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Environmental Component:

-the environmental risk imposed by meteorology contributing to “environment
disaster condition” versus improvement/rebuilt of WWTP in the area,;

- sewage system and landfills improvement versus improvement/ rebuild of WWTP

Economic component:

How the deterioration of the Varna beach coastal area (WQ) will influence the tourist
economy (tourist visits reduction/recreational demand)—-economic losses/ investment
cost for reaching/maintaining “good” WQ

Social component:

Public perception/demand (aesthetic value,
willingness to pay for WQ
iImprovement/’good” ecological status
maintenance
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Eleonora Racheva, Snejana Moncheva- Institute of Oceanology, Varna
Lyudmila Kamburska- JRC, Ispra
Thomas Hopkins- IACM, CNR, Naples
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MAIN GOAL

How to maintain a good quality of bathing waters in Varna Bay?

Scenarios:

* Comparative assessment (quantification) of the environmental risk
imposed by meteorology contributing to “environment disaster condition”
versus improvement/rebuilt of WWTP in the area;

* Comparative assessment of Sewage System and landfills (rain storage
facilities) improvement versus improvement/rebuild of WWTP

The scenarios should distinguish environmental risk factor that will drive the system by
Including it in an “urban waste water metabolism “component
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To determine the influence of the WWTP nutrient loads along the
resorts (during the high season) over the quality of the marine
environment;

To answer the question if the primary productivity is driven by the
excess of nutrients directly released in the system from WWTPs
(frequency and duration of blooms), and if so, how much the
reconstruction of the WWTP along the resorts, through reduction
of nutrient loads, will contribute to improvement of the water
quality- reducing phytoplankton blooms and related to it the
Secchi depth variability;

To estimate the contribution of TSS loads from land based flow,
mainly after storm/rain to the decrease of the water transparency
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NET INCOME BY SECTORS -VARNA DISTRICT

ildi 0)
Building sector 6 % others 3 %

Transport,
communications
14 %
Tourism and
trade
0]
Industry 16 % 61 %
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BOX 2 - nutrients load from the Provadiiska-Beloslav "']'30)( 1 land based loads (mainly from
lake-Varna lake (chemical industry and the Varna city : Ps point sources) and non -point
WWTP located in the Varna lake area) is represented by sources (land based flow, mainly after

the indirect input through the channels. The storm/rain and the untreated domestic
approximations here are that the two layers in VL are aste-waters from households and

mixed, but a salinity gradient persists because of the activities not connected to the Sewage
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Forcing data Fresh-water Circulation Salt Budget Vertical
inputs balance Exchange diffusion

Nitrogen Oxygen Sediment Suspended

and solids
regeneration

budget budget

Light Primary Zooplankton
production

- e e - - = v
= = = = % Primary feedbacks SECCHI DEPT HSQNOLIG

» Mass fluxes COMPONENT
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The model is driven by meteorological data inputs, light regime
conditions, volume and salinity exchange with Varna lake (Sub-model),
Open Black Sea, Coastal current (wind stress).

Salinity results from the Varna lake model are used to drive the exchange
with Varna Bay

The land runoff and Nutrient loadings are calculated using available
observations of these and the Varna lake input is directly imposed as
measured values from the channel (Varna Bay-Varna Lake).

The modeled values of the phytoplankton community (2 phytoplankton
groups) are compared with observed data for the period 2001.
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FORCING DATA INPUTS:
Temp. air; Humidity; Temp. water; wind speed; Rain; Salinity_in from Varna
bay.

FRESHWATER BALANCE:

The freshwater balance represents the sum of the rain on Varna Lake surface,
the land runoff, and the evaporation from the surface. The evaporation is
calculated using the water-vapor pressure and temperature differences, and
the surface wind. The runoff is estimated.

Value

R T (m3 / d) 3950537 e L
Lake Watershed Runoff (m3/d) >

Lake Local Runoff (m3/d) R |

Peripheral land runoff (m3/d) e

FRESH WATER BALANCE o —re ™ o
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An approximation of the Thermohaline Exchange Method (TEM, Hopkins,1999)
is used to derive the formulas used in this panel. The exchange can be
expressed as a draining relation in which the inter-basin pressure gradients
determine the exchange, i.e. the exchange is proportional to the force that
creates it

* A diffusion parameter controls
Plotter I/O the salinity difference between
the layers.

* A constant parameter (alpha)
controls the speed of the
thermohaline circulation, which

A acts to bring in more salt.
0 9125 %ﬁﬁf 213.15 5 e A adjustment parameter
— FWin_chan vl == FWout_chan vl == Vin_vl (FWfrac) controls the amount of
= Vout V| freshwater entering the system.
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The total salt in the surface and bottom layers are calculated by keeping a
running account of the amount of salt brought in to the bottom layer, that

diffused up to the upper layer.

Value
0 Plotter I/O
Bottom salinity
13.93281 (promiles)
12.86561
Surface salinity
11.79842 (promiles)
10.73122
0 91.25 182.5 273.75 365
Time
s SSUI_VI = Shot vl - (Green
- Black
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FORCING DATA INPUTS:
Temp. air; Humidity; Temp. water; wind speed; wind direction; Rain;
Salinity_in from Varna lake.

FRESHWATER BALANCE:

The freshwater balance represents the sum of the rain on Varna Bay
surface, the land runoff, and the evaporation from the surface. The
evaporation is calculated using the water-vapor pressure and
temperature differences, and the surface wind. The runoff is estimated.

Precipitation on Varna Bay, Varna Lake Runoff, Land Surface Runoff
Varna Bay, WWTPs discharge (m3/ daw) s v

316,13 77—

271031.3

180687.5

90343.76

0

0 91.25 182.5 273.75 365
Time
Y2 Qpr = Y2 Qlake —_— Y2 Qws_sr
— QWWTPdis
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Based on the Fresh Water Exchange with Varna Lake, Fresh Water

Exchange with open Black Sea, Fresh Water Exchange with Coastal
Current

Value
1742599

Plotter 1/O

1300967

859335.7

417704.2

-23927.23
0 91.25 182.5 273.75 365
Time
e V1N = \/OUL_toOt m— F\WiN
- Black
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Here the air temperature is compared with a polynomial smoothed version of
the same air temperature. Days with colder anomalies are attributed as coming
from the north and warmer ones from the south. The humidity is only used to
indicate the east-west orientation of the wind. The NE quadrant is cooler and
wetter, the SE is warmer and wetter, the SW is warmer and drier, and the NW
is cooler and drier.

Strongest winds from the northeast and northwest

alue

Plotter I/O
5 . - . . . . » . . - . . » . . . . e e s » L . L . . . . R —
4.083333
3.166667
225 !
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Calculated the same manner as the one for the Varna lake submodel

Value
Plotter I/O
18.854 . —
- !
18.036p% — 1
17.626p7

'0 30.41667 60.83333 91.25 121.6667 152.0833 182.5 212.9167 243.3333 273.75 304.1667 334.5833 365
Time

Bottom salinity (promilles)-calculated values
Bottom salinity (promilles)-measured values

Surface salinity (promilles)-calculated values
Surface salinity (promilles)-measured values
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The oxygen is modeled because hypoxia is considered a key indicator of
eutrophication. The available observations correspond to the modeled values,
so that the oxygen budget remains within reasonable bounds.

Plotter I/O

0.01391076

Surface layer- the main
sources are the Coneces |
photosynthetic production ooresor |
and the atmospheric input, oouows |
OxyInfromBS, and pomerEn
adjectively entrained Soososrans |
bottom water; and the o.008250252 |
sinks are those of ooorsazess |
respiration R
(phytoplankton) and of

diffusive loss to the i oo e e Tine e e e *
bottom layer.

0.01320319 |

0.009665378 |

0.006127563 |

0.00542

Dissolved Oxygen kg/m3
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In constructing the budget, it is assumed that only the nitrogen stored in the top
layer is available for photosynthesis and that not all of this nitrogen is immediately
available for primary production. The budget has not yet been calibrated expecting
changes in the phytoplankton component and TSS component.

The surface layer inputs- from the atmospheric deposition, the land runoff, the
WWTPs discharges, Varna lake discharge, and from the bottom layer, via
entrainment and diffusion processes. The surface layer loses- phytoplankton uptake,
advective outflow, and sinking to through the pycnocline.

Value Y2
Plotter 1/0O
0.04572499 ———

0.04033438
0.03494376
0.02955314
0.02416252
0.01877191

0.01338129

0.007990671

0.002600053

219 255.5 292 328.5 365
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0.00co60
ooosz43 N load Varna Bay
0.0043
0.002257
0.000214 l—————————
0 Y1 QUtput 18255 273.75 365
Time Lookup Data
—— Y Output 16868
12766 Number of tourists
8664
4562
460
Value 122 5866 Plotter I/CQ 91.25 182.5 273-75 36
. T T T T T T T T T T T T T T T Time
9104218 kN load Surface-ared Qutput
61.29479
30.64739
0
91.25 1oZ.0 21(5.10 3060
’ Time
éP uct - Red - Green _ _ _
QKTHFMME:?C‘;:K Thessaloniki 20-21 October 2009 Science and Policy Integration for
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The bottom layer gains N from regeneration, advection, and it loses N to the

upper layer through the same entrainment and diffusion processes and
through burial.

Value

0.1325391 _Peiler 1o

0.1194851

0.1064311

0.09337704

0.08032302

0.06726899

0.05421497

0.04116095

0.02810692 k . il —_———————— .

0 36.5 73 109.5 146 182.5 219 255.5 292 328.5
=== TOpN_conc = Y2 Nup_obs = BOtN_conc — Y2 Nbot_ok;gme

Nitrogen processes are formulated as follows:

e Entrainment, as an upwelled flux of bottom water;

 Diffusion, as proportional to the vertical N-gradient using the same coefficient as Salinity;

e Uptake, as the amount available up to the saturation value (associated with each of the two
phytoplankton classes);

 Sinking, calculated as a percent of the Biomass_total in the surface layer and the ratio of N: C biomass;
* Regeneration, as approximately equal to literature values ;

e Advection, as the flux of inflow or outflow times the N concentration;

e Sediment burial, as approximately equal to literature values for similar deposition rates;

* Denitrification, as approximately equal to literature values .

W
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Value
546.5154

409.8866

273.2577F

136.6289F

Inputs: ]
. 0 2 2 " " M 2 " " r " " 2 " 2 " 2 2 M
*Rain 0.5993432 46.22434 91.84934 137.4743 183.0993 2287243 274.3493 319.9743 365.5093
N Time
eWave helght — Divide — SS_kg — BIOMASS — TRANS_BIOMASS

*Wave period

* Concentration of suspended solids in storm water

* Concentration of suspended solids in river

* Area and depth (volume) of water being studied

*River flow

* Depth of water column

*Height above seabed used to determine re-suspension of sediment due to waves

* Diameter of seabed sediment

*Salinity of coastal water

The inputs are used to determine suspended solids caused by combined sewer overflow
(CSO) events and wave re-suspension of bottom sediment. It is currently assumed that
suspension of solids does not last longer than the end of each day.

Pad
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The current formulation includes two phytoplankton groups in order to
simulate their seasonal variations and the direct effect of phytoplankton
blooms over the water transparency. Each has a different growth curve defined
by different optimum light conditions and a separate nitrogen-growth curve.
Light values are from observed irradiance-light absorption is different for the
two groups

Value Y2
Plotter /O
0.741757
0.686257 0.9166667
0.630758: 0.8333333
0.5752584 0.75
0.519758! 0.6666667
e e LIGHT LIMITATION
0.408759 0.5
0.353260:. 0.4166667
0.297760! 0.3333333
0.242260 Valugly o5 ——
.330184
0.186761 0.166666
3027667
0.131261 0.083333
2753494
0.0757620! 0
0 45.625 91.25 136.875 182.5 228.125 273.75 319.375 66§479321
Time )
= N_limitation_dia === oVars — Y2 oVars = N_limitation_di... 0.2205148
0.1930975
NITROGEN LIMITATION
0.1382629

0.1108456

0.08342832
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Some formulation aspects:
* two taxonomic groups are considered: diatoms and dinoflagellates;
* each of the groups has a separate nitrogen-growth curve F(N) (Michaelis-
Menton) and function of light intensity F(I);
* all have the same coefficients for respiration=Kr but different for
mortality=Km and grazing=Kg;;
* each is exposed to a different grazing fraction of total grazers;
* all have different exponential growth curve, i.e. mu0_calc_dia,

alue

Plotter 1/O
A N o e o e e e e e B B e e e e

mu(0_calc_dino;

23709.31

* all have population dependent loss tering, 1.e.
PPloss=(PP)*(Kr+ Km)+ZP*PP*Kg —

14225.59

11854.6

Plotter I1/O 9483.724

45.625 91.25 136.875 228.125 273.75 319.375
Time

— Ui &@88145— N_limitation_dia == Y2 Diatoms — Dia_loss

38,683 4= 1 5165.72
182.5 273.75 365
Time
“grow == Dino_loss == Y2 Dinoflages === Dinoflagesl . - .
e Thessaloniki 20-21 October 2009 Science and Policy Integration for

COastal Systems Assessment
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Phytoplankton growth (mu) is function of light F(I), temperature F(T)
and dissolved nitrogen F(N):
mu=mu_max*f(I)*{(N)*f(T) where mu_max is the maximum daily growth
rate (d-1) (A. Chapelle et al. : Ecological Modelling 127 (2000))
E(I)=1/z I/lopt*e”(1-1/Iopt)*dz*dt
For I<Iopt and F(I)=1 for [>Iopt
[=Isur*e”™(KD*z)
KD-extinction coefficient dynamicaly calculated KD=1.4/secchi_depth
F(T)=e"kT*temp_water

Value PHYTO GROWTH (mu)

Plotter 1/0O
0. 20157 7 ] e —————— e ——

0.17638F

0.1511829
0.1259857f
0.1007886
0.07559143

0.05039429

0.02519714F MW

45.625 91.25 136.875 182.5 228.125 273.75 319.375 365
Time
= mu0_calc_Dino = N_limitation_dia == Black
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Y2

value E - i, Plotter 1/C = T —
172040.1 T
157930.6} U c h o d 4326583.6
3 { [ o
O | smg CCh1 measure A
1297116 4269639.3 I_)h tO lanktOIl
1156021} 241167.1 y p
101492.6f — /7 \ ) R blomass
87383.06} \ 184222.8 K C b C
73273.55} 4155750.6 g aroon
s0164.04f Veorzrsa
4505453} 498806.24
30945.02} , 70334.07
16835.51 F 41861.89
2725.996 —t— B i e—————————— bl e 335071
0 45.625 91.25 136.875 182.5 319.375 365
Time
Value
158186.4 R
S — 145134.9 [ ° D
PP _Dia= o Using secchi calculdted
il i 3

0.22666735958070983 s}
=226 grCm-1y-1 ]

79877.75F

66826.32f

PP _Dino = e
0.38705210984634158 40723 44F

27672.01F

=387 gr Cm-1 y-1 uezos7)

355055.8

: 326981.6
| 298907.5
: 270833.3
. 242759.1
: 214684.9
. 186610.8
: 158536.6
. 130462.4
: 102388.2

74314.07

446239.89
1569.139 el [ [ I S I [ I e g 18165.72
0 91.25 136.875 182.5 228.125 273.75 319.375 365
Time

Pad
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In the current model the grazers are considered as a fixed population.
Grazing factors for the two groups of phytoplankton- after Temel Oguz
et.al. (Modeling the response of top-down control exerted by gelatinous carnivores
on the Black Sea pelagic food web, 2001)

Value Y2
Plotter 1/O
0.001392119 .

~— 1 [

0.00104408¢

0.000696059 0.5
0.000348029 0.25
0 0
0 91.25 182.5 273.75 365
Time

(' Science and Policy Integration for
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Relationship between phytoplankton biomass and TSS has been established
using General Regression Model (Factorial regression). The established relation
is used at each time step to calculate the secchi depth, and the resulting value is
used at the next time step for calculating the euphotic layer depth (depth at
which the incoming light is being integrated).

Zeu=1.4/Secchi_calc

Value
Plotter 1/0O

12.52842 r .‘
r euphotic

10.56381} layer depth

8.599209
6.634605

4.67

0 91.25 182.5 273.75 365

Time
SMTH FRAMEWORK Thessaloniki 20-21 October 2009
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Using secchi calculated

Value
7.962428

Secchi depth

7.149928

6.337428

5.524928

4.712428

3.899928

3.087428

2.274928

1.462428
0 60.83333 121.6667 182.5 243.3333 304.1667 365

Value .
Secchi depth

7.1875 Using secchi measured as forcing
6.375 function for Zeu

5.5625

4.75

3.9375

3.125

2.3125

1-5 L L 11 L 1
0 60.83333 121.6667 182.5 243.3333 304.1667 365
Time
— Secchi_calc — secchi_calc — Ssecchi_calc - SecchiMeasured
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Requirements for discharges from urban waste water treatment

plants to sensitive areas which are subject to eutrophication as
identified in EU DIRECTIVE 98/15/EO from 27.02.1998

N total -10 mg/1 or 70-80 % reduction
P total - 1 mg/l or 70-80 % reduction
(> 100 000 inhabitants)

Parameters by the technical manual for the reconstruction of WWTP Varna:

Inputs Mechanical
WWTP Varna: treatment:

10% 65 % 75 %

Bioreactors:

Pad
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e Tourists 2399368 =24 min. wongepe 12001
| About 10 days V151b111ty below 1.5 m '

6.375F

PP_Dia= 0.22666735958070983 = 226 gr C m-1 y-1
PP_Dino = 0.38705210984634158=~ 387 gr C m-1 y-1

5.5625F

4.75F

3.9375F
3.125§
2.3125f ﬁ
0 36.5 73 109.5 146 182.5 219 255.5 292 328.5 365
Time
=== Secchi_calc = secchi_calc = SecchiMeasured m Y

Ve edourists 2999 211= 3 mln, seconiaepn____ 12002
| 2 periods (10 and 20 days) V1$1b111ty below <1.5m |

PP_Dia= 0.22913201504600142 =229 gr C m-1 y-1
PP_Dino= 793795290318=418 gr C m-1 y-1 (30 gr CarbonC more)

5.08770¢
4.57517F

4.06264

3.55011%
3.03758%

2.52505¢

2.01252F
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Time
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Tourist 3 799 000= 4 mln.
50 days visibility below <1.5 M

Secchi depth

Value
5.555919

5.048929F

PP_Dia= 0.21817591404059028 =218 gr C m-1 y-1 (20 gr C increase )
PP_Dino= 0.46144748574333194~461 gr C m-1 y-1(43 gr C increase )

4.541939F
4.034949F
3.527959
3.020969

2.51398

2.00699F

0 36.5 73 109.5 146 182.5 219 255.5 292 328.5 365
Time
== secchi_calc = secchi_calc = secchi_calc — Y
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g SCENARIOS

Upgrade of the existing WWTP along the resorts, performed in the same manner
as currently undergoing for WWTP Varna, also included in the Municipality Action
Plan as a part of the National Plan for the Environment for 2007-2013, will lead to
improvement of the water quality- reducing the phytoplankton blooms and related
to it the Secchi depth variability.

If full denitrification of the nutrients discharged in Varna Bay system by WWTPs
along the resorts is being performed (reduction 75% of incoming concentrations),
decrease of water transparency will be in order of magnitude less even if tourists
figures are doubled; 2001 - 2.4 min. tourists —— 2005 - 4 mln. tourists

8 Secchi depth

7.1875f
6.375 F

5.5625 [

4.75F

3.9375 f

3.125

23125

15

0 36.5 73 109.5 146 182.5 219 255.5 292 328.5 365
Time
— secchi_calc - secchi_calc — secchi_calc —_—Y
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The result of such adequate treatment will lead to zero days with water
transparency less than 1.5 m.

This, along with the fact for which 65 % randomly selected people are
reported to be sensitive and will not to go swimming at the beach if the
water transparency is below 1.5 m, gives the necessary feedback to the
ecological component (e.g. Social component: Public perception/demand
(willingness to pay for WQ improvement/ good ecological status
maintenance- guestionnaire EC project Threshold )
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v The model adequately demonstrates the reaction of the
system on changes (increase and decrease) of nutrient
loads

v The relationships between reduction of nutrient loads
in Varna Bay and achievement of desired values of the
parameter Water Transparency have nonlinear pattern

v" Despite this fact, one can conclude that in the case of
general reduction of nutrient loads the model
sufficiently represents the improvement of water optical
characteristics (water clarity)
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% ottourist % tourists % tourists % tourists Total
coming for going to going to SPA beach TOURISTS
CASINOS Varna City activities

(gambling)

Distribution of different tourist groups (%)
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Net income by sectors -Varna district

Building sector 6 % |

others 3%

30% will not go to beaches if <2 m
65% will not go to beaches if <1.5m
90% will not go to beaches if <1 m

Transport,
communications
14 %

Tourism and
commerce
61 %

Industry 16 %

72 % are using Varna beach for BATHING

2% Min. Euro/year
(27 169 302)

Millions
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27 MIn. Eurolyear Income EU  Loss EU
(27 169 302) 5 868 569

65% affected -net income 16 410 259 10 759 044
90% affected -net income 9563595 17 605 708

Millions

o [ N w b ol (o)) ~ oo
\

—e— Euro 100%

—a— 30% affected
65% affected
90% affected

—¥%— Not affected at all
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We would like to cordially
acknowledge the contribution of
Prof. Tom Hopkins
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VARNA

Data concerns
- Still having troubles finding good met data
- iInadequate/poor/old socio-economic data
-Unable to verify the extent of urban runoff into
coastal water

Formulation concerns not sure how
-to express the coastal current contribution
(open sea/Varna Bay)

Extend Concerns

- need help on setting up the social analysis
- assistance in the methods for assessment of "aesthetic,
rehabilitation value"

- there are currently no direct feedbacks between the social
and economic components and the natural component
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