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Abstract

Kumalar Mountain and its surroundings have an important groundwater potential for Sandikli and Suhut districts,
due to intense spring discharges. The springs discharged from limestones and volcanic units and are used for drink-
ing, using, and irrigation purposes. Therefore, it is of great importance to determine the capacities and potentials of
such springs in the rural areas. The aim of this study is to reveal the hydraulic properties, discharge mechanisms, and
potential of the natural springs located around the Kumalar Mountain region. Monthly flow measurements were made
between September 2017 and September 2018 in 19 springs in the study area. The annual flow rates of the springs
in the study area vary between 0.01 and 2.10 1/s. Spring flow rates are increased in the rainy seasons. The annual
base flow and average flow rates of springs were calculated by hydrography analysis and are 311.04-57,024 m®/year
and 0.01-1.81 1/s respectively. The coefficient of discharge (a) 8.77 x 107*-9.82 x 1073 day~!, flow variability (Q,)
0.10-0.69 1/s, and average base flow (Q,) 0.01-2.03 I/s values were calculated by Maillet equation. According to the
coefficients of discharge and flow variation, springs were determined as “types 2 and 3”. Torun spring in Yiprak which
feed by limestone has the highest flow.

Keywords Natural springs - Flow - Discharge - Hydrography - Maillet - Kumalar

Introduction

Natural water springs are directly connected of the
groundwater in the aquifers that feed them, and also affect
the potential of the surface waters into which they dis-
charge. Therefore, determining the potential of natural
springs is very important in terms of both groundwaters
and surface waters. Also, the spring waters are the most
reliable sources used for all kinds of consumptive water
supply. Main prerequisites for establishing a workable
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management plan must be determining recharge and dis-
charge parameters of springs with hydrogeologic and
hydrologic characterization of the spring type. As the
demand for water increases, many techniques and meth-
ods are developed in spring waters to provide these condi-
tions. At this point, in order to determine the supply and
potential of natural springs, it comes to the fore to know
the flow mechanism and regime of the springs. There are
many international references about techniques and meth-
ods used for estimating the flow regime at natural springs
in a region (Korkmaz 1990; Oztas 1993; Rani and Chen
2009; Kresic and Stevanovic 2010; Kresic and Bonacci
2010; Celik et al. 2015; Call1 2017; Giacopetti et al. 2017;
Lorette et al. 2018). In these methods, they contain sig-
nificant information about the hydrological and hydrogeo-
logical characteristics of such natural springs.

Many natural springs extend along the foothills and
slopes of the Kumalar Mountain. This area is mostly
supplied with water from the natural springs near
Sandikli and Suhut districts (Fig. 1a). These natural
springs are used generally for drinking, domestic, and
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Fig. 1 Location map of the study area

irrigation purposes. This paper aimed to determine Study area

the potential flow of natural springs in the Kumalar

Mountain area by using the hydrography analysis and The study area covers an area of approximately 350 km?,
the Maillet (1905) methods. The spring flow param-  which extends along the SE of the Sandikl1 basin and
eters have been achieved by calculating to analytical ~ the SW of the Suhut basin and includes the Kumalar and
formula.
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Kiikiirt mountains (Afyonkarahisar) (Fig. 1a). Kuma-
lar Mountain (2250 m) is the highest peak in the region.
Kumalar Mountain extends in the Afyonkarahisar-
Sandikli-Dinar direction and separates the Sandikli and
Suhut basins in the north—south direction. Sandikli plain
in the south of Afyonkarahisar province crops out to the
west of the study area and Suhut plain to the east. The
largest settlements in the study area are Sandikli and Suhut
districts of Afyonkarahisar province.

In the study area, there are a total of 24 settlement areas,
in the Sandikl district (Kizik, Karacadren, Dutagaci, Sel¢ik,
Bektas, Kargin, Akin, and Sogucak) and in the Suhut district
(Akyuva, Senirkoy, Ortapinar, Aydin, Kavakli, Tekkekoy,
Giineytepe, Mahmutkdy, ilyasl, Basoren, Kayabelen, Anay-
urt, Balcikhisar, Bademli, Kulak, and Yiprak) (Fig. 1a, 1b).
These settlement areas provide most of their drinking, irriga-
tion, and domestic needs from spring water.

Methodology

The average rainfall was computed by the isohyet method,
using 42 annually (1975-2018) average rainfall data which
belong to the area. Particularly, the flow rates of the springs
are important due to the springs that are used as drinking,
using, and irrigation water in settlement areas. For this rea-
son, flow measurements of the springs selected as repre-
sentative in the study area were monitored monthly and the
flow potentials of the springs were determined. In order to
determine the potential of springs in the study area, flow
measurements were made during 1 year regularly every
month in twenty-one (D1-D21) springs. Flow measurements
were made in special containers with a known volume. The
measurement period lasted from 01 September 2017 until
01 September 2018. A hydrological database has been cre-
ated by obtaining the gauging flow data from natural springs
during this period. During the flow measurements, some
problems were encountered such as the spring being under
the pond, the spring drying, and the spring road covered with
snow. Therefore, flow measurements of the springs D1, D3,
and D4 were recorded incompletely.

Generally, the springs are evaluated based on the mini-
mum discharge recorded over a long period, typically longer
than several hydrologic years (a hydrologic year is defined as
spanning all wet and dry seasons within a full annual cycle)
(Kresic 2010). When evaluating potential of spring flow in the
study area, spring discharges were measured, which is based
on periods of monthly in 1 hydrological year (2017-2018)
due to climatic and physical conditions. In order to calculate
the discharge rates of the springs in the study area, two dif-
ferent methods were used, namely “hydrography analysis”
and “Maillet analysis”. In these methods, springs must show
a continuous flow. For this reason, the base flow calculations

could not be made due to the lack of flow data in Esegoz (D1),
Karalaroreni (D3), and Asmakaya (D4) springs. Monthly flow
measurements obtained for 1 year (September 2017-Septem-
ber 2018) for a total of 19 water springs were used in the cal-
culations. In the hydrograph analysis, monthly flow measure-
ments and base flow curves were formed and the average base
flow was calculated with the help of these curves.

In the Maillet analysis, the discharge (Q,), the coefficient
of discharge (a—day™"), the flow variability (Q,—V/s), and
the average base flow above the spring discharge point of the
aquifer (Q,—1/s) were calculated using various exponential
equations and formulas. The literature review shows that the
Maillet (1905) formula, a widely used exponential equation,
is an approach analytical solution for porous media (Dewandel
et al. 2003). Maillet (1905) is described by the simple expo-
nential equation as follows.

Q= Qo™ ey

where Q, is the discharge at time # (m?/s), Q, is the initial
discharge (m?/s), e is the Napierian logarithm base (expo-
nential: 2.71828), a is the coefficient of discharge (day™"),
and ¢ is the time (day).

The coefficient of discharge (@) is determined by formula

2)
a = IOg Qmax - 10g Qmin/t 10g€ (2)

where a is the coefficient of discharge (day™'), Q,.,, is the
highest flow rate (I/s), O, 1S the lowest flow rate (1/s), ¢ is
the time difference between Q,,,, and Q... (day), and log
e: 0.4343.

The flow variability (Q,) is determined by formula (3)
(Sahinci 1991)

Qd = (Qmax - Qmin)/Qmax (3)

where Q,, is the flow variability (I/s), Q.. is the maximum
flow (I/s), and Q,;, is the minimum flow (I/s).

The average base flow above the spring discharge point of
the aquifer (Q,) is determined by formulas (4), (5), (6), and
(7) (Mangin 1975; Sahinci 1991; Kresic and Bonacci 2010).

0, = (Va/1) )
Va = Var = Vauin ©)
Vinar = (Qmar/ @) (6)
Vinin = (Qpin/ @) (7)

where O, is the average base flow (I/s), V, is the change in
reservoir volume (1), V., is the maximum reservoir volume
(1), and V_;, is the minimum reservoir volume (I).

@ Springer



2355 Page4of15

Arab

J Geosci (2021) 14: 2355

290000

4270000

4265000t

4260000=4%

4250000m-

4245000m-

B :
¢ :
€. ;
< ¢

VoV v
Vo N
VoV v

BDOOOC
0000
© 0000
6 00 0
&0 0 0 O

[0 40 o= D
Gt
PIORSHNC
0% 8o

00 ¢

{ T
SN
] 7 itvasLl
TR @ ] Y )
-9 BASOREN
v C O]
AN T
BERCTH Al s
ST LYY 0 ARG,
Y BEkTASKOY®
o 1@scmET o
— M s“w“\\?) 0.

265000

Alluvium (Qal)
(Porous Aquifer)

{ Alluvial Fan (Qaf)
(Porous Aquifer)

Slope Debris and Deposit Cones (Qsd)
(Porous Aquifer)

Kepeztepe Formation (PIQk)
(Porous Aquifer)

Kumalar Formation (Plku)
(Aquitard Medium 1)

Kuzbagt Member (Plkm)
(Aquifuge Medium)

Volcanite Member (Plvm)
(Aquitard Medium 1)

Karatag Formation (Plka)
(Aquifuge Medium)

Kocatepe Trachyte (Mk)
(Aquitard Medium 1i)

Akgakoy Formation (Oa)
(Aquitard Medium 1)

Gogen Formation (Kg)
(Aquitard Medium i)

Kayrakdag Formation (Kk)
(Karstic Aquifer)

Sitlagtepe Formation (JKs)
(Karstic Aquifer)

Afyonluk formation (TRa)
(Karstic Aquifer)

RENENDCONE0 |

20

VY

EPE
a0

280000 ™

275000 =

EXPLANATIONS

Ortatepe Formation (JKo)
(Karstic Aquifer)

Koyuntepe Formation (TRJk)
(Karstic Aquifer))

Bakirdag Formation (TRb)
(Karstic Aquifer)

Kocayayla Formation (PTRk)
(Aquitard Medium 1)

Derekdy Formasyonu (Ed)
(Aquifuge Medium)

Blyikkirtepe Formation (PEb)
(Karstic Aquifer)

Hiseyinlicesme Formation (Eh)
(Aquifuge Medium)

Sandere Formation (PEs)
(Karstic Medium)

Kocagal Formation (Kk)
(Karstic Medium)

Belcegez Formation (JKb)
(Aquitard Medium 1)

Kocadere Formation (Jk)
(Aquitard Medium 1)

Derealani Formation (Jd)
(Aquifuge Medium)

Karatepe Verrucano Formation (TRJkv)
(Aquitard Medium 1)

Stream

Dry Stream

Thrust

Eocene Suture

Highway

=
]

290000

Settlement Area

Formation Boundary

Strike-Slip Fault

Location of springs

4270000

= 4265000

™= 4260000

= 4250000

™ 4245000

N

4

10

KM

@ Springer




Arab J Geosci (2021) 14: 2355

Page 50f 15 2355

«Fig. 2 Geological and hydrogeological map of the study area (Balci
2011a, b; Ocal and Goktas 2011; Ocal et al. 2011)

As a result of the data obtained, springs were classified
according to the coefficient of discharge and flow variability
(Sahinci 1991) and the spring types were determined.

Geology

Autochthonous, allochthonous, and cover rocks are dominant
in the study area (Fig. 2). In the study area, the Akdag unit
(Karatepe Verrucano and Derealan1 formations), the Homa-
Akdag unit (Kocadere, Belcegez, Kocagal, Saridere, and
Hiiseyinlicesme formations), and the Kirdag-Anamasdag
unit (Biiyiikkirtepe and Derekdy formations) belong to the
Anamas-Akseki autochthonous. The autochthonous units
have a narrow spread in the study area and the units are in
the Middle Triassic-Middle Eocene age range. Generally, the
Anamas-Akseki autochthonous is represented by carbonated
rocks in the Middle Taurus. The Akdag unit is composed of
carbonate sandstone, siltstone, claystone, clayey limestone,
conglomerate, sandstone, shale, and sandy-clayey limestone.
The Homa-Akdag unit is formed by limestone, mudstone,
claystone, sandstone, siltstone, conglomerate, shale, marl,
and spilitic pillow lava. The Kirdag-Anamasdag unit consists
of limestone and flysch series.

The allochthonous rocks in the study area are represented
by the Sazak group (Kocayayla, Bakirdag, Koyuntepe, and
Ortatepe formations) and the Kiikiirtdag group (Afyonluk,
Siitlactepe, Kayrakdag, and Gogen formations) belonging to
the Beysehir-Hoyran-Hadim nappes. The allochthon units
spread to the southwest and southeast of the study area. The
units have Triassic-Cretaceous age range. The Sazak group
is composed of sandstone, chert, limestone, and dolomitic
and cherty limestone. The Kiikiirtdag group consists of sand-
stone, pelagic limestone, serpentine-intercalated volcanite,
and dolomitic and cherty limestone.

Cover rocks showed a very wide spread in the study area.
The rocks are formed by the Akcakdy formation, the Suhut
group rocks (Kocatepe trachyte, Karatag formation, Kuma-
lar formation, Kuzbasi member, and volcanite member), and
Plio-Quaternary terrestrial clastic rocks (Kepeztepe formation,
slope debris and deposit cones, alluvium fan, and alluvium) in
the study area. The Akcakdy formation is composed of con-
glomerate and the Suhut group consists of claystone, siltstone,
limestone, marl, and volcanic rocks (basalt, andesite, trachyte,
etc.). Plio-Quaternary-aged Kepeztepe formation consists of
old slope debris and fluvial deposits. Quaternary formations
are represented to alluvium, alluvial fan, slope debris, and
deposit cones. The formations are composed of loose, interlay-
ered clay, silt, sand, gravel, and mud deposit materials (Balci
2011a, b; Ocal and Goktas 2011; Ocal et al. 2011; Fig. 2). The

stratigraphic structure and lithological characteristics of the
study area are shown in Table 1.

Hydrogeology

Lithologic properties of the geological units in the study
area have been investigated to define the extent of the aqui-
fer system and regional hydrogeological characteristics. The
lithological units of the study area range in age from Trias-
sic to Quaternary and have different aquifer systems. The
lithological units were classified as porous aquifer, karstic
aquifer, aquitard, and aquifuge mediums (Table 1). The
Quaternary deposits and Kepeztepe formation are mainly
characterized by silty, muddy, and sandy layers alternating
with sandy and gravel deposit materials. The units are rep-
resented as porous aquifer system with high permeability in
the study area. The porous aquifer is located in Sandikli and
Suhut plains and numerous wells have been drilled on the
aquifer. The units are important groundwater reservoirs and
are the main drinking, domestic, and irrigation resources
for the region. Kocagal, Saridere, Biiylikkirtepe, Bakirdag,
Koyuntepe, Ortatepe, Afyonluk, Siitlactepe, and Kayrakdag
formations are composed of limestone. These formations
have the characteristics of a karstic aquifer due to their sec-
ondary porosity that develops with melting gaps, faulted
structure, intersecting cracks, and discontinuities. The flow
rates of the wells drilled on the karstic aquifer are between
15 and 30.27 I/s. Karatepe Verrucano, Kocadere, Belcegez,
Kocayayla, and Akcakdy formations consist of conglomer-
ate, sandstone, shale, and sandy-clayey limestone and have
semi-permeable properties. While fractured and faulted
structures within the units increase the permeability, shale
and clayey layers cause impermeability. The semi-permeable
units are described as Aquitard Medium I in the study area.
Kocatepe trachyte, volcanite member, Go¢en, and Kumalar
formations are slightly permeable and defined as Aquitard
Medium II. Deralani, Hiiseyinlicesme, Derekdy, and Karatas
formations and Kuzbag1 member do not contain groundwater
due to their lithological properties. The units are impermea-
ble and they show the characteristics of an aquifuge medium
(Fig. 2; Table 1).

Hydrology
Precipitation and temperature

In general, the most important recharge component of
groundwater is rainfall. In order to determine the average
rainfall on the study area, annual total precipitation data
were used. There are 6 observation stations located in Afy-
onkarahisar, Sandikli, Suhut, Dinar, Sincanli (Sinanpasa),
and Cay settlements in the vicinity of the study area. Annual

@ Springer
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Table 1 Stratigraphic structure and lithological and hydrogeological characteristics of study area

Group Formation Symbol System/series/ Lithology Hydrogeological ~Aquifer systems
epoch properties
Cover rocks Plio-Quaternary  Alluvium Qal Quaternary Loose clay, silt,  Permeable Porous aquifer
aged sand, gravel,
Clastic rocks and mud
deposits
Alluvial fan Qaf Quaternary Clayey, sandy, Permeable Porous aquifer
gravelly mate-
rial
Slope debris and  Qsd Quaternary Loose, gravel, Permeable Porous aquifer
deposit cones and block
deposits
Kepeztepe P1Qk Plio-Quaternary ~ Old slope debris  Permeable Porous aquifer
and fluvial
deposits
Suhut group Volcanite mem-  Plvm Late Pliocene- Basalt, andesite, Slightly perme-  Aquitard medium
ber Pliocene trachyte, etc able 1I
Kuzbagt member Plkm Late Pliocene- Coal-level marl,  Slightly perme-  Aquifuge medium
Pliocene claystone, able
siltstone, lime-
stone
Kumalar Plku Late Pliocene- Volcanic origin ~ Semi-permeable  Aquitard medium
Pliocene rock and clastic 1I
limestone
Karatag Plka Late Pliocene- Gravel and Slightly perme-  Aquifuge medium
Pliocene sand lensed able
claystone, marl,
limestone
Kocatepe tra- Mk Middle Miocene Dominantly Semi-permeable  Aquitard medium
chyte trachytic lava 1I
Akgakoy Oa Middle-Early Pebble Semi-permeable  Aquitard medium
Oligocene 1
Beysehir-Hoyran- Kiikiirtdag group Gogen Kg Late Cretaceous  Sandstone, Semi-permeable  Aquitard medium
Hadim nappes serpentinite- I
intercalated
volcanite
Kayrakdag Kka Late Cretaceous  Locally dolomitic Permeable Karstic aquifer
and cherty
limestone
Siitlagtepe JKs Early Jurassic- Pelagic limestone Permeable Karstic aquifer
Early Creta-
ceous
Afyonluk TRa Late-Middle Dolomite, Permeable Karstic aquifer
Triassic chert-banded
limestone
Sazak group Ortatepe JKo Late Jurassic- Limestone, Permeable Karstic aquifer
Cretaceous cherty lime-
stone
Koyuntepe TRJk Late Triassic- Limestone, chert Permeable Karstic aquifer
Early Jurassic
Bakirdag TRb Late-Middle Limestone, dolo- Permeable Karstic aquifer
Triassic mitic limestone
Kocayayla PTRk  Permo(?)-Tri- Sandstone Semi-permeable  Aquitard medium

assic

I
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Table 1 (continued)

Group Formation Symbol System/series/ Lithology Hydrogeological ~Aquifer systems
epoch properties
Anamas-Akseki  Kirdag- Derekoy Ed Middle Eocene  Flysch series Impermeable Aquifuge medium
autochthonous Anamasdag o . . .
unit Biiyiikkirtepe PEb Paleocene-Early  Limestone Permeable Karstic aquifer
Eocene
Homa-Akdag Hiiseyinlicesme  Eh Early Eocene Mudstone, Impermeable Aquifuge medium
unit claystone,
sandstone,
shale, marl
Saridere PEs Paleocene-Early  Limestone Permeable Karstic aquifer
Eocene
Kocagal Kko Cretaceous Cherty biomic-  Permeable Karstic aquifer
rite, limestone
Belcegez JKb Late Jurassic- Spilitic pillow Semi-permeable  Aquitard medium
Early Creta- lava, sandstone, 1
ceous limestone
Kocadere Jk Early—Late Juras- Sandstone, Semi-permeable  Aquitard medium
sic siltstone, 1
claystone,
limestone,
conglomerate
Akdag unit Derealan1 Jd Early Jurassic Carbonate sand- Impermeable Aquifuge medium
stone, siltstone,
claystone,
clayey lime-
stone
Karatepe Ver- TRJkv  Middle Triassic- Pebble stone, Semi-permeable  Aquitard medium
rucano Early Jurassic sandstone, I

shale, sandy-
clayey lime-
stone

total precipitation data of these observation stations were
obtained from the Turkish State Meteorological Service.
Average annual precipitation values for 1975-2018 years
were determined as Afyonkarahisar (426.41 mm), Sandiklt
(470.25 mm), Suhut (417.32 mm), Dinar (448.67 mm),
Sincanli (533.78 mm), and Cay (446.08 mm). It is seen that
the total average annual precipitation data at these stations
are parallel (Fig. 3). The average rainfall was computed by
the isohyetal method, using annually average rainfall data
which belong to the area. The annual average rainfall was
determined by the isohyetal method as 407.315 mm for a
period of 43 years (1975-2018) and isohyetal map of the
study area was prepared (Fig. 4).

Temperature of the study area generally rises to 24.2 °C
in the summer (August), and decreases to—2.1 °C in the
winter (January). Average temperature values are meas-
ured as Afyonkarahisar (12.4 °C), Dinar (13.9 °C), Suhut
(12.6 °C), Hocalar (12.1 °C), Kiziléren (13.4 °C), Coban
(12.3 °C), and Cay (12.8 °C) for 1975-2018 years.

Discharge mechanism of the springs

The springs show distribution in Dutagaci, Bektas, Akin,
Bagsoren, Kavakli, Aydin, Yiprak, Balgikhisar, Kayabelen,
and Bademli locations in the study area. These springs
are Esegoz, Dutagaci, Karalaréreni, Asmakaya, Akin,
Kumalardag, Karlibah¢e, TZM, Oguzhansalih, Kavakli,
Harman, Bezeme, Camili, 88/3, Sanli, Torun, Sitma, Yiprak,
Giildede, Dedecik, and Bademli springs (Fig. 1a).
Karalaroreni (D3) and Asmakaya (D4) springs located
in Bektas village and Torun (D16) spring (2.10 1/s) in
Yiprak village are productive springs. Karalaroreni (D3)
spring feeds the Bektas ponds. Except for Esegoz (D1),
Karalaroreni (D3), and Asmakaya (D4) springs, 19 springs
flow continuously during 1 year (2017-2018). It has been
observed that the increases in the rainfall are effective in the
spring flows. The fact that the feeding areas of the springs
are not very large causes the flow rates of the springs to
be small. Most of the springs in the study area are feed by
volcanic rocks (Fig. 5). Argillisation due to alteration in
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Fig.3 The monthly average
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volcanics and semi-depth rocks in the feeding areas of the
springs delays rainfall waters reaching the aquifer (Okan
et al. 2018). The effect of climate and lithological conditions
in the recharge areas of the investigated springs is directly
related to the discharge mechanism of the spring.

The annual discharge of the springs in the study area
varies between 0.01 and 2.10 I/s (Table 2). Esegoz (D1),
Dutagaci (D2), Kavakli (D10), Camili (D13), 88/3 (D14),
and Dedecik (D20) springs discharge from the rocks con-
taining high alkali, which are the dacite, rhyolite, andesite,
basalt, and etc. (Volkanit member). The average discharge
of Esegoz spring could not be determined because it is dry
for 4 months of the year. The annual average discharge of the
other springs are 0.05, 0.02, 0.01, 0.86, and 0.03 /s, respec-
tively. Karalaroreni (D3), Asmakaya (D4), Kumalardag
(D6), Karlibahge (D7), TZM (D8), Oguzhansalih (D9), Har-
man (D11), Bezeme (D12), and Sanli (D15) springs dis-
charge from volcanic origin rocks and clastic limestones,
which belong to Kumalar formation. The average annual
flow rates of other springs except Karalardreni and Asma-
kaya springs are respectively 0.09, 0.16, 0.18, 0.09, 0.07,
0.03, and 0.23 I/s. The Akin spring discharges from the
Afyonluk formation consisting of limestones with dolomite
lentils and chert bands and the annual average flow rate of
the spring is 0.30 I/s. Torun (D16) and Sitma (D17) springs
discharge from the Kumalar formation and are feed from the
limestones of the Bakirdag formation. The annual average
flow rates of the springs are 2.10 and 0.48 1/s. The Yiprak
(D18) spring discharges from the Kumalar formation and
Koyuntepe formation contact and the Giildede (D19) spring
is discharged from the Kocadere formation, which consists
of sandstone, claystone, siltstone, limestone alternation, and
reefal limestone. Annual average flow rates of the springs

@ Springer

are 0.02 and 0.23 I/s. The Bademli (D21) spring discharges
from the Alluvium contact with the Gocen formation, which
consists of sandstone with volcanic intercalations with olis-
toliths and serpentinite, and its annual average flow rate was
measured as 0.13 I/s (Table 2; Fig. 5).

It is observed that there are many springs discharging
from the Kumalar formation, which is made up of volcanic
origin rocks and clastic limestones, presenting a wide dis-
tribution in the study area. However, the flow rates of these
springs are very low. An increase in flow is observed in the
springs that are feed from the limestone levels in this forma-
tion. The highest flow rate is Torun (D16) spring, which is
also feed from the Bakirdag formation limestones.

Relation between flow rates
and precipitation

The monthly precipitation data in the study area and
monthly discharges of the springs are shown in Fig. 6.
The discharge graph of the springs shows that while the
spring flows decrease in the dry period, it increases in the
rainy season. The flow of springs begins to decrease when
recharge processes decrease as a consequence of tempera-
ture increase and rainfall decrease. The increase in spring
flow rates with precipitation in the rainy period can be
explained by the fullness of the aquifer reserve located in
the recharge zone of the spring and the excess amount of
precipitation. This result indicates that the springs and
groundwater system in the area respond quickly to pre-
cipitation and drought conditions. Especially the flow
rate change in the springs increases between December
and May in the rainy period depending on the climatic
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Fig.4 Isohyetal map of the study area

changes. With the increase in temperatures in the dry
period between June and November, the flow values of
the springs in the study area are decreased. Especially, in
some springs (D5 and D14), when there is a decrease in
the flow rate in the dry period, the flow rate is increased
in these springs by artificial feeding due to the need in the
settlements. Although there are seasonal fluctuations in
all springs, the same flow rates were measured in between
September 2017 and September 2018, which is consid-
ered the beginning of the water year. This shows that the
nutritional conditions did not change (Fig. 6).

Discharge regime of the springs

Various analysis and methods are used for identifying the
regime of the springs. Selection of proper investigative
techniques characterizing discharge regime properties of
a spring is important in terms of the flow components of
springs. Hydrological methods are used to characterize
flow rate and properties of spring in the water resources
applications. Discharge of spring changes in time, due to the
recharge and emptying of its natural reservoir. Systematic
measurements of discharge should be performed at least for
one complete hydrological cycle where both regular major

@ Springer
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. . . . ..
recharge events and recession are observed (Malik 2015).  determination of the general statistical parameters of the

“Hydrography analysis” and “Maillet analysis” were used  time series, such as average, minimum, and maximum flows
in order to determine the discharge regime of the springsin  for the period of record; standard deviation of the flows;

the study area. coefficient of variation; flow duration curves; and frequency
of characteristic flows at the minimum (Kresic and Bonacci

Hydrography analysis method 2010).
Flow rate monitoring is important to determine the conti-
Hydrography of springs represents clearly all physical pro-  nuity of the spring flows. Continuity in flow rates character-

cesses that control groundwater flows inside the aquifer  izes the relationship between the amount and frequency of
(Kuhta et al. 2012). The spring discharge hydrograph is the ~ flow in a given time interval. Thus, the springs have a con-
final result of various processes that govern the transforma-  tinuous and regular discharge regime. The term “discharge
tion of precipitation and other water inputs in the spring’s  regime” means the regular, expected discharge of flowing
drainage area into the single output at the spring. In many  water within a year (Malik 2015). In the hydrograph analy-

cases, the discharge hydrograph of a spring closely resem-  sis, monthly flow rate measurements of the springs were
bles hydrographs of surface streams, particularly if the aqui-  taken periodically for 1 year (2017-2018) in the study area.
fer is unconfined and reacts relatively quickly to water input. ~ Base flow curves were formed with the obtained flow meas-

The shape of a discharge hydrograph depends on the size  urements and average base flow was calculated with the help
and shape of the drainage area, as well as the precipitation  of these curves. The annual base flow and average flow rate
intensity. Analysis of spring hydrographs always includes  of the springs were calculated as 311.04-57,024 m*/year
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Fig.6 The graphs of discharge of the springs in the study area

and 0.01-1.81 1/s respectively from the spring hydrography
analysis (Table 3). In most springs, significant decreases are
observed in the summer season. It has been observed that
the increases in monthly rainfall in the region directly affect
the monthly average flow values of the springs. Especially
during the rainy period in December-January—February-
March—April-May, significant increases are observed in
spring flow data (Fig. 6). In the summer months, while there
is a decrease in some of the spring flows, some of them have
not been affected at all. The most efficient spring discharged
from aquifers in the study area is Torun spring, located in
Yiprak, with a base flow of 57,024 m3/year. Located at an
altitude of 1745 m, the spring drains from the Kumalar for-
mation and is feed from the limestones of the Bakirdag for-
mation. The flow rate of the spring, whose amount increases
in the rainy seasons, reaches its peak and is most efficient
in February.

Maillet analysis method

Maillet (1905) suggested that the discharge of a spring is
a function of the water volume held in storage (Milanovic
1981; Ford and Williams 2007). Although Maillet (1905)
developed Eq. (1) from catchments with aquifers consisting
of granulated media, it has been very widely used for karst
media, i.e. non-homogeneous and anisotropic media with
fissures (Bonacci 1993).

Maillet (1905) introduced an analytical expression into
hydrotechnical theory and practice for defining a hydrograph

@ Springer

recession curve in a long-lasting dry period (with no precipi-
tation) (Bonacci 1993). According to the concept of Maillet
(1905), the discharge (Q) of each reservoir is a function of
time (¢) and the coefficient of discharge (a). Maillet (1905)
also defined the coefficient of discharge («) as the recession
coefficient. The coefficient of discharge is one of the most
important parameters that reflect the aquifer characteristics.
The coefficient of discharge (a) depends on storage, per-
meability, geometric properties of a reservoir, and the geo-
logical, morphological structure of the catchment analyzed.
Numerous equations were used to calculate this parameter
(Boussinesq 1877; Maillet 1905; Bonacci 1993; Dewandel
et al. 2003; Kovacs et al. 2005). The coefficient of discharge
(a—day ™), flow variability (Q—V/s), and average base flow
(Q,, — Us) of the springs were calculated with Maillet (1905)
equation which defines the discharge curves of the springs in
the dry period without rain (Table 3). The coefficient of dis-
charge (a), flow variability (Q,), and average base flow (Q,)
of the springs in the study area were calculated respectively
a=8.7799 x 107-9.8220 x 10> day~!, 0,=0.10-0.69 /s,
and 0, =0.01-2.03 1/s. While the flow variability (Q,) was
determined, it was calculated as maximum flow (Q,,,,)
0.012-2.22 1/s and minimum flow (Q,,;,) 0.01-1.85 1/s.
Changes in reservoir volume (V,;=1.32-243.53 1), maximum
reservoir volume (V,,,, =3.28-1461.17 1), and minimum res-
ervoir volume (V,;,=1.09-1217.64 1) were calculated for
the average base flow above the spring discharge point of
the aquifer (Q,) (Table 3). In the calculations, data of May,
June, July, and August were used as the least flow rate vari-
ation and the dry period. The coefficient of discharge (@) is a
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Table 4 Classification of springs according to the coefficient of discharge and flow variability (Sahinci 1991)

Spring type According to the flow variability (Q,)

According to the coefficient

Type of rainfall affected by springs

of discharge (a)
(%) day_l

Type 1 Springs with little flow variation <6 a<3.5%x107 Dependent on long and regular cumulative departure
values

Type 2 Springs with medium flow variation 6-27 3.5X 10#<a<1.75%1073  Separately related to with the cumulative departure
values in dry and rainy periods

Type 3 Spring with high flow variation 27-92 1.75x1073<a<1.26x 1072 Dependent on annual rainfall

Type 4 Spring with very high flow variation >92 a>1.26x1072 Dependent on monthly rainfall

very important parameter that determines the type of aquifer
in base flow analysis. Springs are divided into four groups
according to certain limit values of discharge coefficients
(Sahinci 1991; Table 4). Each spring group has approxi-
mately the same storage and flow variability characteristics.

Classification of springs

There are several classifications of springs made in accord-
ance with criterions of springs in Table 4. According to
the obtained data with Maillet analysis, the classification
made by Sahinci (1991) was used to determine the spring
type (Table 4). According to this classification, Akin (D5),
Kumalardag (D6), Oguzhansalih (D9), Bezeme (D12),
Camili (D13), 88/3 (D14), Sanl1 (D15), Torun (D16), Sitma
(D17), Dedecik (D20), and Bademli (D21) springs are “type
2”. The type is springs with medium flow variation. The
flow rates of these springs and the annual discharged water
amounts show parallelism with dry and rainy period values
that are the annual cumulative departure from the long years’
precipitation average (Sahinci 1991, Table 4). Other springs
such as Dutagaci (D2), Karlibahge (D7), TZM (D8), Kavakli
(D10), Harman (D11), Yiprak (D18), and Giildede (D19)
are “type 3”. The type is springs with high flow variation.
The flow rates and annual discharge of these springs vary
depending on the annual rainfall and distribution (Sahinci
1991, Table 4).

The coefficient of discharge () depends on the hydro-
geological characteristics of the spring area (aquifer)
such as geology, geomorphology, effective porosity, and
conductivity. Also, this coefficient represents the water
transmission capacity of the aquifer. D5, D12, D15, D16,
D17, D20, and D21 springs have small discharge coef-
ficient values and D2, D6, D7, D8, D9, D10, D11, D13,
D14, D18, and D19 have spring large discharge coeffi-
cient values. Small values of a indicate as the slow drain-
age of aquifers with large storage capacity, the spring is
drained more slowly, the low hydraulic conductivity and
the conductivity coefficient higher. The large values of
a indicate as the rapid drainage of the flow channels of

@ Springer

the aquifer, small storage underground, faster discharge
of the spring, high hydraulic conductivity, and lower
conductivity coefficient (Meinzer 1942; Schoeller 1967,
Hall 1968; Karanjac 1977; Milanovic 1981; Ford and
Williams 1989; Kiraly 2003).

Conclusion

The relationship between spring recharge and discharge
is one of the most important aspects in the efficiency of
the springs. The aim of the study is to evaluate the sus-
tainable use of natural water resources discharged from
the Kumalar Mountain region. In accordance with this
purpose, potentials of the springs were determined using
hydrographic analysis and Maillet analysis techniques,
and the spring type and discharge mechanism were also
determined. The annual flow rates of the springs were
measured as 0.01-2.10 1/s. Spring flow rates increase in
the rainy seasons. The annual base flow 311.04-57,024
m?/year and average flow rates of springs 0.01-1.81 /s
are calculated by hydrography analysis. Also, according
to the Maillet analysis in springs, the coefficient of dis-
charge 8.77 x 1074-9.82 x 10~* day~!, flow variability
0.10-0.69 1/s, and average base flow 0.01-2.03 1/s are
calculated. According to the coefficient of discharge and
flow variation, springs in the area were determined as
“types 2 and 3”. As a result of both methods, it has been
observed that the springs feed with limestone are effi-
cient. Torun spring in Yiprak which is feed by limestone
has the highest flow. The fact that the feeding areas of
springs are karstic media increases their quantities and
productivity. This study has shown that it will be possible
to ensure sustainability by making base flow calculations
for efficient use of natural springs in rural areas.
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