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Abstract:- Multi-purpose reservoir Modrac is the most
important water resource in Tuzla canton. Ecologically
acceptable flow on dam Modrac is not adjusted with the
latest Rulebook about methods of determining
ecologically acceptable flow. This article shows the
methods used to determine ecologically acceptable flow
on the Modrac dam, respecting the fact that reservoir
Modrac is declared as protected water resource. The
given calculation of ecologically acceptable flow is made
for 11 level of evaluation.

Keywords:- Reservoir, Dam Modrac, Ecologically
Acceptable Flow, Protected Water Source, Eutrophication.

I INTRODUCTION

The Modrac reservoir is located in the northeastern
part of BiH, and as such represents the most important water
resource in this part of the country. It is the only real
strategic source of surface water for the Tuzla region.
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he Modrac Reservoir on the Ortho-Photograph

The area of the Tuzla Canton, which is located in the
basin of Lake Modrac, includes the municipalities of
Zivinice, Kalesija and Banovi¢i, as well as parts of the
municipalities of Lukavac, Kladanj and a small part of the
city of Tuzla. The total area of the Tuzla Canton is 2,649
km?, of which the Modrac lake basin covers about 1,189
kmz, The area of the Modrac lake basin is inhabited by about
151,200 inhabitants.

The dam was built in 1964 to block the river Spreca.
The rivers Spre¢a and Turija are the main tributaries of the
lake. The main purpose of building the reservoir was to
supply water for industrial use and supply the population
with water. Other purposes are flood protection, electricity
generation and recreation.
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Ecologically acceptable flow (EAF) is the flow of
water that must be provided downstream of the water intake
in the watercourse, in order to preserve the natural balance
of water ecosystems and water-related ecosystems.

Ecologically acceptable flow can be considered as the
"ecologically acceptable minimum”, that is, the flow that
must be ensured in the riverbed for the normal survival and
development of plant and animal life. It should be taken into
account that the ecologically acceptable flow must be
determined in accordance with the conditions necessary to
meet the corresponding environmental protection objectives
from Article 30 of the Water Act.

» These Conditions Include:

e Preventing deterioration of the surface and underground
water bodies condition and achieving their least good
condition;

e Achievement of good ecological potential and good
chemical condition of artificial or heavily modified water
bodies;

e Protection, improvement and restoration of water bodies
of surface water and water bodies of underground water;

e Maintenance or improvement of water conditions in
protected areas, which are intended to protect the
habitats of plant and animal species or aquatic species,
and in which maintenance or improvement of water
conditions is an essential condition for survival and
reproduction;

e Maintenance of the highest level of protection of land
water reserves area, for which the establishment of a
protected area establishes restrictions and bans on the
loading of space and activities that may threaten their
qualitative or quantitative state.

In the designed state of the Modrac dam, it was defined
that, in order to reduce the high degree of pollution of the
Spreca watercourse, the determined ecologically acceptable
flow rate of Q = 4.7 m¥/s is continuously released from the
Modrac reservoir. In less favorable hydrological years, when
the elevation of the reservoir is below 196.5 m.a.s.l., it is
planned that, with the approval of the Ministry of
Agriculture, Forestry and Water Management of the Tuzla
Canton, 1.0 m3/s is discharged as an environmentally
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acceptable flow, which is slightly more than the minimum
average flow. Flow of the river Spreca is 95% guaranteed,
which is 0.824 m3/s. Such discharge lasts until the water
level exceeds the specified elevation, and the discharge is
regulated manually.

The determination of EAF in the territory of the
Federation of Bosnia and Herzegovina is defined by Article
62 of the Law on Water (official new. FBiH No. 70/06), the
Regulation on the method of determining environmentally
friendly flow (official new. FBiH No. 4/13.) and the
Regulation on amendments to the regulation on the method
of determining environmentally friendly flow (official new.
FBiH No. 56/16, No. 62//19 and No. 63//22).

Given that the quantities of water discharged as EAF at
the Modrac dam are not in compliance with the above-
mentioned applicable law and regulations, the obligation to
determine the environmentally friendly flow on the Modrac
dam profile has arisen.

1. DETERMINATION OF EAF BY
HYDROLOGICAL METHOD

A. Basic Characteristics of the Drainage Basin of Modrac
Accumulation

In hydrographic terms, the Modrac reservoir belongs to
the Black Sea basin and consists of the Spre¢a and Turija
rivers with their tributaries, as well as numerous small
tributaries, which flow directly into the reservoir. The
hydrographic network is broken up into intermittent and
constant flows. Most of the tributaries are creeks and
streams of intermittent character with a small amount of
water.

The total area of the drainage basin of the Modrac
reservoir is 1,189 kmz2, of which the Spre¢a River basin is
832 km?, the Turija River basin 240 km?2 and the immediate
accumulation basin about 117 km2. According to today's
territorial-administrative division, the area of the Modrac
accumulation basin covers the area of the municipalities of
Banoviéi, Zivinice, Kalesija, and partly Kladanj, Tuzla and
Lukavac in the Tuzla Canton and the municipality of
Osmaci in the Republic of Srpska.

WWW.ijisrt.com 1348


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24MAR1532

0

Fig 2 Modrac Accumulation Basin Area, (47)

The reservoir is formed by collecting waters from the
Spreca River, Turija and smaller watercourses that flow
directly into the reservoir. The water body has an area of P =
1673.98 ha, where in the municipality of Tuzla lies 30.00 ha
or 1.8% of the total area, the municipality of Zivinice lies
35.8% of the total area, and in the municipality of Lukavac
the highest percentage, i.e. 62.4% of the total area of
accumulation. Construction of the dam was completed in
1964. year.

In the period of exploitation of less than 60 years, data
were collected on the change in the level of accumulation
registered for the period from the beginning of 1987. by the
end of 2020. year. During this period, depending on
hydrological conditions, the level of the same oscillated in
the range of + 3.20 to — 4.69 m compared to the normal
operating level of accumulation of 200.00 m.a.s.l.. In this
period, the following characteristic levels of Accumulation
were registered:

e The average upper water level for the registered series of
data is 198.14 m.a.s.l..

e The highest average daily level was recorded in May
2014 and was 203.20 m.a.s.l..

o The lowest level was recorded on October 28, 2012. year
and amounted to 195.31 m.a.s.l.

e During the flood in May 2014, 1,000 annual waters
appeared, and the maximum recorded level was
measured at 1:00 p.m. on May 16, 2014, and was 203.42
m.a.s.l.
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e In the period from May to October, evaporation from
hydroaccumulation ranges from 0.79 to 4.14 mm/m2/day,
with an average of 2.32 mm/m2/day. Therefore, water
evaporation from the surface of the reservoir is on
average about 36,000 m#/day.

B. Hydrological Calculation

For the purposes of creating the hydrological part of
the calculation of the ecologically acceptable flow at the
Modrac dam, data were collected on the average daily flow
values from the water gauge station Modrac, which is
located immediately downstream of the Modrac dam. Data
for the periods 2002-2007 and 2013-2019 year were
processed, which is a total of 13 years. The data used
represent the latest available hydrological series on water
gauge station Modrac, which is in accordance with the
recommendations given in the Rulebook.

The calculation of the value of environmentally
friendly flow is made based on the values of the parameters
Qsr, srQmin, and srQ dek(j) of the water body in the profile
for which the EAF is determined.

The values of these parameters are calculated on the
basis of reference (relevant) hydrological data. Depending
on the degree of hydrological investigation of the profile for
which the EAF is determined, the value is determined in
ways:
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» Case when all the Data is Available
eaf = 1,0 X ermin Za er dek(j) < er (1)
Qeat= 1,5 X sQmin za &Q dekG) = Qsr (2)

> Case When ermin = 0 ||| ermin; er < 1 . 25, Qeaf Wi” be
Calculated based on the Equation:

Qear = 0,10 X Qs for «Q dek(j) < Qs (3)
Qear= 0,15 X Qg for «Q dek(j) = Qsr (4)

» Case when Decadal Flow Values are not Available, Qe
will be Calculated based on the Equation:

Qear = 0,10 X Qs for the period May - October (%)
Qear= 0,15x Qs for the period November - April (6)

In this case, all data on decadal flows are available, and the
method from case A was used.

» In doing so, the Parameters used Represent:

The mean flow (Qsr) means the arithmetic mean of the
mean annual flow values in the watercourse profile in the
considered period. It is expressed in m3/s. The average flow
is calculated according to the formula:

i=N

_ er,i
er - N (7)

i=1

Where is:

Qsri - mean annual flow in i-th year
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N - number of years in the considered period

Mean minimum flow (srQmin) means the arithmetic
mean of the minimum annual values of mean daily flows in
the watercourse profile in the considered period. It is
expressed in m3/s and calculated according to the formula:

i=N
ST Qin = Z Gt ®)
Where is:
Q mini - minimum average daily flow in the i-th

calendar year
N - number of years in the considered period

The average decade flow (srQuex)) denotes the
arithmetic mean of the j-th decade of flow in the considered
period. It is expressed in m3/s and calculated according to
the formula:

i=N
Qaex(jy,i
STQaek(j) = N 9)

,.
Il
_

Where is:

Q qek )i - mean decadal flow in the j-th decade in the i-
th calendar year,

N - number of years in the considered period

The following text provides a tabular calculation of the
parameters necessary to determine the value of the EAF.

Table 1 Average Annual Flow, Minimum Decadal, Maximum Decadal and Minimum Annual Flow of the Spre¢a River on Water
Gauge Station Modrac

Year er,i dekain dekQ max Qmin,i
2002 18.55 3.99 60.78 3.02
2003 8.83 1.20 17.40 1.20
2004 20.11 7.52 71.70 4.97
2005 27.21 3.22 101.46 2.34
2006 19.73 2.33 89.07 2.33
2007 7.78 1.02 51.71 0.85
2013 11.44 1.10 51.64 1.09
2014 5.95 3.35 311.40 1.53
2015 13.21 2.57 46.91 2.48
2016 12.87 4.33 47.55 4.21
2017 12.42 1.12 53.03 1.10
2018 13.76 1.22 46.39 1.19
2019 10.68 1.25 45.80 1.21

Table 2 Mean Flow and Mean Minimum Flow of the River Spreca at Water Gauge Station Modrac for the
Periods from 2002 - 2007 and 2013-2019

Mean value for the period from 2003 to 2007. and 2013-2019. years (m?/s)

Qsr

14.04

ermin

2.12
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» Based on the Calculations, the Following Ecologically Acceptable Flow Values are Proposed for the Profile of the Modrac

Dam (Case A):

o QEAF1 =2.12 m3/s, for the dry period during the year
o QEAF2 =3.18 m3/s, for the wet period of the year
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Fig 3 Overview of Average Decadal Flow Values and Ecologically Acceptable Flow
(Period: 2002-2007 and 2013-2019)

The existing literature suggests several fast methods
for the calculation of environmentally acceptable flow. In
order to check how well the obtained results fit into the
given recommendations, the EAF was also calculated using
the quick methods mentioned in the aforementioned study.

e Qe= 0.2 X Qg (I/5)- the alarming threshold value of EAF
that must not be exceeded

v" Qe=0.2 x 8148 (1/s)=1629.6 I/s= 1.63 m%/s
e Qe=0.2x Qg +75(l/s)- it is used for larger watercourses
v Qe=0.2 x 8148+75(I/s)=1704.6 l/s= 1.70 m%/s

e Qe=(0.15-0.2) x Qy=0.15x 14.04 m¥/s=2.11 m%s

o Qe=(0.7 -1.3) X Qs min= 0.7 X 2.12 =1.48 m%/s

e The EAF value should not be below 2-3 I/s, km? of the
catchment area

v Qe= (2-3)l/s,km? x Fy= 2 I/s x 1189 km? = 2.38 m¥s
Based on the calculations previously given, we can say
that the obtained values of environmentally friendly flow,

calculated by the hydrological method: Qea=2.12 m3/s for
the dry period and Qe.=3.18 m3/s for the wet period, meet
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the above literature recommendations on minimum values of
environmentally friendly flow.

1. EVALUATION OF EAF IN PROTECTED
AREAS

In the Rulebook on the method of determining
ecologically acceptable flow ("Official Gazzete of the
Federation of Bosnia and Herzegovina", no. 4/13; 63/22),
two levels of assessment are defined. The first level of
assessment refers to the general assessment of the EAF for
all water bodies, which is calculated using the hydrological
method. The second level of assessment implies a special
EAF assessment for water bodies in protected areas declared
in accordance with Article 65 of the Water Act and for other
protected areas from the register of protected areas from
Article 29, point 4 of the Water Act, as well as for areas that
have not been declared protected, and which have
exceptional values for conservation (presence of threatened
habitats or species, historical-cultural and ambient values),
and for heavily altered and artificial water bodies declared
by the water management plan. In these cases, ecologically
acceptable flow is determined using biological and
ecological criteria (including holistic and hydraulic studies,
and especially habitat models) in addition to the
hydrological method.
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In this regard, the Law on Waters of the Federation of
BiH ("Official Gazette of the Federation of BiH", number
70/06), Article 65 for water bodies that can be declared
protected, with the aim of establishing special protection of
surface and underground waters, habitats of plant and
animal species or aquatic species and areas, implies the
following categories:

o Areas intended for intake of drinking water,

e Areas intended for the protection of economically
important aquatic species,

o Surface water bodies intended for recreation, including
areas designated for swimming,

e Areas subject to eutrophication and areas sensitive to
nitrates,

e Areas intended to protect the habitats of plant and animal
species or aquatic species in which maintenance or
improvement of water conditions is an essential
condition for their survival and reproduction.

In addition to the above, according to Article 14 of the
Rulebook on environmentally acceptable flow from 2022, a
special assessment of EAF is also carried out for areas
connected to ecosystems whose structure and functioning
require a special approach for determining EAF, such as
lakes and wetlands.

Of the categories listed above, the area covering the
Modrac reservoir and the Spreca river, for which an
environmentally acceptable flow is determined, is in the
category of protected water resources, as an area subject to
eutrophication and sensitive to nitrates. An area subject to
eutrophication and sensitive to nitrates is an area in which
the waters are polluted with nitrogen and/or phosphorus
compounds or an area in which it is likely to become so if
appropriate measures are not taken. Areas subject to
eutrophication and areas sensitive to nitrates are determined
in accordance with Articles 65 and 73 of the FBiH Water
Law, i.e. based on the provisions of the Nitrates Directive
(91/676/EEC) and Directive 91/271/EEC (Directive on
Municipal Wastewater Treatment water). In 2009, the
Rulebook on determining areas subject to eutrophication and
sensitive to nitrates (Official Gazette of FBiH, number
71/09) and the Rulebook on monitoring in areas subject to
eutrophication and sensitive to nitrates (Official Gazette of
FBiH, number 71/09) were adopted in FBiH in 2009. On the
initiative of the Agency for the Sava River Basin, the
Federal Ministry of Environment and Tourism issues a
decision dated 17 October 2018 year, number 0423 367/18,
by which the Modrac reservoir area (BA_BOS_SPR_2) with
an area of 516599 ha, Spreta upstream of Modrac
(BA_BOS_SPR_3A) with an area of 6049.21 ha, and Spreca
estuary (BA_BOS_SPR_1c) with an area of 3406.21 ha
declares an area subject to eutrophication in the category
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sensitive to nitrates in the Federation of Bosnia and
Herzegovina.

In addition to the mentioned category of protected
water resource, the area of the Modrac reservoir is
recognized as a potential NATURA 2000 habitat, although
there is still no legal basis for protection in that category.
Namely, in order to protect endangered habitats and species
throughout the European Union, in 1992 the member states
adopted the Directive on the Protection of Natural Habitats
and Wild Fauna and Flora (abbreviated Habitats Directive
92/43/EEC). This Directive complements the Birds
Directive 79/409/EEC adopted in 1979.

Both of these directives represent a key basis for the
creation of a network of sites of ecologically significant
areas under the name "Natura 2000". The ecological
network "Natura 2000" is a biological connection of
ecologically significant areas (natural, approximately natural
and protected natural areas) and their buffer zones, which
are secured by ecological corridors. In 2011, the
Government of the Federation of BiH adopted the Decree on
the Natura 2000 program of the network of protected areas
in Europe. By this Decree, certain areas in the Federation of
Bosnia and Herzegovina are designated for the Natura 2000
program with the aim of inclusion in the international
ecological network for the preservation of natural habitats
and habitats of species. As part of the European Heart of
Life project, habitat and species mapping in BiH was carried
out in accordance with Appendices | and Il of the EU
Habitats Directive, based on data from the literature, and
partial field verification as part of field research. In the
period up to now, 122 potential NATURA 2000 areas have
been identified throughout BIH. Under the code BA8300050
and the name Modrac-Gornja Sprec¢a, and with a proposed
area of 2884.8 ha, the Modrac reservoir is listed as a
potential Natura 2000 area, due to the diversity of living
things and habitats related to aquatic ecosystems. However,
the proposed areas are still not officially adopted, nor
protected by the competent institutions. In Bosnia and
Herzegovina, even secondary legislation on NATURA 2000
for the protection of habitats and strictly protected plant and
animal species has not yet been adopted. However,
NATURA 2000 areas will become mandatory for protection
after BiH joins the European Union (source: Water
Management Plan for the Sava River Water Area in the
Federation of BiH, 2022-2027).

Given that the examined area is declared a protected
water resource in the category of areas sensitive to nitrates
and eutrophication, and the reservoir area is additionally
recognized as a potential Natura 2000 area, the assessment
of environmentally acceptable flow cannot be determined by
applying only hydrological methods, but requires the
application of a second level of assessment environmentally
friendly flow.
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Fig 4 Protected Water Resources: a- Sprec¢a Water Body Upstream of Modrac (BA_BOS_SPR_3A), b- Spreca Estuary
(BA_BOS _SPR _1C) and c¢- Reservoir Modrac (BA_BOS_SPR_2), (Maps taken from the Initiative for Declaring Areas
Susceptible to Eutrophication and Sensitive to Nitrates Protected Areas in the Sava River basin in FBiH).

When determining the ecologically acceptable flow in

a protected area, in addition to the space of that area,
elements of the hydrographic network outside the protected
area, which may have a significant impact on that area, are
also taken into account.

>
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The Determined value of EAF in the Protected Area
should Enable:

Ensuring, preserving the structure and function of the
ecosystem and its associated elements;

Ensuring the defined ecological needs of habitats and
species (especially those most endangered and most
sensitive to flow changes), to maintain the long-term
ecological function on which they depend;

Maintaining the required level of water quality.

In doing so, it is Especially Important to Analyze the
Response of Ecosystems (Processes, Habitats or Species)
in Relation to Changes in Flow, and in Particular:

Components of water bodies to which they refer
(individual species, communities, processes);

"Events" that need to be protected (eg. fish migration,
fish spawning, community biodiversity);

Quantification of goals in the form of the value that the
event should reach or the amount of deviation in relation
to the natural value, etc.;

"Success criterion”, with detailed conditions to be met,
in order to ensure the achievement of the goal;

"Measure of success" or the variable to be measured, and
the value that must be achieved.

»
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Additionally, the Following Criteria are taken into
Account to Determine the Water Needs of Lakes and
Wetlands:

Water inflows through the hydrographic system that
should maintain the water level (including surface and
underground water);

If they are dependent on the underground aquifer,
surface water inflows should be determined so that
disturbances due to human activities do not cause:

Failure to achieve environmental protection goals for
associated surface waters,

Significant damage to terrestrial ecosystems that directly
depend on groundwater;

If the lake or swamp is part of the protected area, the
water needs are determined by implementing the rules
for the preservation of the protected area.

In the Process of Determining Water Needs for Lakes
and Wetlands, it is Necessary To Determine the
Following Elements:

Balance of the system, preferably identification of the
inflow of surface and underground water, as well as the
output and losses of water;

Seasonal variations and the area and depth of intra-
annual floods in natural conditions, with the
identification of water periods;

Seasonal and intra-annual variations of water hemism, in
relation to composition and concentration;
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e Composition and structure of biological communities
(with special attention to vegetation or other endangered
or vulnerable species).

The Rulebook on environmentally acceptable flow of
the Federation of Bosnia and Herzegovina prescribes the
obligation to assess the flow for level Il assessment, but
does not strictly describe the assessment methodology. In
the following text, different assessment methods for the 1l
assessment level in BiH, the region and Europe are
reviewed.

The first studies on watercourse flows related to habitat
conservation began in the early eighties of the twentieth
century (Bonacci, 2003). The methods were initially based
on biologists assessments and aimed to protect the top of the
food chain, i.e. the fish. After that, simple calculation
methods followed, and later complex methods were
developed that take into account hydrological and hydraulic
changes over time and in space.

» Bonacci Classified the Methods for Determining EAF
into the Following 4 Basic Groups:

e Quick and approximate procedures for determining EAF;
e Methods that use one or a smaller number of important
criteria for determining EAF;
Complex interdisciplinary methods of determining EAF;
Methods of habitat simulation in open watercourses.

Fast and approximate procedures are based on
experiential principles. Their source is in the measured
hydrological substrates. They are acceptable and often used
because they do not require too much data and time-
consuming work. It is necessary to have hydrological
foundations for small and medium flows. Roughly, it is
necessary to know the geometry and morphology of the part
of the watercourse for which the EAF is determined, as well
as the general ecological and other conditions of the section
under consideration.

» Some of the Recommendations in Addition to Quick and
Simple Methods that can be used are the Following:

e The minimum depth of the watercourse should not be
lower than 20 cm;

e The EAF value should not be lower than 2-3 I/s per km?
of the basin area;

e The mean speed of the water in the stream should not fall
below 0.2 to 0.4 m/s.

e The value of the water temperature should not rise above
a certain limit, depending on the type of water flow.

Of the numerous and more commonly used techniques
for determining EAF, the wetted volume method is among
the simpler ones. Its positive feature is that it is based on
natural conditions, and its main weakness is the fact that
there is no explicitly expressed connection with aquatic
habitats in the analyzed watercourse. The selection of a
profile or an average profile on one river section should be
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made by a joint tour of the terrain by hydrologists and
biologists. During this tour, biologists must determine the
properties of the habitat at the bottom of the watercourse and
the productivity of the bottom for bio-organisms, while the
hydrologists must determine the hydrological and
morphological properties as well as the composition and
stability of the bottom.

Complex interdisciplinary methods for determining
EAF are increasingly being used in the world. They have
been included in various laws related to environmental
protection. In addition to the mentioned factors, these
methods include criteria related to the general attitude,
wealth and development of society and its relationship to
ecology and its socio-economic aspects. The goal of all
methods is to preserve the ecosystem and enable the socio-
economic development of the community. Their first and
inevitable part represents an interdisciplinary analysis of
numerous hydrological, morphological, hydraulic-dynamic,
biological, ecological and chemical parameters.

The methods of habitat simulations in open
watercourses are based on the connection of flow and
natural and physical habitats with the development and life
of selected species of aquatic animals in different
hydrological conditions. In open watercourses, not only
changes in physical habitats with changes in flow and/or
water level are studied, but this information is combined
with the most favorable habitats for several selected species
in order to determine the abundance and suitability of
habitats for various species in different hydrological
conditions. It is usual for the results to be presented in the
form of curves of the relationship of available habitats as a
function of flow, water level or velocity. From such
displays, optimal flow rates for different species are
determined. Based on this, recommendations are made on
which minimum flows should be ensured in an open
watercourse during different periods of the year and during
various life stages of certain aquatic species.

The recommendations of all studies mainly refer to
minimum flow values. The minimum flow is usually treated
as an instantaneous value more often than as a daily mean
value, meaning that the flow in an open watercourse is never
allowed to fall below this value. In addition to the minimum
water flows in open watercourses, the recommendations also
include the flows of necessary floods that are caused by
artificial means, for example, when emptying reservoirs.

The experiences of developed countries show that it is
possible to define the EAF based on the assessment of the
influence of the retained inflow value calculated by
hydrological methods on the characteristic communities of
the observed watercourse or its individual members.

Certain types of fish are very often used as
bioindicators. Namely, fish as the last members of the food
chain, which inhabit a certain type or section of the
watercourse, are a very important indicator of the bio-
ecological balance of the watercourse. The assumption is
that by ensuring the basic ecological conditions of the
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selected fish species, as the last members of the food chain,
the conditions for the development of other autochthonous
communities of the mother watercourse are also ensured.
Using the hydraulic calculation for given parameters on a
certain section of the watercourse, the EAF can be
determined which will correspond to the basic ecological
conditions for certain characteristic fish  species.
Characteristic species of fish for certain types of
watercourses do not mean that they are present in reality,
therefore it is necessary to make a detailed analysis in all the
mentioned locations about the represented ichthyofauna and
the possible possibility of returning the ecosystem to the
state it was in before the change in the flow regime. When
fish are used as bioindicators, the EAF must take into
account the various stages of their development from
spawning, through larvae, small fish to adults. Each of these
stages requires different minimum depths, velocities and
water temperatures as well as oxygen content.

» Habitat Simulation Method

Given that the Modrac reservoir is a protected water
resource, the completed hydrological calculation needs to be
expanded and processed from the aspect of biological and
ecological criteria. In the theory and practice of determining
EAF, we can come across a large number of methods, from
simple and fast to complex and complex. The habitat
simulation method is one of the mentioned methods. This
method takes into account the locally specific connections
between flow, morphology and ecology.

The methods of habitat simulations in open
watercourses are based on the connection of flow and
natural physical habitats with the development and life of
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selected species of aquatic animals in different hydrological
conditions. In open watercourses, not only changes in
physical habitats with changes in flow and/or water level are
studied, but this information is combined with the most
favorable habitats for several selected species in order to
determine the abundance and suitability of habitats for
various species in different hydrological conditions.

The experiences of developed countries show that it is
possible to define the EAF based on the assessment of the
influence of the retained inflow value calculated by
hydrological methods on the characteristic communities of
the observed watercourse or its individual members. Certain
types of fish are very often used as bioindicators. Namely,
fish as the last members of the food chain, which inhabit a
certain type or section of the watercourse, are a very
important indicator of the bio-ecological balance of the
watercourse. The assumption is that by ensuring the basic
ecological conditions of the selected fish species, as the last
members of the food chain, the conditions for the
development of other autochthonous communities of the
mother watercourse are also ensured.

Using the hydraulic calculation for given parameters
on a certain section of the watercourse, the EAF can be
determined which will correspond to the basic ecological
conditions for certain characteristic fish species.

When fish are used as bioindicators, the EAF must take
into account the various stages of their development from
spawning, through larvae, small fish to adults. Each of these
stages requires different minimum depths, velocities and
water temperatures as well as oxygen content.

Table 3 Presentation of the basic Ecological Requirements of Certain Indicator Species

Biogeog. Life stages Water depth in Water speed in Water temperature Oxygen in
area o g cn g cm/s im = C mg/1
| Greater than body L
Spawned height Lesfomsag = 1-12 (® Above 6
20-65 i
Larvas Around 30 0,003 4-19(13) Above D
Trout Juyende Around 30 15-70 319 (13) Above 9
Greater than body
Adult height 30-80 3,5-19(19) Above ©
Greater than body ~L
Spawned height Less O‘hf‘? = 4-17 (12) Above 6
2040 2022
Larvae Up to 50 6-20 4-18(17) Above 9
Thymaltus Juvenide Up to 30 6-20 4-18Q17 Above 9
Greater than bodwv
Adult height 30-70 4-17QAam Above 9
20-60
Greater than body
Spawned height 35-50 4-17 (14)
20-45
Barbel ‘T“;;‘:ﬁ‘le Around 30 6-20 (15)
Greater than body
Adult height 35-50 4-20
20-45
Greater than body
Spawned height Less than 20 12-20 Around 5
Bream 1545
‘Tui‘.;‘:ﬁ‘le Greater than 30 Less than 20 12-20 Above 5
Adult Various Less than 20 12-20 Above 5

Legend: L= the height of the spread tail fin of the female in cm
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Through the hydraulic calculation, it was checked
whether the calculated EAF obtained by the hydrological
method meets the ecological conditions necessary for the
preservation of indigenous watercourse communities. A
model of the Spreca River bed was formed in a length of
approx. 2300 m, from the mouth of the Jala River to the
Modrac Dam.

» The Input Parameters for this Calculation are as
Follows:

o Ecologically acceptable flow defined by the hydrological
method
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The hydraulic calculation, along with the known input
parameters, checks whether the hydraulic parameters are
suitable for the maintenance of characteristic fish species.
Based on the previous studies of the diversity of the Modrac
reservoir and the Spreca river, characteristic fish species
were identified, namely barbel Barbus barbus and bream
Abramis brama for the SpreCa watercourse downstream
from Modrac, based on whose requirements a habitat
simulation was performed. The assumption is that by
ensuring the basic ecological conditions of the selected fish
species, as the last members of the food chain, the
conditions for the development of other autochthonous
communities of the parent watercourse on a certain section
of the watercourse are ensured. The selected basic

e Recorded transverse profiles for the considered stretch
¢ Roughness of the bed according to Manning

ecological conditions are the depth and speed of the water.

Table 4 Results of the Hydraulic Calculation for Eaf=2.12 m3/s on the Stretch of the River Spre¢a from the Mouth of the River

Jala to the Modrac Dam

Elev. of the ; e
Chainage | Qump wI:tE;[:tilllJ 'Z;f] € I:;:t::llt:f T;';:Er E;:‘E;i: ¢ ]1En : er:p " a::rtli[e: e Et:f;uc: fl:::i::tg

waterbed bed waterbed profile face

(m*s) (m) (m) (m) (m) (m'm) (m's) (m?) (m)
23302 i1 0.26 182.78 183.17 183.18 0.003032 039 5.5 2114
230479 | 212 3 182.57 183.13 183.15 0.000333 0.18 11.62 38.21
221146 | 212 0.52 18223 183.11 183.11 0.000261 0.18 11.76 2246
2102.38 212 0.16 182.77 183.02 183.03 0.00898 048 443 2826
1846.22 i1 0.43 181.83 182.36 182.37 0.001222 034 6.24 14.62
174464 | 212 0.26 181.82 182.21 18222 0.001631 029 13 2764
164414 | 212 021 181.36 181.94 181.95 0.004358 0.42 499 2376
15433 i1 031 18099 1813 181.58 0.003233 0.45 469 1489
1447.02 212 0.31 180.38 181.36 181.36 0.001542 031 6.84 20
134438 i1 0.36 180.7 181.17 181.18 0.002217 0.41 517 1431
119460 | 212 0.44 180.38 181 181 0.000719 026 8.01 18.38
1003.83 i1 0.41 18046 180.93 180.93 0.000633 024 §.50 217
005.36 212 0.44 180.33 180.33 180.33 0.000436 021 10.17 2296

803.39 i1 032 180.22 180.79 180.8 0.002059 0.37 58 18
193.72 212 04 180.03 180.3 180.32 0.003%6 0.58 3.66 02
606.19 i1 0.44 179.83 18039 180.39 0.000643 025 8.38 18.80
5041 i1 0.45 179.72 180.32 180.33 0.000626 025 8.42 18.82
40400 212 0.43 179.69 180.23 180.24 0.001440 37 in 13.32
430 i1 0.52 179.61 130.19 130.19 0.000433 023 024 17.73
208.69 212 0.44 179.6 180.13 180.14 0.000402 02 10.65 2406
199 68 i1 0.44 179.36 180.1 180.11 0.000248 0.16 15.68 31.37
9879 212 0.57 17945 180.0% 180.09 0.000141 0.14 15.15 26.62
o i1 0.54 17942 180.03 180.06 0.001023 0.36 5.01 11.04
UISRT24MAR1532 WWW.ijisrt.com 1356
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Tabel 1 Results of the Hydraulic Calculation for Eaf=3.18 m®/s on the Stretch of the Spreca River from the Mouth of the Jala
River to the Modrac Dam

Depth .Df Elev. of the Water

Chainage Qepp watt:; o l:;]:rtt-:rrln of Ti"a_ter Enﬂ:g:v_]ine Energy line| speedin ;'s.re? of the Width of the water

e water level elevation drop the flow profile face
EaiEaite bed waterbed

(m*/s) () (m} () (m} (m/m) (m's) (m™) (m}
23302 3.18 0.33 152.78 183.27 18328 0002595 041 7.68 23.49
230470 3.18 0.40 182.57 183.25 183.25 0000487 0.20 15.59 3928
221146 3.18 0.58 182.23 183.21 18321 000036 0.23 14.03 2421
2102.38 3.18 0.23 182.77 183.10 183.11 00035088 0.46 6.90 30.05
184522 3.18 0.4 181.83 182.45 18246 0001534 0.42 7.61 15.48
1744 .64 3.18 0.32 181.82 182.28 18229 0001804 0.34 .32 2928
1644 14 3.18 027 181.56 182.02 182.03 0004175 0.46 6.88 25.69
15483 3.18 0.38 180920 181.66 181.67 0003364 0.53 6.06 15.80
1447.02 3.18 0.40 180.88 131.47 181.47 0001318 0.34 931 23.04
134438 3.18 0.435 180.70 18129 181.30 0002062 0.435 7.00 15.68
1194 .69 3.18 0.52 180.38 181.12 181.12 0000736 0.31 1027 19.93
1003 .83 3.18 0.50 18046 181.04 181.05 0.000G58 0.28 11.44 22.83
99586 3.18 0.54 180.35 180.99 180.99 0000482 0.25 276 23.71
89330 3.18 0.42 18022 180.90 180.91 0001843 0.41 7.68 18.08
793.72 3.18 0.50 180.03 1830.63 1830.66 0003675 0.63 401 979
606.19 3.18 0.56 179.85 180.53 180.54 00006 0.28 11.16 12.96
5941 3.18 0.55 179.72 180.47 180.48 0000597 0.28 11.33 20.72
404 00 3.18 0.50 17960 180.38 180.32 0001403 0.40 7.86 15.70
430 3.18 0.66 179.61 180.34 180.34 0000432 0.27 11.24 18.12
298 69 3.18 0.59 179.60 18029 18029 0000338 022 14.42 24.47
190 .68 3.18 0.58 17956 180.27 180.27 0000202 0.17 18.85 32.46
08.79 3.18 0.70 17045 180.25 180.25 0000144 0.16 19.57 27.84
o 3.18 0.63 175.42 1830.21 180.22 0001038 0.41 795 11.82

Based on tables 4 and 5, it can be concluded that, for
the value Qe=2.12 m¥s and Qes=3.18 md/s, the depth of
water in the bed of the river Spreca on almost all profiles is
greater than the minimum required 20 cm. The speed of
water in the river bed, at a flow Qex=2.12 m®/s, ranges from
0.18 m/s to 0.58 m/s, while the speed of water for a flow
Qear=3.18 m¥s ranges from 0.20 m/s to 0.53 m /with. It
should be emphasized that this is about the so-called mean
cross section speed. Actual speeds at individual points along
the cross-section may deviate from this average speed. In
general, the flow velocity is higher at the top, and the lowest
at the bottom and at the banks of the bed. These deviations
are smaller if we are talking about shallower watercourses,
and this is mostly the case when EAF flows through the bed,
so then the mean velocity has a representative significance.

V. CONCLUSION

Ecologically acceptable flow means the minimum flow
that ensures the preservation of the natural balance and
water-related ecosystems. It represents the dynamism of the
quantity, quality and distribution of water in the river over
time, which is necessary to ensure the survival and
development of aquatic systems and the undisturbed life of
people in the river settlements downstream from the facility.

UISRT24MAR1532
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Ecologically acceptable flow is determined with the
aim of maintaining or restoring the structure and function of
aquatic and water-related ecosystems, contributing to the
reduction of water degradation and the achievement of
environmental protection goals through sustainable water
use.

For the existing facilities of the Modrac dam, an EAF
was determined, in accordance with the applicable
regulations and available literature, which was also a legal
obligation for the user of the Modrac dam facility. The
hydrological calculation for the profile of the Modrac dam
determines the following ecologically acceptable flow
values:

Qear1 = 2.12 m¥/s, for the dry period during the year
Qear2 = 3.18 m¥/s, for the wet period of the year

The stated values satisfy both the hydrological budget
and the ecological conditions necessary for the maintenance
of habitats and the preservation of aquatic and coastal

ecosystems and are harmonized with the current legal
legislation.

1357


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024

ISSN No:-2456-2165

[1].

[2].

[3].

[4].

[5].

[6].

[7].

[8].

UISRT24MAR1532

REFERENCES

Adrovi¢, A. (2007): Biodiverzitet i ekoloske
osobenosti ihtiopopulacije hidroakumulacije Modrac.
Doktorska disertacija, Tuzla: Prirodno—matematicki
fakultet u Tuzli/Biodiversity and ecological
peculiarities of the ichthyopopulation of the Modrac
reservoir. Doctoral dissertation, Tuzla: Faculty of
Science and Mathematics in Tuzla.

Adrovi¢, A. (2010): Kvalitet vode u rijekama i
akvalnim akumulacijama sjeveroistotne Bosne.
Centar za ekologiju i energiju. Tuzla./ Water quality
in rivers and aquatic reservoirs of northeastern
Bosnia. Center for Ecology and Energy. Tuzla.
Adrovi¢, A. (2010): Kvalitet vode u rijekama i
akvalnim akumulacijama Sjeveroistoéne Bosne/
Studija o kvalitetu vode u sjeveroisto¢noj Bosni.
CEE, Tuzla/ Water quality in rivers and aquatic
reservoirs of Northeastern Boshia/ Study on water
quality in Northeastern Bosnia. CEE, Tuzla.

Adrovié, A. (2012). Ribe Modraca. Ihtioloska
monografija. NAMM, Tuzla/ Modrac fish.
Ichthyological monograph. NAMM, Tuzla.

Adrovi¢, A. (2012): Evropska barska kornjaca (Emys
orbicularis) na akumulaciji Modrac — trenutno stanje,
stepen ugrozenosti i mogucnosti zastite. Beatrice
Nolte Stiftung, Njemacka i Centar za ekologiju i
energiju, Tuzla/ European pond turtle (Emys
orbicularis) at the Modrac reservoir - current state,
level of threat and protection options. Beatrice Nolte
Stiftung, Germany and Center for Ecology and
Energy, Tuzla.

Adrovié, A., Hadziahmetovi¢-Jurida, E., Kahri¢, A.,
Hodzi¢, A., Zuki¢, M. (2021): Ihtiofauna
hidroakumulacije Modrac. U: Inventarizacija, analiza
i pracenje stanja diverziteta ihtiofaune i ornitofaune
jezera Modrac. UG “Eko Mreza” Srebrenik i Fond za
zaStitu  okoliSa  Federacije = BiH, Sarajevo./
Ichthyofauna of the Modrac reservoir. In: Inventory,
analysis and monitoring of the diversity of the
ichthyofauna and ornitofauna of Lake Modrac. UG
"Eko Mreza" Srebrenik and the Environmental
Protection Fund of the Federation of Bosnia and
Herzegovina, Sarajevo.

Adrovié, A., Skenderovi¢ 1., Hajdarevi¢ E., Bajri¢, A.
(2020): Ribolovna osnova za Drugi dio ribolovnog
podrugja I — Zivinice. Prirodno-matematicki fakultet,
Univerziteta u Tuzli./ Fishing base for the second
part of fishing area | — Zivinice. Faculty of Science
and Mathematics, University of Tuzla

Adrovi¢, A., Skenderovi¢, 1., Hajdarevi¢, E., Bajri¢
A. (2019): Ribolovna osnova za Sesti dio ribolovnog
podrudja i — Lukavac. Prirodno-matematicki fakultet,
Univerziteta u Tuzli./ Fishing basis for the Sixth part
of the fishing area and — Lukavac. Faculty of Science
and Mathematics, University of Tuzla.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24MAR1532

Anonimus (2001): Elaborat uticaja na okolinu
akumulacije Modrac i brane Modrac. SDASO Institut
za hemijsko inZenjerstvo Tuzla./ Elaboration of the
impact on the environment of the Modrac reservoir
and the Modrac dam. SDASO Institute of Chemical
Engineering Tuzla.

Arnautali¢, Z. (ed) (2006): Elaborat: Istrazivanje
kvaliteta vode akumulacije Modrac za snabdjevanje
pitkom vodom tuzlanske regije. Tuzla/ Elaborate:
Investigation of the water quality of the Modrac
reservoir for the supply of drinking water in the
Tuzla region.

BNPro Sarajevo, 2023, Elaborat -
Geodetskohidrografsko snimanje dna i priobalja
akumulacije Modrac sa obradom mjerenih podataka/
Elaborate - Geodetic hydrographic recording of the
bottom and shores of the Modrac reservoir with the
processing of measured data

Bonacci, O. (2003): Ekohidrologija vodnih resursa i
otvorenih vodotoka. Gradevinsko arhitektornski
fakultet Sveucilista u Splitu i Institut gradevinarstva
Hrvatske, Zagreb./ Ecohydrology of water resources
and open watercourses. Faculty of Civil Engineering
and Architecture, University of Split and Croatian
Institute of Civil Engineering, Zagreb

Crvena lista zasti¢enih vrsta flore i faune Republike
Srpske/ Red list of protected species of flora and
fauna of the Republic of Srpska

European Union (2000): Directive 2000/60/EC of the
European Parliament and of the Council of 23
October 2000 establishing a framework for
communities in the field of water policy. Official
Journal of the European Communities, L 327/1,
22.12.2000.

DPordevi¢, B, Dasi¢, T, (2011): Odredivanje potrebnih
protoka nizvodno od brane i re¢nih vodozahvata,
Vodoprivreda, 0350-0519, 43, 252-254 p.151-164. /
Determining the required flows downstream of the
dam and river intakes, Water Administration,

Pozi¢, A. (2019). Analiza fizicko-hemijskih
parametara i prisustva teSkih metala u jezeru Modrac
i rijeci Spreci. Centar za ekologiju i energiju Tuzla./
Analysis of physico-chemical parameters and the
presence of heavy metals in Lake Modrac and the
Spreca River. Center for Ecology and Energy, Tuzla.
DPozi¢, A. (2021): Analiza zagadenja jezera Modrac i
rijeka Spreée i Turije. Centar za ekologiju i energiju,
Tuzla./ Analysis of the pollution of Lake Modrac and
the rivers Spreca and Turija. Center for Ecology and
Energy, Tuzla.

Pozi¢, A., Skramonc¢in A.,Agi¢, Dz, Rizvi¢, V.
(2018): Rijeka Spreca i njeno zagadenje. Kwvalitet
vode rijeke Sprece u njenom srednjem i donjem toku.
“Dobre vodne komsije I Robert Bosh Stiftung i
Centar za ekologiju i energiju, Tuzla./ Sprec¢a River
and its pollution. Water quality of the river Spreca in
its middle and lower course. "Good Water Neighbors
11" Robert Bosh Stiftung and Center for Ecology and
Energy, Tuzla.

1358


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024

ISSN No:-2456-2165

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

UISRT24MAR1532

bug, S, Skrijelj, R., Lelo, S., Dreskovi¢, N.,
Sofradzija, A., Trozi¢ - Borovac, S., Korjeni¢, E.,
Luki¢ - Bilela, L., Mitrasinovi¢ - Brulic, M.,
Kotrosan, D., Sljuka, S., Gajevi¢, M., Karaci¢, J.
(2013): Crvena lista Faune Federacije Bosne i
Hercegovine. Greenway Sarajevo 1 Prirodno-
matematicki fakultet Univerziteta u Sarajevu./ Red
List of Fauna of the Federation of Bosnia and
Herzegovina. Greenway Sarajevo and the Faculty of
Science and Mathematics of the University of
Sarajevo

Pug, S., Muratovi¢, E., Dreskovi¢, N., Boskailo, A.,
Dudevi¢, S. (2013): Crvena lista flore Federacije
BiH, knjiga 2, Federalno ministarstvo okolisa i
turizma./ Red list of the flora of the Federation of
Bosnia and Herzegovina, book 2, Federal Ministry of
Environment and Tourism.

,Earth® d.o0.0.Tuzla; 2012.godine, Elaborat o
geomehanickim ispitivanjima temeljnog tla za
izgradnju novih objekata MHE Modrac 2/ Elaborate
on geomechanical tests of the foundation soil for the
construction of new facilities of MHP Modrac 2
Erben, R., Lajtner, J., Leiner, S., Bjeli¢, S. (1995):
Horizontal and Vertical Distribution of the Zebra
Mussel (Dreissena polymorpha, Pallas) Larvae in the

Modrac  Reservoir, Bosnhia and Herzegovina.
International Review of Hydrobiology.

Federalni  hidrometeorloski ~ zavod  Sarajevo,
Hidroloski godisnjaci 2003.-2007., 2013.-

2019.godine/Hydrological yearbooks

Green Home, Ekoloski prihvatljiv protok, Vodi¢ za
primjenu pravilnika u praksi, 2014. / Ecologically
acceptable flow, Guide for the application of
regulations in practice, 2014.

Guidance Document No. 31; Technical Report - 2015
— 086: Ecological flows in the implementation of the
Water Framework Directive.

HadZiahmetovic, A. (2011): Kvalitativno-
kvantitativna analiza  fitoplanktona  jezera/
akumulacija u okvitu monitoringa povrsinskih voda
AVP Sava u 2011. godini. Voda i mi. 79: 17-22/
Qualitative-quantitative analysis of phytoplankton of
the lake/accumulation in the framework of surface
water monitoring of AVP Sava in 2011. Water and
us.

Holinger International ~ Consultants ~ GmbH,
2015.godine, Studija izvodljivosti za projekat
»lzgradnja sistema za odvodnju i postrojenja za
tretman komunalnih otpadnih voda u naseljima na
obali akumulacije Modrac*/Feasibility study for the
project "Construction of a drainage system and
facilities for the treatment of municipal waste water
in the settlements on the banks of the Modrac
reservoir"

Huki¢, A. (2021): Ptice Modraca. Fotomonografija.
OFF- SET, Tuzla./ Modrac birds. Photomonography

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24MAR1532

Ihtioloska istrazivanja sliva rijeke Save u Federaciji
Bosne i Hercegovine. Finalni izvjestaj. Prirodno-
matematicki fakultet. Sarajevo, 2011./ Ichthyological
research of the Sava river basin in the Federation of
Bosnia and Herzegovina. Final report. Faculty of
Sciences. Sarajevo

Ihtioloska istrazivanja sliva rijeke Save u Federaciji
Bosne i1 Hercegovine. Finalni izvjeStaj. Prirodno-
matematicki fakultet. Sarajevo, 2014./ Ichthyological
research of the Sava river basin in the Federation of
Bosnia and Herzegovina. Final report. Faculty of
Sciences. Sarajevo

IhtioloSka istrazivnaja sliva rijeke Save u Federaciji
Bosne i Hercegovine. Finalni izvjeStaj. Prirodno-
matematicki fakultet. Sarajevo, 2019./ Ichthyological
research of the Sava river basin in the Federation of
Bosnia and Herzegovina. Final report. Faculty of
Sciences. Sarajevo

Institut za hemijsko inZenjerstvo d.o.o. Tuzla,
Izvjestaj o ispitivanju br. 584-05/21 od 20.09.2021./
Test report

Institut za hidrotehniku Sarajevo, 2017. godine,
Elaborat o proracunu ekoloski prihvatljivog
protoka/Elaborate on  the  calculation  of
environmentally acceptable flow

Izvjestaj o ispitivanju br. 584-06/21 od 22.09.2021.
godine./ Test report

Izvjestaji Agencije za slivno podrucje rijeke Save za
fitoplankton akumulacije Modrac za period
akumulacije Modrac — 2013, 2012, 2011, 2019./
Reports of the Sava River Basin Agency for
phytoplankton of the Modrac reservoir for the period
of the Modrac reservoir

Izvjestaji Agencije za slivno podrucje rijeke Save za
mjerne postaje na rijeci Spreci za benticke dijatomeje
za period 2014, 2017, 2018, 2019 , 2020 i 2021./
Reports of the Agency for the Sava River Basin for
measuring stations on the Spreca River for benthic
diatoms

Izvjestaji Agencije za vodno podrudje rijeke Save za
benti¢ke beski¢émenjake za mjerne postaje na rijeci
Spreci za period 2014, 2017, 2018, 2019 , 2020 i
2021./ Reports of the Agency for the Sava River
Water Area for benthic invertebrates for measuring
stations on the Spreca River

Izvjestaji Agencije za vodno podrucje rijeke Save za
ihtioloSka istrazivanja za mjerne postaje na rijeci
Spreci za period 2011, 2014, 2019./ Reports of the
Sava River Water Area Agency for ichthyological
research for measuring stations on the Spreca River
Izvjestaji Agencije za vodno podrucje rijeke Save za
fizicko-hemijska ispitivanja voda od 2011. do 2021.
godine./ Reports of the Sava River Water Area
Agency for physical and chemical water testing

1359


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024

ISSN No:-2456-2165

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

UISRT24MAR1532

Jeli¢, D., Kuljeri¢, M., Koren, T., Treer, D., Salamon,
D., Lon¢ar, M., Podnar LeS$i¢, M., Janev Hutinec, B.,
Bogdanovi¢, T., Mekini¢, S., Jeli¢, K. (2015): Crvena
knjiga vodozemaca i gmazova Hrvatske. Ministarstvo
zaStite okoliSa i prirode; Drzavni zavod za zastitu
prirode; Hrvatsko herpetolosko drustvo HYLA,
Zagreb./ The Red Book of Amphibians and Reptiles
of Croatia. Ministry of Environment and Nature
Protection; State Institute for Nature Protection;
Croatian Herpetological Society HYLA, Zagreb.

JP Spreca d.d.Tuzla, 2022.godine, Glavni projekat
MHE Modrac 2/ The main project of MHE Modrac 2
JP Spreca d.d.Tuzla; 2022. godine, Plan pogona
brane i akumulacije ,,Modrac*/Operation plan of the
dam and reservoir "Modrac"

Kamberovi¢, J., Kralj Borojevi¢, K., Razi¢, A.,
Barudanovi¢, S., (2017):  Epipelic  diatom
communities in the Sericka Bara marsh (northeast
Bosnia and Herzegovina). Nat. Croat., Vol. 26, No.
1., 17-32, Zagreb./ Epipelic diatom communities in
the Sericka Bara marsh (northeast Bosnia and
Herzegovina).

Kamberovié, J., Stuhli, V., Lukié, Z., Habibovié¢, M.,
Mesiki¢, E. (2019b): ,Epiphytic diatoms as
bioindicators of trophic status of Lake Modrac
(Bosnia and Herzegovina)*“. Turkish Journal of
Botany, Turk J Bot 43: 420-430.

Kotrogan, D., Droci¢, N., (2012): Cetvrti dopunjeni i
revidirani sistematski prijegled ptica Bosne i
Hercegovine. Unutar: S. Lelo (urednik), Fauna Bosne
i Hercegovine — Biosistematski pregledi. 8.
izmijenjeno i dopunjeno interno izdanje Udruzenja za
inventarizaciju 1 zaStitu zivotinja, Ilijas, Kanton
Sarajevo, pp. 342-34./ Fauna of Boshia and
Herzegovina - Biosystematic surveys. 8th amended
internal edition of the Association for Animal
Inventory and Protection

Kovacevi¢, N., Mrdak, D. (2014): Ekoloski
prihvatljiv protok — vodi¢ za primjenu u praksi; NVO
Green  Home, Podgorica./  Environmentally
acceptable flow - a guide for practical application;
NGO Green Home, Podgorica.

Kov¢i¢. o, (2017): ,Upravljanje
hidroakumulacijama za viSenamjensko koristenje, na
primjeru jezera Modrac”, Doktorska disertacija,

Rudarsko — geolosko — gradevinski fakultet,
Univerzitet u  Tuzli, 556.18:556.155(043.3),
628.81:556.18(043.3)/ "Management of

hydroaccumulations for multi-purpose use, on the
example of Lake Modrac”, Doctoral dissertation,
Faculty of Mining - Geology - Civil Engineering,
University of Tuzla,

Kulijer, D., Simi¢, E. (2011): Preliminarna studija
“Istrazivanje bioloSke raznolikosti i eko-turistickih
potencijala  Sericke bare i jezera Modrac”,
Ornitolosko drustvo “Nase ptice”, interno izdanje za
projekat, Sarajevo./ Preliminary study "Investigation
of biological diversity and eco-tourism potential of
Sericka Bara and Lake Modrac", Ornithological
Society "Our Birds", internal edition for the project,
Sarajevo.

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24MAR1532

Kulijer, D., Simi¢, E., (2011): Preliminarna studija
»lstraZivanje bioloske raznolikosti i eko-turistickih
potencijala  Sericke bare i jezera Modrac*.
Ornitolosko  drustvo "Nase ptice”. Sarajevo./
Preliminary study “research of biological diversity
and eco-tourism potential of Seri¢ka Bara and Lake
Modrac". Ornithological Society “Our Birds".
Sarajevo.

Kupusovi¢, T., Vugjak, B., Kov¢i¢, O. (2015):
Akumulacija Modrac i njeno funkcioniranje tijekom
poplave u svibnju 2014. godine, Hrvatske vode, 23
91 pp.19-28./ Modrac reservoir and its functioning
during the flood in May 2014, Hrvatske vode
Mihaljevi¢, M, Novoseli¢, D, Arnautali¢, Z,
Smailbegovi, A. (2000): Water Quality and Trophic
State of the Modrac Reservoir (Bosnia and
Herzegovina) in 1997. Internat. Assoc. Danube Res.
33:351-358.

Mihaljevi¢, M. (1997): Idejna studija Istrazivanja
kvaliteta voda i ekolosko stanje akumulacije Modrac
(istrazivanja za 1997. godinu). "SODASO” Holding
Tuzla. Institut za hemijsko inzinjerstvo Tuzla.
Sveuciliste J.J. Strossmayera. Zavod za biologiju,
Pedagoski fakultet. Osijek./ Conceptual study Water
quality research and ecological condition of the
Modrac reservoir (research for 1997). "SODASO”
Holding Tuzla. Institute of Chemical Engineering,
Tuzla. University of J.J. Strossmayer. Department of
Biology, Faculty of Education. Osijek.

Miseti¢, S., Habekovié¢, D., Pazur, K., Sibila, M.,
Homen Z., Popovié, J., Fasai¢, K., Mavraci¢, D.
(1978): Ribarska osnova ribolovnih voda zajednice
Udruzenja sportskih ribolovaca ,Jezero Modrac™.
OOUR Institut za ribarstvo i Fakultet poljoprivrednih
znanosti Sveucili$ta u Zagrebu. Zagreb./ The fishing
base of the fishing waters of the community of the
Sport Fishermen's Association "Jezero Modrac".
OOUR Institute of Fisheries and Faculty of
Agricultural Sciences, University of Zagreb. Zagreb.
Mutap, Z. (2016): Prisustvo cijanobakterija i njihovih
toksina u vodi jezera Modrac. Magistarski rad.
Univerzitet u Tuzli. Tuzla/ The presence of
cyanobacteria and their toxins in the water of Lake
Modrac. Master's thesis. Tuzla University. Tuzla.
Neskovié, R. (2020): Flora i vegetacija Seri¢ke bare,
mocvare Mosorovac i obalnih stani$ta akumulacije
Modrac. Prirodno-matematicki fakultet. Univerzitet u
Tuzli./ Flora and vegetation of Seriéka Bara, the
Mosorovac swamp and the coastal habitats of the
Modrac reservoir. Faculty of Sciences. Tuzla
University.

Odluka o karakterizaciji povrSinskih i podzemnih
voda, referentnim uvjetima i parametrima za ocjenu
stanja voda i monitoringu voda. Sluzbene novine
Federacije BiH, 1/2014./ Decision on the
characterization of surface and underground waters,
reference conditions and parameters for water
condition assessment and water monitoring. Official
Gazette of the Federation of BiH, 1/2014.

1360


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024

ISSN No:-2456-2165

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

UISRT24MAR1532

Pravilnik o na¢inu odredivanja ekoloski prihvatljivog
protoka® - Sluzbene novine Federacije BiH, broj
4/13, 56/16, 62/19 / Rulebook on the method of
determining environmentally acceptable flow"
Official Gazette of the Federation of Bosnia and
Herzegovina, no

Ric¢kovi¢, V. (2019): Studija poboljsanja rezima
protoka 1 uspostavljanja ekoloski prihvatljivog
proticaja na vodotocima preko 10 km2 povrsine sliva
na vodnom podru¢ju rijeke Save u FBiH. IPSA
INSTITUT* d.o.o. Sarajevo, INSTITUT ZA
ELEKTROPRIVREDU* d.d. Zagreb, Agencija za
vodno podrucje rijeke Save™ Sarajevo./ Study of
improvement of the flow regime and establishment of
ecologically acceptable flow on watercourses over 10
km2 of the catchment area in the water area of the
Sava River in FBiH. IPSA INSTITUTE" d.o.o.
Sarajevo, INSTITUTE FOR ELECTRICAL
INDUSTRY" d.d. Zagreb, Agency for the water area
of the Sava River" Sarajevo.

Sarajli¢, N. (2021): Ornitofauna hidroakumulacije
Modrac. U: Bioloska studija: Inventarizacija, analiza
1 pracenje stanja diverziteta ihtiofaune i ornitofaune
jezera Modrac. UG “Eko Mreza” Srebrenik.
Finansijer: Fond za zastitu okolisa Federacije Bosne i
Hercegovine/ Ornithofauna of the Modrac reservoir.
In: Biological study: Inventory, analysis and
monitoring of the diversity of ichthyofauna and
ornithofauna of Lake Modrac. UG "Eco Network"
Srebrenik. Financier: Environmental Protection Fund
of the Federation of Bosnia and Herzegovina
Selimovi¢, S., Huseinovi¢, S., Kamberovié¢, J.,
Bekti¢, S., & Dozi¢, A. (2022). Epilithic Diatoms in
the River Spreca Affected by Urban and Industrial
Pollution, Bosnia and Herzegovina. Current Journal
of Applied Science and Technology, 41(48), 59-69.
Skenderovi¢ 1. (2015): Biodiverzitet parazita riba iz
hidroakumulacije Modrac. Tuzla: ,,OFF-SET* Tuzla./
Biodiversity of fish parasites from the Modrac
reservoir. Tuzla: "OFF-SET" Tuzla.

Skenderovi¢ 1. (2010): Biodiverzitet parazita riba iz
hidroakumulacije Modrac. Doktorska disertacija.
Veterinarski fakultet, Sarajevo./ Biodiversity of fish
parasites from the Modrac reservoir. Doctoral thesis.
Veterinary Faculty, Sarajevo.

Skenderovié, 1. (2003): Populacije riba rijeke Sprece.
Magistarski rad. Prirodno-matematic¢ki  fakultet,
Sarajevo./ Fish populations of the river Spreca.
Master's thesis. Faculty of Science and Mathematics,
Sarajevo

Skenderovi¢, 1. (2016): Populacije riba rijeke Sprece.
Ihtioloska monografija. ,,OFF-SET*“ Tuzla./ Fish
populations of the river Sprefa. Ichthyological
monograph. "OFF-SET" Tuzla.

Skenderovi¢, 1. (2022): Fauna hidroekosistema
Zivinica i okoline: (ekoloska monografija). Printas,
Srebrenik./ Fauna of the hydroecosystem of Zivinica
and its surroundings: (ecological monograph).
Printas, Srebrenik

[66].

[67].

[68].

[69].

[70].

[71].

[72].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24MAR1532

Skenderovi¢, 1., Adrovi¢, A., Hajdarevi¢, E.,
Hadziahmetovi¢ Jurida, E., Jazi¢, A. i Krémar, S.
(2017). Ucestalost pojavljivanja parazitskih protozoa

kod crnog somita (Ameiurus melas) iz
hidroakumulacije Modrac (Bosna i Hercegovina).
Veterinarski ~ Zurnal ~ Republike  Srpske.  16.

10.7251/VETJ1602003S./ Frequency of occurrence
of parasitic protozoa in black catfish (Ameiurus
melas) from the Modrac reservoir (Bosnia and
Herzegovina). Veterinary Journal of the Republic of
Srpska. 16. 10.7251/VETJ1602003S

Skenderovié, 1., Adrovi¢, A., Skrijelj R. (2006):
Biodiverzitet ihtiofaune rijeke Sprece uzvodno od
hidroakumulacije Modrac. Gospodaranje ribljim
resursima u ribolovnim podru¢jima Drava-Dunav i
Sava: zbornik priopéenja / IV. Nacionalno
znanstveno-struéno savjetovanje s medunarodnim
sudjelovanjem Ribarski dani Osijek./ Biodiversity of
the ichthyofauna of the Spreca River upstream of the
Modrac reservoir. Management of fish resources in
the Drava-Danube and Sava fishing areas: collection
of reports / 1V. National scientific and professional
consultation with international participation Ribarski
dani Osijek.

Skramoncin, A. (2019): Odredivanje stepena
zagadenja teSkim metalima rijeke Sprece i1 jezera
Modrac. Magistarski rad, Univerzitet u Tuzli,
Tehnoloski fakultet./ Determining the degree of
heavy metal pollution of the Spreca River and Lake
Modrac. Master's thesis, University of Tuzla, Faculty
of Technology.

Sluzbene novine Tuzlanskog kantona 12/18.
Prostorni plan podrucja posebnih obiljezja dijela
slivnog podruéja akumulacije Modrac za period od
2016. do 2036. godine, 1007-1278./ Spatial plan of
the area of special characteristics of part of the
catchment area of the Modrac reservoir for the period
from 2016 to 2036, 1007-1278.

Sofradzija, A., Hadziselimovi¢, R., Spahi¢, M.,
§krijelj R., Guzina, N., Trozi¢-Borovac, S., Korjenic,
E., Hamzi¢, A. (2003). Ribarstveno-gospodarska
osnova Op¢éine Gracanica, SRD ,Drijenca“ -
Gracanica. Sarajevo: Centar za ihtiologiju i ribarstvo
Prirodno-matematic¢kog fakulteta. / Fishery-economic
base of Gracanica Municipality, SRD "Drijen¢a" -
Gracanica. Sarajevo: Center for Ichthyology and
Fisheries of the Faculty of Science.

Stevovi¢, M., Vukelji¢, D., Kunali¢, H. (1983):
Ribarska osnova ribolovnog podru¢ja “Bosna II”.
Regionalni zavod za ekonomiku, organizaciju i
razvoj, Doboj./ The fishing base of the fishing area
"Bosna II". Regional Institute for Economics,
Organization and Development, Doboj.

Strategija zastite akumulacije Modrac; 2012.godine/
Modrac reservoir protection strategy; in 2012

1361


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

Volume 9, Issue 3, March — 2024 International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165 https://doi.org/10.38124/ijisrt/IJISRT24MAR1532

[73]. Skrijelj, R., Pug, S., Korjeni¢, E., Hamzi¢, A.,
Mitraginovi¢, M., Sljuka, S., Gajevi¢, M. (2013):
Ribarstveno-gospodarska osnova za ribolovnu zonu
»Staro korito rijeke Sprece-Dubostica Sarajevo:
Centar za ihtiologiju i ribarstvo Prirodno-
matematickog fakulteta./ Fishery-economic basis for
the fishing zone "Old bed of the river Sprece-
Dubostica Sarajevo: Center for Ichthyology and
Fisheries of the Faculty of Science.

[74]. Skrijelj, R., Pug, S., Korjeni¢, E., Hamzi¢, A.,
Mitraginovié, M., Sljuka, S., Gajevi¢, M. (2011).
Ribarstveno-gospodarska  osnove za  dijelove
ribolovnog podruéja 1 koje je ustupljeno SRZ
,Modrac®. Sarajevo: Centar za ihtiologiju i ribarstvo
Prirodnomatematickog fakulteta./ Fisheries and
economic bases for the parts of fishing area | that
were assigned to SRZ "Modrac". Sarajevo: Center for
Ichthyology and Fisheries of the Faculty of Science.

[75]. Trozi¢- Borovac (2004): Kvalitet vode rijeke Sprece.
Voda i mi, 40. VIII (59-66)./ Water quality of the
river Sprec¢a. Water and us

[76]. Trozi¢-Borovac, S., Muhamedagi¢, S., Milinkovié,
M., Borovac, B., Ahmetagi¢, J. (2018): Pojava
invazivne vrste Dreissena polymorpha (Pallas, 1771),
u hidroakumulacijama Bosne i Hercegovine. Radovi
Poljoprivrednog Fakulteta Univerziteta u Sarajevu.
Vol.63 No0.68(2) pp.83-91. / Occurrence of the
invasive species Dreissena polymorpha (Pallas, 1771)
in reservoirs of Bosnia and Herzegovina. Papers of
the Faculty of Agriculture, University of Sarajevo.

[77]. Tumaé za list Zavidoviéi, Osnovna geoloska Kkarta,
Beograd 1973./ Translator for the paper Zavidoviéi,
Basic geological map, Belgrade, 1973.

[78]. Zavod za urbanizam Tuzla; 2006.godine, Prostorni
plan Tuzlanskog kantona 2005.-2025/ Institute for
Urban Planning Tuzla; 2006, Spatial Plan of Tuzla
Canton 2005-2025

[79]. Zelinka (1971). Ribarska osnova za ribolovno
podrucje zajednice USR ,,Jezero Modrac”. Institu za
rudarska i hemijsko-tehnoloska istraZivanja. Tuzla./
Fishery basis for the fishing area of the USR "Jezero
Modrac" community. Institute for mining and
chemical-technological research. Tuzla.

[80]. Zelinka (1971). Elaborat uticaja na okolinu
akmulacije Modrac i brane Modrac. SDASO Institut
za hemijsko inZenjerstvo Tuzla/ Elaboration of the
impact on the environment of the Modrac reservoir
and the Modrac dam. SDASO Institute of Chemical
Engineering Tuzla

[81]. Zakon o zastiti akumulacije Modrac/ Act on the
Protection of the Modrac Reservoir

[82]. Zakon o vodama/Water Law

IJISRT24MAR1532 WWW.ijisrt.com 1362


https://doi.org/10.38124/ijisrt/IJISRT24MAR1532
http://www.ijisrt.com/

	I. INTRODUCTION
	II. DETERMINATION OF EAF BY HYDROLOGICAL METHOD
	IV. CONCLUSION
	REFERENCES

