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Abstract Siliyin spring is one of the many natural fresh

water springs in the Western Desert of Egypt. It is located

at the central part of El-Fayoum Delta, which is a potential

place for urban developments and touristic activities.

Integrated geoelectrical survey was conducted to facilitate

mapping the groundwater resources and the shallow sub-

surface structures in the area. Twenty-eight transient

electromagnetic (TEM) soundings, three vertical electrical

soundings (VES) and three electrical resistivity tomogra-

phy (ERT) profiles were carried out around the Siliyin

spring location. The dense cultivation, the rugged topog-

raphy and the existence of infra structure in the area hin-

dered acquiring more data. The TEM data were inverted

jointly with the VES and ERT, and constrained by avail-

able geological information. Based on the inversion results,

a set of geoelectrical cross-sections have been constructed.

The shallow sand to sandy clay layer that forms the shallow

aquifer has been completely mapped underneath and

around the spring area. Flowing of water from the Siliyin

spring is interconnected with the lateral lithological chan-

ges from clay to sand soil. Exploration of the extension of

Siliyin spring zone is recommended. The interpretation

emphasizes the importance of integrating the geoelectrical

survey with the available geological information to obtain

useful, cheap and fast lithological and structural subsurface

information.
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Introduction

El-Fayoum province (Fig. 1) is one of the largest depres-

sions in the western desert of Egypt. It is located 90 km

South-West of Cairo and covers a total area of about

6,068 km2. El-Fayoum is an oasis, surrounded by desert

from all directions except form the south-east direction

where it is connected to the Nile Valley by a Canal called

Bahr Youssef. The basin formed initially along the Tethyan

margin in Jurassic time. Its current shape comes from

subsidence that terminated in late Eocene time. This

depression is a closed basin with an altitude ranging from

24 m above sea level to 53 m below sea level on the beds

of Lake Qarun, which lies in the north. Natural breaks in

the level of the River Nile have caused repeated flooding of

the basin.

Siliyin spring (Ain El-Siliyin) is one of the oldest natural

fresh water springs in El-Fayoum depression. It is located

in the heart of El-Fayoum Delta between Lake Qarun and

El-Fayoum town (Fig. 1) and away from Lake Qarun by

about 13 km. The name (Siliyin) refers to the abundance of
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Suyul (torrential streams) in the area. In the Arabic lan-

guage, Siliyin means ‘two streams’. The area is very

promising for touristic activities as it is surrounded by

engulf trees at different step stages, many waterfalls, and

fresh water springs. The water at Siliyin spring is flowing

up with substantial rate. This water has temperature of

about 23.5�C at the ground surface.

To understand the source and the nature of Siliyin water

spring and the subsurface geologic setting control this

important water source, the current surface geophysical

surveys have been performed. Hence, the aim of this work

is to map the extent of the groundwater-bearing layer using

TEM, VES, and ERT measurements in order to evaluate of

the freshwater resources in the study area. The results of

this study will definitely help any future plans to develop

the study site.

Geological context

Generally, the geological setting of El-Fayoum has been

addressed in details by many authors (Said 1962; Tamer

1968; Swedan 1986). However, in the following sec-

tion, we will describe briefly the subsurface geology that

may help for geophysical data interpretation in the study

area.

The subsurface geological section in the study area

starts by Quaternary rocks, which have a very wide

distribution over El-Fayoum area (Fig. 2). The alluvial

sediments of the Nile basin were deposited directly over

the Plio-pleistocene sediments. These alluvial sediments

are extending to depth of about 60 m and composed of

sands and gravels of variable sizes intercalated with silt

and clay contents (Tamer 1968). The Lacustrine deposits

of Pleistocene are composed of claystone, gypsum, and

calcareous materials intercalated with ferruginous sandy

silt. They are prevailed in the area and extend to the

south of Lake Qarun. In El-Fayoum depression, Quater-

nary sediments are directly overlying the limestone

deposits of Eocene age, where the latter extends to a

greater depth. The thickness of the Quaternary sediments

varies from place to place. It reaches to about 47 m at

the center of the depression (Fig. 3) and varies according

to the configuration of the underlying limestone rocks.

The Quaternary sediments resulted from the seasonal

flood of the River Nile over the area during the Pleis-

tocene and Holocene times. The sand and gravel sedi-

ments accumulated form the water-bearing material of

the Quaternary aquifer, while silt and clay are considered

the water-confining materials. Structurally, El-Fayoum

depression has been affected by several distortion lines

(faults, breaks, etc.) in addition to some folds. The

Fig. 1 Location map of the

study area showing the positions

of the measured stations, well

and profiles
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distortion lines are particularly dominant at the edges of

the depression with N-S and NW-SE striking directions.

These structural features in addition to the weathering

conditions have contributed to the formation of El-Fa-

youm depressions.

Hydrogeological context

Generally, the groundwater in El-Fayoum Delta can be

obtained from different water-bearing zones. We will

emphasize on the shallow water-bearing formations of

Quaternary and Eocene directly related to the object of this

study.

Quaternary water-bearing formation

The Quaternary water-bearing formations cover most of

El-Fayoum depression and extend in the subsurface with

variable thicknesses depending on the shape of the under-

lying Eocene limestone. The maximum thickness of the

shallow aquifer is about 34 m close to Siliyin area (Fig. 3).

This shallow aquifer is considered as a confined aquifer

because it is capped with clay sediments (confining layer).

The groundwater in this confined aquifer is estimated to be

under pressure. At some localities, groundwater from

Quaternary deposits flows as natural springs, for example,

Ain El-Siliyin, Ain El-Shaer, and Ain Fidaymin. The depth

to water, as encountered from shallow wells in and around

Fig. 2 Surface geological map

of El-Fayoum depression

including the study area

(modified after Beadnell 1905)
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the study area, varies from few centimeters to 5 m. Locally

at Siliyin area, it is typically 4 m below ground level

(Fig. 4). The sources recharging the Quaternary aquifer

include the irrigation water, surface channels, water flow-

ing from the River Nile through Hawara depression and the

nourishing from the underlying fractured limestone aqui-

fers through hydraulic connection.

Eocene water-bearing formation

These sediments are represented by the structural limestone

plateau that surrounds El-Fayoum, Rayan, Nile River, and

Hawara depressions. The water-bearing deposits of the

Eocene age is a fractured limestone underlying the

Quaternary deposits and extending to a depth of about

600 m. The feeding of this aquifer comes from the Qua-

ternary aquifers and through the hydraulic connection to

the underlying Cretaceous aquifers.

The water of Siliyin spring is alkaline (pH = 7.3),

where carbonates constitute about 70% (410 mg/l) of the

total dissolved solids in the water as shown in Table 1.

Moreover, Siliyin groundwater contains some traces of

titanium, vanadium, iron, and aluminum, which are con-

sidered as natural therapeutic substances used especially

for treatment the high gastric acidity problems. Nearby

Siliyin well, a pumping test was conducted. The ground-

water electrical conductivity (EC at 25�C) was measured

for some water samples and has ranged from 2.1 to 2.2 mS/

cm at the beginning of the pumping and after 4 h,

respectively (FWMP 1999).

Geophysical data

The geophysical study described in this work is based

mainly on geoelectrical surveys. Indeed the geoelectrical

techniques are essentially concerned by measuring the

electrical conductivity of the subsurface materials, which

preferentially provides information on the different geo-

logical layers, structures and sometimes the conditions of

the associated groundwater (Van Overmeeren 1989;

Stewart 1982; Repsold 1990; El-Waheidi et al. 1992;

Nowroozi et al. 1999; Meju 2005). In general, there is

no single geoelectrical technique being able to provide

unique information about the subsurface conditions.

Meanwhile, the success of each geoelectrical technique

depends to large extent on the site conditions, the pos-

sible resolution of the utilized array and the impact of

the 3D subsurface structure on the acquired geophysical

data. The integration of more than one geophysical

technique will presumably provides consistent data sets

that reduce the uncertainty of the interpreted models. As

applied in this work, we have integrated the transient

electromagnetic (TEM) technique with both vertical

electrical sounding (VES) and electrical resistivity

tomography (ERT), in order to obtain robust subsurface

models.

VES data

In this study, the VES data were collected by SYSCAL

R2 resistivity meter, where the conventional Schlumber-

ger configuration with current electrode separation (AB)

varying from 2 up to 400 m has been employed. The

recording system was adopted to automatically adjust the

input current at a maximum voltage of 200 V. The study

area was densely cultivated land with locally irregular

Fig. 3 Lithological succession as deduced from wells 18 with the

location of the proposed shallow aquifer, for the well location refer to

Fig. 1
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topographic features and farm’s fences. Therefore, VES

data could be acquired at three sites only (Fig. 1) and

have been used to perform a combined inversion with the

near TEM data sets. The acceptable 1D starting model

can be used in the inversion of the remainder TEM data

sets as there are no specific lithological logs available

(Fig. 5).

TEM data

The TEM method is an electromagnetic induction tech-

nique for which the response of the earth to an electro-

magnetic impulse is measured in the time domain. A

thorough discussion of the TEM method and the interpre-

tation of TEM data can be found in Nabighian and Macnae

(1991). Recently, the TEM method has been extensively

used in hydrogeophysical surveys, including the search for

groundwater resources (McNeill 1990; Danielsen et al.

2003; Nielsen et al. 2006; Cosentino et al. 2007). The

technique is considered an effective tool for characterizing

the subsurface based on the variations in the electrical

conductivity (Meju 2005).

Fig. 4 Depth to water in the

area around Siliyin spring at El-

Fayoum depression, the detailed

studied area is marked by red
dashed line

Table 1 Chemical

composition of Siliyin spring’s

water

Chemical

element

Percentage

(mg/l)

Calcium 154

Sodium 45

Magnesium 24

Potassium 4

Bicarbonates 23

Nitrates 1.3

Sulfates 87

Chlorides 72

pH 7.3
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TEM survey was conducted in the studied area using

SiroTEM MK3 system. The field data have been recorded

at 28 stations shown in Fig. 1. Some local areas are

sparsely covered with TEM stations due to the rugged

topography, dense cultivations and subsurface infra-

structures (metallic irrigation pipes). Therefore, the dis-

tances between the measuring stations were ranging from

50 to 500 m. A common coincident squared loop con-

figuration with a loop side length of 25 m has been

employed in this work. The data have been collected

using composite mode, whereas the measurement times

ranged from 0.11 to 23.84 ms after the primary trans-

mitter current is turned-off through 25 time gates. The

receiver coil measures the time rate change of the

magnetic field as a function of time (dB/dt) during the

transient. Each measurement has been stacked 28 times

for reducing the noise effect of the recorded data. An

example of measured real signals and noise is shown in

Fig. 6. The signal response is extensively strong and

competent, whereas the background noise is assorted in

character. The latest time of the recorded signal can be

distorted by the background noise, which can be easily

treated using editing function before further processing

of the data.

ERT data

Electrical resistivity tomography is a well-established

technique for both 2D and 3D subsurface electrical imag-

ing (Barker and Moore 1998; Ramirez and Daily 2001;

Kemna et al. 2002; Daily et al. 2004). The measurements

are normally carried out using computer-controlled system

with large number of electrodes laid out along straight lines

with constant spacing. In the current work, we carried

Fig. 5 Examples of TEM and VES data processing and the resulted models at Siliyin area. a Example of TEM data, b example of VES data, c
example of TEM- and VES-layered models
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out 2D ERT utilizing 30–48 electrodes connected to the

SYSCAL R2 recording system functioned with the Dipole–

Dipole electrode configuration. The dipole–dipole array

has been chosen because it is more sensitive to horizontal

resistivity changes rather than the vertical resistivity

changes. Moreover, it has better horizontal data coverage

than other electrode arrays (Loke 1998). The electrode

spacing was fixed to be 5 m and (n) was changed from 1 up

to 7 times of the dipole length to obtain the maximum

depth of investigation and lateral resolution. Three ERT

profiles have been acquired close to and in between the

TEM stations at the possible locations to get detailed

information about the shallow subsurface. Before current

injection, the electrode contact resistance values had been

checked and assured to be as low as possible. The voltage

value had been set at 200 V, while the injected current

values were automatically adjusted by the recording sys-

tem. Then the measurements were stacked at least three

times for each point along the profile to enhance data

quality. Standard deviation is used for evaluating the sta-

tistical dispersion of recorded resistivity data from their

arithmetic mean.

Fig. 6 Examples of the TEM recorded signals and noise at Siliyin

area

Fig. 7 Apparent resistivity data

curves and the corresponding 2-,

3-, and 4-layered models
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Data processing and inversion

The electrical resistivity and TEM methods are comple-

mentary in many ways making them ideal partners for

combined inversion process (Yang et al. 1999; Meju 2005).

Although both methods measure electrical conductivity or

resistivity of the subsurface, they sample different subsur-

face volumes and therefore they have different subsurface

sensitivities.

The VES data were first inverted individually in terms of

1D resistivity-depth models based on the available geo-

logical information using IPI2Win software (Fig. 5b, c).

Then the resultant models have been used as starting

models in the inversion process of the nearby TEM data

sets. A simple comparison demonstrates the behavior of

both VES and TEM models (red dashed and black solid

lines in Fig. 5c, respectively). At the shallow depth

(B10 m.), the inversion process is mainly constrained by

the VES data only. The TEM data at that depth provides

only very weak constraints due to the relatively late times

of the first TEM records. In contrast, the VES data gives

more details about the resistivity variations at that shallow

depth due to the dense suites of resistivity measurements

using relatively short electrode separations. At greater

depth, the inversion process is constrained mainly by the

TEM data, which provides a reasonable resolution at that

depth. At the intermediate depths the models have been

obtained from the contribution of both (VES and TEM)

data sets.

Due to the limited number of VES stations that can be

used in setting the robust starting model for TEM data

inversion, there is strong need for selecting the optimum

starting model in areas have neither sufficient well infor-

mation nor VES data. In this context, several criteria have

been tested including different number of layers and

thicknesses during the preliminary TEM data processing.

The robust model was the one that provides minimum

error, maximum fit and best matching with the other data

set as well as the available borehole’s information (Fig. 7).

A primary simplified two-layer model has poorly fitted the

Fig. 8 Inverted ERT profiles at the study area, a for profile-1, b for profile-2, and c for profile-3
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measured data especially at the early and late times of the

TEM curve. The degree of fitting has improved thoroughly

with increasing the number of layers to four (Fig. 7).

The ERT data was inverted in 2D scheme by using an

iterative smoothness-constrained least squares inversion,

Res2Dinv (Loke 1998; Barker and Moore 1998). The

robust inversion process of ERT profiles attained the

convergence with RMS error varying from 8 to 10%.

There were no much differences in the inverted models

for the last three iterations, so that we accepted the model

of lower RMS error. Generally, the inverted resistivity

model along profile 3 (Fig. 8) shows that the study area is

characterized by relatively low resistivity background

ranging from 5 to 17 Xm. These low resistivity values

refer to the dominant clay and silty clay sediments at the

surface as well as to the shallow saturated sand to silty

clay aquifer (Fig. 8). Locally at the surface, relatively

high resistivity zones (33–120 Xm) could be identified,

which might be attributed to the prevalence of dry soils at

the surface.

Discussion and conclusion

The final output of the integrated interpretation of the

electrical resistivity and TEM data are set of multi-layered

models, each of them satisfies the response of the compa-

rable two data sets (VES and/or TEM) and describes the

electrical properties of the shallow subsurface medium.

These models have been used for preparing a fence dia-

gram and isopach maps in the study area (Fig. 9). Powerful

geostatistical gridding (kriging) method has been applied to

smoothly interpolate the measured data. Linear color scale

has been used to visualize the limited resistivity range (1–

32 Xm).

The top layer has a maximum depth of 11 m and rela-

tively low resistivity values (\6Xm), which is most likely

due to moist agricultural clay soil (Figs. 5, 8b, 9a). How-

ever, toward the center and the southeastern part of the

study area, this layer thins and completely vanishes under

station (28) as shown in Figs. 8, 9a, b). The same layer

shows relatively high resistivity values ([6 Xm) due to the

lithological variation from agricultural clay soil to dry

sandy soil (Fig. 9b). Along the 2D resistivity profiles (p1

and p3) and station (4), the first sandy layer is separated

from the underlying sand aquifer by a clay to silty clay

layer (Figs. 8a, 9a, c). This first low resistivity clay layer

appears under thin sand layer and acts as a cap for the

shallow aquifer.

The second major layer in the study area is characterized

by high resistivity values ([6 Xm) and is extending to

depth of about 45 m (Figs. 5, 8, 9c). This layer is com-

posed mainly of sandy sediments and forms the shallow

confined Quaternary aquifer in the study area (Fig. 3). At

some localities, the second layer exhibits a relatively low

resistivity particularly at the central and northern parts of

the study area (Fig. 9a, c). This feature may be attributed to

the tectonic and/or lateral changes of the depositional

Fig. 9 Panel diagrams

represent the 3D view of the

resistivity cross-sections along

the studied area, for the stations

location refer to Fig. 1. a Fence

diagrams, b resistivity slice at

depth about 10 m from the

surface, c resistivity slice at

depth about -10 m from the

surface and d resistivity slice at

depth about -30 m from the

surface
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environment, which has changed the sedimentary facies

from sandy to clayey materials (Fig. 9, stations 11, and 4).

The third layer is characterized by low resistivity values

and extends to the base of the sections. It is most likely

composed of clayey sediments as it shows low resistivity

values (\6 Xm) as shown in Fig. 3. However at station 4

(Fig. 9a, d), which is contiguous with the Siliyin spring,

this layer shows a high resistivity value ([6 Xm) sur-

rounded by low resistivity values. This feature did not

show up on profile (P1, Fig. 8a), as it exists beyond the

maximum depth of penetration reached by the resistivity

data.

Siliyin spring is located between stations 3 and 25

(Fig. 9a) whereas the shallow aquifer sand layer has con-

siderable lateral changes to clay and sand clay toward the

eastern direction under stations 2 and 4. These lateral

changes can be attributed to structural or lithofacies

changes in such a way that makes the shallow aquifer

connected to the deep Eocene limestone aquifer. Conse-

quently, the shallow aquifer is continuously charged from

the deeper one and the spring water is following naturally

throughout the weak points of the clay cap layer.

From the obtained subsurface geophysical results, it is

recommended that any proposed projects for future

developments around the Siliyin spring should consider the

fact that the shallow sandy aquifer has a reasonable

thickness and is connected to the deep aquifer. These

conditions could be ideally observed around the location of

stations 2 and 5 (Fig. 9a).
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der Süßwasser/Salzwasser-Grenze im Gebiet zwischen Cuxha-

ven und Stade. Geologisches Jahrbuch C56:3–37

Said R (1962) The geology of Egypt. Elsevier, Amsterdam, p 377

Stewart MT (1982) Evaluation of electromagnetic methods for rapid

mapping of salt water interfaces in coastal aquifers. Ground

Water 20:538–545. doi:10.1111/j.1745-6584.1982.tb01367.x

Swedan AH (1986) Contributions to the geology of Fayoum area.

PhD Thesis, Faculty of Science, Cairo University

Tamer A (1968) Subsurface geology of the Fayoum Region. MSc,

Faculty of Science, Alexandria University, Egypt

Van Overmeeren R (1989) Aquifer boundaries explored by geoelec-

trical measurements in the coastal plain of Yemen, A case of

equivalence. Geophysics 54:38–48. doi:10.1190/1.1442575

Yang C, Tongz L, Huang C (1999) Combined application of dc and

TEM to sea-water intrusion mapping. Geophysics 64:417–425.

doi:10.1190/1.1444546

1436 Int J Earth Sci (Geol Rundsch) (2010) 99:1427–1436

123

http://dx.doi.org/10.1190/1.1437878
http://dx.doi.org/10.1190/1.1729225
http://dx.doi.org/10.1016/j.jappgeo.2003.08.004
http://dx.doi.org/10.1016/0926-9851(92)90003-4
http://dx.doi.org/10.1016/S0022-1694(02)00145-2
http://dx.doi.org/10.1016/S0022-1694(02)00145-2
http://dx.doi.org/10.1111/j.1365-2478.2005.00483.x
http://dx.doi.org/10.1016/j.jappgeo.2006.07.002
http://dx.doi.org/10.1016/S0926-9851(99)00004-X
http://dx.doi.org/10.1016/S0926-9851(00)00042-2
http://dx.doi.org/10.1111/j.1745-6584.1982.tb01367.x
http://dx.doi.org/10.1190/1.1442575
http://dx.doi.org/10.1190/1.1444546

	Integrated geoelectrical survey for groundwater and shallow subsurface evaluation: case study at Siliyin spring, El-Fayoum, Egypt
	Abstract
	Introduction
	Geological context
	Hydrogeological context
	Quaternary water-bearing formation
	Eocene water-bearing formation

	Geophysical data
	VES data
	TEM data
	ERT data

	Data processing and inversion
	Discussion and conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


