CHARACTERIZATION OF GROUNDWATERAND SURFACE WATER
| NTERACTI ON I N KKRMKR STREEMEATEE BENSNG THERM
AND IN-STREAM MEASUREMENTS

A THESIS SUBMITTED TO
THE GRADUATE SCHOOLOFNATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

DKLGE VARLI

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
GEOLOGICAL ENGINEERING

MAY 2016






Approval of thethesis:

CHARACTERIZATION OF GROUNDWATER AND SURFACE WATER
| NTERACTI ON I N KKRMKR STREAM USI NG
SENSING AND IN-STREAM MEASUREMENTS

submitted byD KL GE V AnRphartial fulfillment of the requirement®r the
degreeof Master of Science in Geological Engineering Department, Middle East
Technical University by,

Prof . Dr . G¢l bin Dur al i nver
Dean, Graduate School Nfatural and Applied Sciences

Prof. Dr. Erdin Bozkurt,
Head of DepartmenGeological Engineering

Assct. Prof . Dr . Koray K. Yeéel maz,
SupervisorGeological Engineering Dept., METU

Examining Committee Members:

Prof . Dr . Hasan Yazecegil
Geological Engineering Dept., METU

Assoc. Prof . Dr . Koray K. Yeéel maz
Geological Engineering Dept., METU

Prof. DrrM.Ze ki ¢Camur
Geological Engineering Dept., METU

Prof. Dr-M. L ¢ t f i Sé¢zen
Geological Engineering Dept., METU

Prof.DrrMe hmet Ek mek- i
HydrogeologicaEngineering DeptHacettepe University

Date: 02/05/2016

THEF



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced

all material and results that are not original to this work.

Name, Lastnamé&® KL GE VARL I

Signature



ABSTRACT

CHARACTERIZATION OF GROUNDWATER AND SURFACE WATER
| NTERACTI ON I N KKRMKR STREAM USI NG THEF
SENSING AND IN-STREAM MEASUREMENTS

Var |l é, Dil ge
M. S, Department of Geological Engineering

Supervisor: Assoc. Prof . Dr . Kor e

May 2016, 18 pages

Effective management of water resourceguires understanding and quantification
of interaction between groundwater and surface water bodibs. exchange
processes have recently receivettreasing attention becausealso they have
important influences on ecological status of watersh&ts. purpose of this study
was to characterize the interactionvbeen surface water groundwatern Kirmir
strean - a controlled stream nearlif € z € | ¢ aAmkana,aTorkey At the first
stage stream reachewsith interactionof groundwateii surface watepotentialwere
identified using geological information. Therhdrmal remote sensingasutilized to
further pinpoint the potentiallocationsin which interactioncould occurat a smaller
scale Nested piezometers were installed in identified locatiotws observe the
variations in vertical hydraulic gradient over tin@ischarge measuremenigere

performed to undertand the gains and losses in streadischarge. 8eambed



temperature measurements were taken at two different depths for a petioe of
using temperature loggets calculatethe vertical fluid fluxesthrough thestreambed

at various locationsBasic waer quality field parameters (temperature, electrical
conductivity, total dissolved solid amount, dissolved oxygeid and oxidation-
reduction potentidlwere measuredVater samples were taken from both stream and
piezometers and these samples were apdlyor major anion concentrations.
Chloride mass balance was performed to find the contribution of groundwater and
chloride concentrationswere associated with the geology of the ar@ais
hierarchical, multi-scale methodology provided an efficient arfteaive way to
determine the locations and the direction of groundwater and surface water exchange

processewithin the study area

Keywords: Groundwater stream interactionjn-stream measurementshermal

remote sensindield parametergpajor anionconcentratiosa
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YERALTISUYU VEY! ZEY SUYU ETKKLEKkKMKNKN KKRMK
BOYUNCA TERMAL UZAKTAN ALGILAMAVE NEHKR K¢K ¥L¢! MLEI
KLBEELKRLENMESK

Var |l é, Dil ge
Yé¢ksek Lisans, Jeol oji M¢ hendi s

Tez Y°nebDo<ci sDr . Koray K. Yél maz
Ma y 2386, 18 Sayfa

Su kaynaklbairré nkeenk ieltdkei lsiipat veEmggizeyemsalyteé
et kiilrekam akél masé ve miktWebercaletne ey u rv el
Ssuyu areatskéinhdeavkzienl ar ¢ z er | dad e ¢ etkierd sahjipi k a - €
ol duj u i -1 na sgind eraenka nd ratradn.Blui - a9 eexmak & na n
Kezeéel cakimkrearnrag yakénénda bulunan ve Kkontrr

czerinde y¢é¢zey suyu ve yeralteéesukpmirr ar as €|

nehr.i ve yeralteée swkaltesi arazaparanmeuetelk ana anyoki | e K
der i ki nilemdemvei -uzakt an al gel ama il e al ér
arakt eKékmerktaprt.a, kpeobbhmghingredbh|l g ey ve
suyu et wiylgauki shagderageméake r ma | uzaktan al gel
gere¢ldegj ¢ olhRhgecHobbhsghbhheabgwday rhi drol ik
zamanla ol an dej i Ki mini gzl emleyebil me
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yerlerine y a n yana piezometreler yerl ektirilmickt:.

kayéepl ar éné ge°rebil mek I -1 n debi °l - ¢ml er i
derinliklere yerl exktirilen sécakl ek °l -er |l e
dej i ki ml efankdmaylkoknekaéa | iir-liennmi kKt ir . ¢tal ekxma a
secakl ek, el ektriksel il et kenl i k, -%z¢ésnNnmgK
mi kt ar e, y nikds e lgtegrenremep ot ansi yel i gi bi su K
parametrel er.i o1 - ¢ leméprmevt e rred leirrd ein- isrud € nweedk | @
anyon deri ki mler. belirlenmicktir. B¢t ¢n bu

yer al t eKisrunyiur vneehr i ninakemgadah dekelréeenoir.i
kI or k¢tle dengesi uygulkan &kréeasle, ayenkdletr @ | ma g
ol ar a&l almma -al anénda °1-¢len klor mi ktarl ar é

hier aroki ko1 - ekl { almetmad yeeb@mna@aredasuyu ve yg¢zey

arasénda g°zlenen et kil expitninmalsoeknaés ysoarj |l aarngerké
Anaht ar Kel i medehi:r Yetrilail It exsiumiu, nehir i-1 °©
algel ama, arama payametdeel er mj

viii



To My Belovedramily



ACKNOWLEDGEMENTS

| would like to express mthankfulnesso my supervisoAssoc. Prof. DrKoray K.

Y € | ma his gdattemce, suppgriguidance and criticism. He alwaysipported,
guided and motivatedme to complete my researciWithout his knowledge and
directives | was not able to complete Heis a great advisor for a person who is just
at the beginning of the academia.

Il would I|ike to t hankhiskndand caring attituddéans an Yaz éceé
really thankful to him for providing ma placeto carry on my studiethroughout this

long journey andreating me likd amone of his graduate students. Also, | want to

expressmg r at i tude t o Pr o idingni@with hiskaokledge: demur f or g
alwaysmade suggestions amehs ready to help without hesitatidrast but not least

|l would | ike to thank FHissupportabdhelpsMe hmet Lt fi

One of my greatest gratituslgoes to Scientific and Technological Research Council
of Tur key (T} BKT AsKip (2210y they pravided Sesirghme | a

worthy of thisscholarshipmotivated me to complete my resgaim a better way

| am also grateful to Asia Minor MinindAMM) for facilities they providel.
Especially Cansu Kahr &EmanAl aekbai w&kkaaBebDge K

always ready to help.

My thankfulness goes to Hydrochemistry Laboratory of Hacettepe Univdosity

ther help in the analysis of my data

My appreciation belongs to my colleagued the hydrogeology | abor
Argunhan, Ak e Pek s andar HAdy &€te Begonhdcoommatéshttmtya ar e

person can have. Theyere incredibly supportiveand always helped me without



hesitatonHa t i ¢ @nd E&@hu€eyhanbecome one of the most important people

in my life. During this period, wénave established strongbond of fiendshipwhich

| wish to lastfor my entire life They made my journey more colorful and
meaningful. Without theikindness, helps, friendship and supportive attitubess

not able to finish my researccAy k e Peksezer Sayét was alwv
during my hard periods. She motivated me with keowledge and experiences.
¢idem Argunhan always did her best to hel

| am grateful to Deniz Atilla for his supports for any time. He is the best listener that
| have ever met. His défent perspective and personality made the life more
understandable. | feel very lucky to have him as a dear friend.

Also, | amthankfult o Yasemin ¥ zehdarimyencoufagementimce r

supportsShe was alwayseady to helpvhen | needd

My deepesgratitude goes to my dearest friends Buse Altay, Ecem Balkan and Burak
G° n ewmho always supporteand encourageahe. | camot think any moment that |

do not share with them. They are making my life more beautifielaningful and
entertaining. They are mgecondfamily and | am grateful to them fotheir
contributions to my life Buse Altay was always like a sister to me. We grew up
together and | think that we still have a long journey togethemot think my life
without Bur ak G° n ékmow thatinhdse threepeopl will akvays .

be there.

| am deeply grateful to my dear familyly sister, EKin always brought heat to my
life and made it more colorful.am gratefulfor her supports and encouragements in
any time. Especially my mom and dadprovided me allopportunitiesduring my
entire life. They are the best thing that ever hagguketo me.l am thankful to the
perspectivehat theybring into my life They always did their best teducate and
improve myselfl camot express my gratefulretor them.My wish for any person

is to have such parents.

Xi



TABLE OF CONTENTS

AB ST R A CT e et e e e ee v
PP Vil
ACKNOWLEDGEMENTS.... . X
TABLE OF CONTENTS ...t Xil
LIST OF TABLES. ... e e e e e XVi
LIST OF FIGURES. ... .ot eens Xviii
CHAPTERS
L.INTRODUCTION. ... e 1
1.1. Importance of Groundwater alrface Water Interaction.................... 1
2 © ] o] =T o1 V=P 3
1.3, APPIOACKH. ... 4
2.BACKGROUND LITERATURE......cct i 5
2.1. Groundwater Interactions with Streams.............ccccoeeeeieeniieniieeee, 5

2.2. Measuring the Exchange of Water Between Surface Water and

GIrOUNAWALEY . ... e e e 9

2.2.1.Nonrthermal Methods for Measung the Exchange of Water Between

Surface Water and GroUNAWALEL.............coovvveiiiimemiiiiiiiiae e e ee e 9
2.2.1.1. Environmental TracersSolute Mass Balances............... 10
2.2.2.Heat as a Groundwater TraCer...........couuvvruuuurimmmmiriiiiinnaaeeeeenns 13
2.2.2.1. Temperature Time Series Methods.............ccccceevvnnenn.e. 14

Xil



2.3. Chemistry of Natural Waters..............coooeiiiiiiiiii e 19

2.3.1.Chemical Interactions of Groundwater and Streams................. 20
2.3.2.The HYPOIrNEIC ZONE.......uiiieiiiiiiii et 23
3.DESCRIPTION OF THE STUDY AREA....... e 25
3.1, PRYSIOQIapnY... .o 25
3.2. PreVvioUS STUGIES.......coceiiiii et 27
3.3 ClIMALE. ... 28
3.4. Surface Water RESOUICES. .........oiiiiiiiiiiiie e ee e 29
R T 1= To] (0o |V PP PPPPPPRTTRR 30
3.5.1.RegIONAIGEOIOGY.....cuuuiiiieiiiiiiie ettt 30
3.5.2.L0CaAl GEOIOGY....evuuiiiiiiiiiii et 31
3.5.2.1. Basement VOICANICS............cceeeeeiiiiiiiieeeiiiieeeeii 35
3522 ¢eltik-i..Format.i.on. ... 35
3.5.2.2.1. Bostantepe Unit..........coouiiiiiiiiiiiieeiiieeei e 35

35222 Lower ¢avuk.l.ar..Uni.t.....235

35223. Upper ¢avuxkl.ar..Uni.t......36

3.5.224. Abacé...Uni Lo 36

3.5.2.2.5. Kocalar UNit...........uoiiiiiiiiieeeiiiieeeeceeeeeeeei 37

3.5.2.2.6. Aktepe UNit.........ccccceviiiiiiiiii e, 37

3.5.22.7. BeZCI UNit....coiiiiiiiiiiiiiii e 37

3.5.2.3. Plio-Quaternary UNitS..........ccccoovieiiiiiiiieiiie e 37
3.5.2.4. Quaternary Alluvial DepOSItS..........cccvvveeviiiiiiiiecie e 38
3.5.2.5. Structural GeOoIlogY.......cccvvieiiiiiieiii e, 38
3.5.2.5.1. Palechigh Fault...............cccoooiiiiii . 38

Xiii



3.5.25.2. Thrust FAUIRS........ooeeeeeeeeeeee e 39

3.52.5.3. Normal Faults..........ccoooiiiiiiiiiiii s 39

3.5.2.5.4. Kocalar Monocling............cciiiiiiiiieiniiiiieeeees 39

3.5.2.5.5. PeyiKler Front.........cccoooviiiiiiiiiieeeee e 40

3.5.2.5.6. FOIdING....covmiiiiiiiiiiiii e 40

3.5.2.5.7. BeAUING....cciiiiiiiiiieiiii e 40

3.6. HYdrogeOoIlogy........ooeeiieiiiiie et 40
A METHODS. ...ttt e et e e e e 43

4.1. Measuremenof Water Skin Temperatures Using Thermal Camera..43

4.2. NeSted PIEZOMELEIS. ....ccooeiiii e 47
4.3. Stream Discharge Measurements.............veveerieeeemreneeeeineeeeineeeens 54
4.4, Water Flux CalCulations............c.ooiviiiiiiiiieeei e 57
4.4.1.Streambed Temperature Measurements...........cccceeeevevveeeeeeennnn. 57
4.4.2.Calculation of Water FIUX..........cooviiiiiiiiiii e 60
4.5. Measurement of Water Quality Field Parameters...............cccceeeeeeees 62
T I |V =V o ] Y 10 1 TP 65
S5.RESULTS AND DISCUSSIONS. ... 67
5.1. Water Skin Temperatures Using Thermal Camera.......................... 67
5.2. Hydraulic Head and Vertical Hydraulic Gradient Values................... 73
5.3. Temporal Changes in Discharge Measurements...................ccoeuun.... 92
5.4. Groundwater DiSCharge..........cccoovieiiiii i e 96
5.4.1. Temperature DataVFLUX .......cccooiiiiiiiiiie e 96
5.4.2.Vertical Fluid Flux Values VFLUX .........cccooiiiiiiiiiiiiiiieee, 103

Xiv



5.4.2.1. Calculation of Vertical Hydraulic Conductivity of the
streambed

5.4.3.S00ute MasS BalanCe. . .....ouieieieeeaee e 114

5.5. Chemical Interactions of GroundwateiStream Water and Indications of

Water QUAIIY......cuuiie et 119
5.5.1.Water Quality Field Parameters.........ccooovveiiiiiiicen e 119
5.5.1.1. Temperature Measurements..........cc.ccoeeevreivireenneennnen. 120

5.5.1.2. Electrical Conductivity (EC) Measurements................ 128

5.5.1.3. The pH and Redox Environment...............ccccceeevveennn. 130
5.5.2.Major Anion HydroChemistry..........ccouuuuiiieiiiiiiiiiineee e 133

6. CONCLUSIONS AND RECOMMENDATIONS.......ccooiiiiiiiiieieeees 147
REFERENGCES. ... oot et et e e e e e e raans 155

XV



LIST OF TABLES

TABLES

Table 1: Length of piezometers, depthpegzometers in the streambed and depth to

screen middle of each piezometer for each installation location.................... 49
Table 2: Streambe@mperature measurement periods..............coovvvvviienneennn. 59

Table 3: A sample input temperature time series data collected from a single
streambed Vertidgorofile. ...........coovveeiiii e 62

Table 4: Total head values, VHG values and flow directions P S32P and S3.

Table 5: Total head values, VHG values and flow directions P S36P and S+P.

Table 6: Total head, surface water level, VHG values and flow directionsfh. 82
Table 7: Total head, VHG values and flow directions in-8I®..............c.......... 83

Table 8: Mean, minimum and maximum VHG values for each monitoring location.
................................................................................................................... 84

Table 9 : Discharge values in each measurement location........................... 94

Table 10 : Difference between discharge values of consecutive measurement
locations (negative (positive) values indicate decreasing (increasing) discharge

(0 [0 )Y 0 FS A=Y= 1 ) 94

Table 11: Minimum, maximum streambed temperature vadmestheir differences

in monitoring sites SP, S4P and S1@ for each measurement periad........... 97

Table 12 : Minimum and maximum flux values for each time interval in each site.

Table 13: Maximum and minimum flux values in Slb@or each segment....... 108

XVi



Table 14: Vertical Hydraulic Conductivity values in location-B3................... 112

Table 15: Geometric means of vertical hydraulic gradiahies in S and S4
for each flux measurement dates..........ocoeuiiiiiiiiiier e 112

Table 16: Vertical hydraulic conductivity values in locationf&4.................... 113
Table 17 : Chloride concentrations and discharge values in sampling locatibbs.

Table 18: Mean, maximum and minimum values of water quality field parameters

measured from surface water in summer and winter SeasQnS..........c..c....... 121

Table 19: Mean, maximum and minimum values of water quality field parameters

Table 20: Major anion concentrations of water samples taken from piezometers and
surface water at selected monitoring locations (Us: upstream, Pz: piezobwter,

DOWNSIIAMY).....iiiiiiii ettt ettt e e ee et et e e e e e eaab e e e e e eeeanees 134
Table 21: Chloride concentrations (mg/L) in sampling locations................. 138

Table 22: Chloride concentrations (mg/L) and the interacted geological units of wells

around the STUAY Ar€a..........cc.vuiiiiiii e e e e e 138

Table 23: Chloride concentrations (mg/L) and the interacted geological units of

fountain around the study area.............coooeveiiiiiieeeiie e 139

XVil



LIST OF FIGURES

FIGURES

Figure 1: Groundwater flows t0 & Stream............ccovvviiiiiiiieeiiiiiii e 6

Figure 2: Three basic interaction types between groundwater and a stream. a)
Gaining Stream. b) Losing Stream. c) Groundwater flows in and out through stream
d) DISCONNECIEA SEIEAIML......uu i iiieiiiie e ee ettt e e 8

Figure 3: Conceptual model of how groundwater inflow can be quantified from the

change in concentratian stream from upstream to downstream................... 12

Figure 4: The difference in amplitude and shift in phase in the diurnal temperature

signal in the streambed at various depths (Hatch et al., 2006)...................... 15
Figure 5: Hyporheic Zone (Buss et al., 2009)..........ccccoveeeiiiiieeeriii e, 24
Figure 6: Regional view of the study area............cccoovevvviiieeeeiiii e, 26
Figure 7: Position of monitoring locations in the study atea.......................... 27

Figure 8: Regional geology of the are&alatian Volcanic Province (Rojay, 2013)

Figure 9: Generalized columnar section in the local geology (AMM,2015)....32
Figure 10: Geological map of the study area (AMM, 2015)............cccvvvreeennen 33

Figure 11 : Application of thermal remote sensing by Optris IR Camé&@0Rh the
study area. There is hdarmal camera and a visible camera mounted on the platform.

Figure 12: Optris IR Camera Software windQWw...............ccoooeeviieeereeiiineeeennnn. 47

Figure 13: a) Perforated section, tip and head of the piezometer used in the study. b)

Installation of an piezometer by sledge hammer in the field.......................... 50
Figure 14: Drawing of nested piezometers in sitePSa terms of their sizes.....51

Xvili



Figure B: a) Nested piezometers and measurement of height of the piezometer
above ground b) Measurement of water levels inside the nested piezometers by
Yo 1T S A O 1Y = T P 52

Figure 16: Hydraulic and elevation heads in the nested piezometers............ 53

Figure 17: Measurement of discharge B{?111 Globe Water Flow Probe in
MONItONNG l0CALION SID.... i 56

Figure 18: Preparation and installation-uttons................ccccceiiiieiieeeeennnnnnn. 59

Figure 19: Measurement of water quality field parameters for stream water in the
111 o SRS SRRN 63

Figure 20: Purging of deep piezometelSikP site for measurement of water quality

fleld ParameterS. . ... eeeennd 64
Figure 21: Chloride sampling monitoring locations through thdysarea............ 66
Figure 22: Some of water samples taken for major anion analysis...............! 66
Figure 23: Mixing of two different waters in S9........ccccovviiiiviiiiiiiieeie e, 68
Figure 24: TIR and visible images taken from $AB..............c..cciiiiiiiieennn, 69
Figure 25: The interface of cold and warm wateBIOP-B ..................cccevvnen 70
Figure 26: TIR and visible images taken from S15.............cc.cceviviveeveennn 21
Figure 27 : TIR and visible images taken from SL7.............ccccoeveviiiiieeeennnnnnn. 72

Figure 28: 8es having losing, both gainindosing and gaining characters.......74

Figure 29: Water level change in time at the losing reatheo$tudy area (SR, S2
P and SBP).... i e 75

Figure 30: Water level change in-84 S6P, S?P, S9P and S1P-B. ................79
Figure 31: Vertical hydraulic gradient change inf51S2P and S& in time....... 85

Figure 32: Vertical hydraulic gradient change inf§4S6P, SZP, S9P and S14P-
2 BT R €] 0 = SRS 87

XiX



Figure 33: The variation in streambed elevation throughout the monitoring locations
INTNE STUAY @I aA.......u ittt ee e e e e e e e e aaeees 92

Figure 34 : Discharge variation in time for each measurement location......... 93

Figure 35: a) Streambddmperature variations in §3 at depths of 5 cm and 20 cm
during 12.03.2015 26.03.2015 measurement period. b) Streambed temperature
variations in S4 at depths of 5 cm and 20 cm during 12.03.201%5.03.2015
measurement period. ¢) Streambed tempezatariations in S1® at depths of 5 cm

and 20 cm during 12.03.201527.04.2015 measurement periad..................... 99

Figure 36: Streambed tempéure variations in each location at depths of 5 cm and
15 cm during 10.07.201503.08.2015 measurement periad................c.uvunn.. 100

Figure 37: feambed temperature variations inB4nd S14 at depths of 5 cm
and 15 cm during 03.09.201514.09.2015 measurement periad................... 101

Figure 38 : Vertical flux variations in S8 and S4° calculated using temperature
variations at depths of 5 cm and 20 cm during 12.03.20186.03.2015

[ TST= R =T 1= 1 o1 o Yo P 104

Figure 39: Vertical flux variations in each location at depths of 5 cm and 15 cm
during 10.07.201503.08.2015 measurement period...........cc.cevvvvevvrencenenns 105

Figure 40 : Vertical flux variations in S8 and S1@ at depths of 5 cm and 15 cm
during 03.09.2015 14.09.2015 measurement period...............cccvvveeveennnnnnn. 106

Figure 41 : Segments of whole temperature and flux data rDSfb8 measurement
Period MarChH APFil. ...... e 108

Figure 42: Temperature variation in streambed and flux values for segments 1 and 2
in S16D during March April 2015 measurement period............c.cccccevvvnnenne. 109

Figure 43: Temperature variation in streambed and flux values for segments 3 and 4
in S16D during March April 2015 measurement period............c.ccccceevvnnnnne. 110

Figure 44: Chloride sampling monitoring locations through the study.area.114

Figure 45 : Box plots of water quality field parameter for stream water.......123

XX



Figure 46: Change in water quality field parameters through monitoring locations for

stream water and water samples taken from piezometers............cccccuunuen.. 125

Figure 47: Normalized electrical conductivity change in each site during
MEASUIEMENT PEIIOM-. ... ittt e e 128

Figure 48: Major anion concentrations throughout the selected sampling locations.

Figure 49: Change in total anion concentrations throughout the selected sampling

JOCALIONS. ... et 137
Figure 50: Position of wells in the geological map (AMM, 2015).................. 141
Figure 51: Position of fountains in tigeological map (AMM, 2015)............... 142

XXi



XXil



CHAPTER 1

INTRODUCTION

1.1. Importance of Groundwater and Surface Water Interaction

In the past, especially prior to 1990s, groundwater andcguwater were considered

as sepmate resources although they are hydraulically connected with each. other
Development, management and protection of water resources have gained an
increasing importance in recent yeaFar example, Water Framework Directive
(WFD) developed by European Union (EU) revealed as a result of increasing threat
of pollution and increasg demand for cleaner water resources such as rivers, lakes
and reaches. It specifitp aims the protection of all wate (surface water
groundwateiand coastal waters), achievement good status of all waters (quantitative
and chemical status), managemaeait water bodies based on river basins or
catchments and involvement of pgigbunder one piece of environmental statute.
Competing demands for water resources within and between human communities
and natural systems necessitates competent, scientdfizeEfd management
(Kikuchi et al.,2012) Moreover, WFD outlines an approach about management of
water resources by focusing on interaction between groundwabeliesh
groundwater dependent terrestrial ecosystems and sunfater bodies. Therefore,
grourdwater and surface water interaction is becoming the subject of increasing
attention as more emphasis is placed on integrated water resources management.

Managemat of one component of the hydrologic system, such as a stream or an

1



aquifer, is only partly effective because each hydrologic component is in cauginu
interaction with other componenfgVinter et al, 1998) Many surface water bodies
such as springs, wetlands, lakes, astlariesare partially or wholly dependent on
interactions with groundwateEspecially, rivers and lakes generally have strong
baseflow component in the dry seaso

The interactiorbetween groundwater and surface water means the exchangésof
masses between theseaeses The chemical and microbiological characteristics of
surface water and groundwatae different from each othefherefore, exchange of
water causs significant modifications in physical, chemical, biologjic and
energetic properties of groundwater, surface water and hyporheic zone in which
mixing occurs Various processes like transportation, degradation, transformation,
precipitation orsorption occuting in the transition zone affect the water quality of
this zone because chemical, biological sysical properties of groundwater and
surface wateare indeed differenfKalbuset al, 2006) In other words, interaction
between groundwater and surface watféect the quantity and quality of each other
pollution of one of then can degraddhe other Determination the amount of
contaminant movement or wadted to surface waters is required to meet the water
quality standardsWinter et al (1998)indicatethat @nsidering the contribution of
groundwater in the estimation ofsteload may be a better approatihsome cases,
water quality standards can be met by reducing contaminant loads carried by
groundwater to stream#lso, water exchange between groundwater and surface
water creates a habitat near the interface. Thigriboikes the diversity of ecological
community andaffects the aquatic environmentnderstanding and quantifying
physical processes and ecolmji implications of groundwater arglrface water
interaction is becoming an important subject in hydrogeolbgicd river ecological
studies (Schmidt et al, 2006) According to ecologist, hydrogeochemists, and
hydrologists interactions betwesnrface water and groundwater play in important
role in stream amsystem For the protection of water resources it is vital to
comprehend the significance of the effects of exchange processes bttessetwo

sources Groundwaterand suface water ecosysms are considereds linked



components o& hydrologic continuum; therefore, this causelsted sustainability
iIssuegSophocleous, 2002)

Additional to integratedwater management and water quality issues, understanding
interaction between groundwater and surface water is essential for water Bugply.

to various reasons like environmental concerns and difficulty of finding suitable
sites, constructing reservoirs for surface storage of water is becomimglenging
processday by day Instead ofconstructingsurface storageeservoirs, araquifer
systemcan be used to store water temporarDne of the factors that shll be
taken into considerationn such projectsis the groundwatessurface water
interaction.Winter et al (1998) explains that aquifer systems where water is stored
temporarily, the lbaracteristics and extenf interactions between groundwater and
surface waterinfluence the success of suaftegrateduse projectsFurthermore,
excessive usage of one of them can affect the other. For exahgleundwater is

pumpedexcessivelythiscan cause the depletion of surface water.

As integrated management and sumthility of water resources become more
important, interaction of groundwater and surface water has also gained an
increasing attention due to itsipacts onenvironment Exchange processes have
significant effectson groundwater, surface water and ecologg mentioned
Consequently, to achieve an effective water resources managamentjerstanding

the interconnections betwesuarface water and groundwaigressential

1.2. Objective

The primary objective of tls study is to characterize tiggoundwater andurface
water interaction by identifying the spatial and temporal hydrological pathways
along a small reach &€irmir Streamn e ar ¢ e |, whick isin tha vinitgof
Kéez el caih ahmaCentral Anatolian Region of Turkeyn particular, to
investigate whether the adjacent aquifer systamnthe region provide a source of
water to Kimir Stream along flowpattand if so from which geological units this
groundwater décted and how it influences the chemistry of stream.
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1.3. Approach

To achieve thigyoal, a variety of methods wasombined. Groundwater discharge
zones were quantified by temperatiréased groundwater flux measurements and
the stream water and shallow groundwater quality wereyzedito detect the source
of water feeding the Kmir Stream.The objectivewas accomished by applying a
field based study t@pproximagly 2 km reach of Kimir Stream.The scientific

approach of this thesis is defined as follows:

[1] Detecting the groundwater discharge zones above and sigmbank by
the help ofremote sensing measurenemollected with handheld thermal
infrared (TIR) cameraTlherefore, an understanding about the study area was

obtained and next steps were planned.

[2] Installation of nested piezometensto specific locations to observe the
direction of flow and to identyf the gaining and losing reachesthin the

study area.

[3] Quantification of vertical flow flux in losing and gaining reaches of the study

areacontiruouslyby using temperatureased equations

[4] Measurement of water quality field parametess foth streamwater and
shallow groundwater. Evaluating the whole datatémms of exchange

processeso find a elation between streawater and groundwater

[5] Quantifying the amount of major anion concentrations in stream water and
shallow groundwater to make anterpretation between ¢m and finding

groundwater contributiohy using mass balance equations.

[6] Evaluation of all above findings together and finally characterizimg

groundwater and surface water interaciimthe study



CHAPTER 2

BACKGROUND LITERATURE

2.1. Groundwater Interactions with Streams

As mentioned before, groundwater and surface waterligked componsts of
hydrologic continuumGroundwater is present in nearly all landscapes and inseract
with surface waterThereforethey affect he quality and quantity of each oth&he
exchange processdmtween groundater and surface water bodies a@mplex
becausethey are controlled by many factors such as geology, geomorphology,
topographygclimate,and position of surface water bodgd water table with respect

to each othe(Sophocleous, 2002; Winter, 199%tream channel orientation and
stream channel geometry are important factors affecting exchange processes between
groundwater and a streafWwoessner, 2000)Groundwater flow systemaffect the
degree of interaction and chemistijhey develop in assaation with the physical
framework which is determined by elsettingof land (Younger, 2007) There are
three types of flow systems which are local, intermediate and rediBigaire 1)

( T- t h, Grdusd@a&ey flows from groundwater recharge areas to groundwater
discharge areasLocal groundwater flow systems occur near thefaser and
charatterized by high degree of ingation. Winter et al. (1998) states that the
uppermost part where the unconfined aquifer is locaeedith of flow paths range
between tens to hundreds of feet aadidence timesorrespondo days to a few

days.
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Figurel: Groundwater flows to a stream.

A local groundwater system occurs between a topographic high and adjacent
topographic low.Because oproximity to the ground surface (therefore, closer to the
atmosphere also),is$olved oxygen amours high in local flow systemsandthey

are open to chemical pollutants resulting from human actiVitgse pollutants can

be nutrients such as nitrate and phosphat@ermediate flow systas include
several topgraphic lows between recharge and discharge areas. They generally
occur within confined agjfers. Therefore, they are septed from a local flow
system by a confining layeBecause theinteractionwith the atnosphere is cut by a
confining layer, hey have relatively low dissolved oxygen concentratidineir
traveltimes can reach up to centuries. Regional groundwater flow systems are
characterized by the longestdatihe deepest flow paths. Reside times can last for

millennia. This long residace time causes the interaction of groundwater with

6



surrounding environment resulting in high amount of total dissolved solids in the
water. Groundwater flow is affected from the topogragfgnet al, 2007) Winter
(1999) superficiallyexplained the effect of topographyregional flow systems and
said thattopographically low areas are grourater discharge areashere the
groundwater moves upwardhile topographically high areas are groundwater
recharge areashere the groundwater flows downward

The interaction processes between gdwater andstreams occur in three basic
ways (Figure 2). Streams can gain water from the adjacent groundwater system
through the streambed artesekind of streams aremnamed as gaining stream
(Figure 2a). Conversely, groundwater can gain water franmstream and these
streams are known as losing stredfgure 2b). Lastly, a stream can do both, that
IS, it may gain water in some reaches amay lose its water in the other reaches
(Figure 2c). If a stream is a gaining stream, stseam water head lower than the
water table. When the stream wateadbecomes higher than tinater table, stream
feeds the groundwater, that iishbecomes a losing streawilso, gaining streams and
losing streams can be defined as groundwaffwent and surface water filnent
respectively In losing stream shown iRigure 2b, groundwater is connected to the
stream by a continuous saturated zoh&wever, groundwater can also be
disconnected from thipsing stream by an unsaturated zotwethis case, the water
tablecanbulge towards the streadepending orhe relationship betweehe rate of
lateral groundwateffow andtherate ofrechargehrough the unsaturated zofvehen
the lateral groundwater flowate becomes lower thathe recharge ralgWinter et
al., 1998; Winter, 1983)Thesestreams are named as disconnected str@ahsan

be seen irfrigure2d.
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Figure 2. Three basic interaction typebetween groundwater and a stream. a)
Gaining Stream. blL.osing Stream. cisroundwater flows in and out through stream

d) Disconnected Stream



2.2. Measuring the Exchange of Water BetweenSurface Water and

Groundwater

Estimates of groundwater flux to streams facilitate conjunctive management of
connected aquifers and streamnd it is crucial to characterize the exchange
processes between themA variety of techniques were defingd idertify and
guantify thisinteraction.They can be applied to groundwater, streams and hyporheic
zone.Choosing an appropriate method depends opuihgose of the studyemporal

and spatial scales, limitations and uncertair(tiedbus et al., 2006)

2.2.1. Non-thermal Methods for Measuing the Exchange of Water Betwen

Surface Water and Groundwater

The most common technique to quantify exchange fluxes through groundwater
stream interface isot use hydraulic gradient. Hydraulic head can be found by
measuring water levels inside the piezometers which are at two different depths
through streambedrromhydraulic heads, hydraulic gradient values are obtained and

t hen Darcyods e g (cactulateo flux vialses ssing aneagpriate o

hydraulic conductivity:

, . QQ

Where, K is hydraulic conductivity ane- is hydraulic gradient.

According to Kalbus et al. (2006), hydraulic conductivity carebmated by grain

size analysis, permeameter tests, slug and bail tests and pumping tests.

Furthermore, seepage meters provide direasurement of exchange fluxgse,
1977) This method consists @f bottomless cylinder having a deflatpldstic bag

attached to it. It is installed into streambed and plastic bag collects the water moving



from groundwater to stream. By using the volume of the collected water, the cross
section area of the cylinder and collection period seepage flux islateldu For
reverse conditions in which stream feeds groundwater, a known water volume is
filled to the plastic bag and then bottomless cylinder is installed to the streambed.
Lastly, using volume loss stream contribution to groundwater is calculated
(Rosenberryet al., 2008) Seepage meters are easy to use and inexpensive.
According to Kalbus et al. (2006), they should be installed in many locations to
obtain representative flux value8nother method which can be used to difgn
exchange fluxes is dilution gaugin@ilution gauging is performed by using a
chemical tracerA solute is dded at known rate in upstrearinstream and dilution is
measured in downstream. This is used to find the streambed {lDaastantz et al.,
2003; Rosenberry et aR008)

2.2.1.1. Environmental Tracers - Solute Mass Balances

Water level and chemical composition in surface water bodies such as streams, lakes
etc. are controlled by input and outp@enerally, oncentration of dissolved ions
occuring in groundwater is highdahan concentration of dissolved ions matural

river water. As groundwater joinsthe stream, electrical conductivity and
conservative ions (nereactive) such as chlorideshow an increase dwards
downstream and contribution of groundwater to a stream can be quantified by using
this increaselUsing the environmental tracers to quantify groundwater discharge to
streamds more advantageous than physically based methmdsusehey can offer

more accurate information on the spatial distribution with less reso@msk,

2013)

Chemical methods thareused to estimate groundwaterdfliarge can be applied in
time domain or in spatial domaiRor methods based on time domain, stream water
chemistry is measured ovemg at a single location so that hogvoundwater
dischargehas variedemporallyis estimatede.g. Sklash & Farvolden, 1979Also,

environmental tracers can be used tonei the residence time of water in
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subsurface. According to Cook (2013),tracer concentration is measured at one
point in time so that changes in concentrations are obtained. By comparing them with
rainfall concentrationskey parameterslefining the dstribution of travel times are
solved. In addition, he emphasizes thite residace time distribution of water
discharging to stream change along stieeamlength and different residence time
distributionsobtained from a single locatiomay beused toconvert them into a
single broad distributianOn the contrary, water chemistry is measured at different
locationsalong the stream in the concept of the metheldieh arebased on spatial
domain Groundwater inflow varies spatially and tliauss thechanges instream

water chemistryirom point to point Interpretation of downstream changes in water

chemistry provides the quantification of groundwater inflow

Environmentaltracer approach was used nmany studies to estimate groundwater
inflow. Tracer stidieswere taken into consideration lmgh-gradient stream systems
affected fromadvection dispersion, groundwater inflow, and exchangecesses
between channel and subsurface wé&W®agner & Harvey, 1997)The spatial and
temporal variabilityof groundwater surface water interaction wasvestigated by
mass balance calculatiofignland et al., 2013)A chloride dilution experiment as
performed to quantify groundwater componeafswater balance in a proglacial
moraine(Langston et al.2013) A tracer injection waspplied to determine the mine
drainage inflows in Little Cottonwood Creek, UtgliKimball et al, 2001)
Furthermorefritium data from outflow waters of river basins were used to find the
averageaesicence times irtheriver basingdMichel, 1992) Several traces were used

in severalstudies such as chloridéCartwright et al. 2011; Meredh et al., 2009)
helium (Garcher et al. 2011)and rador(Cartwright et al. 2011; Ellins et aJ.1990;
Mullinger et al, 2007; Peterso et al., 2010; Smih al., 2010; Wu et al.2004)
These studies can be given as examples in which tracer approach is used to
understand the groundwataflow. Also, various tracers can be usaduch studies,

as in the conceptual model given kigure 3. In this model, there are three
components which are stream upstream, stream downstream and groundw&er. Q

and Quw represents thélow upstream, flow downstream and groundsvainflow.
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C1, C2 and C3 are used to inttee concentration of conservative ion in upstream,

downstream and groundier concentration.

— —

Upstream Downstream
Qs Q:C:

Groundwater
Inflow

Qe Coew

Figure 3: Conceptual model of how groundwateflow canbe quantified from the

change in concentratidn streamfrom upstream taownstream

When evaporation is ignored, water balance can be written as

) V] 0 (2)

The solute mass balance bpws as:

CA
€
CA
€
CA
R

3
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Then, goundwater inflow is calculated hige fdlowing formula

. 1 #F 1gHe
T @

Using this formula, groundwater inflow can be calculated along a length of stream if

concentration measurements are performed along the stream.

Mass balance assushat the system is at steasiyatewhen the measurements are
taken.If the streamhas the contributions of tributaries, thdwey must be sampled

and involved inthe mass bataeas well It is assumed that thaput concentrations

of groundwaterdo not show variations in time. This method works best when the
stream and groundwater concentrations are significant. By the help of this method,
the chemical composition of groundwatischarging to stream can be calculated. If
the obtained results are compared with the chemical compositions of adjacent aquifer

systemsijt can be understood that from which aquifdtow into the streamoccur.

2.2.2. Heat as a Groundwater Tracer

Temperaturesof groundwater and streamare different from each other.
Groundwater temperatures are relatively constant throughout the year, on the other
hand stream temperatures vary daily and sedso(téhlbus et al., 2006)Stream
temperatures are affected from the exchange processes between stream and
groundwater, because as water moves between stream and nearby groundwater
through adjacent sediments, it carries measureable anwfuimést together with it.

In the environment, temperature changes occur naturally as a result of heat flow.
Heat flow cannot bequantified directly butit can be obtainedoy measuring
temperature changesd multiplying it with thephysical properties ohe material
Therefore, émperature fluctuations at the streambed provide signals for tracing the

groundwater streamexchanges.
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The fundamentals of using heat as a groundwater tracer were first developed in
1960s. Naturally occuring heat flow can beused as a tracer for groundwater
movement and exchange flof8tallman, 1963, 1965; Suzuki, 196@uzuki (1960)
measured gundwater temperature® predict the water flux through saturated

sedments
N (5)

whereT is temperaturef the soil,t is time,, . is effectivethermal diffusivity, z is
depth, iscs s/ o’ w (specific heat of the soildpedfic heat of watey, n is porosity

andu is the verticafluid velocity.

2.2.2.1. Temperature Time Series Method

The fluxes of groundwatestream interfacecan be quantifiedoy measuring the
streambed temperatures at different deptBaining reaches of streamisave
relatively stablestreambedemperatures and damped dairmariations, whildosing
reachesdemonstratehighly variable sreambed andsurface watertemperatures
(Winter et al.,, 1998)Because surface water is heated and cooled at the surface,
downwardmoving water causes a deeper penetration of cyclic temperature changes,
whereas upward moving water leads to less penetration of cyclic temperature
changes since the upwelling groundwater has a relatively constant temperature
(Stonestrom et gl.2003) Temperatug measurementsan be performedat various
depthsin thestreambedor a period of time, so that temperature profiles for different
depths are obtaine¢Figure 4). From temperature profilessertical flux values
through thestreami groundwater interface can be calculatesihg the difference in

phase and amplitude
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Temperature

Figure4: The difference in amplitude and shift in phase in the diurnal temperature

signal in the streambed at various de§ttatch et al. 2006)

A solution for equatioifs) was developetb find the vertical fluXGoto et al, 2005)

(6)

whereA is amplituce of temperature variationse is effective thermal diffusivity, P

is the temperature variation period,| 0 Y F0 , 0 which is

penetration of thermal fronthich is proportional to the fluid velocity, .

The first part ofequation (6) represents the differences in the amplitude of
temperature variations (damping of them) with depth throughout the streambed and
the second part represents the shift in phase with delatich et al., 2006)Hatch et

al. (2006)solvedequation(6) using amplitude ratigA,) of variations in temperature
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values at two different depthand phase shiftgf, the time delaybetween the
different depths)

(7)

where s and d represetiite effective properties a@tvo different depths as shallow
and deep respectively. If the effective properties are the same then the equation

becomes:

5 06y Ya . | 0 @®
0 wn— U
nC C
whereqz refers the distance betwettie measurement points.
Also, phase shift was developed between two measurement points:
o 0 & | 0 a | v
wo = 9)
T A C R C

If effective sediment properties are the same again, then:
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As final step, equation®) and(10) can be used to obtain q:

, W ¢ .. |0
—_— - 11
= Vo L) c (11
5 e 12

Vertical water flux, q,is present irboth sides of the equatiori$l) and (12). It is

involved by bothb which is equal to 1—— andbh. Due to this,both equations

should be solved iteratively.

Hatch et al. (2006) emphasized that these equations are mostly suitable for thermal
conditions within a semi infinite half space which has the upper part of the
streambed (one dimeion). This method can bmade suitable for two or three
dimensions For more complex systems having irregular upper boundary, more

numerical analysis are required.owever this approach works best faimple

geometry and properties.

This approach is based on the quantificationpbfse and amplitude changes of
temperature variations between two different depths. When amplitude ratio is taken

into account, this time series method providelgable flux values betweer5 to 3
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m/day When phase shift is validalues betweer10 m/day and 10 m/dagre the

reliable flux values.

In addition to Hatch et al. (2006), Kerry et al. (2007) also created a solution based on

the emperature time series approach:

i A B (13

Time series thermal methods were usegrgviousstudies for various purposess
mentionedearlier Kerry et al. (2007) used them to find the tengdaand spatial
streambed fluxesAlso, they were used to examine spatial and temporal variabilities
in hydraulic conductivity valuegHatch et al. 2010) By time series methodshe
effed of field conditionson flux valueswas investigatedLautz, 2010) Also, the
variation in groundwater flux values in the area which idemrthe control of small
damswere investigatedFanelli et al. 2008; Grdon et al. 2012) Time series
methods provide an easy way for collection of data and thisanids insensitive to

streambed scour asgdimentation.

In addition to these, heat was used as a tool to characterize the grouridstegdam
interactiors in various studiegAnderson, 2005; Becker et ,a2004; Conant, 2004;

Jim Constatz, 1998; Cranswick et al., 2014; Duque et, &015; Kurylyk et al.,

2015; Lee et al.2013; Schmidt et al., 2006l the study performed by Conant
(2004), streambed temperatures and piezometer data were combined. From
piezometers, flux estimates were found
temperature measurements and flux estimates were combined to develop a simple
mathematical relationship. The poge here was to use this mathematical
relationship to find the flux values by only using temperature datiareby, flux

values were estimatedt so many locations without a need of installation of

piezometerandslug testsThisis aneasyway that saveime and money.
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2.3. Chemistry of Natural Waters

Water is a highly reactive substance so it costaiissolved solids, liquidgases
inorganic- organic moleculesprganisms etcPhysical and chemical charactécs
of naturalwatess are controlled by maly the lithology of tle geological strata where
thewateris in contact withyesidence time of water in that stratiad environmental
conditions(Candela et al.2009) A small number of substanceshieh are major
ions have the main effect in the chemical composition of wdateey have the
greatest concentrationsgenerally greater thah.0 mg/L (Nikanorov et al. 2009)
Also, minor constituents are dkable in natural waters and theye present at
concentrationsan the rangeof 0.0Img/L and 1.0 mg/L. Additional to major and
minor ions in water, the i@ having concentrations lesn 0.01 mg/lare named as
trace ionsGenerally, major constituenis water areCa*, Na*, Mg?*, K* as positive
charged ions (cations) andoCFg HCOsq SQ:i2q, NOsg, NO2q, asnegative charged
ions (anions)Weathering of rocksind soils, solutes from thenabsphere, chemical
reactionsexisting in the surrounding environment determine the chemistry of natural

watels.

Surface water chemistry @ntrolled by several factors such as climate, vegetation,
geology, aquatic environment etdMeybeck, 2003) Chemistry of streams can be
defined in terms oflissolved suspended and deposited materi@geams carry
dissolved ions that they receive from ground water and surface runoff. These
dissolved ions can include HGOC&*, SO, HsSiO4, C |, Ha', Mg?*, K*, PO etc.

Most of these ions come from the interaction of rainwater with the soil and rock
when it reaches the surface. The other constituents s&M4sC | ae providedy
weathering. Total dissolved solid amounin streans is much higherthan the
concentration of rain water due to thissolution of deposition particles and
weathering of minerals. Additionallgmall rock fragments and minerals produced in

weathering reactions exist in streams.

Nearly all groundwater originatfrom rain and snowmelt infiltating through the

soil into flow systems. Chemistry of groundwater is determined by the composition
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of water which enters the groundwater reservoir and the reactions with surrounding
environment.Although the minerals are not solublengrally, their solubility are
affected from the presence of €Q\s the water infiltrates through the soll, large
amounts of acid is produced. Soil is degraded by microorganisms using dissolved
oxygen avdable in the water infiltrating through soiAs aresult of this process,
carbonic acidH>CQ:s) is producedOccurence of carbonic acid leadsthe decrease

in pH. Therefore, HCGs is derived from the reaction of G@nd HO. After the
production of carbonic acid, mineral weathering reactions occur th@dmost
abundant anion, bicarbonate ion (H{EQ) I s AS mewnvatal .comes with
infiltration of rain or snowmelt, biogeochemical processes offers a supply of acidity.
In addition to formation ofarbonic acid, the reaction between the oxygenpgnite
provides acidity. As groundwater moves through subsurface, its total dissolved solid
amounts increase because it contacts with the surrounding environment. Generally,
shallow groundwater systems have lower ion concentisavigih respect to deeper
systems.If short contact times between water and minerals in shallow groundwater
flow pathsare effectivethe dissolvegsolids concentration in the watieecomedow

alsa In such settings, limited chemical changesurbefore ground watdeeds the

streams

2.3.1. Chemical Interactions of Groundwater and Streams

Groundwater and surfaseater can not be thought as sepa sources because they
affect the quality and quantity of each other as mentioned in sectioBxchange
processes between streams and groundwater affect the chemistry oStbedms

gain water from groundwater and chemistry of stream is influenced depending on
which geological strat this groundwater interacted and length of time tha th
groundwate is in contact with this stratunBame thing is valid fogroundwater. In
losing stream$ streamchemistrycauses the changes in the groundwabemistry
depending on the ions that tteream has.The exchange processes between
groundwater and streanarry the chemicals between these two soui@&mter et

al., 1998) Thesechemicals cause changes in the amounts of carbon, oxygen,
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nitrogen etc.Winter et al. (1998) summarized teveral biological anghemical
reactions affeahg the transport of chemicals in groundwater and surface water.
Some of thenareacid-base reactions, mineral precipitation and dissolution, sorption
and ion exchage, axidationi reduction reactions.

Acidi Base Reactions

These reactianare about theexchangeof hydrogen ions (B throughthe solutes
avalible in the water. Therefore, concentrationsdafsolved chemicals change
because of thehanges in the concentration of hydrogen ions in the water.

Mineral Precipitation and Dissolution

As a result of precipitation reactions, formation of minerals frons,iarich are
dissolved in wateroccur. A common example for this is tpeecipitation ofiron.

I[ron occurs mainly in groundwater seeps and springs and iron dissolves when it
contacts wth the groundwater. When dissolved iron in groundwater interacts with
oxygen rich surface water such as streamssolid materialiron hydroxide
precipitates.In addition to precipitation of minerals, s3olution of them is also
observedFor instance, daium and bicarbonate ions are released from calcite when

it dissolves.Therefore, these reactions points the existance of exchange processes

between groundwater and surface water.

lon Exchange Processes

lons tend to be attachew the surfaces of solid rexials due to their electrical
charges.Solutes existing in groundwater or streams can sorbed to an aquifer or
streambed.This process is named as sorption. The reverse process indicating the
release of sorbed minerals from solid surfaces to the wateabed as desorption.

lon exchange means the replacemet ofiths attached to the solid surfadssthe

ions existing in water-or instance, calcium and magnesium are replaced by sodium

on the solid surface. Therefore,the amounts of calcium and nragium decrease,
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the amount of sodium increasan the water. The reverse occurs when saltwater

enters to the aquifer.

Oxidationi Reduction Reactions

Chemical reactions based on the transfer ofteda@s from one ion to anotherea
called as oxidatioii reduction reactions or redox reactiokghen the iron dissolved

in the water which is oxygen depletadteracts with the water including dissolved
oxygen the oxygen and the iron react with each other. As a result of this reaction
iron loses electrons and becomes oxidizied while the oxygen gains electrons and
becomes reducedGenerally, oxygen depleted and rich envrionments are
groundwater and surface water (i.e. strearaspectively. Whernwo source mix

with each other, oxidaini reduction reactiosican take place.

Chemistry is very important to detect the groundwaied stream interactionsAs
explained in sectior?.3, their chemisty are different. Waterquality provides
valuable information about the interactidretween adjacent aquifer system and
stream For example, electrical conductivity which is directly related with the total
dissolved solid amount in water, pH indicating thgrogen ion transfer, dissolved
oxygen amount giving information about the dissolved oxygen concentration in
groundwater and stream, oxidan i reduction potential are different for these two
water resources. Mixing of them causes significant varigtiothesewater quality
parameters.Therefore, chemical tracers (chloride, radon, etc.) and chemical analysis
(such as water quality field parameters, analysis of major ion chemistry and stable
isotopes) werefrequently used in the literatureto understandand quantify the
exchange processédarington et al., 2002; McCallum et aR012; Soulsby et al.,
2007; Yang et al., 2012B50ulsby et al. (2007analyzed groundwatemed stream
water samples in terms of chloride and alkalinithey emphasized thainder
baselow conditions alkalinity is highly variable depending on geology and chloride

concentrations of stream depend on the contribution of groundwater as well.
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2.3.2. The Hyporheic Zone

After the connection between groundwater and surface water is accepted, the focus
has become the understanding the interface between these two shntecastion
between groundwater arstirface watetakes place across a transition zonectvis
known as hyporheic zongigure5). Hyporheic zone can be defined as subsurface
region of streamsrivers lakes, seas etan which interactionof groundwater and
surface wateoccus (Valett et al, 1993) The water within a hyporheicdilvpath is a
mixture of stream and subsurface wateEach of the waters contribute dissolved
gase solutes and colloidal material8lso, it is an active heterogeneous, dynamic
region between groundwater arstream and ifuenced from stream flow,
hydrogeology and bedfornfBoulton et al., 1998; Fraser et,a998) In this region,
additional tothe exchange odvater,the exchange of nutrienend organic matter
also occur. Boulton et al. (1998) point that subsurface water moving in upward
direction carries nutrients to streams and downwelling stream waiesvides
dissolved oxygen and organic materiamlggroundwaterThe boundaries of hyporice
zone varies in time and spadts extent can change from centimeters to hursioéd
metersdepending orthe flow of stream water over surface variations such as flood
plain (Boulton et al., 1998; Woessner, 2000)

The biogeochemistry of stream ecosystsndirectly affectedfrom the hyporheic
zone (Bencala, 2000)Spatial and temporal distribution of microbial proses and
concentrations of ions are all affected. Due to the capacity to hold significant amount
of nutrients and contaminants, hyporheic zone gains an importance from ecologic

point of view.
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Figure5: Hyporheic ZondBuss et al., 2009)
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CHAPTER 3

DESCRIPTION OF THE STUDY AREA

3.1. Physiography

The study area is located in Central Anatal@vering an area between 32.883

32.56? E longitude bands and 40.3780.362 N latitude bandsThe studywas

carried outalonga 2 km long reach of Kirmir Streeam near ¢el ti k-i t ow
the vicinity (Fgire6Kke&z2d lcaechtaanmaaam i s situat e
of the Ankara province. Access to the study area is provided with Ahkgrat a n b u |
TEM motorway. T h e creeks t hat originaltad from
¢i-ekliyayla Hil!l on the north of the KEe
Hamam Stream. This stream continues to flow in nortke@gihwest direction in the
vicinity of the Dojan®z¢ vil IKengr&Streanmer e i
is controlled by important water structu
and Doj an®zg Dam. These d ams provide

Municipality.

The study area is surroundeddgteep and rugged topograpfye villages located

near the stdy area ar e Dojan®zg, Doymuk?®rer
Demirci®°ren, D e | and Bimkaz Elevgtionradgasvbatwelera760 m

and 780 m along Kirmir Streamlong the floodplain of the Kirmir Stregnalluvial

soil occurs and irrigated farmirand forageareas are seen.
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Figure6: Regional view of the study area

Along the study area, a total ®4 monitoring locationsvere identified to investigate
groundwater surface water interactioffFigure 7). Monitoring locationsstartfrom
thedownstr eam of an®thgyweere hamegd ab BNE2P, S3P, S4P,
S6-P, S?P, S9P, S10P-B, S12D, S13D, S14, S15, S® and S17D. Location
names including P, D letters seately, indicate the stops where piezometers were
installed and discharge measurements were performed respeditivehonitoring
locations S3P and S€éP, both piezometers were installed and discharge
measurements were take81-P is the most upstream and S17is the most
downstream site of thstudy areaand the exact distance between these locations is
2.1 km As moving downstream within the study area, the number inldlation

name increases.
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Figure7: Positionof monitoring locations in the study area.

3.2. Previous Studies

Limited hydrological and hydrogeologicatudies were performedear the study

areain the past year<seological maps of 1/100.000 and 1/25.000 have been created

by General Directorate of Mineral Research and Exploration (MH9wever,

detailed geologic studies about the area have beerrpeddyAsia Minor Mining

(2015) andRojay (2013) Akarsu Engineering and Consultancy Co. Ltd prepared the

ph anning report avhichtwasmnstiotg¢datrife npstredraofthe

Kirmir Stream by V. Regional Directorate of State Hydraulic Wotksaddition to

this study,three wells were drilled in the alluvium of the Pazar Stream to provide
water to the ¢el t i k- iTheffiret\wydrogeologiddlestudy inof Pr
the ¢elti k- r ewgthinotire sooebe pmwjectiifHoyrdmeody e ol o gi
Investigation and Bar act eri zation of (tYraezéec¢eépi i k-eit

2014) Monitoring and pumimg well installations, aquifer tests, monitoring and
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sampling of surface and groundwater have been conducted for this Atsdylatest

studywhi ch is AThe Development of Groundwater

Constructonan&Ev al uati on of Potent a@ltthéregibpact s t o
againcondugd by Yaz@Gl® dghe latteasta fobkbow up of the previous
one. In addition to monitoringand sampling of groundwatehydrogeological
numericalmodel was constructed for dewatering for the coal mine whkiganned

to beconstructed in fodwing years.

3.3. Climate

The stug areawhich is in the Central Anatolian Regids characterized by the
continental climateAlso, sincethe study area i€lose to the Black Sea Region, its
moisture content is higheompared to the city of AnkarAccording to Thorntwaite
Climate Classification performed by Turkish State Meteorological Service (MGM),
the climate of the area is classified as sarmd and mesothermaln this type of
climate, summer months are hot and dry, winter months are coldraivdy. The

majority of the total rainfall occurs in winter, spring and fall seagotise area

There are several met eorol ogi cal stations
meteorological station hdeng term and continuous dasad hence it gainsmore

importance with espect to other stations. Also, Binkoz meteorological station was
establi¥e d by KKA Mining | nc. i n t he Bi nkoz
meteorologicatlata since 23 May 201 this station, gerage wind speed, average

wind diredion, air temperatureagerage, minimum and maximum), relative humidity

(average, minimum and maximum), dew point temperature (average, minimum and
maximum), barometric pressure (average, minimum and maximum), solar radiation
(average, minimum and maximuntptal rain and evapotranspiration values have

been recorded for 10 minute interval8ccording to long term precipitation
measuremesto f Kéezél cahamaii), Decamber asrthe (veitt&s6 and

August is the driest months. Precipitation generatlguos between December and

May, that is, in winter and spring months. July, August and September are the driest
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months.Also, temperature values vary seasonaillyhe region. In summer, monthly

average temperature values occur in the range betweer22dC and maxi mu
values can exceed 35AC. In winter months
between-2 AC and 5AC. From Oct obebe unter theMay ,
freeang point. Especially in monthsJanuary and February tpesratures may fall

downto -1 5 AnGhe area

3.4. Surface Water Resources

The creeks that originate from piedmonts
north of the Kézélcahamam flow toward s
stream continues to flow in northeastuthwestect on i n t he vicinit.y
village where it is named as Kirmir Streafnie study area is located at the upstream

part of the Kirmir Stream. Aotherimportart surface waterunhear ¢el t i k- i t
the vicintiy isthe Pakae Strea lcflaws &amaha northern side of

the ¢Celti k- t own t owar dThey baveapproxanately j oi n s
2000 kn? catchment area e a r cel ti k- t own. Bgateh Ki r n

controlled by important water structurdsirmir Stream is ontrolled by 3 dams

which are located at the upstream reaches of the study area. These are Akyar,
Ejrekkaya and Dojan®°zgdsdamantrAllded Pyz &ra
which is the largest water body with its 1286¢ reservoirvolume in the areaAll

dams are used for potable water supply by the Ankara Metropolitan Municipality.

Within the scope of the re2@4r cihn cc¢oenl d uicki
town, surface water monitoring pointgere determinea@long Kirmir Stream, Pazar
Streamand the creeksvhich dischargeinto Kirmir Stream In these monitoring

points, monthly instantaneous flow rates have been measfcedrding to this
researchstream flow was affected from the operation of dakws. examje, after
Ejrekkaya Dahald vatera(1992¢ dlow trabes showed slight increase

despite the significant amount of precipitation. Especially, with the operation of
Akyar Dam (2001) and Dojan©°z¢ Dam (2012)
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evident. Also,Yaz écéegi | sded tlatflow rgte2 8hdbve Jeasonalityn

spring months between February and May, flow rates increase because of snow
melting In summer months between June and September, dgrievedr flow rates

are observed.

3.5. Geology

3.5.1. Regional Geology

The study area is located on the southern margin of a volcanic ternéch is

known as fAGal at i a@VP)\Fgure8. GVPaem&ns o \betweene 0

Cretaceas accretionary prism and North Anatolian Fazone (NAFZ). GVPis

surrounded bythe north of Cretaceous accretiary prism and to the south of

seismogenic North Anatolian master Fault Zotwally within Pontides, along the

Acel ti k-i( ¥gg arb.e TAsd® Adglcanic productsvere named as

AKeézél cahamam vol ¢ @@in(cEsrokoea c airk °Hoteeyed,lu. ,v 01 99 1)
AGal at i an Vol amordagprofiateonamenncternis t&ctanic setting

(Toprak et al. 1996)

In the regionpre-Miocene aged rock units apge-Triassic metamorphics, Triassic
Complex, Jurassi€Cretaceous Atlantic type margin sequences, Upper Cretaceous
Paleogene ophiolitic @1 ange wit h URsaleogene fQreactvalcan®o u s
sedimentary sequences and piggyback to peripheral Eocene pdsins- tia], i t
2003)Miocene clastics and volcanics unconformably ovethese preéMiocene

units. Also,Miocene aged lavas and volcaniclastics of GVP are overlaMibgene

sequences. Lastly, Quatary deposits unconformably overlie #ie units.
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Figure8: Regional geology of the aréaGalatian Volcanic ProvincgRojay, 2013)

3.5.2. Local Geology

The units exposedround the study areaare classifiedas basement volcanics,

¢ e | iforrkation Plio-Quaternary units, and Quaternary alluvifnmm bottom to

top. ¢ e | tfaorrkatianis divided into sevemnits These are, from bottom to top,
Bostantepe, Lower ¢ a v u kKbcalar, Aktépe pnd Bezct a v u K |
units(Figure9).¢ el t i k-1 gr o u p abt reiatwhships s vanicuspartsf o r m

of the Galatian Volcanic Province.

Study area only composes limited part of the entire at@awn onFigure 10
Basement volcanicd)p p e r ¢avukl ar u RQuaternarKunits aahda r un
Quaternary alluvial depdsi arethe only geological units that ambserved in the

study area.

31



UNIT
AGE THICKNESS (m) LITHOLOGY DESCRIPTION
GROUP | FORMATION
Quat. Alluvium Fluvial Deposits
£
& E Talus to fan Fault-controlled continental
T deposits >200 deposits in the form of
s talus to alluvial fan.
(<]
: Reddish to brown, thick bedded,
Bezol >60 continental clastics.
& Cream to brown, moderately
Aktepe 70 silicified limestone.
Cream to light green,
ive to faintly lami d clay 3
Kscalar 170 mudstone and siltstone alternation.
T RTRATRATTRATRARA D
— Abaci 40 TN N W W N W Cream to light gray ignimbrite.
X =
@ = - Cream to light green,
c -l 3 massive claystone alternating with
8 o S 275 light brown to cream,
o (54 5 well laminated bitumibous shale.
= g
=
Coal (lignite) member
e E Dark brown, thin bedded, moderately to
g E 110 highly silicified claystone
Sa including immature coal seams and
O alternation of oolitic layers-varves.
Light gray to green sandstone and conglomerates
Rastantepe 70 with fragments derived from volcanic rocks.
Volcanic >400 Dark colored, massive, andesitic-basaltic
Basement lava flows and pyroclastics.

Figure 9: Generalized columnar section in the local geolo@gyMM,2015)
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3.5.2.1. Basement Volcanics

Volcanic rocks are the oldest units in the area and form the baserhegtoverlie
preMiocene rocksunconformablyard they areover | ai n by ¢l ti k-
some parts, Luaitwogerlies basememt lvadcanics; however, in some

parts Bostantepenit overlies them. Lithologically, volcanic rocks composed of lava

flows, tuffs, and pyroclasticof andesitic toandesitiebasaltic compositionTotal

thickness ofhis sequence is more than 400 m in the nortekeenc t or s of t he
town along Pazar stream valley. The pyroclastics argegimnd highly porous

media sogroundwater igransmied along thenbut they can not hold watefRojay,

2013) The lavas mostly display impermeable horizons. Eesv, in ghly jointed

parts, they show permeable characteristics.

3.5.2.2. ¢ e | t Horknation

3.5.2.2.1.BostantepeUnit

Bostantepauniti s t he | ower most fonmatidnétis expdsedbshe ¢ el
two largeoutcrops in the eastern side of the map. This member overlies the basement
volcanicsand wunder | i e anitlte thickmess &aesvirorr plaaerto place.

In some parts, this unit shows thickness more than 1@ostantepeaunit is a large

fandeps i t ed at t he b a sggmlp Itpsachatacteozedy fineéo ¢ el t i

medium grained clastic sedimentary rockse dominant lithology is sandstones.

35.222Lower ¢ dnituk | ar

Lower ¢ ani averliesaBostantepea nd under | i esunitUlpiper ¢ a
composed balternating oolitic limestonehin bedded immature coal seams and tuff

layers, moderately to highly silicified chert layers from bottom to top. The silicified

levels occur as lenses and layers of silica in the formatiento intense voémic

activity and faulting(Rojay, 2013) Therefore, the silica is present in the epstas
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primary (layers and lenses) and secondary (results of volcanism and fadiote)
thickness of this member is about 110 m.

3.5.223Upper ¢&@mtuxkl ar

Upper ¢cavaxd facr mambl y o v eruni ad ovérlanvoy r Cavukl e
A b a c é This mentbers the most widespread unit in the arksitotal thickness is

approximately 250 min Up p er ¢ iy, @ kdalammember is observed. This

memberis composed of alternation of coal layers and marl. The thickneds of

ranges approximately betweet?.0 m to27.5 m with an average of 21 m. In some

places, the coal seem is exposed to the surfagditional to coal seam and marl
alternation,claystone and marl alternatios dominant lithology imrUp per ¢avukl ar

formation

As a whol eniis depositekih @ lacustrine environment and evolved in

swampy conditionsallaboratedwith andesitic volcanisrtRojay, 2013)

3.5.22.4A b alng

This unit is a single igmnbrite (tuff) layer stratigraphically located in the middle of

t he Mi ocene l acustrine sequences bet ween u
Kocalar units. Its thickness around thsetudy area is about 40 m. Thisnit is

composed two parts. First one is the lower, impervious, massive ignimbrite and the

second one is the upper, compacted fine grained tuff layer. The lower part is made up

of light to cream generally newelded ignimbrie.Ab aumieover | i esunt¢ avukl ar
(Upper ¢avuklar) with a sharp comrdntact and gt
Thick, green colored tuffaceous sandstone is deposited @#bva ¢ € Tha umpper

confact is transitional part of thisiember to uppeclastic sequence. Cross bedding

can be observed within the sandstones.
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3.5.2.2.5.Kocalar Unit

Kocalarunitc o nf or ma b | y aadvoeerlainibyeAktepanitsaThesthickness

of the unit is about 150 m. It includes beigeeam coloured mudrocks with
sandstone beds and tuff layers. The upper part is dominated byligbiggray to
white coloured, thick bedded, highly porous limestones and dolomitic mudrocks with
silica lenses of Aktepanit (Rojay, 2013) Kocalarunit is deposited in a high silica

compositional lacstrine environment.

3.5.2.2.6.Aktepe Unit

Aktepe unit conformably oerlies Kocalarand underlies Bezainits It is composed
of beigecream coloured carbonates at the bottom and continuous with-llggige
gray to white colored, thick bedded, highly pordusestonesdolomitic mudrocks
bearig silica nodules andehses. Ithostratigraphically Aktepe member is

correlative with the Upper Miocene limestones in Central Ana(Blagay, 2013)

3.5.2.2.7.BezciUnit

This formation i s t hfemagoa It cogfemably avarlies o f
Aktepeunit. On the other hand, its upper boundary is exptsede erosion and has
unconformable boundary with PiQuaternary units. Bezainit is composed of
pinkish red colored bedded clastic rocks. It is observed from highly elevated areas to
river bottom. Sandstonesltstones and conglomerates are commutlbgies in

this unit. Thin limestone layers are also observed in the sequence. Total thickness

reaches up to 60 m.

3.5.2.3. Plio-Quaternary Units

Plio-Quaternary units and Bezgnit of formationare lithologically similar. Because

of this they can easily be confused with each other.-@liaternary units are
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associated with faulting. They are talus to fan type deposits derived frem th
upthrown block and deposited over the downthrown blocks ef fiult. They
generally form a gentle topography. As in Bemait, these units are observed in
highly elevated areas to recent river bottom. Sandstsitis®nesconglomerates

with some limnieorganic horizons arthe common lithologiesPlio-Quaternaryage

is assigned to these units since they were deposited under the control of recent

normal faulting in the region.

3.5.2.4. Quaternary Alluvial Deposits

Relatively old Quaternary units are elevated river terraces. These river terraces are
composed of horizontallyying, well rounded, poorly sorted dominantly volcanic
coble bearing conglomerates. They are situated at 80 m above the Kirmir Stream
unconformably on top of PlQuaternary clastics. Recent alluvial fans, recent
alluvium, talus are the present day unigpadsited in the channels of the present day
drainage system mainly along the Kirmir Stream and the margins of Kirmir Stream

valley.

3.5.2.5. Structural Geology

Structures identified in the vicinity of the study area are Phigb fault, thrust

faults,normal fauls, Kocalar monocline, Peyikler front, folding and bedding

3.5.2.5.1.Palechigh Fault

Palechigh fault represents the @st structuren the area. This fault is observed in
the 3.5 km sout hwe s t(Figuref 10. Palamhigh douddarg n  vi | | a g
constituteghe contact between thasl partsoftne¢ e | t i k - i and wolcami@at i o n

units The boundary extends in®& direction for a length of 4.34 km.
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3.5.2.5.2.Thrust Faults

Thrust faults and associated structures are common features in th&iegelarge
scale thrusfaults mapped in the area can be seen in the geologicalRitape 10.
Thrust faultswhich are of EarhMiddle Miocene age cu¢ € t i k- i dndhr mat i c

theyare ait by normal faults which are #flio-Quaternary agéAMM , 2015)

3.5.2.5.3.Normal Faults

Most of the normal faults observed in the area are located in the southern part of the
Acel ti k- ¥1Gg amb.eThdl @ajoi7 faults that shape the area are on
southern block of the graben and are named as Kirmir 1, Kirmir 2, KarataPe y i k| er
Bezci 1, Bezci 2, Kocal ar , Binkoz 1, Bi n
Al adaj , De mi r c ifaultsealso, @¢nnde yls @z @alygca Baj °r en,
Ma h k e me a] aare locéed averlthe sorthern blockAsia Minor Mining,
2015 ) Ki r mir 1, Kirmir 2, Kar at ak, Peyi kl er
Dumanl ar , Tekke, Ortaca, Al adaj, Kezeéel
Ma h k e me a] adgtrigenNE$VE direction. On the other hand, Kocalar fault,
¢cavukl ar fault and B BWraod RWSE ndiredtiens |t st

respectively. Most of the normal faults are steeply dipping towards NW.

3.5.2.5.4 Kocalar Monocline

Kocalar monoclinewhich is trending almostin N-S directionis locatedbetween
Kocal ar and (aadv diwdesathie areai iftol tveoglistiact regicas the
east and wesfTwo basic differences between these two regions are as fdiksies
Minor Mining, 2015)

1 The eastern part sharacterized by thrust faults and its associated strscture
On the other hand, no thrusting is observed in the western part of the area.
1 The oldest units are exposed in the eastern part and this points out uplift and
erosion of younger units in this side of Kocalar monoclidewever, the
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western part includes the youngest units

and Bezci units.

3.5.2.5.5.Peyikler Front

A large scale overturned structure is observed in the area from Peyikler in the east to
almost paleehigh boundary to the we6AMM , 2015) This structure is characterized

by a southerly dipping steep, overturned and a notherly dipping, gentle, upright
limbs. The southern part of the structusetotally elevated. Because of this,is
named a sTheffrbnt extandsomore than 3 kmNiE-SW direction.

3.5.2.5.6.Folding

There are three folds in the area. They are all observed in the southern part of Kirmir
Stream(Figure 10. All the axes of folds trend in NiSW direction, they are parallel
to the strike of thrust fatd All folding weredevelped in ¢el ti k-i for mat.

3.5.2.5.7.Bedding

A total of 1027 measurements were analytsdAMM (2015) and two dominant
concentrations (32217A and 1 WebeAidehtBed.) There is an almost

symmetric and noplunging folding in the area.

3.6. Hydrogeology

The volcanic rocks consist of Miocene aged andesitic, andbsaiigltic lavas and
pyroclasticsand theyareexposed over large areas within and outsiidestudy area
Along fractures and cracksccuring in these unitswater is transported.hey show

the confined aquifer behavior in theearto the west of Kocalanonocline Also,
these units have free flow conditions at some locations in Kimir stream. In addition,

volcanic units occued at large areas on the eastern side of the Kocalar monocline
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nearthe Binkoz village behave as anconfined aquifer at thissidleYa z éc égi | et
2015)

As explained in sectior8.5.2 volcanics are ovealn by Bostantepe units and
Bostantepe units are ovemtby Lower and Upper ¢avukl ar
these units carry water also. In the area on the western side of the Kocalar monocline,

they behave as confined aquifer. Furthermore, in the area on the eastern and southern
sides of the Kocalar monocé#rthey show unconfined aquifer properties. Due to the

sharp changes in the topography, free flow conditions are also ohsEneseé units
areoverlain by the Abacé ignimbrite at t !
massive silicified ignimbrite layes underlyingt h e Abaceé igni mbr it
impervious layer over thepper¢ a v u unitsatrthe western side of the monocline

and causdo develop a confined aquifer together with underlying volcanics. This

aquifer system is known as lower aquifer systeMa z écegi Il et al ., 20C

In the western side of the Kocalar monocline, Kocalar units includindrocks of
having sandstones and tuffaceous layers, Aktepe units having limestones and
dolomitic mudrocks, Bezci units consisting of sandstones and siltstones form an
unconfined aquifer in a synclinal basin. Thisconfinedaquiferis defined as upper

aquifer system( Yazéeécégil et al ., 2015)

Quaternary aged alluvium occing along Kirmir andPazar streamdorms an
unconfined aquifer. However, because of its shallow thickness (@&, m) and

limited spatialextent this aquifer is a weak aquifer syst¢én¥ az éc égi Ll et al
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CHAPTER 4

METHODS

4.1. Measurement of Water Skin Temperatures Using Thermal Camera

Each object emits a certain amount of radiatlepending on its temperature, that is,
when the temperature of the object changes, the ityeokihe radiation changes
Thermal infrared radiation refers to electromaigm waves with a wavelength
betweerB. 50 m a n d . TA@@mal@emote sensing deal&wthe thermal infrared
(TIR) region of the electromagnetic (EM) spectriand radiations emitted from
surface of the targg¢Prakash, 2000) The intensity of infrared radiation emitted by
each body depends on both tempemtnd the radiation features of the surface of
the object. The emissivity is used as a constant factor descrilengpbtlity of the
body to emit infrared energsompared to a black body of the same temperature
ranges between 0 and The emissivity of a black body and pure water is 1 and 0.96
respectivelyBy Stefani Boltzmanlaw the emissivity is explained as thatio of the
thermal radiatiorfrom a surface to the radiation from an ideal black suré&icthe

same temperatur&tefani Boltzman equation is:

0 -y (14)

where M is total emitted radtéon, 0 S$tefani Boltzman constant which is 5.6697

x 108 Wm2K* and T is temperature.
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The surrounding environment affect the precision of temperature measurements
performed by thermal camera, because emitted radiation transmits temperature from
both the streamtself and reflected radiation from the surrounding environment.
Also, flowering plants lead to detection of lower temperatures than expected by
affecting emissivity Furthermore suspended sediments in the surface water are the
most common pollutantand thé& concentration and typmfluence theemissivity.

Liu et al. (1987)measured the thermal esmivity of water while varyingthe
suspended sediment concentration leetv zero and the significanthigh values.

They found that as sedent concentr&n increasesspectral emissivity decreases

and occurs withn81 4 Om waveband.

As mentioned there exist a variety ofmethods to understand groundwaterd
surface water interactiompplication oftraditional methodsn the investigation of

this concet could potentiallyneed arintensive effort Also, the effects of interaction

can change spatially and tempdéyalMethods based on thermal and physical
properties can provide an efficient characterization of the exchange processes.
Groundwater has aredictable thermakignatureand this can be used to locate
groundwater discharge zones to surface w&ee of the methodgroviding direct
informationis remote sensing measurements collected \kghnal infrared (TIR)
cameras. TIR data collection rcaquickly capture the discharge zon&emotely
sensed thermal images provide spatially distributed measurements of the radiant skin
temperature of streamBor detection of groundwater discharge zones into the stream
by a thermal camera, the hot (coldptspduring winter (summer) should be visible

on the skin of the surface water.

At the beginning of the research, Kirmir Stream was investigated by thermal camera
starting from upstreari Do jJ a n ° z ¢obt&mmampyeperception about the area.
With this investigation, potential groundwater discharge zones wdried to be
captured by thermal camera and btieadextend of the study area was determined.
The other field methodsnentioned in following sectionsvere applied after this

investigation. In this stidy, Optris IR Camera P1160 having 160x120 resolution was
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used to identify groundwater discharge zones in Kirmir Str@agure 11). At first,

the softwarePl Connect was installed from the CD including the software
application and the specific calibration data of the imager. After installation of the
software, nfrared imager can be connected into an USB port (USB 2.0) d?Ghe
and live image of the camecan be seen inside a window on the PC scrigethe
software window the following pastare aviableand all are shown iRigurel12:

1. AnTIR image from theéhermalcamera.

2. Temperature profile showing the temperatures along maximum two lines at

any size and position in the image.

3. Refeence bar showing the scale of temperature within color palette.

4. Temperature ofthe measurment area The measumaent area can be
rectangle, ellipse, polygon or curve optionally. This analyses the temperature
depending on the measurentarea. The temperature value can be $e¢h

in theTIR image and the control displays.

5. Control displays showing the all temperatwmadues in the areas like cold

spots, hot spots, temperature at cursor, internal and chip temperature.

6. There exits a bar showing the defined temperature thresholds for both low
(blue arrow) and higlgred arrow)alarm value The ®lor of numbers within
control varies to red and blue depending on whether the temperature value is
below the low alarm value or above the high alarm value.

7. A histogram displays theistribution oftemperature values.

8. Automatic and manuacaling of the palette.
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9. Icon providing aquick acces to image subtraction function.

10.1con enalihg switching between color ptes.

Figurell : Application of thermal remote sensing ©ytris IR Camera P1160 in the
study areaThere is altermal camera and a visstbtamera mounted on the platform.
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Figurel12: Optris IR Camera Software window

4.2. Nested Piezometers

A total of 16 piezometers (7 piezometer nests and 2 separate piezometers) were
installed using sledge hammer along the bankshefstream in order to obtain

hydraulic gradient informatiorfFigure 13b). Each piezometer consist of stainless

steel pipe with 32 mm irer diametera perforated setion and piezometer tiat the

bottom (Figure 13a). The shallow piezometers have 185 cm length, but length of

deep piezometers change between 270 cm to 285 cm depending on the locations.

Shallow and deep piezometers installed irPS&ereschematiclly shown inFigure

14 as a referencd he sites where piezometevgere installedn the sudy areatheir

lengtls, installation depthsn the streambedand the depth of screecenterof each
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piezometer are given iffable 1. Screen ranges and the length of tip of each

piezometer are not the sameepddh to screen middlealuesin Table 1 were

calcul ated by taking i rowroscreercrangeuand lengtf each pi
of tip. All piezometers are ithe hyporheic zone of thstreambed

First of all, in sites S, S6P, S7P and S1@P-B shallow and deeppiezometers

were installed on 250f September 2014 and 16f October 2014 respectively. The
sites S1P, S2P, S3P and SP were defined as piezometer locations on the ddte 21

of November 2014 and piezometers werealhst in these locations on the same
date.In site S9P, two deep piezometers were used, because this site is a pond which
is full of reeds These deep piezometers werageld atthe opposing sides of this

pond

Water level measurements for all piezometers were performed between daods 16
October 2014and 19" of November 2015 biweeklpy Solinst Model 107 TLC

Meter (Figure 15b). It has 19 mm diameter probe which is attached to Solinst PVDF
flat tape. This also measures temperature and conductivity (range of conductivity
measurement is © 80,0000S/ ¢ m an dis %4 Befareancegsurement of
conductivity,a two point calibration] 4 1 3OS/ ¢ m a n s peBdNEO@NS / ¢ m
16.01.2015 piezometers were purged to prevgmitantial plugging For this date,

water level measurements were not taken.
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Tablel: Lengthof piezometersdepth of piezometers in the streambed and depth to

screen middle of each piezometer for each installation location.

Site Tvpe Length Depth of Depth to Screen
yp (cm) |Piezometer (cm)  Middle (cm)

S1.p Deep 270 179 147
Shallow 185 100 69

S2.p Deep 270 182.5 150.5
Shallow 185 97.5 66.5

S3.p Deep 270 184 152
Shallow 185 99.5 68.5

S4-p Deep 280 198.5 162.5
Shallow 185 102 56

S6-P Deep 280 190.7 154.7
Shallow 185 101 55

S7-p Deep 280 192.5 156.5
Shallow 185 100 54

SO-p Deep 285 207 176
Deep 285 177 146

S10-P-B Deep 280 185.5 149.5
Shallow 185 104.5 58.5
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Figure13: a) Perforated section, tip and head of the piezometer used in the study. b)
Installation of an piezometer by sledge hammer in the field.
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Figurel14: Drawing ofnestedpiezometerén site S1-P in terms oftheir sizes.
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Figure 15. a) Nested piezometerand measurement dfeight of the piezometer

above ground bMeasurement ofvater levelsinside the nested piezometdry
Solinst TLC Meter

Measuring the water level inside wells and piezometastalied in the fluvial plain

is standard mébd to determine hydraulic he@dreeze & Cherry, 1979A positive

or negative value athe vertical hydraulic gradient indicates the direction of water
flow within the streanbed that is, upwelling or downwellin¢gSchmidt et al., 2006)

For this study, positiveand negativeVHG values indicate downwelling and
upwelling movementespectively Elevation of each piezometer location and depth

to screen middle for each piezometer are known. Therefore, hydraulic head values
and elevation head wads were obtained usingformation ofwater level, elevation

of installation location and depth to screen mid¢{fegure 16). Then, vertical
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hydraulic gradient valisewere calculated using hydraulic head and elevation head.
For nested piezometers the equation iHewWs:

0’00 = (15)

where VHG is the vertical hydraulic gradienh is hydraulic head (m ) anis

elevation headm).

DEEP SHALLOW
O] 0
Streambed
Water M......
Level Hydraulic
Head, H;
Water ||
Level
Hydraulic
Head, H,
[Elevation
[Head, L,
V
Elevation
Head, L,
[
*
Datum - zero level

Figure16: Hydraulic and elevation headsthme nested piezometers.

For piezometers installed in $9location which are not nested, VHG values were
calculated using the water level differences between groundwatepacanat water
level Head differences between surface water and groundwater levels provide

information about the direction of water movement between these two sources
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Vertical hydraulic gradientvalues of this site were calculated using the equation
below(Dahm & Valett, 1996)

6 (" EOED (16)

where, hs is the distance from top of thezpimeter to the stream surface ,(im) is
the distance from top of the piezometer to the water level inside the piezgmgter
and L is the depth of the middle of theesen section in the riverbed (m)

The pezometer method gives point measurements of hydraulic head. This method is
more appropriate for small scale applications and allows a detailed investigation of
the heterogeneity of flow conditions in the subsurfadewever, groundwater
movement isaaffected from temporal variatiorss well Therefore, all hydraulic head
measurements at a study site should be taken approximatbl same time so that
the data only reflect the situation of that specific timethis study, all water level

measuremats were perfomed within a day.

4.3. Stream Discharge Measurements

Mass balance approaches can be used to understand any gain or loss of surface water.
Measurements of streamflow discharge in successive cross seationsthe
determination ofthe groundwate - surface water exchange by computing the

differences in discharge between the cross sections.

Vertically averaged stream velocities were measueggilarly bi-weekly between
the dates9™ of September 2014 to 4of September 201%totally 15 times)by
FP111 Globe Water Flow Probe having-6.1 m/s range and 0.1 m/s accuracy
During the measurements, stream was divided into subsections depending on the
width ofit. The width of these subsectiormnge betwen 5 cm to 40 cror different
monitoring lacations within this study After determining the width of each

54



subsection, the Flow Probe was moved vertically from surface to the bottom, up and
down, slowly and smoothly atid-points of each subsection until the average
velocity was fixedThen the flow of each subsection was estimated as the product of
the average velocity and cross sectional a@ree the flow of each subsection was
obtained, the total streamfloat one cross sectiomas calculated by adding all of the

subsection flows.

First measurements were taken from the monitoring locations;C51213D and
S17D. As study continues,1$-D was designated as anotldgschargeneasurement
location because of stream morphology. LastlyP$&6P and SW26 were added
for better observation ofjains and lsses and to undstand the groundwater
contritution to Kirmir Stream. Sites SB and S1D are located at the most
upstream and downstream parts of the study @szectively S12D and S13D are
side by side as two saate river reaches arafter a short distance they join and
flow towards S16D and S17D. SW26 islocated approximately 7 km downstream of
S17D and before this site so many tributaries join Kirmir Stre8W26 is out of the
boundaries of the study areAs a result, dischargeneasurements were taken
regularlyfrom locations S3&, S6P, S12D, S13D, S16D, S17D andinfrequently
from SW26.Change in disharge (Isec) in each section with respect to time was
observed, so that gains andsdes to Kirmir Stream were understooduring
comparison and analysis of flow values S12and S13D were taken as a single
stream redg, that is, their summation was taken into considerafaluation of the

results can be seemdetail in &ction5.3.
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Figure 17. Measurement of discharge WyP111 Globe Water Flow Probe in

monitoring location S1-D.
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4.4. Water Flux Calculations

Vertical fluid flow was calculated ursg the temperature time series method
developed byHatch et al.(2006 andKeery et al. (2007)This method is basl on

the measurement of temperature valmestreambed at different deptfts a period

of time, that is, time series thermal data is used to determine streambed seepage rates
By quantifying changes in phase and amplitude of temperature variations between
pairs of subsurface sensors, one dimensiwedical fluid flow i seepage flux is
obtained(Hatch et al., 2006(see sectio2.2.2.1for more details)Also, Hatch et al.

(2006) emphasized that this method can be applied under a wide range of flow

conditions regardless of streambed scour and sedimentation

4.4.1. Streambed Temperature Measurements

Thermochron iButtons (model DS192:A5) were used atemperature sensors and
dataloggers This model has temperatureange o4 0 AC AG, +8B6 accur ac
N O . 5aAdCaresolution of 0.0626 C . iButtoas have been usesuccessfully in
various previous studies foundestanding groundwatessurface wate interaction
processegDaniluk, Lautz, Gordon, & Endreny, 2013; Fanelli & Lautz, 2008;
Gordon, Lautz, Briggs, & McKenzie, 2012; Hester, Doyle, & Po&e(; A. N.
Johnson et al., 2005Temperature loggers wepaced into streambed at different
depths For this purpose, iron rods, PVC or wooden sticks can be Uisetherature
loggersaremounted to one of these materials and then installed into the streambed to
obtain diurnal temperature variatiofigr a period of time In different studies,
different pipe materials have been used investigated whether different materials

do have anmpact ontemperaturan the subsurface According toAlexander et al.
(2005) different tube mateais such as steel and PVC do not have an effect on
temperatureneasurementsAlso, both wooden and iron probes wergedandit was
shownthat the temperature profiles of two materials are nearly the §arey,

Binley, Crook, & Smith, 2007)At least two temperature loggers should be placed on

a pipe to obtain the phase and amplitude changes of the temperature variations in

57



different depths, because from these differences vertical fluid flux values are
calculated.The distance between the itwts is optional. It can be 5 cm, 10 cmiér

cm etc and measurement time intervals range between 10 to 90 milstesthe

top ibutton in the pipe can come exactly the same levél thestreambedurfaceor

it can be placed a&Ww or more cm below orbave it Dependig on the purpose of

the study(such as for numerical modeling), deeper sestairthe streambed can be
investigated and sensors can be placed below one meter

First of all, ibutton installation locations were determined a$>S34P andS16D

in order to observe Kirmir Streaat the beginning, middle andt the end of the
study area. In the light oinformation given above,temperature loggers were
mounted orwooden stick, having30 cm length, 4 cm width and 2.8 cm thickness
Each stick included two ibuttorend lastly they wereinstalled into streambedt
determined locationsThe procedure is as following and also can be examined in

Figurel8:

1. i-buttons were placed into hollows opened in each stick.

2. Stainless steel washer was placed on to eaakion.

3. Then i-buttons were wrapped by packing tape to prevent any

movement and tape wasrforatedo allow the water entrance.

4. Lastly, they were installed into streambed as top ibutton rem&ined

cm below streambed.

iButtons were left in the study ardar three different period oftimes. In first
measurement period, the distance betweetofvand the bottom ibutton was &,
that is, thebottomibutton was 20 cm below the streambed. In the second and the

third installations, the distance between the top and the bottom ibuttomsduasd
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to 10 cm, that is, the bottom ibuttons were 15 cm below the strearRbedeach
measirement period, streambed temperatures wesrerdedn evey 15 minutes.

Figure18: Prepaationand installatiorof i-buttons.

Table2: Streambed temperature measoent periods

Measurement Periqd Time interval Installation Site
1 12.03.2015 - 26.03.2015 S3-P and S4-P
12.03.2015 - 27.04.2015 S16-D
2 10.07.2015 - 03.08.20153-P, S4-P and S16
3 03.09.2015 - 14.09.20153-P, S4-P and S16

Time interval offirst measuremenperiod is different for S16D. Reservoir water
was released fr onfofMafhaiBlitangin $1-® would mt b 6

reached because of turbuldloiw and they were left in the field for a longer period
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of time. Temperature vaks corresponding to time intervals when reservoir water
was released were ignoreddawhole data was divided intour parts for more
details see section 5.4.1Evaluation oftemperature datand the calculation of
vertical fluxes givenin Chapter Swere performed in terms of these seg@ parts

Only four parts were taken into account.

4.4.2. Calculation of Water Flux

Water flux values were calculated using Hatch et al. (2006) meitbdhe VFLUX
program created iMATLAB environmentby the authorsThis praggramcalculates
vertical water fluxes by processitgmperature time seriellectedfrom a single
streambed vertical profile. Time series data should involve a column of recording
times (in days) and a column of temperature vald€$ ¢f each sensofTable 3).
Recording times should be evenly spaced and monotonically increasis).
program uses these time and temperature coluthaglistance between temperature
loggers total porosity(volume of the pore spaces divided by the total volime
typical value is 0.28jnd thermal propertiesf the sediment as inputs. Thermal
properties of the sediment are dispersivity in meters (0.001 as typical value), thermal
condudivity in cal/(dcml C) ( @s typidad \Ealue), volumetric heat capacity of
the sedimentincal/ich C) (0.5 as typical value) and | as
of the waterin cal/(cnfl: C) (1. 0 a sThepgrameergiven abave wese)
determned for this studyaccording toLapham (1989) The following steps are
applied bythe VFLUX program(Gordon etal., 2012)

1. It is important that all the sensors have the same start time, end time
and sampling rate. this is not the case, VFLUX cuts the data to the
shortest time range which is common to all sensors, so that a common
time vector is created. For this study, input series for every depth (or
sensor) has the same sampling ratdosmatting of the time sees

wasnot applied
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. The data is resampled to the recommended samyptderwhich is
127 24 samples per day the original sampling rate is greater. In this
study, 12samples per day wegreferred and the data is filtered by

low i pass filtering for noms reduction.

. The diurnal signal which is the tracer signal is isolated from a single
fundamental frequency using Dynamic Harmonic RegresditiR)
(Young, Pedregal, & Tych, 1999)

. The amplitude and phase are calculated during DHR analysis

mentioned above.

. If more than one sensor pairs are azblé, desired sensor pairs are
choserto calculate vertical fluxin this studythere isonly one sensor

pair for each installation location; therefore no selection is required

. The final step is to calculate the vertical flux values using the
equations developed by Hatch et al. (200¥ggative flux values
indicate upward movement of water whilee positive ones indicate

downward movement.
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Table 3: A sampleinput temperature time series data collected fransingle
streambedertical profile.

Recording Time (day$)T e mper atur e of strea

Time Sensor @ 5 cm Sensor @ 20 cm
42079.958333 7.449 7.917
42079.968750 7.387 7.917
42079.979167 7.324 7.917
42079.989583 7.324 7.854
42080.000000 7.261 7.854
42080.010417 7.261 7.854
42080.020833 7.199 7.854
42080.031250 7.199 7.854

é é é

4.5. Measurement of Water Quality Field Parameters

Water quality fieldparameters were measured in all monitoring locatjrosn SEP

to S17D) for streamwaterby YSI 556 multii parameter water quality met@figure

19). It simultaneaisly measures numerous water quality parameters including
temperature, conductivity, salinity, dissolved oxygen, pH, and ORRept

conductivity and pH all parameters were measured using this devae. F
conductivity and pH measurements YSI EcoSense E@3dng resolution of 0.1

OS/cm to 0.1 mSN¢w ofaeading ta 2.5%uof raadijgind YSI

EcoSense pH10(having resolution of 0.01 unit and accuramyN O . 1 % N2 di gi t
were used respectivelyMeasurements were performddweekly betweendates

October 2014 and November 201Buring measurements of stream water, the

section of the stream whigkclear and close to piezometers was chosen.
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Figure 19: Measurement of water quality field parameters for stream vitdre
field.

In addition to stream water, water samples were taken from deep piezofoeters
each piezometer locatiofs1-P, S2P, S3P, S4P, S6P, S7P, S9P, S16P) and
water quality field parameters of these water samples were measmedhis
purpose, water was drawn by pumpingth the help of a hangump (Figure 20)
constructed at the Hydrogeology Ldabsimply includes a pipéin 3 m length) pipe
handleand two turncock controlling the entering of water and air inside the pipe.
These tuncocks ad pipe handle are controlledarually by an operaterPipe was
placed into deep piezometers up to screen middletlamadvholewater inside the
piezometer was punag. By this way this water was drained and the piezometer was

purged. After that, filling of water to the piezometers was waited and this new water
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was pumped again to take as a samfyefinal step field parameters were measured
from these pumped watesamples using same devices mentioned above
Measurement of water sampldsom piezometerswere performed only in July,
August andSeptember 2018wo times in SeptemberTherefore, water quality field
parameters for both stream water and water samptes tRom piezometers have
only these common dateall proces®sincluding measurement of @aneters from
both stream water angiezometer werdinished within a day for comparisoAll
collected data were evaluated in terms of interaction processes tiorséc5.1
During evaluation, S15 st was denoted as S12 and S183 sepeaately
representing theébranchesof S15 coming from SEP and S13D respectively,
becase S15 is th combination of these two brancédso, S17D wasinvestigated

as S17D-1 and S17D-Il. These refetwo different water characteristics detected in
S17D.

Figure20: Purging of deep piezonetin S4P site formeasuremeraf water quality

field parameters.
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4.5.1. Major Anions

From sites SP, S4P, S6P, S16P, S12D, S13D, S16D and S17D water samples
weretaken from bothsurface waterg few meter upstream and downstream of the
given locationsand from deep piezogters where avaliableto analyze major anion
concentrations Kigure 21). Theselocations were chosen because they reflect the
upstream, midle and downstream of th&tudy area. Water samplegre taken by
plastic bottles having volume of 0.5 L. During sampling of stream watéwe bottle

was submerged tdhe half depthof stream at thapoint to prevent the entrance of
streambed sedimentnd the particles on théream surfaceWater samples from
piezometers (deep piezometers of-B2 S4P, S6P and S1€P) were taken by
purging againas explained in previous sectighb These water samples were
analyzed in Hydrochmistry Laboratory of Hacettepe University by the ion
chromatography methodon chromatographymeasures concentrations of ionic
species by separating theatcording totheir interaction with a resin. Sample
soltions pass through a pressurized chromatographic column where ions are
absobed by column constituents.nAon extaction liquidruns through the column,

the absorbed ions begin separating from the column. The retention time of different

species determisehe ionic concentrations in the sample.

After determination of major anion chemistry in determined locations, chloride
concentrations were used for solute mass balance calculations to understand the
contribution of groundwater to the Kirmir stream. Indiéidn to chloride ion
concentrations, discharge measurements were taken in determined locations for mass

balance calculation (see Sect@2.1.1)
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Figure21: Chloride samplingnonitoring locations through the study area.

Figure22: Some ofwater sampletaken for major anion analysis.
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CHAPTER 5

RESULTS AND DISCUSSIONS

5.1. Water Skin Temperatures UsingThermal Camera

With the help ofremote sensing measurements collected with handheld thermal
infrared (TIR) camera, groundwater seepage ztimssare detectable on the surface
water skinand alongthe streambank were investigatedthis study. In summer
morths cold anomalies in the surface waitadicate locations wheregroundwater
flows through streambed into the stream. In winter months the situation is reverse,
that is, warmer stream temperature than expgeed air tempetare) mayindicate

the contribution of groundwater to the Kirmir Strearhis method will work only if

the temperature anomaly could be detected at the skin of the surface Iwater.
thermal imagesised in this studydark colors represent cold spots aghtier colors

(e.g. orange, yellow) represent hot spots. Thermal images were takéraod 24

of September 20145" of January 2015nd 26" of February 2016
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Figure23 shows the TIR and visible images taken atPSéte, which is a pool full of
reeds. Marked area in the visible image corresponds to the whole thermal image on
the right. Maximum water tempdtae within the Area 1 in thermal image is 15.4

AC, although the air temperature was measured as/Z.8Tn thermal image the
arrows show the flow direction which is clear in the video. Orange colors indicate
relatively colder areas and yellow colors rate warmer areas. Stones are
sigificantly cold and reflect the air temperature. The interface between two water
characteristics can be seen clearly. White line in the thermal image represents the

temperature profile and relative increase can be seemetature values through

the profile.

Figure23: Mixing of two different watesin S9-P

Figure 24 shows the TIR and visible imagekéa at S1€P monitoring location on

15" of January. Air temperature was measured as A53{owever, surface water
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temperature was changing between A5.2and 20.2C. Relatively warmer and
buoyant groundwater discharging tiwe stream is the reason ofithwarm surface

skin temperature. As can be understood ffagure24, TIR image was rotated about

90A to the right to capture the same Vview
observed that groundwater sedprough the streambed sedimefpist beneath the

two stones and they are encircled in the visible image by black color. Same area was
marked in TIR by black rectangle and maximum temperature of this area was
det ect edC. Blak vettidgal Ihé\ in TIR image is theindicator of the
temperature profile. Through the temperature profile, temperature values almost do
not changelt is always anund 19C except the point where the cable of Solinst
Water Level Meter is cut. Surface water temperature of this location is always
around 19C - 20/C due to groundwater contributioAlso, temperatur@f stream

was measured b§olinst Model 107 TLC meteas 19.3/C on the same datand this

is very close to the temperature value obtained by thermal camera.

Figure24: TIR and visible images taken from SBB.
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Figure 25 shows the TIR image taken &tLO-P-B on 26" of February 2016. The
interface between warm and cold water can be seen clearly. Area 1 and @dnea 2
represerdtive of the warm and cold wateespectively The maximum temperature
valuesof Area 1 and Area 2 are 21AC and 9.7AC respectively. Area 1 represents
the upwelling warm groundwater whereie colder Area 2 represents the surface
water. Horizontal and vertical white lines in the imagerespond to blue and green
lines in the temperature profile. Effect of groundwater can be seen irné#utse
profiles. The sharp interface between groundwater and surface water can be clearly
seen in this thermal imag&he temperature of cold wateas measured as 84T by
Solinst Model 107 TLC meteand 10.62C by YSI 556 multii parameter water
quality meter Therefore,thermal cameraSolinst Model 107 TLC meteand YSI
556 multii parameter water quality metgave similar values with each other

T - 3 TEn D - —on_ - 590 o0 30 130 150

NG i

12,0

97°C |-
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Figure25: The interface of cold and warm water in S8
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Figure 26 shows the TIR and visible images taken at S15 dhafSanuary 2015.

Note that S1:D and S13D branches converge at S15. SW1 and SW2 on the image
denote branches on which SD2and S13D are located respectively. On this date,

air temperature was 72. On the other hand, stream water temperature was
measured at Area 1 and Area 2 as AG.4nd 11.8 C respectively by the TIR
camera [Figure 26). Especially in Area 2 representing the SW1 is significantly
warmer than the expected. The white line in the TIR image is the temperature profile
and it ranges betweenXZ and 13C. 7AC reflects the temperature ofags on the
temperature profile and higher temperatures belong to surface skin temperature.
Temperature values of Area 1 and Area 2 are/ 4&nd 12.6C respectivelyby

Solinst meter

Figure26: TIR and visible images takeroin S15.

71




























































































































































































































































