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2. GENERAL APPROACH AND CONSIDERATIONS SSR-1
APPLICABLE REQUIREMENTS

2.4. |AEA requirements documents specify that all significant exposure pathways shall be
identified and evaluated; these requirements are reproduced below:

SSR-1 under Requirement 12 in para. 4.39 states:

Para 6.6 states:

“The programme of hydrogeological investigations for the region shall include investigations
of the migration and retention characteristics of radionuclides in groundwater and
investigations of the associated exposure pathways.

Para 6.7 states:

“The hydrogeological and hydrological investigations shall determine, to the extent
necessary, the dilution and dispersion characteristics of water bodies, the re-
concentration ability of sediments and biota, the migration and retention characteristics
of radionuclides, the transfer mechanisms for radionuclides in the hydrosphere, as well
as the associated exposure pathways.

(8)1aEA
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2. GENERAL APPROACH AND CONSIDERATIONS

The information necessary to perform dose assessment relating to exposure pathways
in the hydrosphere includes:
— the source term for the discharge of radioactive material to the environment;

—hydrological, physical, physicochemical and biological characteristics governing
the transport, diffusion and retention of radioactive materials;

—relevant food-chains leading to humans;

—Tlocations and amounts of water used for drinking and for industrial, agricultural
and recreational purposes;

—dietary and other relevant habits of the population, including special occupational
activities such as the handling of fishing gear and recreational pursuits such as
water sports and fishing.

GENERAL CONSIDERATIONS

3.1. The hydrosphere is a major exposure pathway by which radioactive materials that
are routinely discharged under authorization or are accidentally released from a
nuclear power plant could be dispersed to the environment and transported to
locations where water is used by or for the population in the region of the site.

Radionuclides are transported rapidly in some surface waters such as rivers, and very
slowly in groundwater.

3.2. A detailed investigation of the hydrosphere in the region should be carried out.

Calculations of dispersion and concentrations of radionuclides should be made to
show whether the radiological consequences of routine discharges and potential
accidental releases of radioactive materials into the hydrosphere are acceptable.
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GENERAL CONSIDERATIONS NS-G 3.2

The results of the hydrospheric investigation should be used for the following
purposes:

* to confirm the suitability of the site;

* to select and calibrate an appropriate dispersion model for the site;
* to establish limits for radioactive discharges into water;

* to assess the radiological consequences of releases; and

* to assist in demonstrating the feasibility of an emergency plan.

They should also be used to develop a monitoring programme and a sampling strategy
for use in the event of an accidental radioactive release.

(&) 1aEA

OBJECTIVE

Radioactive materials discharged from a nuclear power plant might reach the public
and might contaminate the environment in the region by way of both direct and indirect
pathways.

The objective of this Safety Guide is to provide guidance on the studies and investigations
necessary for assessing the impact of a nuclear power plant on humans and the environment.

It also provides guidance on the feasibility of an effective emergency response plan, in
consideration of all the relevant site features.

*Guidance on the dispersion of effluents in air, surface water and groundwater.
* Determine whether the site selected for a nuclear power plant satisfies national
requirements and whether possible radiological exposure and hazards to the population and

to the environment are controlled within the limits set by the regulatory body, with account
taken of international recommendations

(&) 1aEA
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3.3. The information necessary to perform dose assessment relating to exposure
pathways in the hydrosphere includes:

— the source term for the discharge of radioactive material to the
environment;

—hydrological, physical, physicochemical and biological characteristics
governing the transport, diffusion and retention of radioactive materials;

—relevant food-chains leading to humans;

—Ilocations and amounts of water used for drinking and for industrial,
agricultural and recreational purposes;

—dietary and other relevant habits of the population, including special
occupational activities such as the handling of fishing gear and recreational
pursuits such as water sports and fishing.

(&) 1aEA
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3.4. The results of the hydrospheric investigation should be used for the following
purposes:

* to confirm the suitability of the site;

* to select and calibrate an appropriate dispersion model for the site;
* to establish limits for radioactive discharges into water;

* to assess the radiological consequences of releases; and

* to assist in demonstrating the feasibility of an emergency plan.

They should also be used to develop a monitoring programme and a sampling
strategy for use in the event of an accidental radioactive release.

(&) 1aEA
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TECHNICAL APPROACH & METHODOLOGY

“The programme of hydrogeological investigations for the region shall include
investigations of the migration and retention characteristics of radionuclides in
groundwater and investigations of the associated exposure pathways

Objective;

PREDICT THE RESPONSE OF THE GROUNDWATER SYSTEM IN THE SITE

AT LOCATION (X,Y,2)
AT TIME (t)
INTERMS OF QUANTITY (h) AND QUALITY (C)

TO A STRESS (QUANTITY/QUALITY)
EFFECTIVE AT TIME (t)
AT ANY OTHER LOCATION (X,Y,Z)

(8)1aEA

TECHNICAL APPROACH AND METHODOLOGY

OBJECTIVE C(’ﬁz't)
SCIENTIFIC APPROACH Moﬁng
METHOD(S) Analytical/lﬁwerical Model
DATA Corrépatti.b!ei/AppropIriateI Data
BOUNDARY CONDITIONS, patio-temporal scale
VARIABLES AND PARAMETERS @
@ Appropriate Techniques
Geology, hydrogeology, geophysics,
AQCUSITION AR
{g@} IAEA TECHNIQUE Drilling, insitu tests, lab tests, etc

10/27/2022



STRESS “ RESPONSE

REAL WORLD + | ASSUMPTIONS — MODEL

(8)1aEA

MATHEMATICAL MODEL: Mathematical expression of a physical

(natural) system (phenomenon)..

Physical Phenomenon: Vibration of a wire

’u .y o u
ot*

We can use this model

1-to better understand the behaviour of the system
(informative)

2- to predict the response of the system to any impact

((pracisciva
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Physical Phenomenon: Groundwater Flow

T O D 0 o
ox ‘oax’ oy Yoy oz ot

Solution: h (x,y,z,t)... Groundwater velocity distribution

oh
K.—)=S
(zaz) s

Physical Phenomenon : Advective, dispersive, sorptive, radioactive
transport of radionucleids in groundwater systems

oC 0*C oC oC
VA ) EAL SN JEadiy Jo i ad
ox ox" n, ot ot
Solution: C (x,t)... Sptaio-temporal distribution of contaminant
L i
%ijﬁ,}' IAEA concentration

Types of Solutions of Mathematical Models

» Analytical Solutions: h= f(x,y,z,t)
(example: Theis eqn., Toth 1962)

e Numerical Solutions
Finite difference methods
Finite element methods

* Analytic Element Methods (AEM)

7>
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WHAT DOES A SOLUTION REQUIRE?...

Indefinite (General) vs Definite (Specific) ....

1. Initial and Boundary Conditions (t=0 y=?; x=0 y=?)

2. Parameters

d’y d
> =0 Y _q dy = adx Idy:aj.dx
dx dx l
y=ax +cC
\&i%l{} IAEA Straight line with a slope of a and interception of ¢ ..

But which line is the solution?...

The solution to the specific problem requires
the knowledge of a and ¢

|

‘ Tnitial condition c=yo at x=0 ‘

© jx’ IAEA ‘ Boundary condition y=a X+yo at x=X ‘
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Numerical Solutions

* Difrential equations are converted to algebric matrix eqautions and
solved for dependent variables

e Derivatives are defined using series...

*  Two common techniques
Finite Difference
Finate Element

Adventage over Analytical solution
Not limited to specific initial and boundary conditions
Not limited to a specific configuration of the flow domain

(8)1aEA
Finite Difference Technique
Forward X =X+ AX
/ Backward X =X —AX
h(x+Ax)
h(x) B Taylor Series
(e AX) e f'(a)z% -a
f'(a), f'(a), f"(a)
XAX X X+AX

beal_eaycd) eprtcal

f(x)=f(a)+ f'(a) 1 o1 3l

gﬁ%} IAEA f(x) ~ f(a) + f'(a)(x-a)

10/27/2022
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Components of a Mathematical Model

* Governing Equation

* Boundary Conditions

* 15t type or Neumann (Specified head)

constant head

« 214 type or Dirichlet (Specified flux)

no flux

«31d type or Cauchy

» Initial Conditions (for transient conditions)

(&) 1aEA

Mathematical Model of the Toth Problem

h=cx+z,

A\V4

Laplace Equation

oh oh
Dy L
e 0*h . 0’h _ . Ox
ox* 0z*
%,
oz
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(From M. Anderson
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Toth Problem

h=cx+z

Mathematical g,

model pll h 4 0%h
ox® 0z*

%0

Analytical Solution

Numerical Solution

discrete solution

continuous solution

(8)1AEA

(From M. Anderson

Toth Problem

h=cx+ 2z
= 0

V4

Mathematical g,
model B

0*h 0%h
PR

oh
Ox

Analytical Solution

9 _o
0z

|h(x,2) = z, + cs/2 - dcs/n2 ¥..

T

continuous solution

(8)1aEA

Numerical Solution

X

discrete solution

(From M. Anderson
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Toth Problem

l‘L;r-v-l-7TJ

V4

Mathematical g,

— = 0’h
model o v
ox’

2 =)
a5 M:O ox

ia—

0z
Analytical Solution

|h(x,2) =2, + cs/2 — 4cs/n2 L.

continuous solution

X

Numerical Solution

hij = (Njeg ¥ Nigj + hijuq th

)

ij-

discrete solution

(&) 1nEac)

(Approximate)

(From M. Anderson

Development of Conceptual Model

Hydrostratigraphic

configuration
(Boundary conditions)
[

Geological Model

\
|
Lithostratigrahy

(8)1aEA

Hydrogeological Model

Informative

Components of
Hydrologic cycle

|

Hydrologic Model
(Water Balance)

[ |

Hydrochemistry BRSNS

Mathematical Model
(Predictive - x,y,z,t)

10/27/2022
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Characterisation of non-karstic aquifers

HYDRODYNAMIC BOUNDARY
GEOMETRY CONDITIONS

. - Recharge areas,
Aquifers, Aquicludes K, Ts quantiﬁgation,
layers | hydrological balance

Geological map

Lithology analogy
Boreholes strati |09| | f,wgﬁ}';a‘:ia;:s | Potential or no flow|

Water quality-mass transport

(8)1aEA

(Bakalowicz, 2005)

Characterisation of karstic aquifers

1 [Geometry of the aquifer fay er ( lithology, structure, ...}

Inventory of Karstic features, of water paints : position of outiets, diameter size of
m [Karst conduits at the outlet, ..
development ( analysis, age system

development direction)

: logical-tectonics setting, theoretical karstification
ypes of SKS wi S

Typesol W'L = [potential, ...} - maximal depth of karstification development

Type of seawater-fresh water

relation

Type 1: low karsiified aquiter with
dispersed outlets

Type 2: well karsiified coastal

aquifer with opened channels to the
=a

2

Conceptualisation : structure of the aquifer ? How many resenoirs ?
Resene assessment: Importance of resenes ? Possible exploitation 7

paramaters: Q, C, 17, ...

(8)1aEA

3

Input-Output analysis At least 1 to 2 hydrological cycles
Reserve assessment Natural chemical and isotopic tracers
time: -n:m:fn:ﬁw : Signal treatment / Statistical analysis
characierisation Recession cune analysis

Black boks and leop models

- onshore or offshore exploitation

caplure, ......
Necessity of water treatment piant

Type of exploitalion / exploitation schema selection

water capture system with or without underwater dam, partial o complete water

Multicriteria winerability mapping
(RISK,

... to be adapted to
coastal karst aguiter)

Predictive scenarnio simulation with
looped or black boks {resencirs) model
for various climatic input

10/27/2022
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Conceptual Model for Seyhan Plain Aquifer-
Turkey

RCH

Impervious

River Leakage N

Recharge
Boundary

-50 ——

PR P I

-250 ——
-300 —
-500 ——
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Conceptual Model for
Tran t One-Dimensional Degradation and Migration Model (TODAM

Model treats dispersion equations of sediment concentration(sand,
silt, clay) and cesium concentration(dissolved, sediment-sorbed)

TODAM: developed by Pacific Northwest National Laboratory
Nays2D: developed by Hokkaido University

£)1AEA
Kurikami, 2016

10/27/2022
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STEPS IN CONSTRUCTION OF A MATHEMATICAL MODEL

Problem Definition

Desktop study: analysis and evaluation of data
Collection/production of new data

Conceptual Model Construction
(Definition of hydrostratigrafic configuration and water budget)

Mathematical Model Construction

(Transfer of conceptual model to an appropriate computer
code)

Model Calibration

(Check if the model gives observed results)

Sensitivity Analysis

(check the sensitivity agains variables and parameters)

{&@;\ﬂ Simulation for Prediction-Interpretation
W/

Major Computer Codes for Surface Runoff
Rainfall-Runoff

» Stanford watershed Model of 1966 - first digital code

* US Army Corps of Engineers Hydrologic Engineering Center (HEC) models
- 1970s to the present

* HEC-HMS and HEC-RAS (1990s release)

* EPAin 1969 - Storm Water Mgt Model (SWMM)
* USDA and others developed codes in mid 1970s

* EPA currently supports a suite of advanced models for analyzing water
quality in streams and lakes

* Development of FEMA (1970s) - floodplain mapping and the federal flood
insurance program - HEC models

(&) 1aEA
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COMPUTER CODES COMMONLY USED IN GROUNDWATER MODELING

J M O D F LOW — Modular Groundwater Flow Model / MODELMUSE
S M OC3 D — Method of Characteristics Transport Model

o H ST3 D — Heat & Solute Transport Model

> S UTRA — Saturated-Unsaturated Transport Model

o VSZ DT — Variably Saturated Transport Model
o HYD ROTH E RM — Heat Transport and Flow Model

L F E F LOW -Flow, mass transfer and heat transfer in porous media and

fractured media. Finite element analysis to solve the groundwater flow equation of both
saturated and unsaturated conditions as well as mass and heat transport, including fluid density

effects and chemical kinetics for multi-component reaction systems.

(8)1aEA

At least two-fold use..
MONITORING

Taking actions

Validation of the model constructed for the site

Location Quantity

INJECTIONVELLS

0 s

EXPLANATION
Aroa of tracar cleud i which branida
carcaaions st 1 mlgram
per et

Shale
aquicludes
5 Waterable coritour, hugget 2, 1985 -
Water s coowr A2 (311338 Wadsworth Publishing Comparny/ITR
il 6 . Do

—— o Pracici path of tracer chud

(8)1aEA

Quality

Attesian-pressure
surface

10/27/2022
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MONITORING

(OTE1111%

Quantity

m Automated

Synchronized

(£)1aEA

Post-

Operation

Operation

Construction

Pre-

DISCHARGE AREA

RECHARGE AREA

Confined
aquiifer

Millannia
ing.html

Canfining bed

Confinad
aquifer
7 et

MONITORING

HOW OFTEN

Post-

Operation

Pre- Operation

Construction
£\
Water Table -.': " ’f’ \
Groundwater Flow 3 4 \\
) f
1T/
/ \
L] 1
/ \'\
0 J "0 0 = » “
Tima ()

(£)1aEA
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MONITORING

137 Mass Ovciarging et Bisch Saa

Mass dhucharging s Black Sou

Model Documentation

0 tion includes written and graphi i tions
and objectives, the conceptual model, code description, model construction, model
calibration, predictive simulations, and conclusions.

1. Introduction
a. Modeling Objectives
b. Model Function
c. General Setting

2. Conceptual Model

a. Aquifer System

b. Hydrologic Boundaries
c. Hydraulic Properties

d. Sources and Sinks

e. Water Budget

3. Computer Code Description
a. Assumptions
b. Limitations

S Solution Techniques

4/ Bidfon Model

4. Model Construction

Model Domain

Hydraulic Parameters

Sources and Sinks

Boundary Conditions

Selection of Calibration Targets and Goals
f. Numerical Parameters

5. Calibration
a. Qualitative/Quantitative Analysis
b. Sensitivity Analysis
c. Model Application Verification

6. Predictive Simulations

7. Summary and Conclusions

8. References

opo o

10/27/2022
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Model Archive

Maintain a model archive consisting of sufficient information generated during the
modeling effort that a post-modeling audit could be adequately performed by a third party
and such that future reuse of the model is possible. Components of the archive include the
copies of the original data used to construct the model, simulation logs, a copy of
computer codes used in the effort, a copy of the report documentation, and copies of
model input and output (hard copy or digital format, or both, as appropriate) for the final
calibration simulation and predictive simulations explored.

Simulation Logs

—Archive a paper copy of the simulation log for each significant model simulation, that
including the modeler’s name, the simulation date, the project name/number, the
simulation number, the code used (and version), the purpose of the run, the input file
names, comments on the input data, the output file names, and comments on the results.

IAEA

4
<
‘\‘t{/"

VN

Computer Code

—Archive a digital copy of the executable code and if possible a copy of the
source code for computer codes used in preprocessing, simulating and
postprocessing. Include documentation or references for computer codes used.

Model Documentation
—Archive a paper copy of model documentation.

Input and Output
—At a minimum, archive model input and output for the calibration simulation, the
model verification simulation, sensitivity analyses and predictive simulations

AN
2
‘\‘t{/"

IAEA
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INTEGRITY AND CONSISTENCY

INTEGRITY:

* All chapters should be relevant to the main objective and the scope
*Balance between chapters

CONSISTENCY
» Consistency between the objectives and the scope..

*Consistency between data, findings, analysis, results and conclusions
» Consistency among chapters

e.g.
* The “previous” should be consistent with the next.. Data, findings,
results and evaluations should be consistent and more importantly should
support the results, findings and evaluations in the later chapters..

* Geology should support hydrostratigraphic descriptions
*Hydrostratihgraphy and structural elements (e.g. faults)bshould support the
findings of groundwater occurrence and distribution

INTEGRITY AND CONSISTENCY

» Groundwater level (potentiometric) map should confirm and should be confirmed
by the described hydrostratigraphy and hydrogeological role of structural elements

» Geology/hydrostratigraphy and groundwater levels should support the defined type
on aquifers/flow domain (unconfined, confined, leaky etc.

* The hydrostratigraphic description should be consistent with the observed well
productivity/hydraulic characteristics

» |dentification of recharge and discharge areas of the flow domain should be
consistent with the flow direction

» The hydrological calculations (e.g. water balance, behavior of hydrographs etc)
should be consistent with the overall understanding of the dynamics of the flow
domain; in terms of recharge-storage and flow-discharge relations

A
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INTEGRITY AND CONSISTENCY

» Data acquisition should be consistent with the method(s) of analysis and

computations...

» The accuracy and precision of calculations should be consistent with the

spatial and temporal scale of data.. Be aware of over-interpretations—>speculations

» Environmental isotope contents (oxygen-18, deuterium, helium/tritium etc) and their
spatio-temporal variations should be explained on the basis of the hypothesized

hydrogeological conceptual model

» Observed hyddrogeochemical properties and their spatio-temporal variations should
be explained on the basis of hydrogeochemical evolution as suggested by the

suggested conceptual model

» Modeling/parameters and boundary conditions should be consistent with the

suggested hydrogeological conceptual model

(&) 1aEA
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REPRESENTATIVENESS OF

CONCEPTUAL MODEL

PROBABLY NOT
REPRESENTATIVE

MOST LIKELY
REPRESENTATIVE

UNLIKELY
REPRESENTATIVE

%,
‘ DATA QUALITY >

PROBABLY
REPRESENTATIVE

COMPETENCE >

I DATA QUANTITY >

10/27/2022
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SNTC Site

Project area

Aksaz Marsh

‘ ‘ we

Sarikum Lagoon

Figure 2.3. The project area covering the SNTC site and its near vicinity

A SNTC SITE ot tas s

{a‘l
AN
“igure 2.4. Hydrological basins delineated on 1/25000 scale topographical map.
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BLACK SEA

[l Osoocene-Camaisttn fm_Boyabat basin

[ Eccene-Kusun tm Ayanck member

Bl EcoeneKusun tm

[ Psloocone Atbag: im

[ U7 Cretacmoun-Paieocene-Boyabat imestons
Boyabal basn

B campanian-Masstichban-Acveren tm

Ml Campsnian Masstrichtion-Glrssed fm.

| Turonan-Campanian Yesicay fm
Inceburun peninsula Hamsaros fm.

[ cenomanian-Campanan-Kapanbogar: fm
[l Lower Crotaceous-Gagayan tm

[l Up Cretaceous-Lower Cretaceous-inalt fm.
I Oooonr-Mam-Bumih fm.

B Pre-Dogger metamorphic basement

% IA Figure 3.1Simplified geological map of the Sinop province and environs (modified
from Tuysuz, 1999)
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Figure 3.20. Simplified stratigraphical columnar section and their hydrogeological description of the units in the Sinop Province.
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Ekinveren f Faylt
o SNTCSite Balfaki Fault Erikli  Fault . §
4 3 i il } Boyabat
2000 LY L1} H L}
SakumFm & Mio-Pliocene
1 Sakicag Fe Upper-Eocene
Sl P Middle Eocene
i
Bl Amey Fm. | Upper Paleocene-Lower Eocene
Bl Aceren Fm Upper Createcous-Paleocene
B Conburioran Fm
B origayFm. W vemesrcsFm Upper Createcous
[ [,
B Copwonim  Lower Createcous
i Jurassic
B votarorss Temes
Figure 3.21. A north-south cross-section depicting the regional geology between the project area and the Boyabat basin (simplified
Ekinveren Fault
SNTC Site Erikli Fault s

Balifaki Fault
y it Boyabat

by

Low permeability

Low = very low permeability
Practically impermeable

1l

Regional groundwater flow

Figure 3.22. A north-south hydrogeological cross-section depicting the regional groundwater flow between the project area and the

Boyabat basin (modified after Gedik and Korkmaz, 1984)
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Figure 3.23. Regional tectonic setting in the Sinop province and near vicinity (from

TPAOQ)
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Thrust Fault

Boyabat Basin < I ¥ Sinop Basin
SCALE
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- Low permeability:occurence of local groundwater; low yield aquifer

- Very low permeablitiy-impermeable; aquifuge-aquiclude in general

Figure 3.27. The regional hydrogeological setting in Sinop province
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Black Sea

re 4.1. The major river basins located in the study area

(£)1aEA

Figure 4.2. Sub-basins located around the SNTC
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Hamsaros formation: Secondary and pirmary permeability, low-very low local, low yield aquifer

Figure 2.7. Cross-section depicting the geological structure between the SNTC site and the Sarikum lagoon
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Figure 2.8. Cross-section depicting the geological structure between the SNTC site and the Sirakaraagaclar stream
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Figure 4.32. The temporal distribution of the water budget components in Karasu River

Y basin
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AREAL EXTENSION AND THICKNESS OF THE AQUIFER UNITS IN THE
PROJECT AREA

=57 = i TN e
kit e — - y —
(£)1AEA - °_/'

BLACK SEA

Figure 5.4. Map of lithological units underlying the Sarikum formation as deduced Figure 3.1Simplified geological map of the Sinop province and environs (medified
rom geophysical survey.
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from Taysiz, 1999)
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Drilling Activities

W ater Pressure Tests

Permeability (Lu)

’- [
o 9w~ 2 o - o ~
o
Lu=4521d257%
R*'=06871
~
o
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Depth (m)

08

o8
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Pumping Tests Aquifer Tests
e

Dvawdown m)
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HYDROCHEMISTRY AND ISOTOPE HYDROLOGY

U | A E Figure 8.1. Location map of the sampled water points
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Origin and Mixing of Waters in the Project Area
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GROUNDWATER FLOW AND TRANSPORT MODEL
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Figure 10.5. The model layers and their thickness values
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Figure 10.8. The hydraulic conductivity coefficient (logk (m/d)) distribution
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