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Hidrojeokimyaya giris, suyun dnemi, standartlar

Cozunmus maddelerin konsantrasyon dontsimleri

Yeralti Suyu Orneklemesi ve korunmasi

Su Diinyasinda kullanilan yaygin parametrelerin aciklamasi
Aktivite katsayilari

Sudaki elementlerin kokeni

Kimyasal verilerin analizi-grafiksel degerlendirme
Schoeller, Piper, Bar, Stiff, Dairesel diyagramlarin yorumlari
Hidrokimyasal verilerin 6rnek ¢alismalarla degerlendrilmesi
Bilgisayar laboratuvarinda hidrokimyasal analiz yontemlerinin kullanilmasi
Kompozisyon diyagramlari ve karisim hesabi

Laboratuarda Multi Analizer cihazinin kullanimive pH, EC, T
parametrelerinin olgimu

Yulzey—yeraltl suyu iliskisinin hidrokimyasal yontemle incelenmesi-6rnek
calisma

Durayli izotoplarin hidrolojide kullanimi




lcme suyunun besin olarak katkisi ve icme suyu bilesenleri icin standartlar.
Avrupa Birligi icme Suyu limitleri «www.europa.eu.int» adresinden bulunabilir.
Dinya Saghk Orgitl (WHO) icin www.who.int/entity/dwa/en,

USA icin «www.epa.gov/safewater/» adresine bakabilirsiniz.

Constituent Contribution to Maximal admissible Comment

S mineral nutrition (%) concentration (mg/L)

Mg?* 3-10 50 Mg/SO, diarrhea

Na* 14 200

ClI” 2-15 250 taste; safe < 600 mg/L

SO;~ 250 diarrhea

NO5 50 blue baby disease

NO3 0.5

F 10-50 1.5 lower at high water consumption
As ~30 0.01 black-foot disease, skin cancer
Se 0.01

Al 0.2 acidification/Al-flocculation
Mn 0:.05°

Fe 021 '

Ni 0.02 allergy

Cu 6-10 2 3 mg/L in new piping systems
Zn negligible 0.1 5mg/L in new piping systems
Cd : 0.005

Pb 0 0.01

Cr 20-30 0.05

Hg 0.001

Appelo ve Postma (2005)



Deri lezyonlari (siyah ayak hastaligi
Yuksek konsantrasyonlu arsenik iceren icme sularindan
kaynaklanmaktadir.

Appelo ve Postma (2005)



Birimlerin gecirimlilik degerleri

Domenico and Schwartz (1990)

Hydraulic conductivity

Material (m/sec)
SEDIMENTARY
Gravel 3 X 1074 -3 X 1072
Coarse sand 9 X 1077 -6 X 1073
Medium sand 9 X 1077 -5 X 1074
Fine sand 2 X 1077 -2 x 1074
Sile, loess 1 X 10 -2 X 10-5
Till 1 X 10712-2 X 10°¢
Clay 1 X 1071'—4.7 X 107°
Unweathered marine clay 8 X 10713-2 X 107®
SEDIMENTARY ROCKS
Karst and reef limestone 1 X 1076 =2 X 1072
Limestone, dolomite 1 X 10 -G X 10°¢
Sandstone 3 x 10710—-6 x 107¢
Siltstone 1 X 107''-1.4 X 1078
Salt 1 X 1072—1 X 107'°
Anhydrite 4 X 10713-2 x 1078
Shale 1 X 10713-2 x 10™°
CRYSTALLINE ROCKS
Permeable basalt 4 xX 1077-2 x 1072
Fractured igneous and

metamorphic rock 8 X 107°-3 x 107¢
Weathered granite 3.3 X 1076-5.2 X 1075
Weathered gabbro 5.5 X 1077-3.8 X 10°¢
Basalt 2 X 10711—4.2 X 1077
Unfractured igneous and

metamorphic rocks 3 X 10714-2 x 10710

To convert meters per
second to

cm/sec
(gal/day)/ft2
ft/sec
fe/yr
darcy
ft2
crn?

To convert any of the
above to meters per
second

Multiply by

102
2.12 x

10¢

3.28

1 X
1.04 X
1.1 x

1 X

Divide by the

108
105
1076
1073

appropriate

number above




Cozunmus maddeler icin konsantrasyon birimleri

mg/L
pg/L
ppm
ppb
mmol/L
pmol/L
meq/L
mmol/L
epm -

milligrams per liter sample
micrograms per liter sample

parts per million by weight of sample
parts per billion by weight of sample
millimoles per liter sample
micromoles per liter sample
milliequivalents per liter of sample
milliequivalents per liter of sample
equivalents per million, by weight of sample
molality, moles per kg of H,O
millimoles per kg of H,O

normality, equivalents per liter

mmol/L = mg/L/(gram formula weight)

mmol/L = ppm - (density of sample)/(gram formula welght)
mmol/L = meq/L/(charge of ion)

mmol/L = molality X density X (welght solution — weight solutes)

X
(weight solution) 1000

Appelo ve Postma (2005)



Analiz birimleri:
mg/| (miligramsperliter)bir litre cozeltideki bilesen konsantrasyonu

Ppm (partspermillion) bilesenin kitlesinin ¢ozelti kiitlesine orani(massfraction). Konsantrasyonla
karistirllmamali

ppb (partsperbillion)

mmol/lbir litrecozeltideki herhangi bir bilesenin milimol cinsinden konsantrasyonu
(molarkonsantrasyon)

meg/l(miliequivalentperliter) molar konsantrasyonun elektriksel esdegeri

epm(equivalentspermillion) ¢ozeltideki bir bilesenin ¢ozeltinin tamaminin elektriksel esdegerine
orani

M(molality) ¢ozeltideki bir bilesenin ¢6zlicli(H20)nun kitlesine orani
EC(electricalconductivity) elektriksel iletkenlik

pH-log[H+] Appelo ve Postma (2005)



Konsantrasyon birimlerinin yeniden
hesaplanmasi-Donustirmeler (mg/l, mek/I,
mmol/l)

EXAMPLE 1.1. Recalculation of concentration units ’

1. Gram formula weights are calculated from the periodic system as reproduced in Table 1.4 from the
Handbook of chemistry and physics.
The mass of 1 mol Ca is 40.08 grams. ,
1 mol SOZ~ weighs: 32.06 grams from sulfur + 4 X 15.9994 grams from oxygen, in total: 96.06 grams.

2. Conversion of mg/L to mmol/L is obtained by dividing by the weight of the element or molecule.
Thus, a river water contains 1.2mg Na*t/L;
This corresponds to 1.2/22.99 = 0.052 mmol Na*/L;
The sample also contains 0.6 mg SO} /L;
This equals 0.6/96.06 = 0.006 mmol SO3 /L.

3. The term mmol/L indicates the number of jons or molecules in the water when multiplied by Avogadro’s
number. For Na™ in the river water sample it amounts to 0.052X 1073 X 6.022X10%3 = 3.1X10' ions of
Na™ in 1 liter of water. (Quite a lot really!)

4. lons are electrically charged, and the sums of positive and negative charges in a given water sample must
balance. This condition is termed the electroneutrality or electrical balance of the solution. Since mmol/L
represents the number of molecules, it should be multiplied by the charge of the ions to yield their total
charge in meq/L. Thus:
0.052mmol Na*/L X 1 = 0.052 meq/L;

1.8 mmol Ca?*/L X 2 = 3.6 meq/L;
0.41 mmol SOF /L X —2 = —(.82meq/L.

Appelo ve Postma (2005)



lyonlarin Atom Agirligi ve ekivalen degerleri

Iyonlar Ca |[Mg [Na [K |Cl SO, | HCO; | CO, | ANOT
Atom veya formiil 40 | 24 | 23 | 39 | 355 9% | 61 60 (7
agirlig | |-
Degerlik 2 2 1|1 1 2 1 2 1
Ekivalen degeri 20 | 12 | 23 | 39| 355 | 48 61 30 ¥
(esdeger agirhg) |

Canik (1998)



Ornek Problem cozim

Ca :367.53
Mg: 65,94
Na : 49,71
K :18,10

367.53
20

rCa=

=18,3 mek/I

YRS S

rNa= f‘&2122,16 mek/]
3 T

rK= R;3—12:0,46- mek/1
- 39

Katyonlar toplam: 26,48 mek/1 , Anyonlar toplami: 25,29 mek/l dir.

Cl  :530

- SO4 :530,42
HCO;: 860.10
CO3 : -

r Cl= 2,30 =0,15 mek/]
355

b}

530,42

1S04= =11,04 mek/I

860,10

r HCO3=

olarak hesaplanir,

=14,10 mek/l

Canik (1998)



18.34.100
e ,26 48 69,25

5.52.10
% r Mg= — - 20.85
16.100
% Na= 215
%r k=220 g 75

Toplam: % 100.00

0,15.1
% r Cl: ,75_53_9'2

?

0,59

11,04.

il

14,10.100

e = 55,76

hesaplanmistir.

ek i.}}\_?.'-\ |
Canik (1998)
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2- Suyun pH’ 1: Saf su ¢ok az OH ve H' iyonlar icerir. 25 °C
ta (OH™ )}(H*)=1,008.10"* olup, OH" ve H" konsantrasyonlar: esittir.
(OH™) = (H')= /1,008.10™ = 1,004.1070olur. O halde, 10
milyon su molekiilii yaninda, 1 molekiil su OH ve H' iyonlarina
ayrilmistir. H' konsantrasyonunun kologaritmas: pH degerini verir.

1
pH= log ﬁ olup, pH =log 1 - log H buradan:

pH = kolog H elde edilir.

3- Gazlar: Sicak ve mineralli sularda en cok CO,, H,S, O, N»,
CH4, radon vb bulunur. Gazlar atmosferik kokenli oldugu gibi,
biyokimyasal, volkanik, termometamorfik veya magmatik i¢ kokenli
~ de olabilirler. Suda ¢6ziinmiis CO, mg/l olarak su formiille hesaplanur:

CO,=1,6.10°°" 'HCO; olup, formiilde:
pH  :Suda dlgiilen pH degeri,

HCO3 : Suda belirlenen deger, mg/1 dir. |
' Canik (1998)



SUDAKI [YONLARIN
BOLLUKLARI VE ORNEKLEME



TABLE 7.1 Relative Abundance of Dissolved Solids in Potable Water

(after Davis and DeWiest!¢)

Major Constituents
(1.0 to 1000 mg/l)

Secondary Constituents
(0.01 to 10.0 mg/1)

Minor Constituents
(0.0001 to 0.1 mg/1)

Trace Constituents
(generally less than 0.001 mg/l)

Sodium
Calcium
Magnesium
Bicarbonate
Sulfate
Chloride
Silica

Iron
Strontium
Potassium
Carbonate
Nitrate
Fluoride
Boron

Antimony?
Aluminum
Arsenic
Barium
Bromide
Cadmium?
Chromium?
Cobalt
Copper
Germanium?
Iodide

Lead
Lithium
Manganese

Molybdenum

Nickel
Phosphate
Rubidium?
Selenium
Titanium?
Uranium
Vanadium
Zinc

Beryllium
Bismuth
Cerium#
Cesium
Gallium
Gold
Indium
Lanthanum
Niobium?
Platinum
Radium
Ruthenium?
Scandium?
Silver
Thallium?
Thorium?
Tin
Tungsten?
Ytterbium
Yttrium?
Zirconium?

aThese elements occupy an uncertain position in the list.

Todd (1980)



Yeralti Suyu Orneklemes:i

* Yeralti suyunun drneklenmesi ve kimyasal analizi pahali bir islem
oldugu gibi yeni sondaj kuyularinin acilmasi daha da pahalidir.

e Gercek yeralti suyu kompozisyonunu elde edebilmek icin 6rneklerin
temsil edici olmasi gerekmektedir.

Appello ve Postma (2005)



Butlinlesik derinlik veya 6zel ornekleme derinligi

Yeralti suyu 6rneklemesi icin iki farkl yaklasim Sekil 7.1’de
verilmistir.

Birinci kuyuda tum akifer ince ve iri kumlu seviyelerde
tamamen filtrelenmistir.
Ikinci kuyuda ise sadece kaba kumlu seviye filtrelenmistir.

Kaba kumlu ve ince kumlu seviyelerin gecirimliligi
farklidir. Kaba kum daha fazla gecirimlilige sahiptir. Bu,
orneklemede soldaki 1. kuyudan alinan érnekte problem
olusturmaktadir.

Appello ve Postma (2005)
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SU ORNEKLEMESINDE
DIKKAT EDILECEK HUSUSLAR



* Yeralti suyu kompozisyonu klicik mesafelerde bile buyuk
farkhhklar gostermektedir.

* Tamamen filtrelenen kuyulardan alinan sular karisim
suyudur. Belli seviyeleri temsil etmemektedir.

* Sekil 1.8’de yeralti suyu kimyasi profili gérilmektedir. Kumlu
akiferde ozel-spesifik acilan kuyuda anoksik (Fe*?’li) zonun
Uzerinde oksik (O,) bir zon oldugu tespit edilmistir.

Appello ve Postma (2005)



Anoksik ve oksik zonu iceren bir
filtreleme yapilarak alinan érneklerde
her iki zonun sulari karistigindan
asagidaki reaksiyonla demiroksit (gotit)
olusmakta ve asit aciga cikmaktadir.

2Fe*? +% 0, + 3H,0—» 2FeOOH + 4H*

Appello ve Postma (2005)



Depth (m)

Concentration (mg/L)

0 2 4 6 8 10 12
10 1 L ] 1 I L J
e 20/10-88
O O015/11-88

Appello ve Postma (2005)



* Bu sartlarda alinan 6rnegin kompozisyonu
karisim ve reaksiyonun buyukligine bagl olarak
degismektedir.

* Benzer reaksiyonlar sig kuyularda, hava ile
temasta olan seviyelerde, genis capli acik
kuyularda olusabilir.

Appello ve Postma (2005)



Yeraltl suyu érneklemesinde prosedirler ve
sorunlar

1. Kuyudan belirli hacimde su ¢cekiminden sonra érnekleme
yapilmasi

(Sekil 1.9); EC, pH, T ve Eh’in sabitlenmesi,

2. Filtrenin uzun olmasi ile basinci farkh olan iki farkl seviyeden su
karisimi olabilir (sekil 1.10A),

3. Kille tecrit edilen zonlardan asagiya-6rnekleme kusagina su
sizmasi (Sekil 1.10B),

4. Kuyunun anulus kismindan ylzeydeki kirletici kimyasallar akifer
sisteme suzllebilir ve kirletebilir (Sekil 1.10C),

5. Sondaj borusundaki hasarlar sonucunda borudaki yirtilma ve
delinmeler sonucu kuyuya su gelisleri ve su gidisleri olabilir (Sekil

1.10D).
Appello ve Postma (2005)



Ornekleme dncesinde kuyulardan disari atilmas: éngdrulen su hacmi
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Su Orneklemesinde Sondaja Bagh Hatalar
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Hidrolik iliskiler-Su seviye gradyant

Fig. 6.12 Three wells tapping the same aquifer. Water flows down-gradient from Fig. 6.13 Three wells with water tables similar to those seen in Fig. 6.12 but
the area of well I to well IT and on to well III. separated by aquicludes. They have no hydrological connections in spite of the
apparent water table gradient.

Fig. 6.14 Three wells with an apparent water table gradient of well I > well II
> well I11. However, a concealed folded structure isolates well I from wells IT and II1.

Mazor (2004)



Ozel Ornekleme Derinligi icin Yaklasimlar

* 1. Konvansiyonel piyezometreler
 (Sekil 1.11 A),

e 2. Tek borulu-cok piyezometreli sistemler (Sekil
1.11A),

* 3. Oyuk Govdeli Delgi sistemi
* (Sekil 1.11C).

Appello ve Postma (2005)



Conventional piezometers

___ Standpipe
piezometer

Screen or
/ slotted tip

7

Multiple piezometers
in a single casing

= ‘] i)
—>
—>
_> o
— Casing
—_— (-
o Narrow dia.
L1~~~ piezometer
77 :
N
Sample -—F
i
T Casing

I~ Valve

Filter

g
™~ Sample reservoir

Sample intake

Hollow stem
auger

Air tube
Water tube

Inflatable
bladder
Water inlets Check valve

Cleaning tube

Appello ve Postma (2005)



Su dunyasinda kullanilan
yaygin parametreler

Sertlik EC TIC
Sertlik derecesi pH TOC
Gecici sertlik Eh COD
Kalici sertlik pe BOD
Renk Alkalinite

Asidite



Yaygin parametrelerin aciklamasi

Hardness

Hardness degrees
Temporary hardness

Permanent hardness
Color
EC

pH
Eh
pe

Alkalinity (47k)

Acidity

i/
10C.
COD

BOD

Sum of the ions which can prec1p1tate as “hard particles” from water. Sum of
Ca** and Mg?*, and sometimes Fe?*. Expressed in meq/L or mg CaCO,/L or
in hardness degrees. 100 mg CaCOs/L = 1 mmol CaCO,/L = 2meq Ca**/L

1 german degree = 17.8 mg CaCO5/L

1 french degree = 10mg CaCO5/L

Part of Ca’* and Mg?* concentrations which are balanced by HCO3

(all expressed in meq/L) and can thus precipitate as carbonate

Part of Ca’* and Mg?* in excess of HCO3 (all expressed in meg/L)

Measured by comparison with a solution of cobalt and platinum

Electrical Conductivity, in p,S/cm( pmho/cm), EC = 100 X meq (anions or
cations)/L d

—log[H*], the log of H* act1v1ty (dimensionless).

Redox potential, expressed in Volt. measured with platinum/reference electrode
Redox potential expressed as —log[e™]. [e™] is “activity” of electrons.

pe = Eh/0.059 at 25°C.

Acid neutralizing capacity. Determined by titrating with acid down to a pH of
about 4.5. Equal to the concentrations of myco; + 2mco? (mmol/L) in most
samples.

Base neutralising capacity. Determined by titrating up to a pH of about 8.3.
Equal to H,CO5 concentration in most samples except when AI** or Fe** are
present :

Total inorganic carbon

Total organic carbon

Chemical oxygen demand. Measured as chemical reduction of permanganate or
dichromate solution, and expressed in oxygen equivalents

Biological oxygen demand.

Appello ve Postma (2005)



Analiz icin alinan su 6rneklerinin kimyasal

parametrelerinin korunmasi

Parameter

Conservation/field analysis

Na+, K+, Mg2+, Ca2+
NH;, Si, PO3~

Heavy metals
S0, CI™
NO3, NO;
H,S

1IC
Alkalinity
FeZ+

pH, Temp., EC, O,
CH,4

Acidify to pH <2 in polyethylene container (preferably HNO; for AAS or ICP-analysis).

Acidify to pH <2 in glass or acid rinsed polypropylene container.

Cool to 4°C.

Store cool at 4°C and analyze within 24 hours or add bactericide like thymol.
(Note that NO3 may form from NH} in reduced samples. NO3 may
self-decompose even when a bactericide is added.)

To avoid degassing, collect sample in a Zn-acetate solution, precipitating ZnS.
Spectrophotometry in the field or later in the laboratory.

Dilute sample to 7/C < 0.4 mmol/L. (This effectively reduces CO, pressure,
and prevents the escape of CO,).

Field titration with the GRAN method (Stumm and Morgan 1996)
Spectrophotometry in the field. Alternatively determined as Fe-total in an
acidified sample.

Field measurement in a flow cell.

Unfiltered sample collected avoiding degassing, then acidified.

Appello ve Postma (2005)



Suda Cozunen Elementlerin Kokeni

Ca*? Karbonatlarin ¢g6zinmesi
Jipsler, piroksen, amfibol, feldspat, dolomit, kil mineralleri

Mg*2 Karbonat minerallerinin ¢ézlinmesi
Olivin, piroksen, amfibol, magnezit, kil mineralleri
Na+ Killer, feldspat (albit), evaporit (halit), endustriyel atiklar, mirabilit (Na2S04.10H20)

K

Silikatlarin hidrolizi, Amorf silika (¢ort, opal), feldspat, ferromagnezyum, kil mineralleri

Silfitlerin oksidasyonu

Hematit ve pirit, demir borularin korozyonu, derinlik kayaglari: amfibol, ferromagnezyumlu
mikalar, demirli silfit, demirli silfit veya demirli pirit, magnetit,

Kumtasi: oksitler, karbonatlar,

Silfitler veya demirli kil mineralleri

Deniz suyu, glibre, yagis, dogal aci sular, yol tuzlamasi, riizgarlar tarafindan tasinan malzeme,
evaporit ¢okelleri, kirlilik, derinlik kayaglarindan minér miktarda

Salfit yataklarinin oksidasyonu, jips, anhidrit, deniz suyu, riizgarla tasinan maddeler, piritin
oksidasyonu, bakteriyel indirgenme, giibreler

HCO,
0,2

Kiregtasl, dolomit ¢6ziinmesi, zemin ve atmosferik CO,

Sentetik ve organik giibre, giibre kaynakli NH, nitrifikasyonu, riizgarla tasinan maddeler,
amonyumun oksidasyonu, kirlilik olusumu, baklagiller ve bitki artiklari, hayvan diskisi

: Feldspat, k-evaporitler, giibreler, feldspatoid, bazi mikalar, kil mineralleri, silikatlarin ¢6ziinmesi

iyon degisimi
Karbonat minerallerinin
¢okelmesi

iyon degisimi
iyon degisimi

iyon degisimi

inert-konzervatif

Cok indirgen sartlar
haricinde konzervatif

Karbonat minerallerinin
cokelmesi

Anaerobik sartlarda
denitrifikasyon
(nitratin amonyuma
doniismesi)

Goldscheider and Drew (2007)



Su Hayattir...

Sudaki Elementlerin Kokeni

11.5 Graphical Presentation of Chemical Data 207

Table 11.3 Sources of ions in water

Source

Major ions (>1 mgl™")
Calcium Ca?*
Magnesium Mg2*
Sodium Na‘*
Potassium K*
Bicarbonate HCO?~
Chloride CI™

Salphate SO,
Nitrate NO3-

Silica SiO,

Minor ions (1-0.1 mg1~")
Fron Fe+

Manganese Mn?+

Boron B

Flooride F~

Trace elements (<0.1 mgl™")
As

|

Zn

Heavy metals (Hg, Pb, Cd, Cr)

Radioactive elements e.g. U, Ra, etc.

Carbonates, gypsum

Olivine, pyroxene, amphiboles

Clays, feldspars, evaporites, industrial waste

Feldspar, fertilizers, K-evaporites

Soil and atmospheric CO,, carbonates

Windborne, rain water, sea water and natural brines, evaporite deposits; pollution
Gypsum and anhydrite, sea water, windborne, oxidation of pyrite

Windborne, oxidation of ammonia or organic nitrogen, contamination
Hydrolysis of silicates

Oxides and sulphides, e.g. hematite and pyrite; corrosion of iron pipes
Oxides and hydroxides

Tourmaline, evaporites, sewage, sea water

Fluorine-bearing minerals, viz. fluorite, biotite

Arsenic minerals, e.g. arsenopyrite, arsenic insecticides

Marine vegetation, evaporites

Sphalerite, industrial waste

Industrial waste and igneous rock weathering, under mild reducing conditions
Uraniferous minerals, nuclear tests and nuclear power plants




Table 3.1 Lithological Imprints on Groundwater Composition

Rock Groundwater composition

Sandstone Low salinity (300500 mg/l); HCO;™ major anion, Na™*, Ca®",
Mg?" in similar amounts; good taste.

Limestone Low salinity (500-800 mg/l); HCO; ™ major anion, Ca>" dominant
cation; good taste.

Dolomite Low salinity (500-800 mg/l); HCO;™ major anion, Mg®" equals
Ca’"; good taste.

Granite Very low salinity (300 mg/l); HCO;™ major anion, Ca*" and Na*
major cations; very good taste.

Basalt Low salinity (400 mg/l); HCO5;~ major anion; Na™, Ca*", Mg**
equally important; good taste.

Schist Low salinity (300 mg/l1); HCO;™ major anion; Ca’*" and Na™
major cations; good taste.

Marl Medium salinity (1200 mg/l); HCO5;~ and Cl™ major anions, Na™

Clay and shale

Gypsum

and Ca®" major cations; poor taste but potable.

Often containing rock salt and gypsum. High salinity (900—
2000 mg/1); C1~ dominant anion, followed by SO2~; Na™ major
cation; poor taste, occasionally nonpotable.

High salinity (20004000 mg/1); SO3~ dominant anion; Ca’"
dominant cation, followed by Mg®" or Na™; bitter,
nonpotable.

Mazor (2004)



Hydrochemical methods

95

Table 6.1. Factors controlling various hydrochemical parameters.
Parameter Source Sink
Soil-related CO, Root respiration and degradation Dissolution of carbonate
parameters of organic matter minerals, Degassing
in conduits
222Rn Radioactive decay of 22°Ra Radioactive decay with
half-life of 3.8 days
Dissolved Decomposition of litter Sorption to clay minerals,
organic and humus biodegradation
carbon (DOC)
NO5 S Synthetic and organic Denitrification under
fertilizer, nitrification of anaerobic conditions
NH_ from fertilizer
NH; @ Synthetic and organic Nitrification, Ion exchange
fertilizer, decomposition of
soil organic matter
POi— m Synthetic and organic Sorption on Fe-hydroxides,
fertilizer precipitation with Ca?*
cl1— o Fertilizer, Rain, road salts Conservative
SOZ_ & Fertilizer Conservative except under
very reducing conditions
K+ M Fertilizer, Dissolution of silicates Ion-exchange
Turbidity Particles from soil zone, also Filtration
from sediments in conduits
Carbonate-rock Ca?* Dissolution of carbonate minerals Ion-exchange, precipitation
related of carbonate minerals
parameters Mg?+ Dissolution of carbonate minerals Ion-exchange
HCO3 Dissolution of carbonate minerals Precipitation of carbonate
minerals
8!3C of DIC Dissolution of soil gas CO»,
carbonate minerals
Parameters SO%‘ Dissolution of gypsum and Conservative except under
related to other anhydrite in evaporates very reducing conditions
rock types Sr2+ Dissolution of celestite Ion-exchange
Various trace Dissolution of evaporites
metals (see text)
Anthropogenic Metals Fertilizers, road runoff, Adsorption, Precipitation
compounds air pollution
Pesticides Agriculture Adsorption, Transformation
Volatile organic Industrial sites, landfills, traffic Volatilisation, Sorption,
compounds Biodegradation

() partly of anthropogenic origin.

Goldscheider and Drew (2007)



KIMYASAL VERILERIN SUNUMU

Tablolarin
Olusturulmasi

Table 6.1

Sample no. K Cl Mg Na SO, Ca HCO3; Temp. (°C)

71 0.60 9.11 178 8.10 1.09 272 3.00 214
72 1.03 155 276 11.5 1.36 384 422 26.1
73 0.02 0.53 047 091 073 122 1.36 15.2
74 0.16 2.67 0.80 271 0.82 1.60 1.76 16.8
75 0.31 482 1.13 451 091 197 2.17 18.3
76 0.75 113 2.10 990 1.18 3.10 3.41 23.0
77 1.18  17.7 3.08 153 1.45 421 4.62 27.6
78 089 133 243 11.7 1.27 347 3.81 24.5
79 0.46 697 146 6.30 1.00 235 2.59 19.9

Table 6.2 Chemical Composition of the Green Mice Springs Complex (meq/l)

Sample Temp.

no. Spring (°C) K Na Ca Mg Cl HCO; SO, TDI
73 A 152 002 091 122 047 0.53 1.36 0.73 5.24
74 G 16.8 0.16 271 1.60 0.80 2.67 1.76  0.82 10.5
75 E 18.3  0.31 451 197 1.13 482 217 091 158
79 B 199 046 630 235 146 697 259 1.00 21.1
71 D 214 0.60 8.10 2.72 1.78 9.11 3.00 1.09 2064
76 1 230 0.75 99 3.10 210 11.3 3.41 1.18 31.7
78 F 245 089 11.7 347 243 134 3.81 1.27 37.0
72 G 26.1 1.03 13.5 384 276 155 422 1.36 38.8
77 H 27.6 1.18 153 421 3.08 17.7 4.62 1.45 47.5

Big Chemistry Laboratory, Dataland. Temperature measurement error: + 0.2°C; analytical
errors are + 2% for Na, Ca, Cl, and HCO; and + 5% for K, Mg, and SO,.
Mazor (2004)



Tablolarin Olusturulmasi

Table 6.3 Rearranged Chemical Composition Data of the Green Mice Springs
Complex (meq/l)

Sample Temp.

no. Spring (°C) K:=Mg: -Ca . Na . SO; HCO; --Cl TDI
73 A 152°. 002 047122 091 073 =136 0.53 524
74 G 16.8 - 0.16:" 080160271 0:82 * “1.76 2,67 105

75 E 183031 "1.13 197 "45]1 091 - 217 482 158

79 B 199" 046 - 146 235> 630" 1000 259 697 21.1

71 D 214 0.60 1.78 2.72 8.10 1.09 3.00 9.11 264

76 I 230 - 0.75°219-3.10° 990 118 341 113 317

78 F 245" 089245 347117 127 - 381 134 378

12 G 26,1 103 276 384 135 136 422 155 388

17 H 276 118 308 421 133 145 462 177 415

Big Chemistry Laboratory, Dataland. Temperature measurement error: + 0.2° C; analytical
errors are + 2% for Na, Ca, Cl, and HCO; and + 5% for K, Mg, and SO,.

Mazor (2004)
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Logaritmik — Milimetrik
Konsantrasyon eksenleri
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Fig. 6.2 A linear fingerprint diagram of samples that resulted from different Fig. 6.3 The data
degrees of dilution of a saline water (Table 6.4). The data reveal compositional lines
of different patterns, although their relative ion abundance is the same.

of Fig. 6.2 (Table 6.4) replotted on a semilogarithmic axis.
Parallel lines of the same pattern are obtained, well reflecting different degrees of
dilution of the same saline water.

Mazor (2004)



Yari Logaritmik Kagitlar

L

Fig. 6.4 Semilogarithmic papers with 1, 2, 3, 4, and 5 cycles. The 5-cycle is most M aZzor (2004)

convenient for the majority of hydrochemical data processing tasks.



Parmak izi diyagrami
ekil 6.1'in ayni veriler
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Fig. 6.1 A fingerprint diagram of the data of Table 6.3. Cations are by convention
plotted on the left and anions on the right. In Fig. 6.5 the same data have been
replotted in increasing order of cation concentration and decreasing order of anion
concentration.
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Fig. 6.5 Fingerprint diagram of the same data as in Fig. 6.1 (Table 6.3), but cations
are arranged in an increasing order of concentration, and anions are arranged in a
decreasing order of concentration, resulting in simple lines that can readily be
compared.

Mazor (2004)
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Ali Baba Tuzlasi Kaynagi ve diger yeralti suyu 6rneklerinin
(Sungurlu, Corum)
Schoeller Diyagrami ile degerlendirilmesi
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Celik and Yildirinm (2006)




Avas-Beypazari Jeotermal Sahasi
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Celmen and Celik (2009)
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’Iper Diyagramina
Su Noktalarinin Yerlestirilmesi

Hem (1985)



Seytfe GOlU cevresinde (Kirsehir
Piper Diyagrami uygulamasi
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Celik ve dig. (2008)
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analyses of groundwater quality (after Hem®?%),
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Cavus Cayi havzasinda dairesel diyagram uygulamasi (Ali
Baba Tuzlasi ve dolayi, Sungurlu, Corum)
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Seyfe Golu ve
cevresinde Yeralti
suyu kalitesi degisimi
(Dairesel Diyagram)

Celik et al. (2008)
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Stiff
Diyagrami

(Adiyaman

petrol sahasi
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Celik (2001)
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Stiff Diyagrami

(Hatay, Dortyol
Yeralti (a)
ve ylzey suyu (b)
ornekleri)

Na (a) ha Cl

Ca t HCO3
Mg ' S04
Fe =l NO3
. . {megf) 4 ?
Na (b) T Cl
Ca t HCO3
Mg A S04
Fe - NO3
2 1 1
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Brehme et al. (2010)



Kompozisyon Diyagramlari
ve
Farkh Sularin Karisimi



* Su tipi nedir?, Nasil bulunur?
* Uc Uye nedir?, Nasil elde edilir?
e Karisim suyu nedir?, Nasil hesaplanir ?



Schoeller diyagrami ile ug uyelerin
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Su Tipi Belirlenmesi

Ornek C

alisma

Environ Geol (2008) 55:559-569

Table 2 Water types of the wells, trenchs and springs

Water points Cations Anions Formation Water types/hydrochemical Facies
facics number
Trenches
T-1.T-2,T-7 Ca™* > Mg™ > (Na* + K" HCO;3 > CI” > $0%~ Tk Ca-HCO, I
T-5.T-6 Mg®* > (Na * +K") > Ca™* CI" > HCO;3 > SO3~ Tk Mg-Na—Cl-HCO, II
T-3.T-4 (Na * +K') > Mg** > Ca™ CI" > HCO; > 805 Qa Na—Cl I
T-8 (Na * +K*) > Mg™* > Ca** CI” > HCO3 > S0%” Tk Na—Cl I
Springs
5-1,4 Ca™ > ¥ > (Na*+K") HCO; > CI” > §0% Pzkk Ca-HCO, I
§-2 Ca®* > Mg®* > (Na*+K") HCO; > CI” > SO%~ Tk Ca-Mg-HCO;-Cl 1
Deep wells
W-1.W-7 (Na*+K*) > Ca™* > Mg* CI™ > HCO; > S07 Pzke Na-Cl I
W-6 Ca®* > Mg* > (Na*+K*) HCO3 > 803 > CI° Pzke Ca-Mg-HCO; 1
W-8,W-5 Ca®* > (Na*+K*) > Mg** HCO3 > CI” > S0%~ Pzke Ca-HCO; 1
W-4 Ca** > (Na*+K") > Mg*? HCO3 > CI™ > S03~ Tk Ca-HCO; 1
W-2 Ca*? > (Na*+K*) > Mg*? HCO; > CI” > S03” Pzkk Ca-HCO; 1
W-3 Ca*? > Mg** > (Na*+K") HCO; > CI" > O3~ Pzke Ca-Mg-HCO, 1
Shallow wells
SW-1 Mg*? > Ca*? > (Na*+K*) HCO; > CI” > SO; Tk Mg-Ca-HCO:Cl il
SW-3,7,SW-8 Ca*? > Mg™? > (Na™+K") HCO;3 > CI” > 803~ Tk Ca—Mg-HCO;—Cl i
SW-2 Ca*? > (Na* + K > Mg*? CI" > HCO;3 > S03~ Tk Ca-Na—CI-HCO; |
SW-4SW-56 Na+K>Mg>Ca CI” > HCO; > SO%” Tk Na—Cl I

Pk Kargasckmez Kuvarsit Member, Pzke Kervansaraydag Formation, Tk Kizihrmak Formation, Qa Alluvium; jons are meq/]

Celik et al (2008)
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KOMPOZISYON DiYAGRAMLARI
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Fig. 6.6 A composition diagram of the Green Mice Springs (Table 6.3).

Concentrations are given in meq/l. The compositional interrelations of the nine Mazor (2004)
springs are clearly exhibited: mixing lines indicate a saline warm end member mixes

in various proportions with a fresh cold end member.



Kompozisyon Diyagramlarinda gorulen temel
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Fig. 6.7 A cluster pattern in a set of composition diagrams of five adjacent springs.
The pattern indicates one type of water is involved. The more parameters that are
checked, the higher is the confidence of the conclusion.

Mazor (2004)



Cl ~~= Cl —e Cl —»

Fig. 6.8 Two clusters in a set of eight adjacent springs. The pattern indicates two
distinct types of water occur in the studied region (with no intermixing): a water type
of low Cl, Mg, and Na and an elevated temperature, and a water type of high Cl, Mg,
and Na and a low temperature.

Mazor (2004)
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Fig. 6.9 Data from a well field plotting in straight lines in composition diagrams.
These are mixing lines, of which three variations are shown: (a) the line extrapolates
to the zero points, indicating mixing of a saline water with a water that has negligible
SO, concentrations (dilution); (b) the line extrapolates to a point in the TDI axis.
indicating the fresher end member contains significant concentrations of 1ons other
than SO4; and (c) the line extrapolates to the SO, axis, indicating both intermixing

waters contain significant concentrations of SOj.

Mazor (2004)
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Fig. 6.10 Data of a group of wells falling in triangular areas on compositional
diagrams, indicating three distinct water types intermix in varying proportions.

Mazor (2004)
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Fig. 6.11 Compositional diagrams of a set of well samples: (a) random SO4
distribution; (b) a positive CI-TDI correlation; and (c) a constant HCO; value.
Possible interpretation: mixing of fresh and saline end members that both have the
same HCO; concentration; the SO, measurements are suspected to be erroneous and
should be repeated.

Mazor (2004)
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Tatl ve tuz
olustur

U sulardan
Ulan set

Table 6.4 Synthetic Data Generated to Simulate Dilution of a
Saline Water by a Fresh Water (meq/l)

Data set K Mg Ca Na SO, HCO; Cl TDI
1 0.2 0.8 1.4 2.6 0.3 2.4 2.5 10.0
2 0.4 1.6 2.8 5.2 0.6 4.8 4.6 20.0
3 0.6 2.4 4.2 78 0.9 T2 6.9 30.0
-+ 0.8 3.2 5.6 10.4 12 9.6 9.2 40.0
5 1.0.--40 7.0 13.0 ES 12.0 1.5 50.0
Set 3’Un karisim oraninin K’a gére bulunmasi:
Uc Uyeler:

Set 1= tatli su,

Set 5= daha tuzlu su

1.0x + 0,2 (1-x) = 0,6

X =0,5 (%50); Set3, Tipl ve Tip3'ten %50

oraninda karisim suyudur)

Mazor (2004)



YUZEY-YERALTI SUYU iLiSKiSi;
HIDROKIMYASAL YONTEM

Akiferden beslenen akarsularda kimyasal kutle dengesi esasina dayal olarak,
genel yeralti suyu ve yuzey suyu kalitesi (6zgul elektriksel iletkenlik (El), sicaklik
(T) ve cozlinmis oksijen (DO)) karsilastirilarak kullaniilmaktadir.

Formul:
Qsw,in x WQP + Sgw,in x WQP = Qsw,out x WQP
Burada;
Qsw,in: alana giren akarsu akimi, m3/s
WQP: secilen parametrenin su kalitesi degeri
Sgw,in: alana giren yeralti suyu akimi, m3/s

Qsw,out: alandan cikan akarsu akimi, m3/s

Kiyaslama amaciyla birden ¢cok parametre kullaniimalidir!.
Weight, W.D., Sonderegger, J.L. (2001)



|ZOTOPLAR



DURAYLI IZOTOPLAR
. owienilbinde | Doterumbinde)

Ortalama okyanus suyu 0 0
Okyanus, deniz, ylzey sulari 0/+1 0/+10
Akdeniz bolgesi denizleri, Kizil Deniz +1/+2 +8/+20
Okyanus, buzullasma boyunca +1 +10
Yagmur ve tath su 0/-15 0/-110
Kapal goller -2/+5 -20/+20

Mook (2001)
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Oksijen-18/Doteryum Grafigi
Buharlasma Dogrusu
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Mook (2001)
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