0.005 CaMg-SO4HCO3

Kuyu BGK06-3 23.09.2019 44 4.74 168 81.8 0 284 147 658 <2  <0.05 0.231 CaMg-SO4HCO3
BGKO01-1 24122018 171.26 571 45171 776.41 0 1117 119 4053 <0,2 0.041 - Mg-CaS0O4
BGK01-2 20.03.2019 146 6.14 439 858 0 995 110 4370 <2 0.349 <0.005 Mg-CaSO4
BGKO01-3 23.09.2019 182 8.24 453 895 0 - 98 4180 1230 0.33  <0.005 -
P3GK02_1 24122018 1154 6.8 71.88  49.67 0 301 1358 2145 26.34 <0,02 - Mg-CaHCO03-S04
P3GK02_2 20.03.2019 13.1 8.21 89.5 66.8 0 291 131 233 279 <0.05 <0.005 Mg-CaSO4HCO3
P3GK02_3 23.09.2019 11.6 7.3 86.4 57.3 0 307 143 220 248 <005 0.0642 Mg-CaHCO3S04
01GK03_1 24122018 19.15 851 107.78 40.61 0 294 712 24801 <05 <0,02 - CaMg-SO4HCO3
01GK03_2 20.03.2019 19.8 9.41 97.9 33.8 0 252 5.2 206 105 <0.05 0.0351 CaMg-SO4HCO3
01GK03_3 23.09.2019  23.7 7.29 915 42.9 0 - 5.18 349 <2 0052 <0.005 -
P3GKO01_1 2412.2018 4996 53 4555  11.87 0 84 6.38  208.52 151 <0,02 . CaNa-SO4HCO3
P3GK01_2 20.03.2019 19 6.24 65.2 17.7 0 187  4.82 124 351 <0.05 <0.005 C&Mg-HCO3S04



¢Ci zedlbYeralté ve y¢gzey mywayal k angewia soman |lar é

1

P3GKO1_3  23.09.2019 12.6 344 718 17.2 0 292 382 639 3.78 <0.05 <0.005 CaMg-HCO3S04
01GK04 1  24.12.2018 16.42 11.82 13327 79.57 0 337 2517 3921 126  <0.02 - CaMg-SO4HCO3
01GK04 2  20.03.2019 6.2 8.72 714 57.3 0 268 53 172 16.6 <0.05 0.005 Mg-CaHCO3S04
01GK0O4 3 23.09.2019 9.3 10.7 97 72.7 0 308 57 206 - <0.05 0.0133 Mg-CaHCO3-S04
P5GK03 1  24.12.2018 1548 507 6559  40.69 0 248 10 25.45 236 <02 - Mg-CaHCO3
P5GK03_2  20.03.2019 155 464  69.3 57.3 0 236 746 213 741 <005 <pQoo5 Mg-CaSO4HCO3
P5GK03_3  23.09.2019 10.7  3.23 44 33.2 0 220 882 102 9.99 <0.05 0.0241 Mg-CaHCO3S04
01GKO6_1  24.12.2018 1566 3.57 62.69  50.67 0 324 558 13584 9.85 <0.02 - Mg-CaHC03-S04
01GKO6_2  20.03.2019 652 405 551 56.5 0 299 494 979 232 005  0.005 Mg-CaHCO3S04
01GKO6_3  23.09.2019 826 379 453 50 0 - 9.3 20 - <0.05 0.0305 -

SGKO1_1 24122018 26.81 3.32 14158 163.92 0 792 353 473 <02 <0.02 - Mg-CaHC03-S04
SGKO1_2 20.03.2019 414 45 142 278 0 1030 245 527 <2 0054 <0.005 Mg-CaHCO3-S04
SGKO01_3 23.09.2019 394 564 148 292 0 1090 225 456 324 0285 <0.005 Mg-CaHCO3S04
LSGK02_1  24.122018 23 074 6101 514 0 169 403 1872 12.01 0.022 - CaHCO3
LSGK02_2  20.03.2019 162 0188 75 2.76 0 199 208 156 176 <0.05 <0.005 CaHCO3
LSGK02_3  23.09.2019 0169 004 105 0614 0 - 25 566 - <0.05 0.0936 -
BGKO4 1 24122018 4497 3.75 14959  80.03 0 599 5472 4362 <02 <0.02 - CaMg-HCO3S04
BGKO04 2 20.03.2019 70 513 193 168 0 742 48 615 <2 <005 <0.005 Mg-CaSO4HCO3
BGKO04_3 23.09.2019 736 532 194 177 0 - 525 1520 253 <0.05 <0.005 -
BGKO03_1 24122018 4514 249 594 2573 0 200 275 128.29 <05 0.036 - CaMg-Na-HCO3-S04
BGK03_2 20.03.2019 61 3.9 113 68.4 0 585 277 187 <2 <005 <0.005 CaMg-HCO3S04
BGK03_3 23.09.2019 46 358 114 73.2 0 641 277 232 <2 <005 <0.005 Mg-CaHCO3-S04
K02_1 24122018 12.64 328 8187 5181 0 307 625 2235 51  <0.02 - Mg-CaHCO03-S04
Kaynak K02_2 20.03.2019 113 323 762 44.4 0 309 425 138 972 <0.05 <0.005 CaMg-HCO3S04
0 346  5.01 179 796 <005 <0.005 Mg-CaHCO3S04

K02_3 23.09.2019  9.92 5.09 77 50.4




¢i zedlsgreer alt e ve y¢gzeyi mwuayvalkaymdlkil malr @@ e me lkayre&mreédgn skuiymy aksaayl n askn aalrié

(Devam).

KO4_1 24122018 942 17 512 3277 0 325 65 33 138  0.045 - Mg-CaHCO3

Ko4_2 20032019 104 167 602  37.6 0 337 538 412 238 <005 <0005 Mg-CaHCO3

K04_3  23.092019 897 175 584 316 0 345 527 336 104 <005 0006 CaMg-HCO3

KOl 1 24122018 575 078 6955 3355 0 278 67 11776 10.89 <0.02 - CaMg-HCO3S04

K012 20032019 878 0757 686 325 0 252 441 803 162 <005 00088 CaMg-HCO3SO4

K013  23.092019 564 104 616  26.9 0 - 37 76 - 0063 00148 -

ZD_1 24122018 1487 466 7216  69.18 0 33 105 275 37 <002 Mg-CaSO4HCO3
(Zerfaﬁ I(;eyresi)s ZD_2 20032019 116 442 486 5438 0 240 535 165 497 <005 <po5 Mg-CaHCO3S04

ZD_3 23092019 102 425 734  57.2 0 294 525 200 085 <005 9go5 Mg-CaHCO3S04

Y1 24122018 048 072 787 0O 0 34 198  7.37 111 0854 - -
Yaj mur T Y2 20032019 0116 0044 243  0.146 o 736 <1 <5 - - - -

Y_3 23.09.2019 - - - -

9¢
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¢i zed6g®opl am -°z¢inmgkK madde mi ktaréna g°r
2018 (Davis and DaVNiest 1966.
T¢eM ( mg Su Séneé Yeraltésuyu Y¢zey ¢
Kuyu Kaynak Zeryan Deresi
%
P3GK03, BGK06, P3GKO1,
<500 M¢ k e mme | P5GKO03, 01GKO06, LSGKO02, BGKO Kg,/lfgd‘))"' -
(%46.67) 0
. P3GK02, 01GK06, SGK01, BGKO
5001000 Ky i (%26.67) - ZD (%100)
P3GKO1, P3GK02, P3GKO3,
P5GKO03, 01GK03, 01GK&)
<3000 Tar ém i - LSGK02, BGKO1, BGKO2, BGKO3 - -
BGKO04, BGK05,BGK06, SGKO01
(%93..33)
U def i
>3000 y 9 “I' n me‘;‘ ! 01GKO03 (%6.67) - -
Ci zeAll geopl am -°z¢i¢nm¢egkgMmMaeldeu ms&nhafr Eanadér el
(Davis and De Wiest 1966
Yeraltésuyu Yéezey
TeM ( mq Su Séne Kuyu Kaynak  Zeryan Deresi
%
P3GKO01, P3GK02, P3GKO03,
) P5GKO03, 01GK03, 01GKO04, o
<500 M¢ ke mme 01GKO06, LSGKO2, K01,02,04  ZD (%100)
(%57.14)
. BGKO03, BGK04, BGK06 ) i
500-1000 Ky i (%21.43)
P3GKO01, P3GK02, P3GKO03,
<3000 Tarem i . PBGKO3, 01GK03, 01GKOS, ] ]

LSGKO02, BGKO03, BGKO04,
BGKO06, SGKO01 BGKO5 (92.86

>3000 Uy v ‘é n i' d f(nJE BGKO1 (%7.14) - -
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¢i zedABgepl am -°z¢¢nmgk madde mi KtEydZWOp g°r e
(Davis and De Wiest 1966

Yeralt ésuyu Yézey
T¢M ( m Su Sénce Kuyu Kaynak  Zeryan Deresi

%
P3GKO0J], P3GKO03, 01GKO03,

<500 M k e mme P5GKO3LSGKO02, Kg/lofozd‘)m 7D (%100)
(%33.33)
BGKO02, BGK03, BGKOS,
500-1000 Ky i P3GKO02, 01GK04, 01GK06
(%40)

P3GKO01, P3GK03, 01GK03,
P5GKO03, LSGK02, BGKOS5,

<3000 Tarém i - BGKO2 BGKO3, BGKOS,
P3GK02, 01GK04, 01GKO8,

SGKO1, BGK04 (%93.33)

un dej

>3000 Uy?/e i - me

BGKO1 (%6.67)

¢tal ékma alané genalkiladmasggen &laawyosudilere
olanMg@?deri ki mi Aralék 2018 d°neminde yapél a
kuyul ar é7ri6ddamgh at4sénda Mart 2 0856800 MgffLn e mi n d
arasead&yl ¢ | 2019 d° ne m0OOnnh aragsned a0 .d6elj4di Kii |
g° st er malnunk doeraberMg™ der i k amh ak sAirlalreekn d 2 0 1 8
d°nemi nebe81AHEL 7 Mart 2019 dl240mgilivred eEy3d 2%.150 01
d° ne misa 2695040 mg/L ar asénda dej i kKYizey gSuyen
kaynakl ae dd@Aa8ng/L( Ar al 8,164.82mgL (Mart 2019) ve57.20
mg/L ( Ey |l ¢ I 2019)Kk?P heil m@natsgnéunda &lada™? su
kaynaklAamémrdka 2018 d°neminde yapélan ©°rne
sondaj k uy udbla7i ragiLcaa a4 = .n5P%0,1 OMaretn e 308 e 55 . |
mg/L v e EQDLD d°nemi 4b200 mgllear A8 B da dej i K mMme
Bununla berabe€a®der i kkdymiak sul arénda Ar a8l8k 2018
mg/L, Mar t 2 016020820 enghi vned eEZ30I11 Q1 d°nemi &®de 1 SE€
7700 mg/L ar asénda dejiktieyi sg¥ul eknanyin@eilra.r é v g
der i xDhdimv2.16mg/L ( Ar al é k 2 @diL8Mart 2049 ve6 3.4 mg/L
(Eyl ¢ 2019)i 245 maanagf al(ékma al ané gene
kaynak!| artvegdafayMgl aréné bolluju -alékma al
o zel li7Ji g°steren Kebwnéndaylet am&afymdywe nd adMe
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meydana gelen kimyasat ki | ekaiymcae&krn anmak eadar .aslh anénd:;
kaynakl!| Girygomeinn dNeaj er | er | Aral ék 2018 tarihi
g°re sondaj -RAd.96my/lakagmdak Z.u3-G264ng/dar &s €rbd a
dejJ i Kim g°st eZbankidel 1.87Img/lt abar ak °1 - ¢1 mgkt ¢r
beraber Mart 2019 veyE ¢, | 2019 tarihli ° r Ma'kdl eernmiek i smoin u
sondajk uy ul ar eldangm/L vel0.1@PB2mg/Lar asénda deji Ki m ¢
kaynak dse|8«¥81a.80dng/L ve 5.649.92mg/Larmasénda dej i Kmek
Ay r &bD'ae ise 11.® mg/L (Mart 2019) ve1l0.20 mg/L ( Ey | ¢ 1 olakalo 1 9)

o - ¢ necikztedlBge ¢ alad mma nana kit aKl arée Aral ek 20
d°nemi nde s ondal]l82kng/lyaurl aasr &emedaar e jv 4Mar t 2019
2019 °rnekl eme d %en 6.108814.90 i ve d0D413.90 mg/L ar as énda
deji kmektedir. K3a28mgA_k As al @ k e 23a8mgfl. (Ma® . 75 7
2019) ve 1.056.09mg/lL( Ey | ¢larZaGEN)dak bmrgdet er mektedir
kaynak]| azDsimdd ise 4i66mg/L ( Ar al € k 2ng/lL @art, 2019).vd 2
425mg/lL ( Ey | ¢ | 2019)xi 2e45g8umekaynakl arée’nda g°

Il yonu i ncedaemgeral ahan Keban Metamorfi kIl er
mostra veren jipsli serilerin -°z¢gnerl ¢7 ¢t
yolu -evresinde bulunan kil "ie€d?laums@mnldar &

ger - ekl ek eimi olabjiroYhe rdael jtiék suyu ve y¢gzey suyu
sonuNd ewerKede] er | WHO (20i1)Ve5266' nén i zin verile
sénérlarée i-eCGd sdMgddeijyer! erliéve BE&RANOR,050 5

BGKO0O4 2,3 ©°1 - ¢nleerr i® lhasrmliceirnddeeTSVMBG ' 2601 1)z i

verilen maksi mum séneéertiaz@Bgeerisinde yer
Bi karbonat, su °rnekl erindeerbakitbciduy
kaynakl|l ar € ndamgiLrvtea lya,mee g drisGmue38.8g/Ld er i Ki m

dejerine Sfabl @ckanme docCOnehi ade svye kayptak!l ar &
dejerl erinniinnen®ytark échejoelbmaskbhidgenidnol pgeal t
sul aréenda genel | ic¢kalleée a nah & nlota @reaykes zasiyair .
kaynakl agéaepgar HEOi Aral ék 2018 °Il -¢m sonu-
84.00111700 mg/lL ar asénda dejtiekiimk egn® sMamrtmeRO019 Ve
°1 - ¢ml er i ndélo30006 eng/L 1v@ 722000109000 mg/L ar as énda
dej ikeamedai r . Kaynako3®u0mglLé Ad a | & 2@0B37.80) ,
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mg/L (Mart 2019)ve 3450034600 mg/L ar as@ejdiak® ant er mekt edi r .
suyu kaynaklder éArchd €iB4.02ngdBdMar t3 2.00mg/b da 2 4 (
ve Eyl ¢ 9420mMglh °d a ¢ R miikz edlbg é@al éxlmané genel
Keban Metamorfikleri Mermer|, y eénmniger e k d¢kKey gerekse y
dajéel eménén y¢ksek ol maséendan dol aywe bi ka

g%zl enmektedir.

¢tal éamané genelinde sudekaywnbasziearnsgéodd & ]
kuyul arénda -ok y¢ksek -ékmasé Keban Met e
veren evaporit (jips) -%kellerinden kayne

tarihinde arazide yerinde al énan su °rnek!|
sondaj kuyu sularénda (BGKO01, BGKO 2, BGKO ¢
ol duju g°zlenmiktir. j°oerrd aji mk u yAu as @k a r2e0ni
405300 mg/lL ar asénda dejikirken Mar t 2019 ve

°1 - ¢ml er d@437008 eng/L1ve .56.D-418000 mg/L ar as énd a dej i K

glosterdiiJi belirl enmikdderi Kienrsa®n/lsul ar &
(Ar al ék 213808mg/L (MarLt20O0ve 33479mg/L( Ey | ¢ lar2aGGlEN)d a
deji kim g°sterirken inceleme alané genelir

yer alanZ D 6 isd 27500mg/L ( Ar a | & K65200nd/B (Mart 2019) ve 200
mg/lL( Ey | ¢ | 20190 i 2 M) gkanh etmnan énda y¢zey ve )
kaynakl|l ade&jnaral el Ar al é&r &rmda 8g ®rl @ I, ano esobdngu -
40311900 mg/ L arasénda dejikim g°stermekte i
°1 - ¢ml er i nHl@00 mgileve 2.9-98®0 mg/L ar as é ndektedide] i kK m
Kaynak sul a-6emMf@amgsk ©642B%538 eg/L(Nai 2089) ve

375. 27 mg/ L ad&E§ghdd 228I118n evry zgeysk sew ymeejkd edli a
ZD6sinde Ar abOénig/l, M&®r11B86d613%5&8dmg /5. ve Eyl ¢l
5.25 mg/ L .%lad gkmaktalraryenmddrn é alsarnyan ve y
°rnekl GOy Mg 6B86K01_1,2, BGK02_1,3, BKG03 2,3, BGK04_1,2,
BGKO5 1 wve SGKO1 °1 - ¢ ml erWHO28I1) veTiS@6de di | e
nen izin verilen maksi mumrs éntar léxm@a ia-l emié:
su kaynaklarénda b°l ge genelyasadbaglé&n adm)
durumunda olanSO;? der i ywiemial t & a ysnuaylul BGKO,n @2, 05,
BGKO06_02,03, 01GKO03_3, 01GK04_1, SGKO1BGK04 ve LSGKO2 B - ¢ ml er i h a
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dijer ° IWHQ rfd0¥LY wES2 6 6 nen i - meakséuryéun dlaal iitz
verilen maksimum sénérlar i -erisindg yer ¢
der i ki mi sla-d¢em es &ZDu clu °st andar tSuldrdaki€lr i n ¢ z
iyon konsantrasyonunun TSE66 (2005) ve WHO (2011) tara
sularenda en fazla bulunaBglkacaki bmi kt &eni

incel eme alanéndaki sul ar Séneéer dej eri a K
der i Ki mi b°l ge genelinde mostra veren Ket
I -erisinde yer alan jJipsli -%°kell erden ve

cesherl erden kaynak|l anmaktadeér.

Nitratén insan sajl éje ¢zerine olan et
°rge¢t e (WHO) ve Ter IS Stiamdarstullaarréé nErms tniitt g
mg/L' den daha az oftma 43y | € R ema miad taikré Rda 8 A |
d° nemi ndaeakS8imumNQenn kt ar € Pl8 &Kdajlkuyusunda6234
mg/L, Ma r t 2019 LACGKO2enohd InWdesondaj Gmgbwveurmkdgad ¢17.
2019 d° neB6GKOLadu kiuyada 123@M0mg/Lo | ar aik¢ ¥ tIKgymak
sul arenda Ar al é0-1328DmMg8, Mar? 200ch? n d m9.78 2360
mg/lLve Evyl ¢l 2019 dO0Armgihiam dhes éinsl@a ZDd&se m¢ Kt ¢t

13.8 mg/L ( Ar al é k4.92mglL8(Mart 2019) ve 0.85mg/L ( Ey | ¢ | 2019
O] - gHtnGirz el5)g.eSu kaynak nep%kzlad mmeanidab °NIOge g e
da ol sa y¢zeysel bir kirlenmenin ol dujunu

Ssuyu ve y¢gzey suyu k aBpBKOA kdluskruéynud ah ai266t-r aTt S Ec
(2005) ve WHO (20113tandartlarda a n € ml anan la Inttg a ddael] near ki tna dné r

Kncel eme alanéndaki Ssu noktalarénda aj
(Zn) , mangan ,(démr)Fe), nikel KNg,rkadigglonu(Gd), kur kun (Pt
arsenik (As) baryum (Ba) ve borB) analizl eri Qiez Al®)gRIe kKt i r i

kaynakl arénda ° 1 - ¢ 1 e nTS266e (2@05) ved WIHO 01d) de] e
st andayeéndd an serareasépdeki asédneéer (dejer|l
¢i zedl3)gkal Eékma al anéndaki su kaynakl ar énda
b¢g¢ten su kaynakl arénda <1 ppb ol arak ©°1 -
maksimum 39 ppb ile 8K 0 1 lunsondaj kuyusunda, minimum ised3.ppb ileZ D 6

de® | - ¢l m¢ekt ¢r . Eyl ¢ 1 2019 d°nemindenobépeéel a

lu sondaj kuyusunda 128 ppb ve minimum i2eD 6 &k2popb © | - ¢ 1 mQuUKt ¢ r
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°rneklerinin hi-birilmndgal Avekanhsuashtar as ynscrmil
akmamaktadér. Zn el ement i I TSR266 (2003) vekWHO- me S
(2011)06ya g°mg/liselnier| &@renilwtnissa.nt rasyonl ar é
tari hinde yapél an °ryera k e ma.8B5pphe @4&lépoph ar é n a
arasgpdey sularéendé&- glsmegki o6 . pMar t 2019
d°nemlegapaldan °rnekl emeyenbbEkagbhakémaa eégt a
ppb-37.8 pplve 2ppb-124ppbar asénda dejyi xeyn ghwk eleal epda
I se AralMakt2918°mwemi vadbyl <22 PpPdD d°nemi nde i
ol arak bet¢i z#4@aqeniSkiig-pabreée(nve WHO (2011) 'e g°¢
tari hinde IuBKGKYUd ano®l - ¢l en deri kim miktaré€

kaynakl arénda i -me suyu standartl aréna uyc



¢i zedb.gal érama @dnel i nde yer al an saun aklaiyzn askol naur-élnaar éa i t
- Kz el ementler
¥rnekl el ¥rneklem ¥rneklIl Al Zn Mn Cu Fe Ni Cd Pb As Ba B
Lokasyonu i opb

P3GKO03_1 24.12.2018 <1 454.13 1.76 <1l <10 <1 <0.05 119 571 50.8 20

P3GK03_2 20.03.2019 14 7.6 <0.5 <1 <2 <2 <0.4 <5 <5 52 16

P3GKO03_3 23.09.2019 32 3.9 <0.5 12 <2 <2 <0.4 <5 <5 46.8 <10

BGK02_1 24.12.2018 <1 117.75 171.79 <1 <10 50.02 0.17 5.81 9.8 93.95 100

BGK02_2 20.03.2019 17 10.1 1.47 <1 <2 <2 <0.4 <5 <5 53.6 33

BGK02_3 23.09.2019 <10 <2 53.7 <1l 193 4.8 <0.4 19.3 <5 32.6 31

BGKO05-1 24.12.2018 <1 84.55 378.83 3.66 <10 2199 156 24831 142 63.95 190

BGKO05-2 20.03.2019 23 4.7 481 <1 3 136 <0.4 127 <5 69.3 196

BGKO05-3 23.09.2019 19 24 452 2 127 53.6 <0.4 80 <5 408 144

BGKO06-1 24.12.2018 <1 27.46 7.94 1.7 <10 9.18 215 302.65 2.89 2495 50

BGKO06-2 20.03.2019 17 5.7 1160 1 5.1 27 <0.4 62.3 <5 48 152

BGKO06-3 23.09.2019 <10 <2 1040 <1 238 28.7 <0.4 40.4 <5 47.7 138

BGKO01-1 24.12.2018 <1 64410 2329 <1 <10 12146 <0.05 <05 332 8226 50

BGKO01-2 20.03.2019 39 24.2 748 <1 53 314 <0.4 46.3 <5 45.7 31

BGKO01-3 23.09.2019 <10 3.6 318 <1 169 15.2 <0.4 50.6 <5 23.5 26

Kuyu P3GKO02_1 24.12.2018 <1 19.65 34 <1l <10 <1 0.07 1394 107 31.33 30
P3GK02_2 20.03.2019 15 9.3 <0.5 <1 <2 <2 <0.4 <5 <5 34.7 29

P3GK02_3 23.09.2019 <10 5.7 <0.5 11 <2 <2 <0.4 5.5 <5 309 <10

01GKO03 -1 24.12.2018 <1  2712.03 471.46 <1l <10 6.78 0.12 8.51 8.44 29.61 30

01GKO03 -2 20.03.2019 15 37.8 42 <1 <2 <2 <0.4 <5 <5 30.1 44

01GKO03 -3 23.09.2019 66 2.3 433 1.1 1160 6.1 <0.4 10.7 31.4 34.9 63

P3GKO01_1 24.12.2018 <1 3.35 <1 <1l <10 <1 <0.05 <05 6.16 32.67 30

P3GKO01_2 20.03.2019 14 9.8 <0.5 11 <2 <2 <0.4 <5 <5 39.8 <10

P3GK01_3 23.09.2019 <10 <2 <0.5 11 <2 <2 <0.4 <5 <5 409 <10

01GKO04_1 24.12.2018 <1 25.89 58.67 <1l <10 3.03 211 228.13 8.88 46.3 50

01GK04_2 20.03.2019 14 12.1 <0.5 1.8 <2 <2 <0.4 54.1 <5 32.6 11

01GK04_3 23.09.2019 58 5.7 19.2 31 167 2.6 <0.4 53.6 10.7 28.8 29

P5GK03_1 24.12.2018 16 12.9 <0.5 <1 <2 2.1 <0.4 <5 <5 34 18

P5GK03_2 20.03.2019 128 10.1 19.1 46 180 2.6 <0.4 25.7 <5 45.2 12

P5GK03_3 23.09.2019 <10 25 <0.5 <1 <2 <2 <0.4 <5 <5 44 <10

01GKO06_1 24.12.2018 <1 10.8 4.99 <1l <10 291 0.05 4.01 53 40.41 40

01GKO06_2 20.03.2019 13 10 <0.5 <1 <2 <2 <0.4 <5 <5 32.8 13

aj er

met al

9%

er
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01GK06_3 23.09.2019 128 10.1 19.1 46 180 26 <04 257 <5 452 12

SGKO01_1 24122018 <1  312.31 81124 <1 <10 10636 0.2 13 1056 68.98 41

SGKO1_2 20.03.2019 16 11 776 <1 <2 653  <0.4 <5 181 617 56

SGKO01_3 23.09.2019 <10 <2 1150 12 21 61 <0.4 <5 262 665 36

LSGK02_1 24122018 <1 23.69 3216 6.03 <10 3.1 009 759 318 1835 <10

LSGK02_2 20.03.2019 14 3.4 <05 <1 <2 <2 <0.4 <5 <5 137 <10

LSGK02_3 23.09.2019 87 8.1 17.5 1.3 115 <2 <04 252 <5 354 <10

BGKO04_1 24122018 <1 18392 108275 <1 <10 12279 0.1 <05 44.26 103.86 103

BGKO04_2 20.03.2019 18 13.2 2080 15 <2 76.7 <04 <5 <5 117 193

BGKO04_3 23.09.2019 <10 <2 2260 <l 344 483 <04 <5 <5 85.2 149

BGKO03_1 24.12.2018 <1 4200 496 <1 <10 11.36 007 197 162 448 137

BGKO03_2 20.03.2019 17 10.1 556 <1 <2 355 <04 5.9 <5 70.7 263

BGKO03_3 23.09.2019 <10 <2 464 <1 <2 386 <04 <5 <5 516 178

K02_1 24122018 <1 36536 1.55 <1 <10 <1 <0.05 1 503 40.65 13

K02_2 20.03.2019 13 26.2 0.52 <1 <2 <2 <0.4 <5 <5 403 16

K02_3 23.09.2019 <10 12.4 <0.5 <1 <2 <2 <04 <5 <5 42.8 <10

K04_1 24122018 <1  110.73 <1 <1 <10 <1 013 1076 9.45 90.79 62

Kaynak K04_2 20.03.2019 12 <2 <0.5 <1 <2 <2 <0.4 <5 <5 66 15
K04_3 23.09.2019 <10 <2 <0.5 <1 <2 <2 <0.4 <5 <5 63.5 <10

Ko1_1 24122018 <1 11.28 <1 <1 <10 <1 <0.05 <05 356 71.65 11

K01_2 20.03.2019 15 2.6 <0.5 <1 <2 <2 <0.4 <5 <5 546 <10

K01_3 23.09.2019 <10 <2 1.48 <1 4.1 <2 <0.4 <5 <5 49.1 <10

ZD 1 24122018 <1 1.6 17647 <1 <10 186 <0.05 <05 105 5343 14

Yizey o ZD 2 20.03.2019 3.03 <2 <0.5 <1 21 <2 <002 <005 <5 358 14

(Zeryan Deresi)

ZD 3 23.09.2019 <2 35 <05 <1 33 <2 <0.02 <005 <5 492 <10

Ly
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Mn konsmt rasyonl aré Araléek 2018 tarihinde
g°re yeralte s2B29ppbegrndaeyl .stud apgmda i se 17¢
Ol - ¢l mgkt ¢gr . Mar t 2019 ve EyIl ¢l 2019 tari
i se yer aladlel asruéynud aR080y.pfb vep 48 pph260 ppb aas énd a
deji kKim g°syezeneks ey wl| kipy rppbkolarakb e hd a |l € B mi K 1
(¢Ci zed9ge Suba6aeenWHO (2011) st a@@dareddgaer éna
BGKO02_1,3, BGKO5,BGKO&2 , 3, BGKO1, 01GKO0O3_1, 3Ju 01GKO
kuyul arda °I| -¢len derikim miktaré haricin
standartl ar éna uyg.\Cavedé KHoospnirasygiflag ¢ Ama k € B di210
tari hinde yapélan °rnekl|l eme - al6.83pphbad ar éna
<10ppb-77. 25 ppb, y¢é¢zey sularéenda i se Cu <1
2019 tarihinde yapélan ©°rnek]l enmaek |-aarléénkdnaa | C

<lppbilel.8ppbFe <2 ppb ile 5.3 ppb y¢zey suyu K
i se <2 ppb olarak tespit edilmicktir. Eyl ¢l
Cu<lppbile46ppb,Feesx2 ppb i1 el160 pkolbar éyn,dzae yi sseu y(

ppb ve Fe ise 3.3 pptdarak® | - ¢ | ¢y kztefPJgi&2 6 6 ve WHO (2011)
01GKO3 kuyusunda EWI¢glegl 201 FedOodrelmantkgimme s uh a
kaynakl|l ar énda iré-nmae usyugyuun sotladnudjaur tgl®ar ¢ 1 mekt e

TSZ66 (2005)i - me suyu gtrend\air dieg-nian bel i rl ene
mg/L, WHO (2011) taraf éndmgidodMil ikdranaemt rdaeg \ec
Aral ék 2018 tarihinde yapeéerlaant &° rsnuel kal reénmed a-
2199pph, y¢zey sul arénda ise 1.86 ppb arasénc
tari hlerinde yapélan °rnekl eme -al ékmal ar ¢
ilel36ppbve<2 ppb il e 61 ppb rmragéndpn seyukkay.d
da<2ppbol arak ©°I¢4i zleABglet gul §dr én WHO (2011) ' €
tarihinde BGK02_1, BGKO05, BGK01_1, SGK01 ve BGK04_1,2T®2 6 6 ' na g°r e
BGKO02_1, BGK®, BGK0O6_2,3, BK01 1,2, SGKOly e B GK 0 3 lu Ruyuardan 0 6
°]l - ¢l en derikim miktaré haricinde dijer b,
uygun ol duju g°r¢l mektedir

Arakterma al akhkawdaklyapemdan®°smwekl| eme -
®re?we®’konsantr asy o nklaayrné ky earr alr@deéad °sAueadi eld e
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0.05-2.15ppbve :302. 65 ppb, yézey suyu kaynakl ar €
ol arak belirl enmiimtdier .y eMaarl tt &2 GdrxL4 pEraey n a k |
ol arak ©°IlpPgiins¢ek <o5l uppb ile 127 ppb araseér
d° nemi ycee ail ke y 8 a k Cdi*r<@.qppaPb? ise <5 ppb ile 80 ppb

araséenda dejdywmeky e dk saodh ERhlalreenka ml eri Ma
Eyl ¢ 2019 <0.902perl evrei ndle. 05 pphbtokzad9glke ©°1 -
¥| - ¢Qdéderi ki mi suTSK&®byn akd aW®@ d@2011) stan
i -me suyu standart | ar & nBunuiaypeaber PoisedMHDuU g°r
(2001) standartlaréena g°re BGKO0S5, 06, BGKO1

01GK06 3,LSGK02 3 u °I| -¢ml erde i -me suyu kal it e
ol maTS&j6é66 st andartl ar é naBGKIrF vei0Kc&K00B@K 0l 5u, 0
°]l - ¢mlerdé&ail imessupuéséndan uygun kalited:é

TS266 (2005) ve WHO (2011) standartl ar €
dej edflimg/l®d dital éxlmané genelinde arseni k Aral
°rnekl eme - al eéxwemat au lsauygnoankulcaurnéednada 1. 07 pp
arasénda dejyxgxideny g8syerkakmeak|l arénda ise 1

Martve Eyl ¢ 2019 d° nenklaeyrniankd ea r iéesnelealB8BdArsa | t<éb
ppbve<5ppbile3l.4ppbr aséndg®°deprydiizieiy vseuy anZlpdy naj é
de ise <5 ppbo |l ar ak be(ldirdedlyge Bui rdej erl ere g°r e
01GKO3_3, 01GKO0O4_3, 01GKOM4 ul, |sgsbdyvewde BG|
WHO (2011) standat | ar éna g°re i-me suyu standart
noktal arénda i se standart dejerlerin i-eri
Arakt érma al ané kwe sqaearn glaisrnydayldraadyvteer Bskuty
kaynak|Ba eéwdca B Aral@ k i k2l 0elr8i t ar i hneklemes yap
-al exmal ar el@3Ba pph @e. 13 pppp B0 ppb araséenda de]
edi Il miktir. Y¢gzey suyu kaynakl aréndaa i se !
ve Eyl ¢l 20l9apgé@linemsamautpitirmre éinsae Ba ve B vy
kaynak!| ar enlii7gppbl13 ppb 269 mpb ve 3.54 ppi85.2 ppb,12 ppb1l78
ppb arasénda dejZiDéei meg Bat eremak tdedier.i Ar al
53.43 ppb-14pph Ar al ék 20 119ppliveEay I3:51. 82 Oplpdb 6da i se
<10 ppb ol ar(dkz &49)g e dumskaynak!| adregnegr2b6 © 1 - ¢ |
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ve WHO (2011) standartl ar @éna ug°srtea nbdéatrétnl as
uygun @l diejiu, i se b¢gtegn su kaynakl arénda i

ol madejé tanéemlanan standart dejerlerin ¢s

47.SuKaynakl arénén Séneéefl amaseé

Su kaynakl arénén hidroki myasaeékatgoar a met 1
konsantr aBiyped a(&88é84) ve Schgogelrllext ( LBV mg
hidrojeokimyasala - e dafp er | endi ri | mesibi rdamdfelraryder é
arakteéerél maseée ve karkéel akt ér é (Pipex,s1®44;gi bi
Schoeller, 197)x Kyoni k Kkompozi syona bajl é ol ar @
karkeéel aktérmak i-in Piper (1944) di yagr am
ise farkl & hidroki myasal su tiplerini ay
kull anél makiLadéey. ¢ Pgeer di yagramé ve Schoe
di yagramé gerek iyonlarén topluca tek bir
gerekse benzer vV e far kl é k°ksndri asswnldarké r
et kil eki m s ¢koyabillneka -i end énh dbad jaggaal oj i de ol duk -

di yagramlarder .

4.7.1. Piperdi yagr ameé

Kyonl ar én topl uca t ek bir di yagr amda
hidrojeolojideéobdlduld-i o big RiemDk ay tatiaagPipes,
1944) A per Diyagr amé anmeglcinsinden k atyy @nlagmren g%

i ki ayreé ¢-genden ve t¢gm i yonlarén ortakl
I - gen di yagraml ar sul ar én fasi yes tipl el
s énéfnldamay e karkéel akt éréel masénda kol ayl é
séenefl andérmaséna g°r e; yan yana bulunan
litrede % meg/Lde] er | er i i karetlendi kten sonr a,

czerinde -kegndren d%ritrgeatke takénar ak suyun
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d°rtgende suyu temsil eden noktanén bul un
B¢t oén su °rnekl eri i -1 n noktal ar i kar et |

b°l gede topl aemérdi yB°gyrlaentlear¢ - gsul aréen ti pl

grupl andér maya yar déemcé olurl ar . Ayr éca
bokal ma al anl ar e boyunca j eoki myasal ° 7€
g°stermek i-in de kullanel maktadeéer.

¢al exlmanénda bulyuenraanl tye; gemyyakauusa A aéa k
2018, Mart2 019 ve Eyl ¢ 2019 ol mak ¢zere ¢- f
ki myasal analiz sonu-1I1ar e Pikpeekdld kiekd dr a mé
4.11) . tal ékmaadal yred @dmenl iKab&kmayNMakbmoéhdhkh
Ki st lyesi i -erisinde a01,62030%,0506 vedS&KL) k uy ul
aléenanrkl &re aiglreonswd laMgCa BIQO-30, Ve MiE@aSO4
(%23.53) Mg-CaSO,-HCO; ve CaMg-SO»-HCO; (%17.65), CaVg-HCO:s-
SOy(%11.76) ve Cadg-NaHCO;-SO, ( %5. 88 ) 61 é sul ar fasi
g° r gktedir( ¢ i z edl6)g keban Metamorfik e r i Al t ki st l'yesi
sondaj kuyula € n d a n -04( 061 BBKKO1 ve P5GK-3 ) al énan su °rn
genel de Mg-€xHEG:-EY, (9664.55), MgCaSO;-HCO; (%18.18), CaVig-
SO;-HCO; (%9.09), CaNa-SO-HCO; (%9.09) ve MgCaHC O3 ( %Qulad 9) ' | €&
fasiyesi ndgl noelkdtuejdui r g ° rB ansde iydr alavi asgndaa kuyuk | e r i
sul ar éeénda -Mg-HCO¥RDbe CaMgesSO,EIE€0;" | €, %l1RaHy-i |1 e Ceé
HCGO;, Mg-Ca SO;-HCO;, Mg-CaHCO;-SO, ve MgCaHCO;' | € sul ar fasi

bul unmakitaeflldgeal éxlmané genelinde dar bir
Keban Metamorfikleri Alt Mermer; y e s iynede al an sondaj Kuyu:
(LSGK-02)su °rnekHEOsui easiCpesi nde yerlizal makt
sonu-|larénén dejerlendirmesinde -al é&kma :;

Met amor fi k) gesi Malady ekréasltn da suyluf at mi kt ar én
1327.27mg/lL) bat é kesi mi nde mo s t hirimlerdelene emanla di | er
(ortalan@:168.33mg/L) daha y¢ksek ol duju bunun neden
geni kK al anveranrkebmriMenb amo af i k || & ensdyér alan jigsli s t

seviyel erden kéalymekktl aachédkemaé adléaknéén genel i nde
kaynak sy undan al énan °rnekl ere anali zMgsonu- |
HCO;-SOs( %3 7. 5) su fasiyesiwbieMpCaiPOs-BGwenak s u
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Mg-CaHCO; ve son olarak %12.5 ile @dg-HCO; su fasiyeslerideg © z | enmi Kt i |
¢al exlman én de yt skuyw¢ kaynaj éZ0Oo isd @w666dila yer
Mg-Ca HCOs-SO; ve %33.33 ile MgCaSO-HCO; su fasiyesleriespite d i | i kKt i r
¢i zelB)ge

¢al ekxma al ané genedkhareenyaer ajatl afha mdedk & |
°rnekl eme d°nemi nde dertgen di ga@rnfa&mda,- ¢
°rneklerin tamaménénrl'smnolde ol duju yani
(Cat+Mg) > alkalielementler(Na+K)y er al d &J] & Yd °nre¢ lanyenkét eddii yra g
Ara |l e k 2018 d°nemi nde yapéel an °rnekl er
01,02,04,05,06,01GK6,04, P3GKO1 n@d | u sondaj Kkuyul ar é, Z
d°nemi ndE02BBOBEKOLGKGE,04P 3 GKO 1 snoondd alju kuiwyad ak e,
kayak suyu ve Eyl ¢l -020609 08l me anji n kheoyou Islaur &8 C
b°ligeeri sinde yani gé)<dzayaesi taskHHCORY k| e(rG

ol duju alan i-erisinde buobdobhMmage adani Day
k° Kkl es#tHHCOf) € O g ¢ - | ¢ asigtoldf Uk lagd mind@Clbk® @inlma k t
4.10).

Aral ék 2018 vel Marnde04I19é d®BEKO2,@1,08 r ne k|
01GK-04,06n 0 6s d ud a j Kurywobasllualnadraé (6Kar bonat ol ma
50 6 faelanolansular)y e r aBGE+0408,iP3KKk03n o 6 | uk usyounZirarj € ,
(Aral ék 2 @03®)P3KGEE2nNBOGK aun d a | k urny adkaymak suyuK 0 1
(Mart 2018)° r n e kil ceGaillalhda ( Kyonl arén hi-biri % 5
yer al marktiakdierd® nHeemde al &€ n & 6alahdaéKarbosat ©° r n e
sertlifji %5 @d dakt A 280F1a0) Hy éhgelmi nde al énan s
ve9no dallaun i -erisinde dajélmek dur Amaheé&der
2018veMartR19 °rnekl eme d°neminde su |kaaryémaak | a
g°r e -0B@E&KO4, 06ve BGK-02,03,04,096,01GK 3,04, 06, P3GKI1, LSGk
02no6sdrud aj kuyukeaKe]l, BQ200 440Ds wn akbésaddagar €
katyon Mg iken LSGK02, BGK-04, SGK01 ve LSGK02, BGK-04, 05, SGkO01
sondaj kuyu sul ar é&catd@l maskeHerli ési k éch® nkeartdyeo nd i
°rnekl|l eegmenllaorkéanda i se baskKémeksuykmygrauba
anal iz d°ne-01,0204,0506,01GR40E (Ar al é k ve BGK04,D2,
01GK-04,06 (Mart 2019)n o 6 somdaj kuyus u | a r & n dngon grabsSKeohup,
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BGK-03, PSGK_03, LSGK2, P3GK03, SGkO0 1 , 01GKO3 (Aral ék 20
03,06, LSGK02, 01GK03, P5GK03, SGK01, P3GK02,03(Mart 2019)n o 6sordaj
kuyu, KO2,KO4 nadd kaynak suyu MaA2089) wkzD gvarl B19)

analizlerinde sbagkéenDiaphgon?® HCOk|l eme | okas
anyongubu g°zIl enmemi%rtnak!| ebyel isd YendbkiEed el t &
sul ar ekatypagrdo@yoktut al ané i - eribas mnglom olayakda al € r |
HCOsgrubu i -erisiGedédh.ul unmakt ader

Piper di yagramdnrea i giUree bask ayxCk geyay on g ¢
Ca>Mg ve bnaisllenHC@vegyaHCO;>SO, h ©k olup bu durum su
°rneklerinin -alékma alanénda yeMemel an Ke
¢y el eveiBasHileMagmatiklerid e f ar k1 & d & mermdr/dolorite yer
kire-takeée/ kir®kelakge iveeld se@/vagpyogd itni-n  zaman |
deji kKim s¢oleaxn amles ubagjrdaegstelnidlagu iemi ne bajl é

g°stermektedir.
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A01GKO3
Vo1GKo4
€Po1GKos
WBGKo1
{BGK02
+3GK03
XBGK04
HBGKOS
HBGKO6
WLSGKO2
A P3GKOI
$-P3GK02
WP3GKO3
HP5GKO3
®sGKol
@Kol
S04 K02
DKo4
“+zp

Baskin tiir
yok

Baskin tiir
+ yok

o
)
I\
¢
20

7
7]
S0

»
Ca Na+K HCO3 Cl

50 50 50 v 50

Alan Sulari Ozellikleri
Bu bolgeye diisen sularda toprak alkaliler, alkalilerden fazla olup, bunlar
"karbonath ve siilfath sulardir.Ca'2 + Mg 2> Na' + K’

2 . Bu bolge sularnda alkaliler toprak alkalilerden faziadir. Ca’>+ Mg > <Na' + K’

w

. Bu bolge sularmda zayif asitler (CO3+HCO3) giiglii asitlerden (SO,+Cl) fazladir.
. Bu bolge sularinda giigli asitler zayif asitlerden (SO4+Cl) fazladir.

. Karbonat sertligi (ikincil alkalinite) % 50’den fazla olan sular.

6 . Karbonat olmayan sertligi % 50’den fazla olan sular.

7 . Karbonat olmayan alkalinitesi % 50’den fazla olan sular

8 . Karbonat alkalileri % 50’den fazla olan sular.

9 . Bolgede tyonlarmdan higbiri % 50’yi gegmeyen, karigik bilegimh sular

Ny

w

kelkidld¢al ékma al aneénedag s &srud falra&ma sPé p(eAréal ék
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A01GK03
Vo1GKo4
@oickos
MBGKol
OBGKM2
HBGK03
XBGKM
#BGKOS
WBGKO6
@®saGkol
XLSGKO2
AP3GKOL
4P3GK02
XP3GKO3
#PsGKO3
Kol
9K02
S04  Bko4
<+

a)

Ca Na+K HCO3 Cl

VoiGKo4
+iGKo3
#BGKO6
@sGKol
A P3GKOI
4P3GK02
XPIGK03
FPSGKO3
9Ko2
@Dxos
+zp

5
Ca Na+K HCO3 Cl

kekillKncel eme al anéedgRresskaeéhahPhapeéer 6a)
2019
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4.7.2. Schoellers @énéfl andér masé

Schoeller (1955) sul ar &n(Cak°Mg'&d N& eer i ni n
K*) ve katyon C@? HCOs;, SQ?ve Cl) i yonl aréné&aiobear aki mlae -«
l ogar it mik grafihler i'sea §toeéeri mek av e far kil
olukturduju profil, su °r nelkl egrlirned eekbii | bneer
imkan sajbame«ltleer di yagramé i1ingerahtdij isud
gerekse y¢gzey suyu kaynakl ar @énén benzer
(k e k4.1D) . Aral ék 2018 ©Yed®Makdnmer i nadlea n-éanléeék n
doj usundBie tkeearnf i k |} eyreis iyér dlen BKGKO2rnt o 6 sohda;
kuyu suyu ©°r,AekIMg7indel a3@ pik dejer ya
Metamorfikleri AltMermer; y e s yenalae LSGKOZ o 6sorbfajkuyusunda ise Cl

veK'i yonl aré minimum dejerleri almaktader.



a) e

1000 @

e¢oo:;rlo»*+0le<>

!

Konsantrasyon (meq/)

Konstasyon e
8

T v T T T 1 — - w5 i
oo 504 = [ ca Na 3 Hoos sS04 1 Mo Ca N
Parametre Parametre

<)

LS

Kansantasyon (neg)

Mg
Parametre

kelkidldAKncel eme al anéndaki sul arén Schoeller grafiji a) Araleéek 2018



58

4.7.3. ABD tuzluluk diyagr a mé

Bu diyagramda d¢key eksende SAR (késa
elektriksel iletkenlik ( b ul unur .- a$% &R 'naen égnPdraek i sul ar én
iy °czelli kteki sulama sul aré" séeneéefeéndad

diyag)panénda yerine konarak sularén uygunl uju

tuzl ul uk czell i kl eri Ve genel sodyum teft

yorumu y.apéelabilir

Genel twuzluluk °zellikleri

U Cl1 (K250 O&m' den az), az tuzlu sular; Her om k t a , tem bit
sul anmaséna uygundur .

U C2 (K2507500s/ amasé), orta tuzlu sular; O
topraklarda tuzluluk tehlikesi ol madan
U C3 (K75022500s/ amasé) , tuzlu sular; ,Aka-1I|a

sul amada kull anél maz.

U C4 (E22500s/'drean fazla), -ok tuzlu sular; C
i'yi olan topraklarda, zeminin yékanmasé
0 Genel sodyum tehlikesi ©°zellikleri

U0 S1 (az sodyuml u s klardarsogdyum keklikesi yaratmgdan t o p r
kull anélabilir.

0 S2 (orta sodyumlu sular); Ge-irgen veye
0 S3 (y¢ksek sodyumlu sul ar) ; Bir-ok topr
¢cok ivyi ge-irgen ve da&ka-ollanmau gkwsltlea real
s¢relerde yapélacak kimyasal tahliller/l
u S4 (-ok y¢ksek sodyumlu sul ar); Genel
Ancak, suyun toplam tuz mi kt aknéak d ¢ K ¢ Kk
Terkiye gi bi yar & kur ak sulgrakeae kulammak ol du

zorundadeéer

Ci1S1, C2S1 ve C3S1C4hSelr, tCG3rg2;, bsauzléea nfadal
kull an@4a@d, | C4AS3 sul aonadh; kadttan&l mlaua, az
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topraklardave ik i | er de kul l anél abilen su sénéef é,
Aka-l amasé -ok k°t¢ olan arazilerde sul am
g%zl enmesi gerekebilir.

¢al ékma sahaseéndaki ssau kaanyanla kzl ag @muwa- |aai
konul dsjudrmada@&n b¢gyeéek biQ3SKeé s nbéanzéén kGQu2yull av &
sengfiedd i il mkletkddk e K4k e KLY
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c1 250 c2 750 c3 2250 c4

A 016K03
V¥V o1Gkos
BGKO2

B scko1
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BGKO4
BGKO5
BGKOB

@ sckoi

X LsGkoz

k P3GKO1

b P3GK02

* P3GKO3
PSGKO3
01GK086

30 -

20 s4

Sodium (Alkali) hazard:
S1: Low

52: Medium

S53: High

S4: Very high

Salinity hazard:

L C1: Low

C2: Medium

C3: High

C4: Very high

Sodium Hazard (SAR)

10 —
S3

s2

S1

/
)/
7

0 T T T *14 T T \'. - . T
100 1000
Salinity Hazard (Cond)

kekdild Kncebhbkemaéndaki s 0 ABDxt) u Kluwlud lka(r &insab epki &
2018)
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c1 250 c2 750 C3 2250 C4

A 01GKo3
V¥ oicko4

BGK02
B sckot
o scKes

BGKO4

BGKO5
- BGKO6
@ sckoi
¥ LsGKo2

B P3GKO1
4 P3GK02
* P3GKO3
PSGKO3
01GKO6

20 s4

Sodium (Alkali) hazard:
S1: Low

S$2: Medium

83: High

S4: Very high

Salinity hazard:

T C1: Low
C2: Medium
C3: High
C4: Very high
—

Sodium Hazard (SAR)

83

+, :
0 ; . 4 “.—*, .

100 1000
Sallinity Hazard (Cond)

s2

81

L/

kekdild icel eme al aneéndak iABDstounzdlay | ukku(Martl yaar gérnaal
2019)
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c1 250 c2 750 c3 2250 Ca

Vo1icko4
30 wBGKO3
3:BGKO6
@ sckot
A\ P3GKO1
4-P3GK02
M P3GKO3
HP5GK03
$-Ko2
Bros
<+z0

Sodium (Alkali) hazard:
20/ S4  S1:Low

S2: Medium

S3: High

S4: Very high

Salinity hazard:

C1: Low

C2: Medium

C3: High

C4: Very high

Sodyum adsorpsiyon Orani (SAR)

S3

\
\

X +

S2

$1

/
I/

0 S . 4

100 ' 1000
Ozgil Elektriksel Yetkenlik, Mikromho/cm

kekdil3 n&el eme al anéndaki sondaj kulgwl alr €éna
2019).
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4.8. HidrojeokimyasalDg er | endi r me

48.1. Silkatmi neralinin -°z¢;nmesi ve iyon dejiKi

Yeralté suyu ve yagzeyYzgsomygk kayoakhbhaear

kaynajéné karbonat, silikat ve evapori-t

kaynak!| &Mg'h8@°v€EHWCQ i yon derikimleri sadece
minerallerin -°z¢:nmeasy naaamdlaapgna kNegvem@a ko as :
Chi yon derikimleri malairak - Y2in me @ige sh @jr i

Mg®"):(HCOs + SQ?) veyaNa'/Cl i yonlmagllécn nsi nden dejer | i
yakl akeéek ol ar ak 1' e e K i tdurumundagdnelligle su 1 ' d en
kaynakl aréndasiNai kgbnavdeekmam{veya iyon de
1 den k¢-¢k ol masé durumunda ise ters iyo
kaynakl andeéej é( Dhi°ksltier me k tGegchupds zve TylerQ@®@D ;
Meybeckve ark.,1987) Sukyy na k|l ar énda 1 Yy &m®kl) d ebjaiskkiénm so¢l rne
durumunda su °rnekl eri ne(HCGOs+SOdfigoatl ez i wiomu -
mi ktaréneén f azl@a*MyhaCONAIONF) dor afyikpbr n d e
sajJa kayma ej idiijmarn dyea nod aanc dteeerseseoniexcliange)d e j i K
i K| emd2)b(aEskk én ol ma s &CatrMg?yve HEG & SO s (Bisher

ve Mullican 1ll, 1997)gr af ina kntdael ar sol a Sdojkrawnkayac &
buharl akma vel/lveywhemahsagtaxmarin baskén o
mi ner al terenegn -°kloedngi kabmakyabdar ak e
dol dayN@'/CI. EK grafijinde aroaaksilEKndk]erine
dejleeyat ay bir dokeki btdtekburadak DIi kimj g° 204
Jankowski ve Acworth, 199 Rajmohan ve Elango, 2006)

2N&"- EX + Ca(Mg)2 2N& + C&*(Mg®)-EX (4.1)

2Na + Ca(Mg)- EX2 2Na' - EX + C&'(Mg*) (4.2)
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¢al e kma galnaend | nydeer ayletré asluayru ve y¢ézey su
farkl & °rnekl %henot @n &Kebenavket@moNilderi st ki st ! vye

czerinde yer al an sondaj Kuyu sul aréenda
Metamorfikleri-A 1l t | kyiesti hkadegk i sul arénda 1.01 ile 4.3
Magmatikleri'nde 1.95 ile 12.08 (ortalama:5.28) Keban MetamorfiklerAlt Mermer

lyesise 0.1 ile 1.2 (ortalama O0.73) aras
beraber N84CI' mo| ar orané kaynak sul ar énZzdbe® 1d.e32
ise 2.18 ile 3.34 (ortama: 2. 84) arasenda

sularéenéen % 9ZD®6adysdée, s klaggméeke W0dt)a maanléi t -
dojrusununl dNa/ ClL. Oodan al;mgkd vewd za@&ljtdes uy ar
kaynakl adendai myohn deejriskiiny osng rdeecjiiagal emi gi
s¢re-1lerion gl ilsit @ r mi & kAN Bunufla bex b e r °czel l il
LSGKO 2 numar ayusn d@ahz | Ama |l &k 2018r nveek | Eymle ¢ |
d°nemlerinde Nal @aséorhanémne jseickllokjaitk asyirsétkemms
veya iyon dejikKimesgtwméiagdau shaymankil @i r di
g°srtmekt edir. itNa/CREKdhgkhbgam@ménmda d@meliPl ¢ d
4.16b) Bas kil Magmat i kilnerkiinnmyea sereal taogbnux wymwn
deji kim s¢gfaeil mi nb addelbmnunia Iberb e u dijer °©rne
| okasyonl ar eénda -terleme Emapotnanspiraskioa)r herre ryan

dej i Ki mi m bsi¢rlie-klteer isnoirnuml u ol dujunu g°ster
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a
) 9.00x s -
pKM_US Uyesi_Sondaj Kuyulart
3,004 aBM_Sondaj Kuyulart
. #KM_AS Uyesi_Sondaj Kuyular ]
= +KM_AM_Uyesi_Sondaj Kuyulari 8
s 7.004 xKaynak 5
g eZcryan Deresi %" m
E  6.004 O (| = &
‘= o b QE
Z. - = g5
5.004 2 Z 5
R E 2
E]lZ3
4.0 5 | 25
=
3.00 u® -]
o [ ] |
20{ A . ,
Ters Iyon Degigimi (reverse ion exchange)
1.004
0.004 v T T T T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Cl (mmol/L))
b)
14.00: —
pKM_US_Uyesi_Sondaj Kuyular:
ABM_Sondaj Kuyular
1204 «KM_AS_Uycsi_Sondaj Kuyulari &
+KM_AM_Uyesi_Sondaj Kuyulart
x Kaynak
10.004 . .
e Zeryan Deresi
—  8.004
&
z A
6.00+ A ﬁ
A @
|
4.004 *
a
* .A X - E ” m
®
2,004 (] ’.Ko >".“ ®
® ®
. * X S, m
0,00 i v v T
0 200 400 600 800 1000 1200 1400 1600
EC (uS/cm)
. + — . . .
kelkidldSu kaynafNa-rCeve é) Na/CIE Igrafikleri.
kekdiltiodegUee¢l degj ¢ gi bi -al ékma al ané ge

(C&+Mg?)-(HCOs + SQ%) dej i ki nP rgnreakfliefriendaei t Lhokt al e
-izgisin alkttéanddea . yeBru alumaam geyekalyt¢ezegyuy
kaynak ar eénda i yon W%®rg«i gmersglriecdendear kl & f o
al an kar bonat (kal sit vV e dol omi t) vV e S ¢

-%z¢é¢nmesinin yaney as ésrial iikyaotn ndierferkalm evr i ni n
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baskén ol dujurifDi g9 sMcleegh@edi®t2e00)Benzer sueki | de
kaynak!|l ar @éna ai tmea/hcnsiriden (G-Mgi’) -( HCOB+NSE, a i t
%)) ile (Na'-CI) der iana® md & k i Pl kki oyl g°steren gr a

deji ki mia veillikay ayreumaki siyagéel erzienriinn d e

dejerl endanmeé da k tkaud &l r . Buasiénidiaglikr aime tgrees t
doj runu-b.Oveyp-L ml e yaké&ndwrumunda silikat min
veya i1yon deji kkianyna kil e+ é@arinnbhnl é¢skw jme o k i knoyn:
s¢recinde °nemli bg °rs t yeeliarl £xlyeaginded Kedare] u n u

Metamorfik e r i I st ve Al tallkinstsogayal erkiunydue syd ra

ejim delj5ses57ed4ri0868 ol upl ke jdckeji exrel eup Wiu k - a y
durum bu cyel erde sywlrara@&lne@m sharikdeadjjl @ kKU emy a
katyon dejikim s¢recinddekt daskdn] bnu kelki
(k e k4i18). Bununla beraber Baskil Magmatiklerinde yer alan sondaj kuyu ve kaynak

sul arignadoj rul ar@n5@%1 mvaele] e3l3 Exinb b ¢cdye;jke relr
durum sondak uyu ve kaynak suyu kalitesini k ol
deji ki mine dayandéjéné hem de silikat vV e
hidrojeoki myaé&aMg? S@Ff e-HC&riiynom@aar &der i ki ml e
dej i k®Pmiemd & drédglé amaynnd a mé (Fisher geecMuliicarklit, B987) r

100.06

pKM_U$ Uyesi Kuyulart

90.01 ABM Sondaj Kuyulari

#KM_AS Uyesi_Sondaj Kuyular
L +KM_AM Uyesi_Sondaj Kuyulart

70.00 =Kaynak d=1:1

®Zcryan Deresi

60.0

50.0

Ca’+Mg’ (meq/L)

40.0

30.0

20.0¢

10.0¢

0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

HCO,+S0,” (meqg/L)

kekilZ1Su kaynakCda+MgN-&HC@i+ Q) gr a.f i i
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pKM_US_Uyesi_Kuyulan
15.004 ABM Sondaj Kuyulan

#KM AS Uyesi Sondaj Kuyulart
10.00+4

— xKaynak

=)

53 (BM_Sondaj Kuyular)—0.5051x-2,8884

K 5.00 - ’ _

= R2—0.3919 —
‘g ~\ - .

7 semet

8—6 DO -4.00 - 6.00 8.00 10000
=4 R > a0 )
= —mtt T e T SN L Tt ea O y(KM_Alt Sist Uyesi_Sondaj Kuyulan)—
20 - Sees -1.0868x-2.6207
2 —— W=~~a.
s - 10.00 R?—(1.0487

5 -10.004

y(KM_Ust Sist Uyesi_Sondaj Kuyulart)—-1.5771x-4.164p
o =

R =0.2641
[m]

Na'- Cl(megq/L)

ke ildSu k ay naitkCdad+MgN-6HCO;+ SQ?))-(Na"-Cl) gr.af i | i

4.8.2. Karbonatmi ner al inin su kimyaséna katkel ar e

Yeralté suyu ve y¢gzey suyu kaynakl ar én
suyu vel veya kar suyunun ki myasakhrstbi | ek |
drenaj yapélarénén gelikme durumu gi bi do]j
t ar af & n dedimekkeding Or el i |, 2018; F o Bidghve ark., Wi | | i a
1999) ¥z el | i-kkdyeat & I(eyreirm | t & suyu i | eallek ay a -
ar as eégnedra-keik | exene ki myakalynakbhksegwénl &i mya
et ki lgleitekkjyeya -ok katmanl é bir akifer sist
k°kenini belirl emede faydal e ol miaokat adér
mi nerallerinin (kalsit ve doveynaty;,agy eésgan
sisteminde CZ ve Mg?i yon | cae @ininmi rhde camrdamlkia neden
Kar bonat mi ner al Hdueumunda sikalitésmikén&oh eden Iskaya s €
araseéenda kjyasal edksiyork ed3, B4&v e Z&b5ile ifade edilebilir
(Appelo ve Postma, 2005)
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Kal sit -°9z¢nmesi

CaCQ+ H,COz2 Ca*+ 2HCOy (4.3)
Dol omit -°9z¢inmes.i

CaMgCOs+ H,CO32  Cat'+(I-x)Mg?*+ 2HCOy (4.4)
Kal sit ve dolomitin birlikte -°z¢nmesi
CaCQ + CaMg(CQ),+3CO,+3H,02 2C& +Mg?*+ BHCOy (4.5)

E k43, 4Hikv.e 4B&de belirtilen reaksiyonlarag® r e kal si t ve C
-%zéinmesi sonucsom@ac mmdiakbdawigllmc;a+%\én—|@($',é
Mg*?ve HCQ, (Cad*+ Mg) ve HCQ'i yon| a+ &k ma letffkeadyea -. eStuk i | ek
s¢recinde karbonatl arén ayrékmasé Kkarboni
yeral kaypallbar e Cd'aeHCQtI yomi ar édéhedleei ki snac
kal sinmesiznden k ayCaadHAOA) n éeykodres] ae ikensawlomin € 1 : 2
- O zZmers | dur umund a(Subramarove ark,2010) Benn z @ r Kekil de
kaynak| &rMgiideadlC@Gayon derikimleri¢smesicredarn
kaynakl anéyorsa, t¢m su (CEr+nvigRIHE®Gom@anainta  a
ait 1:1 ve sadece kalsit ve dolorhiti r | i kt e ise &nalizsnonméuk- sl daorjér u2s: ul
czerinde y e(r Kaa lden &ark.t 281dl,eZavadlav ve ark., 2013. Su
kaynakl arénda sadece kaibesNigfiCa?6zgmeneB.i 1 'meen
buna karkél ék kalsit ve dol omi*Cdho reakn &z a m:
y akl akvwedoloitin3 3z ¢ n me s | durumuedexki sMayb ma &t ar
ve Loucks, 1995Szramekve ark.,2011) Ay r ®ig%Ca?or ané 0 ol masé dvu
isesudss af kal sit e-dez pnmagiu dendngaména gel mekt e

tal €k ma al ane g eyneerl a Intdée a ysyueykul &wlb@annd a n
Metamorfikeri -} s t ki st ndegediul gnemni s o nMg&j+ C&uyu su
der i Ki-46.26 nEnolk fortalama:15.35 mmol/LAl t ki st | yesi czer
kuyu sul ®6EmwbA Oortalamdab4 24 mmol / L) Al t Mer mer
1.98 mmol/L (ortalama: 186 mmol/L ) ve Baskagmatikleri'nde ise 1.624.36
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mmol/L (ortalama 2.96 mmol/Ly ar as éndg®° giteg¢ n me knt evel ZDr . Kay
sul ar &Mydacafder i k i-4ii7 mraol/L6(@talama:3.31 mmol/L) ve 347

465 mmol/lL (orteh ma : 4. 1 0 mmo | /nektedinkr eakdi&h dghardeéel Jdi ¢Kj ¢
gi bi -dade& mgenel i kdhg npé&barmélafa sde 1:1 do
araseéenda vy e rKebanlMetarorfikeri-) ssltu pv e Al t ve IBaskilt cyel
Magmat i k|l er i un¢sandaj kuyud&E Ddbmé unsul arén anal i z
-oju 1:1 dojrusu ¢zerinde veya alténda vy
(kaynak ve KebaMetamorfikeri-Al t Mer mer | yesi ) ait sul ar
yer al makt ad e rve KebanMetamorfiddri-&A | k a WMea kmer | yesi
yer alan sondak uy ul ar & n dbaanz €t oypelraanlatné suyu ©°rnekl e
-%z¢nme dojrusu (1:2 dojrusu) czerinde Ve
Keban Metamorfikeri-Alt Mermer | y e s iyaer cllan mermer birimlerinde dolomit
ve/veya kal ssit gi bi kaya-1larén -°z¢nmesi
(Mg™”+Cd%2HCO') et kilendijini g¢-1¢ bir kekild

2.1 dojrusundan 1:1 doj rmwesunak ad djornuat b€ ar

-%z¢énmesi mekani zmasé sadece karboni k asif
asitten de etkedendi(jDirmil i g°2s0gleSd)ane tearl éaIma
kaynakl aréenda i yon deri ki e dejaennl| ehravnzian i

kar bonat mi neral inin onz ¢ rbérlll qujj ¢un gkifgre oyl aojj @
Czel li7Ji gPsterenkbeti gPesteakmearkigeéelbée yamr
kontrol edilebilecejini g°stermektedir.

¢ al & Kk magenalihde nyer alany er al t & a ysnuaykul &eb&nn d a n
Metamorfikeri-} st ki st | yesi iczerinde ‘Aaafarnaimé son
0.71-3.26 (ortalama:1.97A | t |kyi essti0OR81 82 (ortalama:1.29), Alt Mermer
l'yesi.oedbdd (drtalama: 0.)0ve Baskil Magmatiklerinde 0.4098 (rtalama:
067)ar askEajdiak me kBlerminml a ber abMgf/Caynak Oullar
1.08 prtalama: M®3) ve Zeryan Dere suyunda ise 268 8 6 (ortal ama: 1. 5
deji kKim g°sterdi kmahabkapéE a glanesekl acymdaedd sale & ¢
(yeralté suyMgCa#&'gyateyi sdeup(EeePhKebad ] ¢ gi
Metamorfikeri-A | t Mer mer L yesinde yer al an K uy
- %z ¢ssmdee t ki |, Baskil Magmatikleri'nde yer alap e r a | nug kalsituvg u

dol omi t kar ékéméendan etkilendif7Ji yani k a
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| okasyonl ar enda yer al an sul ar én
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4.8.3. Toplam sertlik

Su kaynmndagk | et | i kK parametresi, i - me, e
sul ar én uygunl uju i -in su kalitesinin de
Genelli kle 80 ile 100 mg/ lLsoamasaé&ndakimes s
kabul edi legbicliilrervea argkéendan tolere edil

(Memon ve ark., 2011, Sappa ve ark., 2014)Suyun toplam segtli]i
olarak ifade edilen CAve Mg? ser t | i Jinin t4bpkualméeadnéérl av a
hesapl anRaghknathl@8a)r

Y'Y 00 W "0 0 0VQ aQ o T
¢tal ékma al ané genelinde toplam sertlik

(kuyu ve kaynak) 28.72810.64mg/lL aménda ve y¢izey ZDh)yu kay
3466046 4. 52 mg/ L araseénda deji kKim g°®ster me

standardéna g°re i-me suyu i-in izin veri/l
[ i mi t ise 100 mg/ L6 dir neklSinde BGKO2, BKGY5u | ar € r
BKGO6 _ 2 ve 3, BGKO1, 01GKO4_1 ve 3, SGKO01
°l -¢mlerde toplam sertlik dejeri WHO (201
dejerin ¢stegnde yer al érken di ] egmakvel - ¢m |
ZD) i se standart dejerin i-erisinde yer al

Sawyer ve McCarthy (1967), suyu topl ar
sénéfa ayardi@iticzredl@eg®r e sondaj gerelikkeu sul :
"Yumukak" ve "Cok sert" séneéef aral éjeénda,
ZDi se "¢ok sert" séneféenda yer al maktadér.

kekdi2lo de verilen g@grakiékhdakM il ekKIiSyi C
genel |l i kl e su K&y n(arkd /ak)éend a i KTKiMs i ne bajl
énéfl andérmasée(Brimdkal vVanat knakt 20E6; Di K

kek2lb edg®°r ¢l degj ¢ gi bi, kay-hatk| sus a'r éole
sénéflandeéeréel érken, geri yleat k@l asnu " %6%H& roerf'

al makZ®d e ayiet su °rnekleri-manl & asmameée sé&mék
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al maktadeéer . LEGK@?R Ko® uduwnds Eyl ¢l 2019
LSGKO0O2 3 noodo | u ©°Trantelkd esme" "sv&umeufkéarkda yer a

si"SertTatl & su" sénéefenrde, sw22ve2geri Yeéokasa

sertTatl & su" su sé@aefénda yer al makt
¢i zetllgxeul arén sertli k derecesine g°re séneée
Igggg;g;tl_")k Su s Sondaj Kuyusu Kaynak Yezey

<75 Yumuk LSGKO02_3 - -

75-150 Orta sert - - -

P3GKO03_1 ve 3, P3GK01, P5GK03_3, LSGKO02,

150-300 Set ve 3, BGK03_1

KO04_1 ve 3,K01_3 -

P3GKO03_2, BGK02, BGK05, BGKO01, 01GKO03,
>300 ¢ok ¢ 01GKO04, P5GK03_1 ve 2,01GKO06,
SGKO01,BGK04, BGK03_2 ve 3

K02, KO4_2, K01_1
ve 2

10000 g T
i 2 s &
L Yumusak-Aci Su E & > z % '
1 E '% B3 E 3: ”
1000 § ==
: o1
. 'y
L . ‘
S 100 3 3
% i Yumusgak-Tath Su —'T E &
= - 5.2 %3
] Bt o=
10 o a
3 £
] =}
" @ Sondaj Kuyusu
: A Kaynak
B Zcryan Deresi
1 ————r—rrrry ———rrrrT - —r—rrrry —rrr
1.00 10.00 100.00 1000.00 10000.00
TS (mg/L)

kekRl¢al ekxkma al anénda yefTSabaafkhynakl ar a
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484.Doygunl uk indisi dejerl endirmel eri
Doygunluk indeksi (DK), hidrokimyasal
i -in kullanékl é& olup veviyeesilnie mammiral e

SuUyu ve y¢égzey suyu kimyaséené kont Bund eden
g°re -°%zeltinin bir mi nerale g°re denge
dayamr ak 3 keki | deDl<(0aboggom omayadk=t0aDadygunDl >
0: AK é r(Stunminovey Morgan, 2012)

Kncel eme alané genelinde yer alan yer
,  -H25|-0020r2.98 vev e ar ¢
0021. 10 ar aseéndalL SI@KO X_nPe k° le- ¢onh udbe ] er i hari -
dan b¢yéek oldupPuzbelBgapBammédktaermetr aber kay

sondaj kuyul arénda kal sit

benzer bir deji Kim s¢reci g°zl enmekte ol L
Ssér as e-$3920828%\w& 0271 . 24 arasénda deji Kim g°©:¢
suyu kaynakl aréeénda ise kalsit, dol omit ve
145,1768301ve 06l . 3 arasénda dejikmektedir. Sul ¢
atmosferden gelen yajJékén s¢zeél mesi ve di
kayywer alté suyu etkilekimine, temas s¢res
ol ar ak ol uktuju bilinmektedir. Su kaynak

dej erml eOr ionimasé su kaynakl areéenén bu minera
Met amor fi kl eri Mer mer l'yesinin ger ek d¢ K

y¢ksek ol maséndan dol ayé karbonat mi ner a

ki myasal bli ¢ mkk mohabielt&ce] i ni g°saleemmat e
genelindeki su kaynakl arénda jips ve anhi
olup@Ci zedlllye sondaj -247uP.Yile-28n-5.6 ar asénda de
gestermektedir. Bu durum t¢gm su kaynakl a
boyuncaK e b a n Met amor fi kl eri Ki st lyesi i -er
-%kel luggrgiuniamabi | ir bir Kekil de - %2 eamiél ec«
genelinde yer alan su kaynakl areée kalsit,

jips ve anhidrit minerall eri bakéméndan i

g°r ¢ mekketkdizip). k e kdi220 de de g°°r ¢l dej ¢ gi bi D
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dojrusal bir ili kkinin olmadejeée g°r ¢l mekt
Met amor fiklerikiMer mpyesdiyeb-iatvied ke ry aap &l &réean
veyanal y°nde heterojen bir ©°zellik g°ster
araséndaki t emas s¢resinion Ve b u biri ml

deji kkenli k g°sterdiji anlaména gel mektedi



¢i zelllgkenc el eme al anéndan al énan su °rneklerindeki mi ner al
DI DI
¥rneklenm ¥rnekl| eme Kalsit Dolomit Aragonit Jips Anhitrit ¥rnekl e: ¥r nekl enKalsit Dolomit Aragonit Jips Anbhitrit
Lokasyonu Lokasyonu
P3GK03_1 111 217 096 -179 -2.04 01GKO06_1 1.06 2.22 0.90 -1.60 -1.85
P3GK03_2 050 094 035 -175 -2.01 01GKO06_2 0.36 0.94 0.21 -1.78 -2.02
P3GK03_3 052  1.08 037 -200 -2.23 01GKO06_3 - - - -2.47 2,71
BGK02 1 1.03 246 0.88 -0.66 -0.91 SGKO1_1 1.19 2.66 1.04 -0.98 -1.22
BGK02_3 - - - -1.06  -1.29 SGKO01_2 0.39 1.31 0.24 -1.02 -1.27
BGKO5_1 110 251 095 -023 -0.48 SGKO01_3 0.39 1.34 0.24 -1.08 -1.32
BGKO5_2 071 168 056 -0.19 -0.43 LSGK02_1 1.00 1.10 0.84 -2.29 -2.54
BGK05_3 - - - 029 -0.52 Kuyu LSGK02_2 0.49 -0.21 0.34 -2.30 -2.55
BGK06_1 1.01 194 086 -1.28 -153 LSGK02_3 - - - -1.77 -2.02
BGK06_2 058  1.12 043 -0.80 -1.05 BGK04_1 1.03 1.99 0.88 -0.91 -1.16
BGK06_3 1.03 203 089 -0.72 -0.96 BGK04_2 0.34 0.88 0.19 -0.78 -1.02
BGKO1-1 123 293 1.08 -0.05 -0.29 BGK04_3 - - - -0.46 -0.71
BGKO01-2 017  0.89 002 -0.06 -0.30 BGK03_1 1.03 1.88 0.88 -1.60 -1.85
Kuyu BGKO01-3 - - - -0.05 -0.29 BGK03_2 0.32 0.65 0.17 -1.31 -1.56
P3GK02_1 104 212 089 -137 -1.62 BGK03_3 0.46 0.97 0.31 -1.24 -1.48
P3GK02_2 026  0.60 011 -127 -152 K02_1 1.35 2.67 1.20 -1.30 -1.56
P3GK02_3 027 064 013 -131 -155 K02_2 0.76 1.49 0.61 -1.50 -1.75
01GK03_1 117 213 1.02 -1.16 -1.41 K02_3 1.39 2.88 1.24 -1.44 -1.68
01GK03_2 117 213 1.02  -1.16 -1.41 Ko4_1 1.08 2.16 0.92 -2.22 -2.47
P3GKO1_1 098 156 082 -148 -1.73 Kaynak K04 2 0.42 0.82 0.27 -2.06 -2.31
P3GKO1_2 050  0.67 035 -154 -1.79 Ko4_3 0.59 1.17 0.44 -2.16 -2.40
P3GKO1_3 072  1.08 057 -179 -2.03 KO1_1 1.19 2.27 1.04 -1.58 -1.83
01GK04_1 125 251 110 -0.97 -1.22 KO1_2 0.55 0.97 0.40 -1.72 -1.97
01GK04_2 046  1.05 031 -146 -1.70 KO1_3 - - - -1.74 -1.98
01GK04_3 068 151 054 -131 -155 _ ZD 1 1.45 3.01 1.30 -1.30 -1.56
P5GKO03_1 037 088 022 225 -250 (z\é&aﬁ ge};ei) : ZD 2 0.75 1.70 0.60 -1.60 -1.85
P5GK03_2 030 088 015 -154 -1.79 ZD 3 1.14 2.51 0.99 -1.43 -1.65
P5GK03_3 049 111 034 -180 -2.04

doygunl
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yoluyla bir bakka el emente d°n¢gke¢grken duray

izotopl ardér . Duetgbei Kk zpt ope Dlidrelke mni tmel enc
-evrede beslenim sularé karakteristik izotop
i -in doj al bir i fdlakye Fatz, 1997) abakaykéevzgPoplkar
arat ér mal arda en -ok kul'eefHE)l,a nk aarrb, o ffCivezr ootj cepnl
¥c)y, oksijéavePfQotwel aaglef*crve* sy dtdepl aRadyoakti
ise U, b ve o partike¢ll eri namacwktaggremaElinmeryd aea o
j eot er mal akékkaneén yakeéneéen, dol akem s¢resi

i zotoplar arasénda, |jeot er mil (Trityum), & M4 1 ar da

2Rnodur .

49.1. 180Di | i k ki si

Oksi jen (G180Mn ve2H)i dreyeasel vewayd opl ar

hidrolojik sistemlerdey er al t € sul arénén (kaynakl ar, akif
gl |l er, rezer vowa rgleadyeckrvael @ @NI sekt 1 keern) i ile 111K
yer al tiphe suwar et edecek veriler sajl amak, (i
karékémlaréné saptamak, (111 ) suysuan |agengank h é z

(iv) e ge-ikK s¢r el e(Clark ve Fatz, 297D & k Gkl vyieg-zi, n  2k0u2l Ol
Ayné zamanl8&0yksej ef t¥y ydmr dYDI=é i zotopl ar é,
i -erisindekiortmakénrr face ksmrel vV e ki myasal k o
deji kmesinden dol ayeé, s uyun genhekitediflarY eorratlatme h
suyy Jj eotermal akeéxkkan, keatyaml g ed¢ edvieimma aé |l gn
analizleri,™M”H ve dijer oksij¥d iizzoottooppu naurné naro joar daankl i
-0k ke¢-¢ck ol'fod®®eonambeai §pmene h éQlaskive Faitt, ma k t a
1997) Standarda g°re suyu karakterize eden ne:
aj éer i zot op a-éséndan fakir ol dujunu) , poz
zenginlekmeyinfanéeengohopl dugspu) g°ster mek
izotopl ar, verilen elementin iki en bol i zo
hidrojenin izof®dDi v HH | ekiamllariénén farkl él

belirtiimektedir.
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De¢nya ¢zerindeki farkl é& b°l gelerindeki ge°
sul ar da g e rolareikotogakntail riizll neirk sonucunda meteor.i
izotopi k ilikkiye dayaead®ke rmeddeiactenkeii ilBw | ar é
tanémlanan k¢resel met eor i Kk s u dojrusu (gl
kon u | my®arkule61l)

¢

D = 8 x U180 + 10 4.7)

EW.7d&ki " 100 dejer.i D¢nya Meteori k Dojrusu
AD°t eryum Fazlaséo olarak tanémlanér ve yajeé€
mi ktar @&nén bCraig, IP61sMeetregoersiikdOsruled re@ n6eli i 4,0 Uil e
dejerl eri -4i0sDe &+ 1a0r aisleenda deji kim g%®tee mabt e
i -eriklertalyedrhd ekhkava sécakl é&] éna bajl e ol a
sécakl ékl arda i1 zotop ayrémlakmaseé i9y¢ ryeeckis e(ka
sécakl| éloradarddhakeilne gi n ol duju i1-in (ayrémlaxkm
izotop/ hafif izot &gt @ar anll @&r &€ nar tvma kyt¢akdséerk),
h a

Ye¢ksekl] ik, yer el Ikl im dejikiklikIleri ve ni

reket eden su buhar é ns me daljalk e | iirzga tnd pelkanrecke

Meteorik SuDoj rushhindan daha farkl é ejime ve kesi
Dojr ILMWE ) o (Rozarshi,i1992)Ay né z a'fdam daDilidejer | er |

ve deniz seviyesinden olan y¢kseltisine baj
artté®-ae UD dej] er (Dansgaardd 1964Demkrt 200R)Bru har | a k ma

s¢recinde buhar 'Hae?%) zéngiflei ifr ki ezmo t oepM & rfcdz (af ér
ve®0) zengi nlSeik haktae &dinre.n yojunl akmasé Dle ol
ve®®O0 gi bi ajer izotoplarca zengin ol mafot ader .

ayrekmase da devamaetgmekt ekavensdmuthar f azce

zenginlekmekte ve dolayéséeyla havadaki buhai
ettik-e ajér izotop i-erifQiddlakeimemidme sathiar
(Schwartz, 1990)Doj u Akdédmvzasénda U180 ve uUD arasén
eki tlifji i | e(lLacdllg208l) edi | mekt edi r

Kncel eme alané gened® wvaieD kagjnarkl egsil akréal
d°nemi8RUike -8.28 ve-60.77 ile-58 . 48 ar aséndéaen Matj20®i m g?©°
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d°nemi nAO6 ilei882ve-579ile-54. 71 arasénda dejiizeilngeg? :
4.12) . Sondaj k u-30169 ile-d.36va-7@.94dlex53( A e al &)k &r0ets é n d a
11.87 ile-7.56ve -83.25lle-51 . 4 ( Mar t 2019) araséenda deji.l
tavaséndan al énand®ywel Bkd e jribRle8dir L 6dé At sk ek 2
Mar t 2019 d9.8kemiobnsd.e3 6i soel ar &k ceél emé mgkapenda
suyu kaynajeée Zd isd#fdiveda Dodaperl eri Aralék 20
d°neml SR28-nr58.64 ve-9.24-6 0. 12 ol ar aki 2 &41% denglliikle ¢ r (
yezey suyu kayralled ayemgsara)r ( Aral ek 2 @¥08ve d° ne mi
UbDdej erl er2nlion dWamretemi ne g°r e dah a¢ azleémdnieam € o1 d
sularénén izotd® wediipags@amé&né ayeéerliectirild
ol ar ak D¢nya Met(ebbMSIX) Siul eDoDojuuss uAkdeni z Me t
(DAMSD)ar asénda kal deéekeedird & 2 Kehkre kkiz9eBl idiyagréna
g°re inceleme alanéeénda yer alan sul 20i8 genel
Mart 2019 ve Haziran 2018 ° neml er i ndey ey ap évieea nsy ywhyzaezyé s uy u e
°rnekleridam $HMBSMDa g°ster mesi kar mas@r eheén
a-éeéklanabilir.

¢tal ékma dlaanaseca Adal ék 2018 °©°r meéak88eme d°
16. 63, kayrB8X 1s 2B aragmmdae ndrken 2§ ilde & g%®s tyearfimi
suyunda i se 2.8 ¢dlzeetll@kdam 2019 e | #lami k ainr 2019 ©°
d°neml erkiunydue siud esl6. Eved.38. . 8 4, kaynakl488wek ar énd
96915. 08 arasénda deji kKim g9%satzeZrindecB® @dri r . Bu
2019)y a ] muundagse §.93Mart 2019ve 1. 33 (Haziran 2019) ol
Yajéek ve yeralte-fauywarsékaeh)aekll af@amdakdé] ar v e
havza ile ilikkild@ "buhdralzd mm&H{ " nyaasigumunti pn ez ii

kat €l maséenmakt.adgnakl an



80

Ci zellmgkez ot op anal i zi yapélan °rnekler ve
¥rnek ¥rnek Ara.18 Mar.19 Haz.19
Lokasyonu — Kodu 518 p  poter 018 D  Dotyum Trityum O-18 D Doter
Fazl Fazl Fazl ¢
Kuyu P3GKO3 -9 -58.48 1352  -901 -57.96 1412 575 -858 -57.11 1153
BGKO2  -8.66 -57.67 1161  -8.86 -5887 1201 562 -898  -58.7 13.14
BGKO5  -8.63 -53.41 1563  -852 -5532 1284 641 -874  -553 14.62
BGKO6  -8.38 -5561 1143  -9.77 -6215 1601  7.07  -9.93 -62.63 1681
BGKOl  -9.96 -69.73  9.95 99 -6932 9588 1.09 -10.02 -6852  11.64
P3GKO2 9.1  -60.96 11.84  -895 -60.18 1142 639  -9.11  -60.28 12.6
01GK03  -9.04 -6321  9.11 -8.69 -62.18 7.34 524  -97  -66.85  10.75
P3GKO1 -848 -56.97 10.87  -849 -5743 1049 566  -867 -56.27  13.09
01GK04 -881 -61.05 943 791 529  10.38 8.6 -7.66  -52.23 9.05
P5GKO3 8.6  -60.41  8.39 -8.93 -5886 1258 725 923 -60.05  13.79
01GKO6  -7.36  -53 5.88 756 -51.4  9.08 6.08  -7.34  -50.44 8.28
SGKO1  -9.85 -69.56  9.24 -9.96 -69.77 9.91 0.65 -10.27 -71.84  10.32
LSGKO2  -851  -59.3 8.78 -8.27 -5439 1177 834  -885 -56.32  14.48
BGKO4  -10.69 -74.94 1058  -11.87 -8325 11.71 35 1229 -8531  13.01
BGKO3  -91  -50.84 1296  -10.62 -71.78 1318 439 -11.68 -79.04 14.4
Kavnak K02 -8.65  -60.27  8.93 839 5471 1241 806 87  -58.05 1155
K04 -891 -50.99 1129  -906 -57.9 1458 576  -817  -55.67 9.69
K01 -861 -5848 104 -8.32  -56.03  10.53 7.4 -8.73 5476 1508
Zeryan ZD -8.28 -55.64  10.6 -9.24 -60.12 138 52 - - -
Deresi
Yaj mu YT -462  -34.16 2.8 98 6536 1304 893 092  -6.03 1.33

Tava!

anal
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y=8v+122
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-100 ¢

k e K423 Su®rneklerininl80GD di y a g r a koaumd @l&ziran 2019)
49.2. 3H (Trityum)i - er i J i

Yaré ©°mr¢ 12.32 yel olan ve beta bozunm
(tritium unit) ile ifade edilir. 1 TU, 1018 hidrojen atomundan birisifith ol duj unu i f
et mektedir. At mosferi k nemdek:i tei bupvemer adao
kaynajé vardér. Dojal trityum izotopu at mosf
n°tronN air2amt opuna GwrHp ar aaky réérktt ér masé i le ol

atmosferin ¢st tabakal ar érnodnalkair éanz oett kda tl emimeers

ol arak oluktuju gibi, termon¢kleer denemel er
¥zellikle 1950 I yell arda baxkxlayan ve
yasakl anan termong¢gkl eer bomba deneamey gk s e ks c
dejerlere erikmik, 1963 yéel éndan g¢n¢gmegze d
Genegmegz atmosferi k nemindleejteriitneunt 1de rTilk)i my
(Yildirim ve Guener, 2002) Bu nedenl e, trityunkl peéakné
belirlenmesinde kullanélan yararl é bir ar a-
trityum miktaré 10 TU ol duju kabul edi |l dij

bozunma denklemiMolnar, 2019) A1 = 65'Q-% keklinde olup; A1G¢ n ¢ e | trityum r
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(TU) , AO: Bakl angé-taki trityum mi k-1)atr e, .
Bakl angé-tan herhangi b i r Trityumasm @etearik gukardlakir g e -
mi ktaré akajedaki fakt°rlere bajledeéer;
U Stratosferdk i nitrojenin n°tron bombardémané so
0O Trityumun beta ékémasé yaparak yarél anmas
U Mevsimsel olarak Stratosferden Tropoéter ge- en (enj ekte ol an) f
0O Termon¢gkl eer bomba denemel erinden tg¢égremik
U Yer el ol ar ak bil i msel -al ékmal arda kul | &8
kaynakl ardan yapay yollardan ¢retil mik tr
¢al emmaneée ge@res ultamétnygunm de§.exr3ld edfU @r &ase
dej i Kmetk tzee#llQre (Cl ark ve Fritz (1997), 4ket asa
TU ol an sul areén gé¢ncecel ve eski sul ar én kar
kaynakl ar e, yeni ny,&Kjldehamelidre °lrobedsoranday a&] € K |
karékémeée ile beslendijinialgfkdsmaeée mgémneldi mnde Bw
kaynabkl argepnu el sulardan beslgéséeerr meht ediut ar
beraber BGK01 ve SGKOA 0 6s d rud a | Kuyul aarid.09dva 0.65 MU dlagak m d e ]
°1 - ¢l m¢ K ol up buyakkuyeul audaki veyhbharderin dc

tanéml anméktéer .

4.9.3. Trityum (TU) -elektriksel iletkenlik ( E K)

Sul arén i zotopik dejerlendiril mesinde kul

ol masendygrer dlohaysuvugmer vuarda kal ék sg¢resi [

bozunmaya ujramaktader. Dol ayéséyla yer alté
H i zotopu en ©°nemli parametr el erldeerne bairti de
dejerleri de yeralté suyunun rezervuarda kal

BGK1 ve SGKOIn 0 6s d rud a j kb utdaréeéndari nin y¢ksek
d¢kek wveEmabeén sdeuin dol akéma tedrikiepkdi2)l duj un
BGKO3 ve 04n 0 6s d rud a | kuyulsauléemdatkyumedajl arél er i or
3.5 TU dur. Clark ve Fritz (1997)"'"e g°re bu
belirimicklBamd nl| ay ebrearlatbe ry gy vrsuygekay saklaa

séneféenda yer al maktadeéer.
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Trityum (TU)

2
1 ® BGKO1
sesmsmsmasasans semesssesmsmssssssmanae
o —————— ——
o 1000 2000 3000 4000 5000 6000
EC (uS/cm)

XYT1 WKaynak Sulari  @P3GKO3 ®BGKO2 ®BGKO5 *BGK06 » BGKO1 * P3GK02 @01GK03
*+P3GKO1 @ P5GK03 =01GK04 W01GK06 ®X7ZD 4 SGKO1 « LSGKO02 *+BGKO04 * BGKO03

kekkPdKncel eme al anEkKdagkaf isjuil arén 3H



5. SONU¢

¢al ekxma kaps amén dyasu,35detakdyaak, 1 @detzderelmadek
ya] mavasé ol makOgaelktradaopPpldmne@m boyunca (Ar a
Eyl ¢l 2019) °rnekl eme -alékmaee getdieclklse ndie
sonui-dme suyu kaanl iO¢ensyia aS @yslegialleTgiertkei ye K- me
Suyu St andiseee,l2a05eehdatil en i -me suyu ,Iimit.l
ayr Pipeai Schoelleri ABD Tuzl ul uk Diizagopamhademd ojvies
dejerl endirird mi Ktir. Buna g¢g°

Fizi ksel parametre dejerl eri sonu-Ilareée in
125UC 23BEC arasénda deji kKileBegC)stleayn&lknsigloat
11.20C 104WC ar aséntha)C)odtedli ®&man g° sbhermbltr e &iDO.
i se su 85B@ea2kT082d asénda dej i ktiard égnsa ealmerkd egla
yer alan ki y u, kaynak ve y¢zey-9.2u17886 nee84D.p2H dej e
aral ejenda dejikim g°ster nmerké& edok . h&8fui fded ®irtl
al kal i n, kaynak sularée hafif alkalin ile kuv
kuvvetl. al kalin arasénda yer al makkagmakér . pt
sularéenéen %44udkdgnaé&l gg2ayisey 33.3 de WHO
dejerinin ¢stes&n@dée syteandadrédéknean gleSr e i se bt ¢n
i -me suyu kalitesi séndal akmai akbanegi geamelen
dejerl emniyus @am &/&J0 m&/dn6ld17443 71 . 26 mg/ L, kaynak
786 ms/icmile25429 mg/ L ve son ol arak y-932msicmdeuyu ka
296558 mg/ L arasénda HKjd«jiar igPlaymane ke e dy gz e

KO2.3ve ZD_2 no6 | u |l okasyonlarénda yapélan ©°
°l - ¢m sonu-1laré i - me26G6a ylui rhkiatl i $teasn d aar-té skeenjdern
gzl enmi ktir. Su kaynakl arénda °1 - ¢luelnarie¢ M
hari - dijer °l -¢m nokt-2a6&r 8hdadawHtOl a(r2é0nldla) t\
dejerlerinin i-erisicdéémbanadl denel bederlyen

suyu/y¢zey suyu kaynakl arénda °Engteng pdH id-e
sulareée i-in tanémlanan pH | imit dejerlerininr
2019 tarihli °l -¢m sonu-larénén tanéeml anan
TSE-266 ve WHO 2011 standart |, BGKE2Z) BGK@L°SGKOLEK de
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ve O1GKO3 kuyularé hari- dijer su kaynakl ar

l'imitin alténda ol duju g°zlenmixktir. Bununl

sondaj kuyu sul aré tar énkK0i3 inno 6 yliu sséonnedfag n dkau

ve tarém i-in uygun dej il sénéfeéenda bul unmak
e

yerind yapélan °]l -¢m sonu-|laréna g°re ise |

yer al éerken sondiayi kiulyau mguk eamnée Ig esnéerl &dfeénda vy
SGKO1 nod6 | u sondaj kuyul aré tarém i-in 1iyi
i-me ve tarém i-in uygubawie§J ive sBa éWieangita LI
yapél an sayna fgramedkel reembem kil yne mé e ¥3Bh d/8.%/rand %

73.33 ¢ vV e kaynak vV e yézey sul aréeneén t amamé
"M¢kemnialsénef énda yer al maktadeér

Yeralté suyu ve y¢izey suybGvekMfynkehabasdan

anyon ise HC@ ve SQ% dur . Yeraltée suyu kaynakl aréenda
katyonlarda rMg>rCa>r(Na+K); anyonlarda r@HCO;+CQO;) >r CI , kaynak sul a
dizilimi, katyonlarda rCa>rMg>r(Na+K); anyonlarda r(Hg€rO;)>rSO>rCl k ek |l i nde
séral aneéer ken yézey suyu °rnekl erinde i'yon

anyonlarda r(HCe*CQ3)>rsSQ>r C| KekKleirmade@&i rsuyu ve y¢izey s

ol -¢m sohweKidaijerNari i -in-2860n¢R himaksimume e TS| ¢
sénérlarée i-erOf5ivendE dgper laeréir keBEGKL,02,08,5

BGKO0O4 2,3 °1-¢mleri haricinde-2®i6] emrén®li-zd ml ev
maksi mum sénérl areé.i-erisinde yer al maktader

¢tal ékma alanéndaryualv@nayn, zyegr asluyeuw e ene k]l e
BGKO1 1, 2, BGK0O2 _ 1, 3, BKG0O3_2, 3, BGKO04_1, 2
haricinde diWHOr20)lve I@6€66denén i zin verilen 1
i -erisinde yer almaktadé&mynakl armadal bhEgda

alan jipsli seviyelerden dol?adyeér ikasnkéenyeamy o
kaynakl arénda BGKO01, 02, 05, BGKO6 _02, 03, 0
LSGKO0O2 3 °1 -¢mlerii hari- d&2@6' °hér mlemaes WE
bakéméndan izin verilen maksimum séneérl ar | -

As dej eri 01GKO0O3_3, 01GKO0O4 _3, 01GKO6 _1,
°l -¢mlerde TS 266 ve WHO (2011) standartl ar é
°mekl eme noktalarénda ise standart uduaeldaer |l er

beraber Pb i se WHO (2011) standartl aréna ¢
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01GKO04, P5GK03_2, 01GKO6_ 3, LSGKO0O2_3 nod6 | u

uygunk al i tede -@bmadcadjatndabt|l aréna g°re i se BG
01GKO014 noo [ u °]l - ¢ml erde i - me suyu kal ite
belirl enmiktir.

¢al ekxkma al ané genelinde yer alan su kayn
lyesi-erisinde a-=é&l an-01502,08040506ke $EB1g r éanldéama n(
°rnekl ere ait sonu- | -8 HCOgSOyve MgCa 0 (%2858Nn,e | | i K |

Mg-CaSO,-HCO; ve CaMg-SO;-HCO3 (%17.65), CaMg-HCO;-SOy(%11.76) ve CaMg-
NaHCO;-SO, (%5 . 88) 61 € sul ar fasiyesinde olduju g
Keban Metamorfi kl eri Al t Ki st I yesio4, 06; er i si
P3GK01ve P5GK3) al énan su °rnekl-€& HCOI-SO(%54.850, e | de
Mg-Ca SO;-HCOs; (%18.18), CaMg-SOy-HCO; (%9.09), CaNa-SO;-HCO; (%9.09) ve
Mg-CaHCO3 ( %9. 09) "l & sular fasiyesinde ol duju
yer alan sondaj k u y-Mg-HCQOstSayre €Eavi)-£0,-HCGOe' 19,5 %1 2. X
ile CaNa SO;-HCO;, Mg-Ca SO-HCO;, Mg-CaHCO;-SO; ve MgCaHCOs' | € sul ar
fasiyesinde Sechloenmmakt ald gra.gr amé i ncelendijinc
gerekse y¢zey suyu kaynakl arénéen héakérm&®k
sahaseéndyakaik | ;aaw ékha ai't ki myasal anakbkutrasemu -
b¢yeéek bir ke&G3ngEln,énbaC2eS 1k wyeul ar én i se .C4S1 séi
Sondaj kuyu sularénén % 95.56'sé, kaynak
-%z¢dmerusunun ( Na/ CI oranlaré 1.0"dan d¢kKeék
kaynakl arénda iyon derikiminin dejikim sg¢gre
s¢re-lerin etkin ol(@f4MgDH-(HCOGSQD) eile nidak@lle d i r
dg i ki m gradafdaje kgPywre ve kaynak suyu kalite:

iyon dejikimine dayandéjéné hem de silikat
hi drojeoki myasIMg? S@e vd elEGG n y€ml ar @énén der i
deji kKiminde oymamléi] ér @a n | GGamé&rkanag ell menkét egdeinre.l i n

kaynakl arée ait (yer &rodeg rsaufyiuj i ved ey dzee yg ° s ueyl wl)¢

MetamorfiklertA | t Mer mrede (wersial an kuyu °szuilnameés i qiaree

etkilendi i, Baskil Magmati kIl er i nde yer al ¢
)

et kil endi [ yani karékém suyu ol duju isee di ] e

genelli kle dolomit -°z¢nmesinden etkilendi]i
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Sawyer ve McCarthy (19673 énéf | amg%Eeasghdajgenklliklg u s ul
"Yumukak" ve "¢Cok sert" séenéef aral éjénda, k a
"¢tok sert" sénefénda yer al maktadeéer.

¢al eramane sularénemu-ilzaopd anidl i di yaagr a
yerlexktirildijinde sulareén genel ol ar ak D¢
Akdeni z Metesu( DAMSD) Dajasénda kal déjé g°°zl e
g°re i nceleme alanénda yePkaehban Tstyymhamlzgenel
sonu-lsaur ékaynakl ar én bir-oju géncel sul ard
gestermektedir. Bununl a beraber BGKO0O1l ve SGK
1.09 ve 0.65 TU ol arak ©°ly-aikllngs ks udlawp vbew ak udye

sul ar ol arak tanémlanméxteéer .
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intihal igermedigini; aksinin tespit edilecegi muhtemel durumda dogabilecek her tiirlii hukuki sorumlulugu
kabul ettigimi ve yukarida vermis oldugum bilgilerin dogru oldugunu beyan ederim.
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17.05.2021

Adi Soyadr: Metin GZTURK.

Ogrenci No: 17910001196

Anabilim Dali: Cevre Miihendisligi ABD
Program:: Tezli Yiiksek Lisans

Statisii: Y. Lisans O Doktora O

DANISMAN ONAYI ENSTITU ONAYI
UYGUNDUR UYGUNDUR

R

Dr. Ogr. U. Erkan DISLI (Unvan, Ad Soyad, imza)




