MODELING THE WATER QUALITY IN ULUABAT LAKE

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

BY

F RDES YEN LMEZ

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

JULY 2007



Approval of the thesis:

MODELING THE WATER QUALITY IN ULUABAT LAKE

submitted byF RDES YEN LMEZ in partial fulfillment of the requirements
for the degree ofMaster of Science in Environmental Engineering
Department, Middle East Technical Universityby,

Prof. Dr. Canan Ozgen
Dean, Graduate School Nfatural and Applied Sciences

Prof. Dr. Goksel Demirer
Head of DepartmenEnvironmental Engineering

Assist. Prof. Dr. Ayegul Aksoy
Supervisor Environmental Engineering Dept., METU

Examining Committee Members:

Prof. Dr. Celal F. Gokgay
Environmental Engineering Dept., METU

Assist. Prof. Dr. Ayegul Aksoy
Environmental Engineering Dept., METU

Prof. Dr. Ay e MUHAMMETO LU
Environmental Engineering Dept., Akdeniz University

Assist. Prof. Dr.pek mamo lu
Environmental Engineering Dept., METU

Dr. Elgin Kentel
Civil Engineering Dept., METU

Date:




| hereby declare that all information in this document hasbeen obtained
and presented in accordance with academic rules and ethicabnduct. | also
declare that, as required by these rules and conduct,Have fully cited and
referenced all material and results that are not original tahis work.

Name, Last name : Firdes YENMEZ

Signature



ABSTRACT

MODELING THE WATER QUALITY IN ULUABAT LAKE

YEN LMEZ, Firdes
M.S., Department of Environmental Engineering

Supervisor : Assist. Prof. Dr. Aggul Aksoy

July 2007, 104 pages

Lakes can be used for recreational purposes, agriculturaltiongadomestic
water supply or industrial use. However, these functions of akeslcan be
impaired due to excess nutrient loadings from industrial facilibgsicultural
activities and discharge of wastewaters from sewage systemsbaitluake is
one of the important lakes in Turkey faced with water quality probldue to
excess nutrient loading from point and non-point sources. In this Siakgr
Quality Analysis Simulation Program (WASP Version 7.2), suppobgedhe
Environmental Protection Agency (EPA), was used to simutetevater quality
of the lake. The model was calibrated using a set of @dtading to the time
period from January *1to June 1, 2000, for dissolved oxygen (DO),
chlorophyll-a (Chl-a), ortho-phosphate (PB) and nitrate (N@N). An
acceptable similarity was obtained between the predicted and atbseater
quality values in calibration. Then, the model was verif@mdahother data set.
Verification period was from®iof June to 3% of December, 1999. Verification

results were also coherent with the observed values.

Following the calibration and verification, the model was used management
tool to predict the future quality conditions for the lake for d#fgrmanagement



scenarios. According to the results, sediment dredging hadidicgigt impact

on the water quality. Additional methods on top of sediment dredgipgoved
the quality of the lake. The best result was obtained wheferbmbne was
formed, phosphorus loads from the Mustafakemaldaistrict sewage system
and Emet and Orhaneli Watersheds were decreased by 50% and 5e#selecr
was considered in the fertilizer usage throughout the agricullanas, in

addition to sediment dredging.

Keywords: Calibration, modeling, Lake Uluabat, WASP7, water lityua

simulation
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ULUABAT GOLU SU KAL TESN N MODELLENMES

YEN LMEZ, Firdes
Yiksek Lisans, Cevre MuhendidliBolimu
Tez Yoneticisi : Yrd. Dog. Dr. Ayegul Aksoy

Temmuz 2007, 104 sayfa

Goller, rekreasyonel, zirai alanlar n sulanmas, evseengistriyel su temini
gibi pekcok amac icin kullan labilir. Fakat gunumuizde goéller, eniyéstr
tesislerden, zirai faaliyetlerden ve kanalizasyon sistenden at ksular n der;j
edilmesinden dolay a organik madde girine bal olarak fonksiyonlar n

yitirmektedir.

Uluabat Goli, noktasal ve noktasal olmayan kaynaklardankaesin maddesi
almas nedeniyle su kalite problemleri ggan tlkemizdeki en 6nemli gollerden
biridir. Bu ¢al mada, Uluabat Golu'ndeki su kalitesi A.B.D. Cevre Koruma
Ajans (EPA) taraf ndan desteklenen Su Kalite Analiz Simidaswodeli
(WASP7.2) kullan larak modellenntir. Model, 01.01.2000-01.06.2000 zaman
periyoduna ait veriler kullan larak ¢éztinmaoksijen (CO), klorofil-a (Chl-a),
orto-fosfat (PQ-P) ve nitrat (N@-N), parametreleri icin kalibre edilmtir.
Kalibrasyon sonucunda, model tahminleri ve gbzlenererier aras nda kabul
edilebilir bir benzerlik elde edilmiir. Daha sonra, similasyon sonuclar ke
bir veri seti ile dorulanm tr. Verifikasyon periyodu olarak 01.06.1999-
31.12.1999 aral secilmi tir. Verifikasyon sonuglar n n da gozlenen dderle

uyum i¢inde olduu goralmutar.

Vi



Kalibrasyonu ve verifikasyonu tamamlanan model, bir yonetint avéarak,
Uluabat Goli’'niin gelecekteki su kalitesinin veitteydnetim senaryolar n n gol

su kalitesi Uzerine etkilerinin belirlenmesi amac yla kullan t r.

Yonetim senaryolar sonuglarna goére, sediment uzeklmas su kalitesi
tzerinde 6nemli bir etkiye sahiptir. Sediment taramas na elalolaygulanan
yontemler de gol su kalitesini gdlimi tir. En etkili sonug, sediment
uzaklatrlmas na ek olarak Uluabat Golu cevresindeki tar makdnlarn
kald r I p, Mustafakemalpasdgesi kanalizasyon sistemi ve Emet ve Orhaneli
Havzalar ndan gelen fosfor yukl, ve Uluabat Goli havzas nda yertal msal
alanlarda kullan lan gubre miktarlarnn %50 oran nda azalt Inias elde

edilmi tir.

Anahtar Kelimeler: Kalibrasyon, modelleme, Uluabat Goli, WASRY kalite

similasyonu
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CHAPTER 1

INTRODUCTION

The amount of freshwater on earth is scarce in comparison tasoaed seas.
However, freshwater sources are threatened due to enrichnt@nhwtrients
which give rise to aquatic plant growth. This enrichment and pdoogedO
depletion is called as eutrophication. Particularly, the mainseaof
eutrophication is the loading of the water body with nitrogen and phosphorus
that are mainly released in the watershed from agricultarsliZation, sewage

and industrial wastes, and enrichment via atmospheric pollutaspedially
nitrate) (Wetzel 1983, Hein 2006). Eutrophication often leads teladen the
supply of ecosystem services such as recreation, fisherieature conservation

in and around the water body (Hein 2006).

The response of a shallow lake to eutrophication is generdfiéredit from the
more often-studied deeper lakes. Some features of these taletaak of stable
long-term thermal stratification, frequent mixing of the entwater column,
resuspension of unconsolidated sediments and substantial internal lo&ding
nutrients from the sediments to water column. Water quality tondiin the
mentioned lakes may have complex relationships with external mutoads

and in-lake processing (Havens et. al, 2001).

Lake Uluabat is a large shallow freshwater lake in Buf$e lake has great
importance due to its rich biodiversity, its location on theratagy bird route,
and its vast areas of suitable habitats for many bird spé&iesto its ecological
significance, it was included in the RAMSAR List in 1998. Thkelavas
considered as a potential freshwater source for Bursa nearle&@ ago.

However, biodiversity has decreased in recent years bechtrsewater quality



problems in the lake (DHKD, 2002). It has become eutrophic @peint and

non-point pollution sources around the lake.

In this study, the water quality in Lake Uluabat is inveséidatin the first stage

of the study, the current status in the lake is analyzedgusn-situ
measurements, field sampling and laboratory analysis for paem&ich as
DO, PQ-P, NG:-N, etc. These values are compared to the ones obtained in

previous studies in order to determine the progression of the gueikty.

Water quality modelsare useful tools that are widely used in the world to
understand and predict the water quality responses to natural phenonagna,
made pollution, and a variety of pollution management decisions (Woet,al,
2001). In the second stage of the study, water quality of tleitaknodeled
using the Water Quality Analysis Simulation Program (WAS&sibn 7.2),
supported by US EPA. For this purpose, the model is calibrated asat of
data for DO, Chl-a, POand NQ. Then, the model is verified for another data
set. The calibrated and verified model is used as a managéerto predict

the future quality conditions for different abatement scenarios.



CHAPTER 2

BACKGROUND

2.1. Eutrophication

Eutrophication is one of the most important water quality problentskes and
reservoirs in the world (Kuo et al., 2006). Eutrophication is trecqgss of
nutrient enrichment of a water body due to an increase in mutoading. The
most important nutrients that cause eutrophication are phosphatatgsnand
ammonia that are released mainly in the watershed fromuéigrad or urban
sources. Increased nutrients raise excessive plant growthasuetigae and
periphyton attached algae (Horne and Goldman, 1994; Hein, 2006). This
enhanced plant growth depletes dissolved oxygen in the water ehenpthnt

material decomposes and can cause other organisms to @& (2606).

Nutrients come from both point sources and non-point sources. Phosphorus
comes from wastewater treatment effluent, agricultural #amttdischarge of raw
sewage including that from stock and fish-farm animals (Mb338). Nitrogen
originates from excretal sources, fertilizers applied teicaljural fields,
deposition of nitrogen from atmosphere, oxidation of nitrogen oxides produced
by vehicle engines, burning of vegetation to clear land for agueuftMoss,

1998; USGS, 2006). It is more difficult to monitor and control non-pointcgsur

of nutrients than point sources due to scattering over wide ardasdfand
change with time because of weather and other conditions (Bulut, 20th;, S
1999).

Lakes are classified according to trophic states. The trophie sf lakes
indicates their biological productivity which is the amount efnlj material
within lakes (EPA, 2006). Oligotrophic lakes are characterizectlagively low



nutrient concentrations, clear blue water and high secchi diskptgencies.
They are generally deep, with steep sides and have edyaswmall drainage
areas (Horne and Goldman, 1994). Eutrophic lakes are often shaillitiov
gradually sloping edges and have large drainage areas. Thelmaoscteristic
features of these lakes are high nutrient concentrations, almenafplanktonic
or attached algae, presences of blue-green algae blooms ontéreswdéace,
variable oxygen concentrations, low water clarity and low masnsparency.
Mesotrophic lakes are intermediate between oligotrophic and eutrtgkgs
(Horne and Goldman, 1994). General trophic classification oésla&nd
reservoirs in relation to concentrations of phosphorus, nitrogenoglagkton

pigment, Chl-a, and water transparency are summarizeahie 2.1.



Table 2. 1General Trophic Classification of Lakes and ReservoiRseiation to
Phosphorus and Nitrog&@WVetzel, 2001)

Parameter _ . _ . Hyper-
Oligotrophic | Mesotrophic|  Eutrophid ]
(annual mean values) eutrophic
Total Mean 8.0 26.7 84.4 :
Phosphorus
(mg ni®) Range 3.0-17.7 10.9-95.6 16-386 750-1200
N 21 19 71 2
Total Nitrogen| Mean 661 753 1875 -
3
(MIM)  "Range| 307-1630|  361-1387|  393-6100 -
N 11 8 37 -
Chiorophylla | \1ean 1.7 4.7 14.3 -
(mg m?) of
phytoplankton Range 0.3-4.5 3-11 3-78 100-15(
N 22 16 70 2
Chlorophyll a
: Mean 4.2 16.1 42.6 -
maxima
(mg nt°)
Range 1.3-10.6 4.9-49.5 9.5-275 -
(worst case)
N 16 12 46 -
Secchi Mean 9.9 4.2 2.45 -
transparency
depth (m) Range 5.4-28.3 1.5-8.1 0.8-7.0 0.4-0.5
N 13 20 70 2

®Based on data of an international eutrophication program. Trogiicsdtased
on the opinions of the experienced investigators. (Modified from Voketer,
1979)

N = number of cases considered



2.2. Lake Uluabat

Lake Uluabat is a large lake located at south of Marmara Bésabout 30 km
away from Bursa. The geographic coordinates of the lake are 4028°'Bb'E
(Saliho lu and Karaer, 2004). It is surrounded by KaegaKirmikir at the
north, Mustafakemalpa at the west, Akgalar Plain at the east, Caml tepe and
Hisartepe Mountains at the south (Celtemen et al., 2000). Tke ikafed
mainly by the Mustafakemalpa Stream at southwest (Salitho and Karaer,
2004). Orhaneli and Emet Streams combine and form the Mustzdiiea
Stream. After flowing in a channel of about 45 km long, thisastrérains into
the lake. Uluabat Stream forms the outlet of the lake imtréhwest. This
stream drains into Karadere, flows through Karacabey passadjefireally

discharges to the Marmara Sea (Bulut, 2005).

The average depth of the lake is 3 m. However, average depdasies to 0.8-1
m in the summer months (Salilo and Karaer, 2004). Bathymetry map of the
lake is illustrated in Figure 2.IThe length of the lake from east to west is
approximately 24 km and that from south to north is approximately 12 km
(Karacaolu et al., 2004). Surface area of the lake changes seasoridily
surface area of the lake is between 135 and 155 #epending on the water
level. Previous studies showed that excluding the Mustafakemalp@eam
Delta, the lake itself covered an area of 133.F k1984, 120.5 krin 1993,
and 116.8 krhin 1998. Therefore, during this time frame, the coverage @ire
the lake has decreased at a rate of about 12% mainly dwsediments
transported by the surface runoff from the surrounding irrigated udtguial
lands, tributary streams and particularly the Mustafakemal@atseam. In
addition, in a 14-year period, agricultural lands in the delta haea expanded
at a rate of 26% from 2508 ha to 3393 ha in the delta of the Mustadfjaem
Stream (Salihdu and Karaer, 2004; Aksoy and Ozsoy, 2002).



Figure 2. 1Bathymetry map of Uluabat Lake belonging to 1997 (Kuetsal., 2002)



Uluabat Lake has the largest water lily beds in Turkeys Iibéated on the route
of migratory birds. Therefore, it is an important feeding andtesharea for

them. These vast areas of suitable habitats for manypeaes are particularly
located at the north-eastern shores and in the Mustafakema@p@am Delta.
The lake has great importance due to its rich biodiversignts, plankton, and
small aquatic fauna in the lake play a very important falesarious species of
wildlife and fisheries (Salihdu and Karaer, 2004).

The lake exhibits a typical eutrophic character. Sewage watgicultural
fertilizers and chemicals, animal waste, process wastefood industries,
tanneries, slaughterhouses, and mining wastes from the wateshemet and
Orhaneli Streams find way to the lake and contribute to the eutedin
problem. Majority of the nitrogen and phosphorus load to the lakerisdtaia
Mustafakemalpasa Stream (Salihoand Karaer, 2004; Bulut, 2005; Bulut and
Aksoy, 2006). Figure 2.2 shows Lake Uluabat Watershed and Subbasins
delineated by SWAT (Bulut, 2005).

Uluabat Lake and its surrounding area were included in the RAMSARImLi
1998 by the Turkish Ministry of Environment. Therefore, the lakeegha new
status both at the national and the international levdlh(Sé&u and Karaer,
2004). The protection of the Lake has been undertaken at theatiaaah level.

Figure 2.3 shows the Lake Uluabat and the boundary set by theSRRM
Agreement. The red dashed line indicates the RAMSAR boundary.

Global protection status of the lake required the development of an
environmental management plan and received more attention fromirtisgriv
of Environment and certain NGOs such as the like Natural LitgeBtion
Association (Doal Hayat Koruma Derné - DHKD). DHKD started a joint
project with the Ministry of Environment and the State Hydrawliorks to
prepare a management plan for Uluabat Lake in 1998. Background data wa

gathered by conducting several studies on biological divers#igr quality, and
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socioeconomic conditions. Suggestions were made for the protettiumlake.

However, they are not fully implemented.

Figure 2. 3Lake Uluabat and Boundary Set by the RAMSAR Agreement
(depicted by red dashed line) (Ministry of Environment and $tore2007)

The lake was considered as a potential freshwater resaurBeifsa City nearly
30 years ago. The State Hydraulic Works Water Affairs erelcwater quality
monitoring until the quality of the lake had deteriorated to a lew#ipiting its
use as a freshwater resource. The water quality of kkenas reported to be in
the first or second class according to the classes given ifutiésh Water
Pollution Control Regulations in 1970s. However, the quantitie$969—2000
indicated that the quality downgraded to second, third, and eveth fouorst
quality) class for several parameters. Therefore, thenead for further effort
for the protection of the lake which would require the contributiohsall
stakeholders for a realistic and applicable management pldino($a and
Karaer, 2004).
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Several studies conducted related to Uluabat Lake in thedéastde. One of
them is the “Uluabat Lake MustafakemalpaStream System Sediment
Accumulation Research Sub-Project” (Kurttet al., 2002). In the study, the
focus was on the sediment transport to the lake. It was caucltitht

Mustafakemalpa Stream was the main contributor of sediment load to tlee lak

Saliho lu and Karaer (2004) performed ecological risk assessment anérprobl
formulation for Lake Uluabat. This assessment contributed to the dlaments
of an environmental management plan such as the partnership-buildoesqr
prioritization of the problems and issues of the ecosystem aredogevent of
the action plan. Ecosystem risks were ranked and an action ptaformaed.
The results revealed that SS was the stressor that hadotenegative impact
on the integrity of the Uluabat Lake ecosystem. Thereforeast suggested to
focus on SS reduction. Other important parameters that shoglthbelled to
improve the lake quality were the chemical substances, nigtréand stress due

to fishing activities.

Akdeniz (2005) conducted a study to investigate the water quality sththe
lake. For that purpose, parameters such as TN, TP, DO, @iih&, NG&-N
were measured. The relationships between these pararaptethe seasonal
changes in each of them were analyzed. This study concluded thiannut
concentrations in Uluabat Lake were considerably higher thahntfievalues.
According to the results, trophic level of the lake changed beteetophic and
hypereutrophic levels for different parameters. It was sigdego minimize the
external loads and apply holistic solutions to accelerate tlwencof the lake.

Their recommendation was to employ biomanipulation.

Bulut (2005) assessed phosphorus loads and management practices to control
phosphorus transport to Lake Uluabat using the watershed scaleingodel
approach. AVSWAT was utilized for this purpose. This studywdee

conclusion that agricultural sites were among the major contribubdr
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phosphorus loads to Lake Uluabat. In addition, point sources in Emet and
Orhaneli Watersheds significantly contributed to the total phosphoaals It

was suggested to control the agricultural activities in thetaflaisemalpaa
Stream Basin and the point sources in the Emet and Orhanetrdheds in
order to reduce the phosphorus loads to lake. Furthermore, this stothdpmit

that a management strategy in a watershed scale is ngdesshe protection of

the lake.

Celtemen et al. (2000) examined the water quality of Ulualead lraJune 1999-
February 2000. They have measured,P0H;, NOs, Chl-a, SS, Turbidity, COD,
Boron and Fe at eleven stations. The average concentratiof€sfand NQ

were compared with the quantities for the 1983-1986 and 1987-1996 periods.
The results indicated increase in PWith time. However, decline in NO

concentration was observed compared to the previous years.

2.3. General Description of the Model

The Water Quality Analysis Simulation Program Version 7.2ASN7.2, is an
improvement of the original WASP supported by US EPA Centre Xpo&lre
Assessment Modeling (CEAM) in Athens, Georgia (Di Toro ket #983;
Connolly and Winfield, 1984; Ambrose et al., 1988). Model supplie®lafor
understanding and predicting the water quality responses to natural pimanome
man made pollution, and a variety of pollution management decis\hSP7.2

is a dynamic model that can be used to analyze a varietyatdr vquality
problems in diverse water bodies such as ponds, streams, takesyoirs,
estuaries, and coastal waters, including both the water colndithe underlying
benthos (Woolet al, 2001).

The WASP7 system consists of two separate computer progiayYiN{YD7
and WASP7.2 that can be run in conjunction or separately. The hydrodys

program, DYNHYD7, simulates the movement of water and veéscitn the
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lake. The water quality program, WASP7.2, simulates the emewt and
interaction of pollutants within the water.

WASP7.2 has a unique flexibility. It allows the modeler tocttire one, two,
and three dimensional models. In addition, time variable excharefécients,
advective flows, waste loads and water quality boundary conditiansbe
specified (Wookt al 2001).

Water quality processes are represented in special kinetiousines that are
either chosen from a library or written by the user. WASPmier easy
placement or removal of kinetic subroutines into the overall pactagerm
problem specific models. WASP7.2 consist of two sub models; TGl the
simulation of toxicants involving organic chemicals, metalad sediment
interactions, and EUTRO7 for the simulation of conventional watefitgua
problems involving DO, biochemical oxygen demand, nutrients and
eutrophication (Woolet al, 2001).

The fundamental equations solved by the hydrodynamics and watery qualit
program are based on the conservation of mass. The water vahoneater
quality constituent being studied are tracked and accounted for imesrand
space using a series of mass balance equations. The hydrodypaogiam also
considers momentum, or energy conservation throughout time and spagke (W
et al 2001).

A mass balance equation for dissolved constituents in a body ef waist
include all the material entering and leaving through direct affaisdiloading,
advective and dispersive transport, and physical, chemical, aoidgibal
transformations. In Equation 1, the general mass balance @ywabund an
infinitesimally small fluid volume for a three-dimensional systis given where
x and y coordinates are in the horizontal plane, and the z coordnatehe

vertical plane:
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where;

C = concentration of the water quality constituent (mg/l/ar),

t = time (days)

Uy, Uy, U, = longitudinal, lateral, and vertical advective velocitiesspectively
(m/day),

EX, Ey, Ez longitudinal, lateral, and vertical diffusion coefficiemesspectively
(m?/day),

S = direct and diffuse loading rate (gluay),

S = boundary loading rate including upstream, downstream, benthic, and

atmospheric (g/fhday),
SR = total kinetic transformation rate; (+ is for source, foissink) (g/ni-
day)

By increasing the infinitesimally small control volumes intog& adjoining
segments, and by specifying appropriate transport, loading, arsfomaation
parameters, WASP implements a finite-difference form of Egudt

In order to model a system, the user must provide WASP7 with itiat

classified in ten important groups. These are:

A- Model identification and simulation control
B- Exchange coefficients

C- Volumes

D- Flows

E- Boundary concentrations

F- Waste loads

14



G- Environmental parameters
H- Chemical constants
I- Time functions

J- Initial conditions.

Data group A provides information for descriptive model identifacatand
simulation control options. The user must specify the numbergohesets and
number of systems in this data set. Data group B containgsiispexchange
information. Dispersion occurs between segments and along a ehistact
length. Data group C supplies initial segment volume informatiamd
information on the segment type and underlying segment numbers. Hgdrauli
geometry can be given to derive segment average depth andtywedsca
function of flow. Data group D employs flow and sediment transpartnmdition
between segments. Flows may be contained in the WASP inpusetatar may
be imported from an external hydrodynamic file. Data group E amntai
concentrations for each system at the boundaries. All systecemtrations must
be supplied for each boundary. Boundary concentrations vary with tinae i
piecewise linear time function. Data group F defines the poidtdiffuse waste
loads and segments that receive them. Data group G containenemeirtal
characteristics of the water body. These parameters at@lgpvariable and
varying with each model segment. Data group H contains chiemica
characteristics or constants of the system. Constants uskd madel remain
constant in both time and space. Data group | contains relawarrenental or
kinetic time functions. Data group J stores the initial cotragions for each
segment and each system, along with dissolved fractions and thitydein
solids systems (Ambrose et al., 1993). Using these inputs, éiss balance
equations for each constituent in the system is numericallgratedl over time

as simulation proceeds.

The results given by the model are saved for display. The outpatisia
retrieved by the post processor programs W7DSPLY and W7PLQIset
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specified print intervals. These programs enable the usetetactively produce
graphs and tables for all variables (Webhl 2001).

The model network, presented by a set of segments, symbolizehyhieal
configuration of the water body. The network can divide the water latelsally,
vertically and longitudinally as depicted in Figure 2.4. Bensigigments can be
integrated with water column segments as well. WASP segnaeat®f four
types. These are the epilimnion (surface water), hypolimsobsurface),
upper benthic, and lower benthic layers. The segment type plagsificant
role in bed sedimentation and in certain transformation procesdes. T
arrangement of underlying segments is important when lightchgsds from
one segment to the next in the water column, or when materialiried or
eroded in the bed.

Figure 2. 4Segmentation in WASP
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Segment sizes are determined more by the spatial and tenspafal of the
problem being analyzed than by the characteristics of ther Wwatty or the
pollutant. The important spatial characteristics within a segnmeust be
homogeneous. This constraint sometimes can be relaxed by sev&itdging
over width, depth, and length. The segment sizes are alstedffieg the usual
spatial variability of the water quality concentrations (Wetcdl, 2001).

When the network is set up, the model study will continue throughsteys
including hydrodynamics, mass transport, water quality transfansatand
environmental toxicology. Hydrodynamics explain the question ofreviiee
water goes by using special studies and hydrodynamic modeling.dakawcan
be interpolated or extrapolated using the principle of continuigw Flata can
be appropriately averaged over time and space by using very iowpleuting
models and very complicated multi dimensional hydrodynamic mo@dsJ(
2006). In cases where adequate information is lacking for the hydrody

model, WASP7.2 can utilize the water balance for calculations.

Earlier versions of WASP have been widely used all around théd vior
examine water quality related problems. Tufford and McKellar (1999)
developed a two-dimensional water quality model of Lake Marion, wihia a
surface area of 330.7 Krand a mean depth of 4 m, using the WASP5 modeling
system. The lake was divided into 31 segments. The modgtavasieterized
using the field data gathered in 1985 to 1990. The water quality mael
calibrated for ammonia (Ngi NOs;, PQ, DO, Chl-a, biochemical oxygen
demand (BOD), organic nitrogen, and organic phosphorus. Following the
calibration, the model was validated by re-parameterizingnthigent loading
functions for an independent set of field data. Sensitivity yaiglfor the
phytoplankton kinetic rates suggested that site-specific estimwatesimportant

for obtaining fit to field data. Sediment sources ofsNHD-60 mg rif day®) and

PO, (1-6 mg nt day') were important to achieve model calibration, especially

during periods of high temperatures and low DO. The sedimentaficaunted
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for 78% and 50% of the annual nitrogen and phosphorus loads. According to the
conclusion of the study, the implemented WASP5 model did not fully
accommodate the ecological variability in the lake due totmints on the
specification of rate constants. However, it was successfylointing out
several issues about the ecology of Lake Marion. In overalmtuel was both
versatile and useful as a research tool at least by showing whewledge was

lacking or the specific locations that are of interest.

Fitzpatrick and Di Toro (1999) conducted a modeling study on the
eutrophication in Lake Erie using WASP. This study concluded thatwatigsTrs
were consistent with WASP predictions for a variety of parametaed model
could accurately predict the water quality parameter coraténis of interest.

Lung and Larson (1995) modeled the water quality of Upper MissisRippr
and Lake Pepin using WASP5 to address the cause and effeainsdigt
between the Metropolitan Wastewater Treatment Plant phosphorusatamad
eutrophication in Lake Pepin. The lake had a surface arg@lod knf and had

a mean depth of 5.4 m. The model was calibrated and verifietidasummer
average conditions of 1988, 1990 and 1991. Projections of water qorgdeagt

in Lake Pepin were conducted under various phosphorus load reduction
scenarios for the Metropolitan Wastewater Treatment Pldhe model results
in general matched with the field data closely and demonstiaa¢dhe Upper
Mississippi River, including Lake Pepin, contained abundance of ntrint
was concluded that basin-wide reductions were needed before anyeidong-t

improvements could be achieved.

Himesh et al. (2000) modeled the water quality of Tapi estlacated in a
highly industrialized zone, for different state variables (BOEN, DO) using
WASP3. The model was calibrated and validated against meaelcdiata
collected at different time intervals. Results of the ststipwed that the

performance of the model was excellent for the hydrodynamic comgatr of
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the model and fair for the process compartment of the modASRE was
effective for short-term predictions of water quality in theuasy influenced by
tidal effects and salinity. It was also suggested to usealierated model for
different sites with similar environmental conditions (boundary cndit flow
regime etc.) without going for expensive and time consumingcisge of

calibration for that site.

Chaoet al (2005) developed a three-dimensional numerical model to simulate
the concentrations of water quality constituents in shallow Oxboes |lakhere
sediment-related processes are important. The model scleraelly followed
WASP6 (Wool et al., 2001). In this model, the effect of sediroarthe growth

of phytoplankton was analyzed. The processes of adsorption-desorption and bed
releases of nutrients from the sediment layer were siatila@he model was
verified using the analytical solutions of pollutant transport irop&n channel
flow. The agreement between the computed and theoreticaiossluvas
excellent. The model was successfully applied to simulatedheentration of
water quality constituents in Deep Hollow Lake which had a wipth ranging
from 0.5 m to 2.6 m. Trends and magnitudes of nutrient and phytoplankton
concentrations obtained from the numerical model generallgedgwith the

field observations.

Tetra Tech prepared the Jordan Lake Nutrient Response Model in R0©2.
model was a linked system that relied on Environmental Fluid BigsaCode
(EFDC) and WASP (Ambrose et al., 1993) simulations. Hydrodynanmigut
and temperature simulation generated by EFDC were input to WA&tdoint
for the dynamic processes of lake mixing, seasonal changes, amentut
cycling. The model was developed and calibrated based primarilgeodata
collected in 1997 to 2000 and accurately predicted the flow of witiee,
temperature profiles, pollutant concentrations, and algal respdhse, 2001
observations were used for validation. A second round of recadibratas
undertaken for 2003 with the intention of obtaining the best fit to botth9B@-
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1999 and 2001 data. Results showed that, despite some inaccuradies in t
simulation, the model continued to provide a good representatioutoént
response in the Jordan Lake, and was an appropriate tool to atimeyaatrient
reduction scenarios. It was concluded that the inorganic nitrogenthe
limiting nutrient in the upper portion of the lake while both nigogand
phosphorus might limit the algal growth in most of the remaindegheflake
(Tetra Tech, 2003).

James et al. (1997) studied Lake Okeechobee, a large and sledowith a
surface area of 1732 Krand a mean depth of 2.7 m, by modifying the WASP
model to include the processes that are important for thensydn this lake, the
wind driven re-suspension of the sediment increased the phosphorus and
nitrogen concentrations in the water column as well as incredasandight
attenuation. The model calibration and validation were successfal the
exception for the dissolved inorganic nitrogen species. This trésuged to the
inaccurate algal nitrogen preference and the absence of nitriagéorf in the
model. The model correctly predicted that the light was dichidue to
resuspended solids, and algal growth was primarily nitrogeitetl. The
addition of sediment resuspension to the WASP model enhanced:thagcof

nutrient and Chl-a predictions for Lake Okeechobee.

Nikolaidis et al (2006) conducted a nutrient modeling study on the Thermaikos
Gulf. Thermaikos Gulf was considered to be one of the most poltaiastal
zones in Greece. It acted as the final receptor of both mahiai@ industrial
wastewaters of Thessaloniki and two heavily polluted rivers, Axaos
Aliakmon. Nutrient enrichment and consequent eutrophication was itharpr
water quality issue of Thermaikos. WASP6 was used to simulaée
hydrodynamics, nutrient dynamics and phytoplakton evolution in the gulf. The
gulf was segmented into 12 compartments consisting of two lagach
consisting of six horizontal segments. Monthly hydrologic and watertgaaia

were used to calibrate the dynamics of nitrogen and phosphorus speti€ll-
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a. Model calibration was conducted by minimizing the root mean sauese
between the field observations and model simulations. The modelbleasoa
capture the variation in salinity and nutrient concentrations. @gts showed
the importance of Thessaloniki effluents and the loads from thesAand
Aliakmon Rivers in the eutrophication of the entire gulf. Loahs#ivity
analysis showed that a 10% reduction in the nutrient concentrations i
Thessaloniki Bay and Gulf could be achieved by decreasing thentutas
from the City of Thessaloniki by 30%. Moreover, a reduction of 40%hén
nutrient loads from the Axios River would result in a signifiaaaluction in the
nutrient concentrations (up to 38% in Nénd 20% in PQ) in the Thermaikos
Gulf. The model was successful in assessing the managesuenarios to
improve the water quality of the gulf.

Warwick et al (1999) modeled the impacts of regional groundwater quality and
local agricultural activities on the water quality of the leswruckee River in
Nevada. For this purpose, a detailed program of monitoring and campute
simulation was performed. Agricultural diversion and return-floverev
monitored in great detail to determine the mass loading ratestoénts from
agricultural areas. The cumulative impacts of agricultdirsrsions and return-
flows were evaluated using WASP through simulating nitrogen and phosphor
species, periphyton, and DO. It was concluded that a signifimation of the
water diverted for agricultural use returned to the ragn surface point return-
flow (13.9+0.1%), and as a groundwater diffuse return-flow (27+6 %).
Modeling results demonstrated the significant effect oforeg groundwater
quality (NOGs;) on the predicted periphyton growth and associated diel
fluctuations in DO.

Pickett conducted a Total Maximum Daily Load (TMDL) study for Black
River in 1997. This river suffered from low DO, anoxia in sometlona, and
fish kills. Environmental data was collected during two sumang seasons and

simulations were conducted using WASP5 to model the effect of, Bdblp and
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nutrient loads on DO. After calibration and verification of the nhode
anthropogenic pollutant sources were removed. The results indibatezl/en in
the absence of anthropogenic pollutant loading, DO fell below then§/Q
regulatory criterion. A TMDL was proposed for BOD and\bl prevent the
significant degradation of DO in the Black River. In additifam,the phosphorus
limited middle river section, a TMDL for total phosphorus was psepothat
established a protective criterion of 0.05 mg/L. To meet tinel] it was
suggested to limit the TP discharge of the aquaculture jaaiitl eliminate the

dairy facility discharges.

As given in the above study, several TMDL studies were condluaséng
WASP. Examples for these are the amendment of the 2001 Murdeirei
TMDLs (2004), proposed TMDL for nutrients, BOD and DO for the
Caloosahatchee River Basin (2005), TMDLs for DO, nutrients, ditybiand
TSS for the Peace River Basin, Florida (Giattine, 2006).

Mahajanet al (1999) investigated the application of WASP3 to determine the
optimum treatment level required for the municipal wastewatethat the
discharge into the Mumbai coastal waters through Thana and MasaksC
would not violate the coastal water quality criteria. Analysas performed with
respect to BOD and DO values. Results indicated that theowmprent in the
Thana Creek water quality due to the treatment of sewagensigsificant. This
was largely due to the dilution available in the Creek and tradl s5mount of
discharge. The improvement in absolute DO values for the Matadk was
more pronounced. This was attributed to the large volumes of sdhatgeas
discharged into the Malad Creek. The study concluded that, uniesty t
preventive and remedial measures were taken, the propostdeineaf sewage
alone was unlikely to produce the desired results in terms obiuprent in the

water quality of the creek.
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2.3.1. EUTRO

Eutrophication, nutrient enrichment and DO depletion processesnantated
using the EUTRO program which is a sub-model of WASP. The tranapd
interactions among nutrients, phytoplankton, carbonaceous materidhCarial
the aquatic environment can be affected by several physicalicdieprocesses.
Figure 2.5illustratesthe principal kinetic interactions for the nutrient cycles and
DO.

NO3

v A v
NH; | PHYT
(as carbon)

A A

.| CBOD -
AL A 4 - -
— - DO
Sediment Atm%sphere
2

Figure 2.5EUTRO State Variable Interactions
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EUTRO simulates the transport and transformation reactions of eighbstate
variables (NH, NO;, PQ, Chl-a, CBOD, DO, organic nitrogen, organic
phosphorus), as illustrated in Figure 2.3. These variablesoasidered in four
interacting systems; the phytoplankton kinetics, the phosphorus ayee,
nitrogen cycle, and the DO balance. Short summary of the mlatgdles are
given below (Wookt al 2001).

2.3.1.1. Phosphorus Cycle

Dissolved or available inorganic phosphorus (DIP) interacts witkicpkate
inorganic phosphorus by means of the sorption-desorption mechanism. DIP is
taken up by the phytoplankton for growth, and incorporated into the
phytoplankton biomass. Phosphorus is returned from the phytoplankton biomass
pool to dissolved and particulate organic phosphorus and to DIP through
endogenous respiration and nonpredatory mortality. Organic phosphorus is
converted to DIP at a temperature-dependent mineralizationMats balance
equations for phytoplankton, organic and inorganic phosphorus are given in
Equations 2.2, 2.3, and 2.4 in one dimension, respectively (@¢@ah|2001).

d(C,a,) v,
% =Gpa,.C, - Dpa,C, - E“a C (2.2)

pc~’4

dc, C, C. - Ve @- fDB)C

— (T-20)
dt - Dplapcfopc4' ksa 83 KmPc+C4 8 D 8 (2-3)
dC . C
dt3 = DPlapc (1- fop)C4 +Kgs éTa ) m Cg - GPlach4 (2.4)
where;
Cs = Inorganic phosphorus (RQmgP/L)
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Cy = Phytoplankton carbon (PHYT) (mgC/L)
Cs = Organic phosphorus (OP) (mgP/L)

Ge1 = Specific phytoplankton growth rate (cfy
Dp: = Phytoplankton loss rate (d§y

apc = Phosphorus to carbon ratio (mgP/mgC)
kes = Dissolved organic phosphorus mineralizatior et20°C (day)
g3 = Temperature correction coefficient fag k-)

Kmpe = Half saturation constant for phytoplankton latibn of phosphorus
recycle (mgC/L)

fop = Fraction of dead and respired phytoplanktogaked to the organic
phosphorus pool (-)

1-fop, = Fraction of dead and respired phytoplanktoyciec to the phosphate
phosphorus pool (-)

fos = Fraction dissolved organic phosphorus in theemeolumn (-)
fos = Fraction dissolved inorganic phosphorus invilager column (-)
Vs3 = Organic matter settling velocity (m/day)

Vs = Phytoplankton settling velocity (m/day)

D = Depth of segment, equal to volume/surface @rga

2.3.1.2. Nitrogen Cycle

The kinetics of the nitrogen species is fundaméntaé same as the phosphorus
system. NH and NQ are taken up by phytoplankton for growth and
incorporated into phytoplankton biomass. The ratetach each is taken up is a
function of the relative concentration to the tatedrganic nitrogen (NE#NOs)
available. Nitrogen is returned to the system fitben phytoplankton biomass to
dissolved and particulate organic nitrogen andnbonania through endogenous
respiration and nonpredatory mortality. Organicagéen is converted to Nfat

a temperature-dependent mineralization rate, ang iblithen converted to NO
at a temperature- and oxygen-dependent nitrifioatide. N@Q may be converted

to nitrogen gas (P in the absence of oxygen at a temperature- arydemx
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dependent denitrification rate. Mass balance egustifor phytoplankton,
organic, NH and NQ nitrogen species are given in Equations 2.5, 2.8, and
2.8, respectively (Wodadt al 2001).

d(C,a,)

VS
dt = GPlancC4 - DPlancC4 - ﬁa

ncC4 (2 ' 5)

d i C Vg @- f5,)
d—?:DplancfonC4' k71 (7T1 29 K :C4 C,- 2 D B/ C, (2.6)

mNc

d_Cl =Dpa,.(@- f,))C, +kyy (71 @ L C, - GPlanCPNH3C4

dt Ko +C
et 2.7)
-k (T-20) CG
1212 KNIT +Ce 1
dC . C
d—t2 =k, g 20 TZCG C,- Gpa, (- PNHg)C4
K (2.8)
-k (T-20) NG,
2DQ2D KNO3 +Ce Cz
CZ + KMN (29)

PNH3 =C C
(Kun + C)(Kyy +C) (G, +C)(Kyy +Cy)

where;

C = Ammonia nitrogen (NkJ (mgN/L)
C = Nitrate nitrogen (Ng) (mgN/L)
Cs = DO (mgQ/L)

Cs = Organic Nitrogen (ON) (mgN/L)
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anc = Nitrogen to carbon ratio (mgN/mgC)

kzz = Organic nitrogen mineralization rate at’®d(day")
71 = Temperature correction coefficient for k-)
ki, = Nitrification rate (day)
12 = Temperature correction coefficient fap k-)
Kmne = Half saturation constant for phytoplankton lintiia of nitrogen
recycle (mgC/L)
Knr = Half saturation constant for oxygen limitatioror f nitrification
(mgOy/L)
koo = Denitrification rate at 26C (day")
op = Temperature correction coefficient fopk-)
Knos = Michaelis constant for denitrification (mgQ)
fon = Fraction of dead and respired phytoplanktorysked to the organic

nitrogen pool (-)
1- fon = Fraction of dead and respired phytoplankton ckee/to the ammonia
nitrogen pool (-)

Pwis = Preference for ammonia uptake term (-)
foz = Fraction dissolved organic nitrogen in the watdumn (-)
2.3.1.3. DO

DO concentrations are dependent to the other statables. The sources of
oxygen are reaeration and evolution by phytoplamktoring growth. The sinks
of oxygen are algal respiration, oxidation of datrcarbon and carbonaceous
material from waste effluents, non-point dischaygasd nitrification. The

general mass balance equation is given below (\&oal 2001).

dCG = kz (Cs - Ce) - degT-zo) C6 Cs - Elklz g 2 C6 1
t Kgop *Cs 14 Kr +Ce (2.10)
SOD__ . 32 4814 32 ;
- D Q(ST 20 +GP1 E+ﬁﬁ(l' PNH3) C4 - E 1RQ:(L-II?—{ 20)(-\’4
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where;

Kqg = Deoxygenation rate at 2 (day")
k, = Reaeration rate at 2Q (day")
Cs = DO Saturation (mggL)
Cs = Carbonaceous BOD (CBOD) (mgD
d = Temperature correction coefficient fon(®

Keop = Half saturation constant for oxygen limitatigngO,/L)
SOD = Sediment Oxygen Demand (&/day)

s = Temperature correction coefficient for SQP
kik = Phytoplankton respiration rate at%®D(day")
1r = Temperature correction coefficient fark)

2.3.1.4. Phytoplankton Kinetics

Phytoplankton kinetics affects all other systemsl dras a central role in
eutrophication. An overview of this system is givie Figure 2.6. The general
equation describing the change in concentratioh véspect to time is given in
Equation 2.11 (Wocét al, 2001).

Si NO3

A 4 g”
NH3 Phytoplankton [—* O C:N:P

NH," l \

A 4

PO,

Figure 2.6 Phytoplankton Kinetics
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dC

dtp =(R,- Ry - R)C, (2.11)
where;
Co = phytoplankton concentration (AL
Ry, = growth rate (F)
Ry = death rate ()
Rs = settling rate (1)
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CHAPTER 3

METHODOLOGY

3.1. Field Study

In order to determine the current state of the mality in Lake Uluabat, field
studies were conducted on 01.05.2005, 30.06.2003.&:08.2005 with the help
of a team including Muhittin Aslan, Elif Bulut, an@amze Gungdr Demirci.
Water samples were taken from different locatioiifiese were selected based
on the previous studies as much as possible, iarda make a comparison
between the current and previous conditions. Wheatonditions on the
sampling dates were effective in selection of thenging locations as well,
since stormy conditions impacted the safety of dperation on two of the
sampling dates. The locations of the sampling gdiot the field work for May
2005 are depicted in Figure 3.1.

During the sampling study, the location coordinatese recorded using the
Magellan Sportrak GPS receiver. This is employedesipractically it was not
possible to get samples from the same exact catetinat different sampling
dates. At each sampling location, in-situ measurgsewere taken for
temperature, DO, turbidity, oxidation-reduction quaial and pH at several
points along the water depth. For this purposeS&6600 EDS multiparameter
water quality sonde (Figure 3.2) was utilized. Bbade works under -5 and +45
°C. The data is automatically recorded in user $jecitime intervals with
respect to depth. The time interval was set to $&oonds, and the probe was
suspended into water very slowly. Data was recorddd the sonde hit to the
bottom of the lake. Then, the data was transfetoed regular computer for

processing in the office.
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Figure 3. 1 Approximate locations of sampling points (U1-U4)

Figure 3. 2 YSI 6600 EDS sonde (Elahdab, 2006)
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In addition to in-situ measurements, water samplese taken using Wildco
1120 D40 model vertical sample collecter. Sampleseevtaken from the surface,
mid-depth and bottom of the lake for the month&/afy and July in 2005 . The
apparatus was setup and lowered to the specifigtthd€hen, its messenger was
dropped to close the caps of the cylindrical cor@giresulting in the entrapment
of about 3 It of lake water. Then, the containeswalled out of water and the
sample was emptied into PVC containers. These wmmta were then
immediately put in a cooler and kept away from cireun. In the laboratory,
sample containers were transferred into a largaagpcooler. In June 2005,
samples were taken only from the surface sinceniesenger on the sampler did
not operate. The locations of sampling points agiihdions about the samples

are given in Table 3.1.

Samples were analyzed for BIO'KN, total phosphorus (TP), and Chl-a in the
laboratory. The methods used for this purposastfellows:

Ascorbic Acid Method (Method 4500-P E) (APHA 199G) TP,
Macro-Kjeldahl Method (Method 45005N B) (APHA 1997) for TKN,
Colorimetric Brusin Method (Method 352.1) (U.S. EP®71) for NG,
Ethanol extraction method (ISO: 10260, 1992 stashiday Papista et al.
(2002) for Chlorophyll-a were used .

In addition to the listed water quality parametabsve, secchi disc (SD) depths
were measured to check the transparency of therwa®r this purpose a
standard 20 cm weighted disk of alternating blac#t-avhite SD was used. The
disk was lowered in the water until the black-anutes quadrants were no
longer distinguishable. At that point, the deptiswecorded using the graduated

line connected to the SD.
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Table 3. 1The locations of sampling points and sample dedins

Sampling station | Sample No.] Depth | Coordinates
Date: 01.05.2005
ull Surface
ul Uiz Mid 40° 09.990 N, 2839.609 E
ui13 Bottom
uz21 Surface
uz2 u22 Mid 40°11.222 N, 2834.416 E
u23 Bottom
U3l Surface
u3 u32 Mid 40°11.854 N, 2835.236 E
U33 Bottom
u4 U4 Only sonde | 4010 620 N, 2838.124 E
measurement
Date: 30.06.2005
H1 H1 Surface 4010.163 N, 2838.508 E
H2 H2 Surface 4009.073 N, 2837.807 E
H3 H3 Surface 4008.684 N, 2837.553 E
H4 H4 Surface 4008.117 N, 2837.090 E
H5 H5 Surface 4009.391 N, 2834.768 E
H6 H6 Surface 4010.673 N, 2833.263 E
H7 H7 Surface 4011.148 N, 2832.701 E
H8 H8 Surface 4011.577 N, 2832.443 E
H9 H9 Surface 4011.276 N, 2835.884 E
Date: 16.08.2005
All Surface
Al Al2 Mid 40° 08.896 N, 2838.780 E
Al3 Bottom
A21 Surface
A2 A22 Mid 40° 08.489 N, 2836.260 E
A23 Bottom
A31 Surface
A3 A32 Mid 40° 09.260 N, 2834.798 E
A33 Bottom
A4l Surface
A4 A42 Mid 40° 11.045 N, 2833.164 E
A43 Bottom
AS A5 Only sonde | 449 168 N, 2837.614 E
measurement
A6 AG Only sonde | v 19 506 N, 2834.273 E
measurement
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All the laboratory analysis has been performed dasethe standard methods.
However, for Chl-a concentration determination, ithproved ethanol extraction

method (1ISO: 10260, 1992 standard) by Papista. ¢2@02) was used. Ethanol
extraction was preferred over the standard acedatraction (Method 10200-H,

APHA 1997) since it was shown to be superior (Ramsal., 2002).

The procedure applied is summarized below:

1- 250 ml of sample was filtered using a glass wdtgrfi

2- The filter paper was put into a covered glass dnata

3- 20 ml of 90% pure ethanol was poured over therfitiaper into the
container.

4- The container was closed and put into a warm waza#r at 75°C for 15
minutes.

5- After removing the container from water bath, itsNaft to cool down to
room temperature (30 min to 1 hr). The filter papass shaken off and
removed from the container. Then the containerpuaisnto a cooler and
kept in there for about a day.

6- Absorbed light by the processed sample was measisiad the HACH
2400 Spectrophotometer at 665 nm wavelenght agamsthanol blank.

7- Step 6 was repeated at 750 nm.

8- Then about 0.01-0.02 ml hydrochloric acid (HCI) wadded into the
cuvette containing the sample and mixed occasipnallan interval of
about 30 minutes (Initial testing indicated thasaiption readings were
stabilized after mixing for 30 minutes).

9- Steps 6 and 7 were repeated.

The Chl-a concentrations were determined usindpé&hew equation;

Chl-a (g/lt) = (A-A)*29.6*V (VL) (3.1)
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where;
Ve
Vi
L = light path length, mm

extract volume, ml

sample volume, |

A = AgesA750= absorbance difference before acid addition

As= AsssacitA750acic= absorbance difference after acid addition

3.2 Model Application

In order to model the water quality in Uluabat Latkee surface area was divided
into segments. In doing that, the number and locaif few observation points

were taken into consideration. Based on the hestbdata, the lake was divided
into a total of 10 segments. Out of those, 5 ofrttveere the benthic ones. No
epilimnion or hypolimnion division was made sinde tlake was shallow and

exhibited very weak temperature stratification. tBe horizontal plane, the lake
was divided into 5 segments. This was achieveddiyg the satellite image of
the Uluabat Lake obtained from the Statistical Agyeof Turkey in 2004 and the

bathmetry map of the lake (Kurttat al, 2002).

Maplnfo Professional, version 7.5, was utilizedd&fine the coordinates of the
lake area and divide the lake into segments byngakhe sampling station
locations used in the present and previous studiesaccount. In addition to
this, the number and location of available datarfardel calibration was also
considered during segmentation. Surface area d&f sagment and total area of
the lake was calculated using the same programhdbge areas between
adjacent segments were calculated by combining hthmetry and the
coordinate information in the maps of the lake.ufég 3.3shows the water

quality model segments and the horizontal exchahgegeen them.
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Figure 3. 3The Water Quality Model Segments for Uluabat Lakd Exchange
Directions Between Them

In order to use a model to examine the water qualita water body, first it
should calibrated and verified for that systemthis iterative process, first the
model is run for a specified time period for thegmse of adjustment of rate
constants. When an agreement is attained between simulation and
observation values, the rate constants are verdgainst another time period
representing a different condition. If similaritilisholds for the observed and
calculated water quality parameter quantities, thiéve calibration and
verification of the model is completed. Only afsrccessful calibration and
verification, a model can be used to make predistifor different management

scenarios.
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Calibration of the model was performed for the tipegiod January®ito June
1* of 2000. The data belonging to this period was iobth from the “water
quality assessment report for Uluabat and vicinif)fersiz et al, 2001)
published by the Turkish Ministry of EnvironmentdaRorestry, Environmental
Reference Laboratory. The water quality data athibginning of January was
used as the initial conditions for the water gygtiarameters considered in this

study.

Since there was no data available showing the weatet changes with respect
to time, the “net flow option” was used to calcelahe hydrodynamic input.
According to this option, WASP7.2 sums all the amis and outflows at the
interface of the segments. Then, the mass of consenoved in the direction of
net flow (Wool et al., 2001). The input flow to theke is governed by the
Mustafakemalpa Stream. The water flow rates during the timequktised for
calibration were obtained from the General Direst®rof Electrical Power
Resources Survey and Development Administratioatid®t number AGI-302.
The only station that existed at the outlet of ke, on the Uluabat Stream,
belonged to the State Hydraulic Works. Howevenjfificient data prohibited the
use of flow data belonging to that monitoring statiThe water budget study for
the lake, as presented in the “water quality assess report for Uluabat and
vicinity” (Yersiz et al, 2001), showed that the total amount of water rerge
and leaving the lake was close to each other. €T, except February, March,
April, September, October and November, it was rmsslthat the inflow to the
lake was equal to the outflow. For the months ebraary, March, April,
September, October and November, the flow directias reversed and Uluabat
Stream supplied inflow to the lake (Yersr al, 2001; Akdeniz, 2005). The
rates of inflow for these months were calculatechgidbelow water budget
(Yersiz et al, 2001, Akdeniz, 2005). Segment volumes calculatéthin
WASP7.2 are illustrated in Figure 3.4.
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Input:

Precipitation falling on the surface area of theela: 92.72*16 m’

Return flow from the outlet of Uluabat Stream 510 m’
Inflow from Mustafakemalpa Stream : 1550.68*1on’
TOTAL : 1740.98*1Hm®
Output:
Outlet flow to Uluabat Stream : 1553.20%10°
Evaporation loss : 176.20M6°
Water withdrawal for irrigation : 11.53*¢en’
TOTAL : 1740.93*16m®
100
90 -
—segmentl
80 _Segmentj
70 segment3
—segment4
«g 60 segment$|
g 50
S 40
30 |
20
10—
0 T T T T T T
26.12.99  20.01.00 14.02.00 10.03.00 04.04.00 29.04.00 0580  18.06.00
Time (days)

Figure 3. 4Segment volumes through calibration period
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The daily meteorological data including the totalilg solar radiation, wind
velocity, air temperature, and precipitation webtatned from the Turkish State
Meteorological Service. Data belonged to the neafdsistafakemalpa
Monitoring Station. At this station, data on wingesd and solar radiation was
missing. For those parameters, data belongingddBilrsa Monitoring Station
was employed in the simulations. Minimum, averagd maximum values for
wind speed and total solar radiation through catibn period are given in Table
3.2.

Table 3. 2Environmental Functions for calibration

Environmental Function Januany February March Aplil May

Wind Speed | Minimum 0.80 0.50 0.30 0.60 0.60
(m/s) Average 2.17 1.91 1.85 1.98 2.02
Maximum| 4.60 4.20 4.20 5.10 4.10

Total Solar | Minimum 3.60 52.20 105.6( 72.6( 139.20
Radiation Average 139.18 213.43 325.39 327.22 485/63
(callcnf/day) [ Maximum| 279.60 420.60 502.20 523.20 624

Evaporation data was obtained from the water budyetsiz et al, 2001,

Akdeniz, 2005) and distributed proportionally ading to the temperature
guantities. Figure 3.5 depicts inflow, outflow, pigtation and evaporation data
used in calibration. The water quality data of Midskemalpaa and Uluabat

Streams were set as the boundary concentrationstiv model. The data
belonged to the State Hydraulic Works Monitoringtieins on these Streams.
The water quality model time step was selected asodr throughout the

simulation period.
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Figure 3. 5Inflow, outflow, precipitation and evaporation thigh calibration
period in Uluabat Lake

In order to account for the sediment phosphorud,laasingle benthic segment
underlying all water column segments were employHte benthic segment
merely acted as a convenient sink for settling ofanic matter. Model
calculations within this segment were ignored byngsthe intermediate
eutrophication kinetics in WASP (Wool, 2001) duethe insufficient data to
simulate the benthic processes. Instead of intanwalel calculations, sediment
loads were input as a constant,Aidx. The value, 13.62 mgftfuay, for this

flux for all water columns was determined basedhenstudy of Akdeniz (2005).

Following the calibration, verification was emplayesing another set of data
representing different conditions. The time periodthis process was Jun& 1
to December 3, 1999. The measurement values for Juhedre treated as the

initial conditions. Keeping the rate constants sawsdor the calibration period,
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boundary conditions, flows and environmental timactions were changed for

the verification period.

3.3 Water Quality Improvement Scenarios

Following the calibration and verification of theodel, management options
were considered for the improvement of the watalijuin the lake. It is a
common procedure to control the phosphorus loadstife minimization of
eutrophication. As a result, the management scenarere mainly concentrated
on phosphorus load reduction. The details abowgetivases will be presented in

the relevant section of “Results and Discussion”.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Water Quality Status of the Lake

As discussed in the methodology section, monitowag applied through May-
August period, to observe the water quality in thke. The results of this
monitoring study are given in Figures 4.1, 4.2,, 43, 4.5, 4.6, and 4.7 for
temperature, DO, turbidity, pH, Chl-a, total phospls (TP), and Kjehdahl
nitrogen, respectively. In these figures, the mumm average, and maximum

values for each parameter at each sampling timsheren.
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Figure 4. 1Monitoring data obtained from field work — temptera
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Figure 4. 2Monitoring data obtained from field work — DO
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Figure 4. 3Monitoring data obtained from field work — turligli
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Figure 4. 4Monitoring data obtained from field work — pH
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Figure 4. 5Monitoring data obtained from field work — Chl-a
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Figure 4. 6 Monitoring data obtained from field work — TP
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Figure 4. 7Monitoring data obtained from field work — Kjehdah
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As can be derived from Figure 4.1, from May to Juhere was an increase in
the water temperature. In August, the average wat@perature in the lake
reached to about 27C. This is due to the shallow depth of the lakis the

temperature increased, the DO content of the lakeedised (Figure 4.2).

The algal production in the lake increased as tpmnagressed from June to
August as depicted in Figure 4.5. In August theraye Chl-a concentration was
above 100ng/L. Increase in algal production brought abowt ithcrease in pH
(Figure 4.4) and turbidity (Figure 4.3). Howevarrkidity may also be related
with the re-suspension of solids from the sedim@ntthe turbulence mainly
created by the wind action. This may especiallynmee pronounced in summer

months as the depth of water declines.

There existed an increasing trend for TP from MayAtigust 2005 as shown in
Figure 4.6. This may be due to decline in the wdégath which may increase the
concentration even if there exists a comsumptioalhgl growth. In addition, as
pH increases, the P-binding capacity of the sailsediment, decreases. The
hydroxide ions replace ROwhich is soluble in water. This case may be
significant for pH values greater than 8 (Bronma®99). As seen in Figure 4.4,
the pH values were above 8 in June and August.eftwer, P release from the
sediment might have enhanced. Kjehdahl nitrogeceatnations were in general

increased in June and August compared to May.

Additionally, DO and temperature profiles along thater depth for the months
of May, June and August in 2005 are depicted irufeigd.8, 4.9 and 4.10,
respectively. According to these profiles, the la&keonsidered as a completely

mixed system for the modeling study.
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An evaluation was employed to compare the progvassi the general trophic
status of the lake within years. For this purpake,results obtained from past
studies (Yersizt al, 2001; Akdeniz, 2005) and in-situ and laboratomalgsis
performed in this study were compared. Since theitmong period in this study
spanned a limited number of months, the water tyuadiriable values belonging
to similar months in the previous studies were mmred. Comparison was

based on the average values for the lake.

The change of phosphorus with time is shown inufgg4.11. As can be
observed, there is a decrease in TP concentrati@002 and in 2005 compared
to 1999 PQ concentration alone. This decrease can be duepiementation of
the Lake Uluabat Management Plan conducted betW868 and 2002 by the
Turkish Ministry of Environment and Forestry andsAsiation for the Protection
of Nature (DHKD).
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Figure 4. 11Change in average R® concentration with time for 1999-2005

General Trophic Classification of Lakes and Resesvdn Relation to
Phosphorus and Nitrogen (Wetzel, 2001) was takienconsideration in order to
evaluate the present water quality conditions efldke. In this classification,
TP concentrations between 16 and 386 migire classified as eutrophic (Table
2.1). In this sense Lake Uluabat is eutrophic,east in summer months, with

respect ta'P in all years.

Figure 4.12epicts the change in the average;N@ncentrations for years 1999,
2002 and 2005. As can be seen, in 1999; N&s limited. However, 2002 and
2005 results exhibited higher values. In 2002 zM@ncentration had the highest
value. This may be due lower Chl-a production iis fear as shown in Figure
4.13.
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In 2005, the average Chl-a concentration had thkedsit value among the other
years. This may be due to declined water depth whiay give rise to algal

production. However, it should be noted that grgagan important factor that
may impact the phytoplankton concentrations, whigs not considered in this
study. Chl-a concentration is one of the main iatlics for the trophic state of
the lake. Regarding the Chl-a concentration, tke la in hyper-eutrophic range

according to the classiffication given by Wetzé)@2) for the summer months.

When SD values were examined (Figure 4.14), verny\alues were observed.
These values were in the hyper-eutrophic range l€Tabl) for the summer
months. No data was available for 1999. Lower S2005 compared to 2002
can be attributed to higher production of algaeweNer, it should be noted the
lake is characterized with the presence of highcentrations of colloidal

material (Celtemen et al.,, 2000). Therefore, low BDrelated with these

materials as well.
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Figure 4. 14Change in SD with time for 1999-2005
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The limiting nutrient for the system should be kmotw evaluate the nutrient and
phytoplankton dynamics of a water body. The OEC88@) proposed criteria to
determine the limiting nutrient in the lakes asegivin Table 4.1 and Table 4.2,
for total and dissolved nutrient concentrationsspestively. Based on the
availability of relevant data, nutrient limitatioas different years were analyzed
using both Table 4.1 and Table 4.2.

Table 4. 1Approximate Levels of Nitrogen/Phosphorus LimiatiAs Indicated
by Total N:P Ratios in Lakes (OECD, 1982)

Total Nitrogen/Total Year
Phosphorus Limiting 2002 | 2005
_ Nutrient B B
By weight In moles wei)g/;ht Wei)g/;ht
<10 22 N
10-17 N and/or P
>17 37.6 P 36.05 27.01

Table 4. 2Approximate Levels of Nitrogen/Phosphorus LimiatiAs Indicated
by Dissolved N:P Ratios in Lak¢®ECD,1982)

Dissolved Nitrogen/Phosphate Year
Phosphorus Limiting 2000 | 2003"
. Nutrient B B
By weight In moles wei)g/;ht Wei)g/;ht
<5 10 N 0.686
5-12 N and/or P
>12 26.5 P 24.18

: Average from January 2000 to May 2000
: Average from January 2003 and March 2003

The cause of high productivity in lakes is mostqtrently because of P
availability (Wetzel,2001). In Uluabat Lake, difést nutrients became limiting
as given in Table 4.1. In 2000, the lake was nérolymited. Beginning by 2002,
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the limiting nutrient shifted to phosphorus. Thataymbe due to the

implementation of the management plan mentionelicear

4.2 Calibration and Verification of the Model

Calibration is a tedious process due to the nurobéinetic parameters in the
water quality model. Following hundreds of tridlse best combination of model
parameters (Table 4.3) were obtained that provalgmdod match between the
predictions and measurements. These kinetic paearaetl constant values were
reached by modifying them in the ranges given in $®Aand in the literature
(Lung and Larson, 1995; Celtemen, 1998; TuffordiaKellar, 1999).

Based on the calibrated kinetic parameter valuesjlation was performed to
obtain the water quality parameter profiles for fake. These results were
compared to observation values and the profilesiobgt for the kinetic

parameter quantities of the model. These profilés lve referred to as the
default profiles from herein. It must be noted thhé exact dates of the
observations were missing. Therefore, it was asduthat the measurements
were taken at the beginning of the relevant mohile. comparisons of simulated
and default profiles and observed values for DO,3NEQ,, and Chl-a for

Segment 2 are depicted in Figures 4.15, 4.16, 4id 4.18, respectively.
Similar results were obtained for other segmentsimFherein the results will be
presented for Segment 2 since this segment isiagsoavith both the input and
output to the lake. According to the figures, ahslated water quality profiles
followed the trend given by the observation dathe Tonfirmation of the fit

between the observed and predicted values basethtstical tests was invalid

for this study since the exact dates of the obsienawere not known.
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Table 4. 3Calibrated Kinetic Parameter Values used in Modgtf the water

quality in Lake Uluabat

Literature | Calibrated
Amonnia Value Value
Nitrification Rate Constant @20 °C (djy 0-10 0.001
Nitrification Temperature Coefficient 0-1.08 1.08
Half Saturation Constant for Nitrification Oxygeiniit (mg O/L) 0-2 2.0
Nitrate
Denitrification Rate Constant @20 °C (dy 0-0.09 0.09
Denitrification Temperature Coefficient 0-1.045 1.045
Half Saturation Constant for Denitrification Oxygeimit 0-1
(mg O/L) 1.0
Organic Nitrogen
Dissolved Organic Nitrogen Mineralization Rate Gang 0-1.08
@20 °C (day) 0.0001
Dissolved Organic Nitrogen Mineralization Temperatu 0-1.08
Coefficient 1.08
Fraction of Phytoplankton Death Recycled to Orgdditcogen 0-1 0.5
Organic Phosphorus
Mineralization Rate Constant for Dissolved Orgaric 0-0.22
@20 °C(day) 0.0001
Dissolved Organic Phosphorus Mineralization Temijpeea 0-1.08
Coefficient 1.08
Fraction of Phytoplankton Death Recycled to Orgdttiosphorus 0-1 0.5
Phytoplankton
Phytoplankton Maximum Growth Rate Constant @20d&/t) 0-3 1.6
Phytoplankton Growth Temperature Coefficient 0-1.07 1.068
Phytoplankton Carbon to Chlorophyll Ratio 0-200 30.0
Phytoplankton Half-Saturation Constant for Nitrodéptake 0-0.05
(mg N/L) 0.025
Phytoplankton Half-Saturation Constant for Phospbhddptake 0-0.05
(mg P/L) 0.003
Phytoplankton Endogenous Respiration Rate Con&&tt °C 0-0.5
(day?) 0.1
Phytoplankton Respiration Temperature Coefficient 0-1.08 1.068
Phytoplankton Death Rate Constant (Non-Zooplanki@dation)| 0-0.25
(day?) 0.1
Phytoplankton Phosphorus to Carbon Ratio 0-0.24 0.24
Phytoplankton Nitrogen to Carbon Ratio 0-0.43 0.15
Light
Light Option (1 uses input light; 2 uses calcutadke! light) 1-2 1
Phytoplankton Optimal Light Saturation 0-350 300
CBOD1
BOD (1) Decay Rate Constant @20 °C (day 0-5.6 0.09
BOD (1) Decay Rate Temperature Correction Coefficie 0-1.07 1.047
BOD (1) Half Saturation Oxygen Limit (mg O/L) 0-0.5 0.1
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The wind-driven reaeration option used in this giuas well as the sources and
sinks of oxygen, resulted in high variation in D@lues. This option is utilized
due to the shallow depth of the water. In suchdakiee impact of wind driven
turbulence on reaeration can be significant (Hawnal, 2001). As depicted in
Figure 4.18, Chl-a concentrations increase in gpais a result of abundance of
nutrients and temperature increase. However, innsemn potential nutrient

limitations is the potential cause of limitationtbe growth.
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Segment 2

When the N@ and PQ concentration profiles are compared with the doethe
typical shallow eutrophic lakes (Figures 4.19 an#04 respectively), similar
trends are observed. In summer,NDd PQ concentrations are minimized. In
winter, these concentrations are high. This difieesis caused by the algal
productivity in summer which results in the dematiof NO; and PQ at the
same time. It must be noted that, January-Aprisgeas the period in which
fertilizer application is predominant in the agittawal areas around the lake.
Therefore, during winter and spring, agriculturabed phosphorus and nitrogen
species can reach to the lake and boost these rdaaoens in addition to the
spring turnover derived increase. One of the probleassociated with the
Uluabat Lake is the transport of SS via Mustafaldpasa Stream. Phosphorus
strongly binds to SS. Therefore, SS carried byriver can act as a mechanism
for the transport of phosphorus to Uluabat Lakeyal as the sediment derived

source.
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Figure 4. 19Typical seasonal N§xoncentrations for shallow eutrophic lakes
(Horne and Goldman, 1994)

Figure 4. 20Typical Seasonal phosphate change for shallovoghit lakes
(Horne and Goldman, 1994)

Following the calibration, the model was verifiedr fanother data set as
described in the Methodology section. The comparisbthe predicted values
for the verification conditions with the observatiand default data for DO,

NOs, PQ, and Chl-a at Segment 2 are depicted in Figures, 4.22, 4.23 and
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4.24, respectively. Higher DO values were calcdatompared to the
observation values for summer months. This may e td the wind driven
reaeration option used in this study. For,R@d NQ, acceptable results were
obtained. However, it was not possible to captime increase in the Chl-a
concentrations in summer of 1999. This may be duéh¢ presence of water
lilies on the surface of the water. The observatiata obtained from the
Ministry of Environment mostly represents the soefaconcentrations. In
summer time, the deviation between the mean arfdcgiconcentrations can be
high due to the eutrophic nature of the lake amdgmce of algae or water lilies
on the surface. Surface observation data may eoépresentative of the mean
concentrations. In addition, compared to the catibn conditions, relatively
limited input data was available for the verificati conditions. For example,
changes in the water depth could not be accommadhie to lack of data. In
addition, verification period mostly represents twenmer conditions and there
are studies in literature where the model kineticameters, such as carbon to
Chl-a ratio (Woolet al, 2001), are changed with season. Such an appieach
followed in this study. Rather, average kineticgmaeter values that would give

a reasonable fit for both verification and caliratconditions were preferred.
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4.3 Sensitivity Analysis

Following the calibration and verification of theodel, sensitivity analysis was
performed on the model outputs for the kinetic paaters used in this study by
changing one variable at a time to show that lakeitrogen limited thorugh the
simulation period (given in Table 4.3). Below ahe tones which the model
exhibited relatively higher sensitivity compared ather kinetic parameters.
Comparisons are based on the kinetic parameterevabitained following
calibration and verification, which will be refedeto as the “base case”.

Simulation period was taken as January 2000 toaigr2001.

The analysis is performed such that the kineti@apater values given in Table
4.3 were increased and decreased by 25% and 50%, prg\ltht the modified

values were within the ranges given for that patamia the model. In the cases
where this condition could not be met (for examiple minimum value or the

absolute value of 0 was used in the calibratiohg average and maximum
values were tested. Root Mean Square Error (RMSH)sed to evaluate the
difference between the results for the base cageh@nother simulations. RMSE
has a value of zero when base case values coingidehe simulation results.

The increase in RMSE value for this study indicdseger difference between
the base case and the simulation of concern, trerdfigher deviation from the

base case.

4.3.1 Sensitivity on Dissolved Organic Nitrogen Mineralization Ra&t

Dissolved organic nitrogen (DON) mineralization asmechanism in which
dissolved organic nitrogen is converted to disstbhreorganic nitrogen (DIN).
DON mineralization rate used in the base case g@aced with the average and
maximum values in the range provided in the modael this parameter to
determine the effect of this constant on the watelity parameters of interest.

When the model results were compared, noticeafiereinces were observed in
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PO, and Chl-a concentration profiles (Figures 4.26 a@n#@7, respectively).
RMSE for PQ at Segment2 when average and maximum DON minataliz
rates used were 0.1993 and 0.2028, respectivelyD@B mineralization rate
increased, the average available dissolved inotgaitrogen concentration
increased in the water column (Figure 4.28). Theeef phytoplankton
production was enhanced, which resulted in the eisdgPQ as well (Figure
4.26). The average RQ@oncentration for Segment 2 decreased from the bas
value of 0.38 mg/L to 0.24 mg/L and 0.23 mg/L foe taverage and maximum
mineralization rates, respectively. Increase intgbiankton production due to
rise in nitrate concentration shows that the lagenitrogen limited during
simulation period. Nitrogen limitation, phosphotimitation and light limitation
values through the simulation period given in Fegdr25 confirm that the lake is
nitrogen limited for most of the simulation pericd.value less than one shows

increase risk of limitation.
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Figure 4. 25Nitrogen, Phosphorus and Light Limitations duringdation
period
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90
= Dissolved ON mineralization rate average
80 ‘ Dissolved ON mineralization rate max
—base case
70 A
60
= l \ Vil
g 50 W \
5 i
L\ /W
@) 10
. | AN/
) \\ J C/ ",
? \/I
0 T T T T T T T T

06.12.99 25.01.00 15.03.00 04.05.00 23.06.00 12.08.0Q0010 20.11.00 09.01.01 28.02.01

Time (days)

Figure 4. 27Effect of DON mineralization rate on Chl-a for Segm?2
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The average Chl-a concentrations for the base adnmam rates were 24.41
pug/L and 31.80 ug/L, respectively (Figure 4.27). 8for Chl-a for average
and maximum rates were 11.0848 and 11.3178, regplctThese results are
indicative of nitrogen limitation at least in summmonths. As N@ or DIN
become available, PQvas used and algal growth was increased. Althaugh
significant change in Chl-a concentrations wasiradth for different DON
mineralization rates, the impact of this increases wot that significant on DO
values as depicted in Figure 4.29. For average amakimum DON
mineralization rate RMSEs for DO were 0.2757 ar&809, respectively. This is
probably due to wind driven reaeration of the syste
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Figure 4. 28Effect of DON mineralization rate on N@r Segment 2
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Figure 4. 29Effect of DON mineralization rate on DO for Segm2nt

4.3.2 Sensitivity on Phytoplankton Maximum Growth Rate

Phytoplankton growth rate was increased and desteag 25% and 50% to see
the effect on water quality parameters. Chl-a RM&IEsnodifications of +25%,

+50%, -25% and -50% in growth rate were 5.50837&4, 6.4029 and
12.1333, respectively. As depicted in Figure 488¢en the maximum growth
rate was enhanced, Chl-a concentrations increaseéxpected. While the
average Chl-a concentration was 24 ug/L for the sase, it was 30 pug/L when
maximum growth rate was increased by 50%. As altreguphytoplankton

uptake, PQwas decreased (Figures 4.32).

66



80

Phyt. max growth rate +25%
= Phyt. max growth rate +50%

Phyt. max growth rate -259

Phyt. max growth rate -509
—base case

A

06.12.99 25.01.00 15.03.00 04.05.00 23.06.00 12.08.00.00X0 20.11.00 09.01.01 28.02.01
Time (days)

Figure 4. 30Effect of Phytoplankton Maximum Growth Rate on Chl-a for
Segment 2

0.8
Phyt. max growth rate +25%
07 = Phyt. max growth rate +50%
’ Phyt. max growth rate -25%
Phyt. max growth rate -50%
0.6 —base case 7?
0.5 i

NOz(mg/L)
=
N

©
w
|

0.2

0.1

O T T T T T
06.12.99 25.01.00 15.03.00 04.05.00 23.06.00 12.08.0000X0 20.11.00 09.01.01 28.02.01
Time (days)

Figure 4. 31Effect of Phytoplankton Maximum Growth Rate on Nfor
Segment 2

67



Phyt. max growth rate +25¢
0.8 N = Phyt. max growth rate +50¢
Phyt. max growth rate -259
Phyt. max growth rate -509
—base case

ISR A=

PO, (mg/L)

06.12.99 25.01.00 15.03.00 04.05.00 23.06.00 12.08.0000M0 20.11.00 09.01.01 28.02.01
Time (days)

Figure 4. 32Effect of Phytoplankton Maximum Growth Rate on fPfOr
Segment 2

The decrease in N{Figure 4.31) was not as significant as it wasH@y since
NO; was already scarce. When the growth rate was aeetleand increased by
50%, RMSEs for PQwere 0.1642 and 0.1173. For nitrate these valus® w
0.0721 and 0.0597, respectively. This showed tmatchange in NQand PQ
concentrations were more pronounced when the groatéhwas decreased rather
than increasing it. When the maximum growth rats decreased by 50%, PO

concentration increased from 0.38 mg/L to 0.51 mg/L

The DO profiles obtained for different phytoplankigrowth rates are depicted
in Figure 4.33. Average DO concentration incredseah 8.6 mg/L for the base
case to 8.8 mg/L for 50% increase in growth ratdieWthe growth rate was
decreased and increased by 50%, RMSEs for DO w&25D and 0.4070,
respectively. These results show that phytoplanktarimum growth rate is one
of the important parameters that affect the comainhs of the water quality

parameters for this system.
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Figure 4. 33Effect of Phytoplankton Maximum Growth Rate on DdD f
Segment 2

4.3.3 Sensitivity on the Phytoplankton Nitrogen to Carbon Ratio

In WASP, the phytoplankton biomass is expresseth@sChl-a concentration.
Using either a fixed or variable carbon to Chl-achrenism, phytoplankton Chl-a
is computed. Internal concentrations of phytoplankt nitrogen and
phytoplankton phosphorus are calculated from ther-sgecified nitrogen to
carbon (N/C) and phosphorus to carbon (P/C) r§tésol et al., 2001).

In this sense, phytoplankton N/C ratio was modifigct25% and +50% to see
its impact on the water quality parameters. As pplgnkton grew, dissolved
inorganic nitrogen is taken up and incorporated thie biomass. For every mg
of phytoplankton carbon produced, inorganic nitrogeas consumed by N/C
ratio (Wool et al., 2001). Figure 4.34 illustratést when N/C decreases, the
amount of inorganic nitrogen taken up by the phigtokton decreases and, as a

result, nitrate concentration increases in theesystChl-a concentration in the
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water column increases upon the decline in the M/ABe phytoplankton (Figure
4.35). This is due to the limited nitrogen spediedhe system at least for a
portion of the simulation time. Since there is atamce of phosphorus,
decreasing the required nitrogen content for grogittes rise to production.
When the phytoplankton N/C ratio was decreasedrardased by 50%, RMSEs
for Chl-a concentrations were 11.8088 and 6.0Gfeetively.
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Figure 4. 34Effect of Phytoplankton N/C ratio on N@r Segment 2

Raise in phytoplankton concentration as a resuliecfine in N/C ratio improved
the DO concentrations as depicted in Figure 4.36wévVer, this in turn,
decreased the R@oncentrations as a result of phytoplankton upt@kgure
4.37). Average P©Oconcentration for Segment 2 decreased from 0.3& g
0.25 mg/L after N/C ratio was reduced by 50%. RMSé&s PQ, for 50%
reduction and 50% increase in N/C ratio were 0.184d 0.1007, respectively.
Results showed that phytoplankton N/C ratio hadgaifscant effect especially

on Chl-a and nutrient concentrations.
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Figure 4. 35Effect of Phytoplankton N/C ratio on Chl-a for Semmh?2
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Figure 4. 36Effect of Phytoplankton N/C ratio on DO for Segmant
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Figure 4. 37Effect of Phytoplankton N/C ratio on R@r Segment 2

4.3.4 Sensitivity on Fraction of Phytoplankton Death RecycledotOrganic

Nitrogen

The fraction of dead and respired phytoplanktorogién that is recycled to the
organic nitrogen pool can be specified in EUTROe Efffect of this constant on
the system was analyzed by decreasing and incgettgnconstant by 25% and
50%. As given in Figure 4.38, increase in \fdncentration was observed when
the fraction of phytoplankton death recycled toamig nitrogen was decreased.
This situation can be attributed to the fact that,the model, fraction of
phytoplankton nitrogen recycled to inorganic nigogincreases when the
fraction of phytoplankton death recycled to orgamdrogen decreases.
Therefore, Chl-a concentrations increased as iIN€eased in the system as can
be seen in Figure 4.39. For this case, as a reksefthanced production, decrease
in PQy concentrations (Figure 4.40) and increase in D@ufe 4.41) were
observed as the fraction of phytoplankton deatlialed to organic nitrogen was
reduced. The change in NOPQ,, Chl-a and DO concentrations with respect to
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base case were more obvious when the growth radedeereased. RMSEs for
PO, for 50% reduction and 50% increase in fractionpbftoplankton death
recycled to ON were 0.1801 and 0.1142, respectiwlyen 50% reduction and
50% increase were applied in recycle ratio, RMS&sGhl-a concentrations
were 10.2937 and 6.0820, respectively. For the szases in order, RMSEs for
NOj3 concentrations were 0.0275 and 0.0141, respegtivel
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Figure 4. 38Effect of Fraction of Phytoplankton Death Recydedrganic
Nitrogen on NQ for Segment 2
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Figure 4. 41Effect of Fraction of Phytoplankton Death Recyded®rganic
Nitrogen on DO for Segment 2

4.3.5 Sensitivity on the Sediment Oxygen Demand

The concentrations of oxygen in the overlying wsteran be affected
significantly by the decomposition of organic makrin benthic sediment
(Wool et. al., 2001). In general, sediment oxygeemdnd (SOD) can be
determined by sediment analysis in laboratory, ié¢ sr through model
calibration (Muhammetdu, 1998). As discussed before, in this study, tata
were available to account for benthic activitiestba water quality of the lake.
Therefore, a typical SOD value was selected fraardture (Wool et al., 2001)
and defined as a uniform average value of 1.5.gy for the lake. In order to
examine the impact of this assumption, a sengitatalysis was performed on
SOD by modifying the quantity used in the model #86% and +50%. The
results are depicted in Figure 4.42. Average DOceantration for Segment 2
changed from the base value of 8.60 mg/L to 8.3B8.n®)07 mg/L, 8.86 mg/L,
and 9.12 mg/L for the adjustments of +25%, +50%5%2 and -50%,
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respectively. As SOD is decreased and increaseiD#y, RMSEs for DO were
0.5624 and 0.5622, respectively. These values lase ¢0 RMSE value when
phytoplankton maximum growth rate was decrease89g. Although SOD is
an important parameter for DO levels, RMSE ressiitsw that its impact was
not significantly more than the uncertainties imekic constants. This is
probably due to the wind-driven reaeration. Howevér is clear that

determination of site specific SOD values are intgoarto obtain better results.
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Figure 4. 42Effect of Sediment Oxygen Demand on DO for Segr@ent

4.3.6 Sensitivity on the Wind Speed

One of the important constituents in the modelissalved oxygen which has
many complex reactions with all the other paransetbtain mechanism which
affects DO is reaeration. Reaeration rate coefitatan be calculated using flow-
induced or wind-induced rates (Muhammétp 1998). In this study, wind-

induced rate was used. Wind speeds were decreadaedaeased by 50% to see
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the effect of change of reaeration rate on DO (figd.43). Average DO

concentration for Segment 2 changed from the bakes\of 8.60 mg/L to 9.14
mg/L and 7.38 mg/L for the adjustments of +50% &b, respectively. When
wind speed was decreased by 50%, RMSE for DO ameen?2 is 1.4943 which

is the highest RMSE for DO compared to other exanmhiconstants. This result
shows that wind speed is the most effective paramat DO concentration for
this system. Some variations between predictiond abservations were
observed during calibration and verification. Thediscrepancies can be
minimized with better wind data collection. In tisizidy, wind data was supplied
from Bursa Meteorological Station which does nomptetely describe wind

conditions at the site.
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Figure 4. 43Effect of Wind Speed on DO for Segment 2
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4.4 Impact of Management Scenarios on the Water Quality of thieake

Water quality models are widely used in the woddihderstand and predict the
water quality responses to natural phenomena, tpmilistresses and remedial
activity. The model used in this study is proven gmduce fairly good
predictions under different environmental condiigparticularly for N@ and
PQ,, as presented in the calibration and verificastages. Therefore, it can be
concluded that, at least for these parameters whieh very important in
determination of the productivity and thereforerephic state of the lake, the

model can be used to assess the impact of differanagement scenarios.

The management scenarios are based on limitingltbephorus species. This is
the preferred approach in eutrophication controicsi options related with

nitrogen limitation cannot avoid the productionnitrogen fixing algae such as
the blue-green ones. Most of the scenarios aredb@sa previous study (Bulut,
2005) that determined the phosphorus loads and $loeirces reaching to the
lake. In that study, various scenarios were andlypereduce the phopshorus
loads originating at the watershed scale. In thiglys the impact of those
reductions on the water quality of the lake wasestigated. Results were
compared to the ones obtained following the cdiibnaand verification of the

model, which is referred to as the base case.

4.4.1 Sediment Dredging

If there is a sediment layer which acts as a mitseurce for the lake, sediment
dredging can be a method to decrease the nutripats from the sediment layer
to the overlying water column (Muhammeli, 1998). Besides minimizing the

sediment-oriented nutrient loads, sediment dredgeng aid in the removal of

SOD.
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Sediment dredging was applied for a simulation querirom 01.01.2000 to
01.01.2001 by removing phosphorus benthic flux 8D for this study. The
model results for DO, NYPO, and Chl-a are presented in Figure 4.44. With the
application of dredging, significant improvementsaattained in the DO values.
Especially, for the conditions set by the fall anthter of 2001, significant
improvement was observed. While the average andntiemum of DO
concentrations in Segment 2 throughout the simarigpieriod for the base case
was 8.6 mg/L and 5.9 mg/L, respectively, these emlwere 9.6 mg/L and 7.6
mg/L, respectively, following the sediment dredgiRIMSE for DO at segment2
due to sediment dredging is 1.3116. According ts tasult, sediment dredging

is important in terms of DO parameter.

Depending on the reduction of algal biomass asaltref nutrient reduction, the
average N@ concentration was slightly reduced as well. Therage nitrate
concentration in Segment 2 decreased from 0.15 mg/l0.13 mg/L after
sediment dredging. RMSE for NGt segment 2 is 0.0727. Quantity of death
phytoplankton recycled to organic nitrogen decrdadige to low phytoplankton
concentration. This caused decrease both ig &td NQ concentrations because
of diminished mineralization. Consequently, seditranedging was also helpful

to reduce N@concentration in the lake.

The average PQroncentration in Segment 2 decreased from 0.38 hog0.13

mg/L. Similarly, the minimum concentration chandeain 0.03 mg/L to 0.0038
mg/L and the maximum concentration altered fromd0nTg/L to 0.61 mg/L.
RMSE for PQ at segment 2 is 0.2902. Results show that sedidredging has

enormous impact on R@oncentrations.
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Chl-a values were declined due to the reductiomarily in PQ and NQ

concentrations. While the average Chl-a concepftrator the base case was
24.41 g/L, it was 13.09 g/L after the application of sediment dredging. RBMS
for Chl-a at segment 2 is 15.6911. Figure 4.44 gbthat the decrease in Chl-a

was mainly as a consequence oi;P€&luction by sediment dredging.

Sediment dredging may not be a feasible actionake tsince the lake is a
RAMSAR site and dredging may have a negative impawtthe fishing
activities. However, it is a fact that the depthtbé lake is declining due to
sediment transport. Therefore, in future, dredging be an alternative at least
when applied partially. This study indicated theportance of loads arising from
the sediment in terms of the protection of the waaality of the lake. As a

result, at least any further sediment load to &éke khould be prevented.

4.4.2 Control of Phosphorus Load from Agricultural Sites Aroundthe Lake

The fertilizer applied on agricultural sites ovle twatershed area was another
source of nutrients for the Uluabat Lake. Whenah®unt of fertilizer applied
on agricultural sites were decreased by 20%, 30805886, soluble phosphorus
load (SOLP) to the Lake Uluabat decreased by abdf, 9.7% and 16.2%,
respectively (Bulut, 2005).

When SOLP load to Lake Uluabat was decreased byta®é&%, 9.7% and
16.2%, PQ concentrations in the lake decreased with resfmetiase case as
depicted in Figure 4.45. When the reduction in SOldad increases,
orthophosphate concentration decreases in the ak®n SOLP load to the
Lake Uluabat decreased by about 6.5%, 9.7% and %6.2average
orthophosphate concentration decreased from 0.3& oy 0.35 mg/L, 0.34
mg/L and 0.31 mg/L, respectively. When SOLP loadthe Lake Uluabat
decreased by about 6.5%, 9.7% and 16.2%, RMSHE3(pwere 0.0319, 0.0476

and 0.0793, respectivelfhere was no notably impact of mentioned SOLP load
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reductions on other water quality parameters oéragt. For example, the
average Chl-a concentrations were 24gA_ for no SOLP reduction, 24.3y/L

for 6.5% SOLP reduction, 24.3)/L for 9.7% SOLP reduction and 24.8/L for
16.2% SOLP reduction. Additionally, respective RMS&r Chl-a, NQ and DO

at segment2 were 0.2517, 0.0005, 0.0142 for 6.5%PSduction, 0.4072,
0.007, 0.0233 for 9.7% SOLP reduction and 0.772001b, 0.0446 for 16.2%
SOLP reduction. The average DO and j\s@ncentrations were 8.6 and 0.15
mg/L, respectively, for the base case and fertilizgage reduction scenarios.
Therefore, for the conditions studied, reducingah®unt of fertilizer applied on
agricultural fields around the lake did not havegnificant impact on the water

guality parameters despite the reduced in laked®@centrations.
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Figure 4. 45Effect of reduction in fertilizer application orfOf concentrations in
Segment 2 (simulation period: 01.01.2000-01.01.2001
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4.4.3 Sediment Dredging and Phosphorus Control from Agricultual Sites

In order to test the synergistic impact of botHilieer application reduction and
sediment dredging, scenarios applied in Sectiofs /and 4.4.2. The resulting
water quality profiles for DO, PO NO; and Chl-a are given in Figures 4.46,
4.47, 4.48, and 4.49, respectively. As can be ekserfrom these figures,
fertilizer reduction on top of sediment dredginggisily improved the results
obtained for sediment dredging alone. The impacs waainly on the PO
concentrations. Average R@oncentration in Segment 2 was reduced from the
base value of 0.38 mg/L to 0.12 mg/L, 0.11 mg/l100mg/L by sediment
dredging and 6.5%, 9.7%, 16.2% SOLP reductionspecssely. With only
sediment dredging, this value was 0.13 mg/L. Resme&®MSEs for DO, PQ
NO; and Chl-a at segment 2 were 1.3038, 0.3010, 0,0¥Y3@576 for 6.5%
SOLP reduction and sediment dredging, 1.2995, 3080733, 15.9483 for
9.7% SOLP reduction and sediment dredging and 8,2903179, 0.0744,
16.1607 for 16.2% SOLP reduction and sediment dngdg
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Figure 4. 46Effect of sediment dredging and phosphorus coffitooh
agricultural sites on DO for Segment 2
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Figure 4. 47Effect of sediment dredging and phosphorus coffitooh
agricultural sites on P&or Segment 2
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Figure 4. 48Effect of sediment dredging and phosphorus coffitooh
agricultural sites on N&or Segment 2
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Figure 4. 49Effect of sediment dredging and phosphorus coffitooh
agricultural sites on Chl-a for Segment 2

4.4.4 Buffer Zone Application

In the study of Bulut (2005) the agricultural lasds on the areas surrounding
the Lake Uluabat were removed and set with landfisange-grasses to create a
buffer zone around the lake. This approach resuhe@l0% reduction in the
overall SOLP amount transported to the lake. Sitalawas performed that
reflected this decrease in the total load enteirtipe lake in order to analyze the

impact of this option on the water quality of thke.

According to the output of the model, the only oetible effect of buffer zone
was observed on R@oncentrations in the lake (Figure 4.50). With budfer
zone around the lake, the average, BGncentration was decreased from 0.38
mg/L to 0.33 mg/L in Segment 2 for the simulatioaeripd. The maximum
concentration decreased from 0.74 mg/L to 0.67 mgte impact on other

parameters was minimal. While the average Chl-a@&oimation in Segment 2
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was altered from 24.4¢g/L to 24.3 ¢/L due to phosphorus reduction, no
noticeable change was observed in DO and; Blihcentrations. When buffer
zone was applied, RMSEs for DO, PONO; and Chl-a at segment2 were
0.0242, 0.0490, 0.0008 and 0.4226, respectively}coAding to these results,

buffer zone application alone is not sufficienirtgprove the water quality of the

lake.
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Figure 4. 50Effect of buffer zone around Uluabat Lake orny® Segment 2

4.4.5 Control of Phosphorus Coming from Emet and Orhaneli Stream

The pollutant loads originating from the Emet andh@eli Streams are carried
through the Mustafakemalpasa Stream and reachdabetdake. When the
phosphorus load coming from Emet and Orhaneli 8tsewas decreased by
20%, 30% and 50%, SOLP load to Lake Uluabat thrahghMustafakemalpasa
Stream was decreased by about 11.2%, 16.8% an&284$pectively (Bulut,
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2005). This scenario was employed to see the effeghosphorus control in
Emet and Orhaneli watersheds on the progressiameofwater quality in the

lake. Results are given below.

As depicted in Figure 4.51, the average,BGncentration in Segment 2 for the
period of simulation was reduced from 0.38 mg/l0183 mg/L, 0.30 mg/L, and
0.25 mg/L with the decline in SOLP coming from Eraatl Orhaneli Streams by
11.2%, 16.8%, and 28.4%, respectively. Compardgdaahange in PQimpact
of phosphorus load reduction arising from Emet @mbaneli Streams on DO,
NOs; and Chl-a were marginal as shown in Figures 4483, and 4.54,
respectively. Respective RMSEs for OO0, NG; and Chl-a at segment2 were
0.0549, 0.0279, 0.0009, 0.4859 for 11.2% SOLP reolc 0.0822, 0.0467,
0.0015, 0.8101 for 16.8% SOLP reduction and 0.1831918, 0.0034, 1.6561
for 28.4% SOLP reduction.
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Figure 4. 51Effect of phosphorus load reduction from Emet @mdaneli
watersheds on POn Segment 2
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Figure 4. 54Effect of phosphorus load reduction from Emet @ndaneli
watersheds on Chl-a in Segment 2

4.4.6 Combination of Different Management Options

In this section the overall impact of a number cdnagement options were
considered. As in the study of Bulut (2005), the@dtural activities around the
lake were replaced by range-grasses type landustorio a buffer zone,
phosphorus loads from the MustafakemadpBistrict sewage system and Emet
and Orhaneli Watersheds were decreased by 50%ditian, 50% decrease was
considered in the fertilizer usage through the cadpural lands. This scenario
resulted in about 48% reduction in the overall SObRd to Lake Uluabat

(Bulut, 2005). On top of this, sediment dredgings\agplied.

According to the simulation results based on thevabscenario, significant
improvement was attainable in the water qualityhef lake. Figures 4.55, 4.56,
4.57, and 4.58 depict the profiles for POO;, DO and Chl-a, respectively. In

these figures results for the base case, combinadagement options and
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sediment dredging alone are shown. In previousass) sediment dredging
had the most significant impact on the water qualitherefore, the results for

this scenario are depicted for comparison purposes.
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Figure 4. 55Effect of combined methods on PO
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Figure 4. 58Effect of combined methods on Chl-a

As seen in Figure 4.55, combined methods for stredsiction in the lake
resulted in significant POreduction in the lake. Average orthophosphate
concentration is decreased significantly. The ayer&Q concentration in
Segment 2 reduced from the base value of 0.38 oy.05 mg/L. This value
was 0.13 mg/L when sediment dredging was employaakea Therefore, in this
case, supporting the dredging with other methodk an@ositive impact on the

decline of PQconcentrations.

Following the reduction in PQ algal production was minimized in relative to
the base case (Figure 4.58). The average Chl-aentmation was reduced from
24.4 ¢g/L to 10.7 ¢g/L in Segment 2. As a result of reduction in &lga
production, NQ@ concentrations were decreased as well (Figure)4/&&rage
nitrate concentration in Segment 2 was 0.154 mgiis is higher than the value
(0.13 g/L) for the case when only sediment dredging igliad. This may be

due to the shift in the limiting nutrient as a fésfireduced P@concentrations.
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Depending on the better quality conditions in thieel DO concentrations were
impacted as well (Figure 4.57). The average DO epotation for the base case
was 8.6 mg/L. This value boosted up to 9.5 mg/L wwbembined methods were
applied. As a result, in overall, combined methodas had a very positive
impact on the quality of the lake. When combinedhod was applied, RMSEs
for PQ,, NO;, DO and Chl-a were 0.3740, 0.0878, 1.2488 and 2427

respectively.

The concentrations reached by the combined metheele analyzed with
respect to the Water Pollution Control Regulatiom ipto force by the Ministry
of Environment and Forestry. The average DO ang Bi@centrations at the
end of the simulation period satisfied the Classrileria. The average RO
concentration met the requirement set by Clagsdheral Trophic Classification
of Lakes and Reservoirs (Wetzel, 2001) was takemdonsideration in order to
evaluate the trophic state of the lake based oravieeage Chl-a concentration.
According to this comparison, the lake was at tlhedér of mesotropic and

eutrophic range.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In this study, the water quality of Uluabat Lakeswsimulated by using Water
Quality Analysis Simulation Program (WASP Versior2)7 Data used in this
study was composed of meteorological data, flowadatater quality data
belonging to segments and boundaries, segmentpiepand bathymetry of the
lake. After model input setup, calibration and freation of WASP was

performed for dissolved oxygen (DO), chlorophyl(@hl-a), ortho-phosphate
(POs-P) and nitrate (N®N). An acceptable similarity was generally obtaine
between the predicted and observed water qualites&or both calibration and
verification. Some mismatches of the model DO prtealis in verification may

be due to the wind driven reaeration option usethis study. Another reason
can be underestimation of SOD. As a result, SOulshbe evaluated well and
in-situ  measurements or lab experiments should beducted for the

improvement of model predictions. In verificatioropess, it was not possible to
capture the increase in the Chl-a concentratiotsarsummer of 1999. This can
be attributed to the limitation of phytoplanktonogth due to lacking of

nitrogen. In this system, nitrogen fixation by dlgapecies can be

underestimated.

Following the calibration and verification of theodel, sensitivity analysis was
performed on the model outputs. As a result ofseesitivity analysis, dissolved
organic nitrogen mineralization rate, phytoplanktoraximum growth rate,
phytoplankton nitrogen to carbon ratio, fractionpbiytoplankton death recycled
to organic nitrogen are the relatively higher seévesi parameters for water
quality parameters interest.
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Following the sensitivity analysis, the impact dffetent management scenarios
on water quality conditions for the lake was assésBor this purpose, sediment
dredging, control of phosphorus load from agriaatsites around the lake, the
synergistic impact of both fertilizer applicatioeduction and sediment dredging,
buffer zone application on the agricultural areasainding the Lake Uluabat,
control of phosphorus coming from Emet and Orhasteams and overall
impact of already mentioned scenarios on water ityuaf the lake was
evaluated. According to results of management stEnasediment dredging
alone had the most significant impact on the wajaality. Furthermore,
supporting the dredging with other methods hadsitige impact on the decline
of PQ; and Chl-a concentrations in the lake. Howeverjnsedt dredging can
damage the biodiversity in the sediment and casecaepletion of fish in the
lake. Fishery is an important economic supply fesidents around the lake.
Therefore, it is necessary to take public opini@garding environmental
problems and to solve them.

Subsequent to sensitivity analysis, the water ualiatus of Uluabat Lake in
2005 was determined by using monitoring data obthiinom field work. Then,

the progression of the general trophic status efldke and the limiting nutrient
for the system within years was evaluated. Reshitsv that different nutrients
became limiting in Lake Uluabat for different yeatsa 2000, the lake was
nitrogen limited. Beginning by 2002, the limitingtnent shifted to phosphorus.
This can be due to implementation of the Lake b&taManagement Plan
conducted between 1998 and 2002 by the Turkish9#inof Environment and

Forestry and Association for the Protection of MaiDHKD).

In lake restoration, it should be noted that whigrenutrient may be a limiting
factor or has driven the process, the algal grogah be reduced by severely
restricting the supply of only one of them. It iswever, far easier to control

phosphorus in external sources than nitrogen duts tow solubility and high
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settling rate. In a lake receiving nutrients fompgears, a much greater build up
phosphorus is expected than nitrogen due to redefrsen sediments. Then
practical solution is to attempt nutrient contripstf through phosphorus control
(Celtemen, 1998). Main sources of phosphorus inabti Lake are fertilizers
used in farmlands around the lake and industriatidirges. To improve the
water quality in the lake, amount of nitrogen amdgphorus coming to the lake
should be reduced. For this purpose, applicatiorsahe measures such as
changes in agricultural practices, prevention exdedilizer use by establishing
farmer-training programs and control of direct et discharges from industrial
facilities are necessary. However, a managemeategly in a watershed scale is
essential for control of P load to the lake. Altgbuagricultural activities may
have great impact on the pollution of the lakeeottoint and non-point sources

should be considered as well (Bulut, 2005).

In conclusion, sediment dredging alone is the neffgictive alternative among
the ones analyzed in this study for the conditicossidered. In order to improve
the water quality of the lake stated by oligotraphilass a number of
management alternatives may be necessary in additisediment dredging and
mentioned other managements. However, it shoulchdied that it was not
possible to include the nitrogen fixing algae aediment reactions in the model.
So, the results obtained in this study are baseth@rconditions considered or
assumed. But, on the average, it is deemed thatefaults have been obtained

especially for the nutrient concentrations.

5.2 Recommendations

In the model application of Lake Uluabat, a wateraldy network of 5
horizontal main segments and two layers (a totalbsegments) was adopted.
Benthic segments at the bottom merely acted aseeotent sink for settling of
organic matter. Model calculations within this segmwere ignored by using
the intermediate eutrophication kinetics in WASP o 2001) due to the
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insufficient data to simulate the benthic procesksvever, sediment layer and
the interactions of the layer with the overlyingteracolumn is an important part
in the model setup for DO process, nutrient cychsd algal growth.
Determination of site specific sediment charactiesssuch as sediment oxygen
demand, benthic nutrient fluxes, deposition andakgpt of nutrients are
recommended to be determined either in situ oabotatory for better model
predictions (Muhammetdu, 1998).

The model could predict generally DO constituentsll.wHowever, some
mismatches were observed in verification. This mgancy is due to wind
driven reaeration process. Wind is a very imporgarameter for DO reaeration
process especially in shallow lakes. Wind velositbange widely depending on
space and time. For this reason, wind data at §letdild be collected at the same
time with all the water quality field measurememds obtain more accurate

predictions.

In this study, simulations were performed with lied data. Therefore, more
detailed water quality monitoring in Lake Uluabangprovide more data to the
model. By this way, more precise results can bainbtl and better management

practices can be developed for Lake Uluabat.
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