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DOLGOTRAJNA 3D SIMULACIJA TRANSPORTA IN DISPERZIJE
ZIVEGA SREBRA V TRZASKEM ZALIVU
LONG-TERM 3D SIMULATION OF THE TRANSPORT AND DISPERSION
OF MERCURY IN THE GULF OF TRIESTE

Dusan ZAGAR., Rudi RAJAR, Andrej SIRCA, Milena HORVAT, Matjaz CETINA

Za dolgotrajno simulacijo transporta in disperzije zZivega srebra v raztopljeni in na delce vezani
obliki smo dopolnili obstojeci tridimenzionalni matematicni model PCFLOW3D, s katerim je
mogoce upostevati gibanje vode zaradi vpliva vetra, plimovanja in gibalne kolicine rek, ki vtekajo v
zaliv ter stratifikacijo. Zbrani in prikazani so podatki o temperaturnih in slanostnih razmerah ter
vetru na obmocju Trzaskega zaliva. Ta se skupaj s podatki o pretoku, temperaturi ter vsebnosti
Zivega srebra v vodi in na delcih lebdecih plavin, ki dotekajo v zaliv s Soco, predstavljajo vhodne
podatke modela. Z izdelanim scenarijem za dolgotrajne simulacije, ki temelji na sezonsko
povprecnih vrednostih posameznih parametrov in z dodatnimi krajsimi vilozki mocnega vetra in
visokih pretokov Soce smo nadomestili dosedanji nacin simulacij s povprecnimi letnimi vrednostmi.
Za verifikacijo in umerjanje izpopol njenega modela smo uporabili meritve in opazovanja iz let 1995
— 1997. Ceprav nekateri kompleksni procesi pretvorb Zivega srebra Se niso povsem raziskani in jih
zato ni bilo mogoce upostevati pri simulacijah, je dosezeno kvalitativno dobro ujemanje rezultatov
in meritev. Kjer je bila mogoca kvantitativna primerjava, je ujemanje rezultatov v okviru faktorja
dve.

Klju¢ne besede: Zivo srebro, matematicno modeliranje, 3D model, Trzaski zaliv

An existing three-dimensional mathematical model PCFLOW3D was upgraded to simulate long-
term transport and the dispersion of mercury in its dissolved and particulate form. Hydrodynamics
due to wind, tidal forcing and river inflow momentum can be ssmulated, and stratified conditions
can be taken into account. Data on temperature and salinity fields and winds in the Gulf of Trieste,
Soca River discharges, suspended sediment concentrations and temperatures were collected and
interpreted. These data, together with measurements of mercury concentrations in the water,
suspended sediment, bottom sediment and pore waters in the Soca River and the Gulf of Trieste are
used as input for the model. A scenario for long-term simulations on the basis of seasonally
averaged parameters and a few shorter inserts of strong wind and high discharges of the Soca
River was developed as a substitute for simulations based on annual averaged input data.
Measurements and observation data from 1995 — 1997 were applied to verify and calibrate the
PCFLOW3D model. Although some complex mercury transformation processes are not well known
and were therefore not taken into account in the simulations, an acceptable qualitative agreement
of results and measurements was achieved. Whenever a quantitative comparison was possible, an
accordance of measured and computed results within a factor of two was attained.

K ey words. mercury, mathematical modelling, 3D model, Gulf of Trieste.
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1. UVOD

Trzaski zaliv, skrajni severovzhodni del
Severnega Jadrana, obsega obmocje v obsegu
25 x 30 km (slika 1). Povprecna globina znasa
okrog 16 m, v najglobljem delu pa doseze 25
m. Meritve v zalivu kazejo moc¢no povisane
koncentracije zivosrebrovih (Hg) spojin v
vodi, sedimentu in vodnih organizmih.
Koncentracije v haravnem zaledju so v vodi in
organizmih Trzaskega zaliva presezene za red,
v sedimentu pa celo za dva reda velikosti.
Obcasne anoksije v globljih plasteh zaliva
lahko pospeSijo proces metilacije Hg, ki v
metilirani obliki Skodljivo vpliva na celotno
prehransko verigo in s tem predvsem na
okolisko prebivalstvo. Raziskave dokazujejo,
da je glavni vir onesnazenja z zivim srebrom v
Trzaskem zalivu zdaj ze opusceni rudnik v
Idriji. V sedimentu in lebdecih plavinah Idrijce
in So¢e so koncentracije Hg Se vedno zelo
visoke, obe reki pa to zivo srebro odnaSata v
Trzaski zaliv.

1. INTRODUCTION

The Gulf of Trieste is situated in the eastern
part of the Northern Adriatic Sea. It covers an
area of about 25 x 30 km (Figure 1). The
average depth is about 16 m and reaches 25 m
in the central part. Recent measurements in the
Gulf have shown greatly increased mercury
(Hg) concentrations in the water, sediment and
some marine organisms. Concentrations in the
water and the biota were as much as an order
of magnitude higher, and concentrations in the
bottom sediment, even as much as two orders
higher than the corresponding natural
background values. Occasional anoxia at the
bottom of the Gulf may increase the
methylation of Hg; thus, there is a potential
impact on the humans living near the Gulf.
Recent studies have shown that the former
Idrija Mercury Mine, where mining was active
for about 500 years, is the main source of the
Hg pollution in the Gulf of Trieste. The
suspended and bottom sediment of both rivers,
the Idrijca River and the Soca River is highly
contaminated with the Hg, which is carried
away to the Gulf of Trieste.

Gulf of Trieste
Trzaski zaliv

MEDITERRANEAN SEA
SREDOiEMSKO MORJE
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Slika 1. Lega Trzaskega zaliva (levo), definicijsko obmoc¢je modeliranja in merske tocke v
Trzaskem zalivu (desno).
Figure 1. The Gulf of Trieste: location (left) and the extent of the computational domain and
measuring points (right).
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Se 10 let po zaprtju rudnika v ldriji se
koncentracije zivega srebra v re¢nih plavinah
ter vodi in sedimentu Trzaskega zaliva niso
znatno znizale (Horvat et al. 1999; Horvat et
al. 1998, Zagar in Sirca, 2001). Zato je v teku
obsezna raziskava o krozenju zivega srebra v
Trzaskem zalivu, pri kateri za doloCitev
fizikalnih, bioloSkih in kemi¢nih parametrov
poleg meritev uporabljamo tudi matemati¢no
modeliranje. Sprva smo za simulacijo
hidrodinami¢nih parametrov ter transporta in
pretvorb Zzivega srebra razvili in uporabili
dvodimenzionalni (2D) stacionarni  model
STATRIM. Rezultati 2D simulacij so
predstavljeni v Rajar et al. (1997) in v Sirca in
Rajar (1997b). Z 2D modelom pa ni bilo
mogoce izracunati porazdelitve posameznih
parametrov po vodnem stolpcu, zato smo za
nadaljnje  simulacije nadgradili obstojeci
tridimenzionalni  (3D) nestacionarni  model
PCFLOWS3D in ga uporabili za simulacijo
transporta in disperzije zivega srebra Vv
Trzaskem zalivu. VeCina Zzivega srebra Vv
zalivu je vezanega na delce lebdecih plavin,
zato je bilo treba razviti nov modul za
transport lebdecih plavin. Opis prvotnega
modela, sedimentacijskega modula in nekatere
simulacije transporta lebdecih plavin so
podrobno opisane v Rajar et a. (2000), Rajar
et al. (1998) ter Rajar in Cetina (1997).

2. OPISTRIDIMENZIONALNEGA
MODELA PCFLOW3D

Prvotni model PCFLOW3D za racun
hidrodinami¢nih parametrov ter transporta in
diperzije, izdelan na FGG, je bil ze veckrat
verificiran in  uporabljen za reSevanje
prakti¢nih problemov (modeliranje tokov in

Sirjenja polutantov) v Sloveniji in tujini.
PCFLOW3D je nestacionarni nelinearni
baroklini  model, sestavljen iz hidro-

dinami¢nega (HD), transportno-disperzijskega
(TD) in novega sedimentacijskega (ST)
modula. Diagram poteka modela je prikazan
na sliki 2, v nadaljevanju pa je podan kratek
opis posameznih modulov.
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Even 10 years after the closure of the Idrija
Mercury Mine, concentrations in river
sediments, water and the sediment at the
bottom of the Gulf do not show a significant
decrease (Horvat e al. 1999, Horvat et al.
1998, Zagar and Sirca, 2001). Therefore,
extensive research on Hg cycling in the Gulf is
in progress. Besides the measurements of
physical, chemical and biological parameters,
mathematical modelling was also used to
simulate Hg cycling in the Gulf of Trieste. A
two-dimensional (2D) steady-state model
STATRIM was developed first for the
simulation of hydrodynamic circulation and
Hg transport and fate. Some of the results of
the 2D simulations using annually averaged
input data are described in Rajar et al. (1997)
and in Sirca and Rajar (1997b). The simulation
of vertical distribution of the parameters was
not possible with the 2D model; therefore an
existing three-dimensional (3D) unsteady state
model PCFLOW3D was upgraded and used to
simulate the transport and dispersion of Hg in
the Gulf of Trieste. As most of the Hg flowing
to the Gulf, is bound to suspended sediment
particles, a new sediment transport module
was first developed and included into the
model. The basic model, the new sediment
transport module and some simulations of the
transport of suspended sediment are described
in detail in Rajar et al. (2000), Rajar et al.
(1998) and Rajar and Cetina (1997).

2. DESCRIPTION OF THE THREE-
DIMENSIONAL MODEL

The PCFLOW3D hydrodynamic and
transport-dispersion model was developed at
the Faculty of Civil and Geodetic Engineering
of the University of Ljubljana. It has already
been applied to many practical hydrodynamic
and pollutant dispersion problems in Slovenia
and abroad. It is a non-linear baroclinic model
composed of three modules: a hydrodynamic
(HD) module, a transport-dispersion (TD)
module, and a recently developed sediment-
transport (ST) module. Figure 2 shows the
flow chart of the model and a short description
of the modules is given below.
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2.1 HIDRODINAMICNI IN
TRANSPORTNO-DISPERZIJSKI
MODUL

Diskretizacija diferencialnih enacb poteka
po metodi kontrolnih volumnov, sistem enacb
pa reSujemo s pomocjo hibridne implicitne
numeri¢ne sheme. Koeficienta turbulentne
viskoznosti in difuzije sta v horizontalni smeri
konstantna, v vertikalni smeri pa je uporabljen
Koutitasov model turbulence. Z modelom je
mogoca tudi simulacija nekaterih biokemi¢nih
procesov.

Enacbe obeh modulov resujemo socasno,
saj izraCunana porazdelitev temperature,
slanosti in poljubnega polutanta, ki lahko
vpliva na gostoto vode, hkrati vpliva tudi na
hitrostno polje. Tako lahko z modelom
upodevamo tudi gostotne tokove in
stratifikacijo, ki je obicajno izrazitejSa v
toplejsi polovici leta. Z modelom je mogoca
tudi simulacija toplotnega onesnazenja;
vgrajene so enacbe za raCun transporta in
disperzije toplote iz atmosfere ali drugih virov.
Transportno enacbo v modelu lahko reSujemo
po metodi kon¢nih razlik (MKR) ali po metodi
sledenja delcev (MSD), kar je odvisno od
konkretnega problema, ki ga reSujemo. Za
racun transporta zZivega srebra smo uporabili
MKR.

V 3D modelu $e niso vklju¢ene enacbe za
simulacijo procesov pretvorb zivega srebra. Z
modelom je trenutno mogoce racunati
transport in disperzijo nemetiliranega in metil-
zivega srebra v raztopljeni in partikularni
(vezani na delce lebdecih plavin) obliki.
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2.1 HYDRODYNAMIC AND
TRANSPORT-DISPERSION MODULES

The HD and TD modules are both based on
the finite volume method; the system of
differential equations is solved using a hybrid
implicit scheme. In the horizontal plane, the
eddy viscosity and diffusivity are constant,
while in the vertical direction the simplified
one-equation turbulence model of Koutitas is
included. The simulation of some biochemical
processes has also been included.

The TD module, which is solved coupled
with the HD module, simulates temperature,
salinity or any contaminant which can
influence water density and, at the same time,
the velocity field. Therefore, dratified
conditions during the warmer half of the year,
as well as density-driven flow, can be
simulated using the model. The simulation of
transport and the dispersion of heat from heat
sources and from the atmosphere has also
recently been included to enable the simulation
of thermal pollution in surface waters. There
are two methods of solving the transport
equation in the model, a Eulerian finite
difference method (FDM) and a Lagrangean
particle tracking method (PTM). Each of them
has its benefits as well as its deficiencies. The
FDM was used for the Hg transport
simulations.

Hg transformation equations have not yet
been included in the 3D model. In the present
state, the transport of dissolved and particle-
bound Hg in both non-methylated and
methylated forms was simulated.
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2.2MODUL ZA TRANSPORT PLAVIN

Z modulom za transport plavin, ki temelji
na enacbah iz literature (van Rijn, 1993), so
mogoce simulacije za nevezane delce plavin.
Temelj sedimentacijskega modula predstavlja
advekcijsko-disperzijska enacba, zapisana za
koncentracijo lebdecih plavin, pri cemer
upostevamo empiricno reSitev za hitrost
usedanja delcev (van Rijn, 1993). Robni pogoj
ob dnu predstavlja usedanje oz. resuspenzija
delcev, ki je odvisna od striznih hitrosti ob dnu
zaradi vpliva tokov (rezultat HD modula) in
valovanja. Za izracun debeline naneSenega o0z.
odneSenega materiala uporabimo kontinuitetno
enacbo za plavine.

STRUKTURA MODELA PCFLOW3D

2.2 THE SEDIMENT-TRANSPORT
MODULE

The sediment transport module is based on
the equations of van Rijn (1993). Non-
cohesive sediment material can be simulated.
The module basically resolves the advection-
diffusion equation for suspended sediment
concentration, where the empirical equation
for the sedimentation velocity of the particles
is accounted for (van Rijn, 1993). As the
bottom boundary condition, resuspension or
settling of the suspended sediment which
depends on the bottom shear stress caused by
current velocities (result of the HD module)
and wave parameters is calculated. The mass
conservation equation for the sediment is used
to calculate erosion/deposition thickness at the
bottom.

THE PCFLOW3D MODEL STRUCTURE
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Slika 2. Diagram poteka modela PCFLOW3D

Figure 2. Flow-chart of the PCFLOW3D mode!.
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3. DOLGOTRAJNE SIMULACIJE
3.1 OSNOVNI PRINCIP

Za pravilno delovanje nestacionarnega 3D
modela moramo zagotoviti veliko koli¢ino
vhodnih podatkov. Na relativno velikem
obmocju Trzaskega zaliva je so¢asno merjenje
vseh parametrov v zadostnem &tevilu merskih
tock tako rekoc¢ neizvedljivo.

Pri. modeliranju dolgotrajnih  procesov
obicajno zados$Cajo stacionarne simulacije s
casovno povprecnimi vhodnimi podatki za
daljsa Casovna obdobja, kalibracija in
verifikacija modela pa zahtevata simulacije v
realnem casu za krajSa obdobja, za katera
imamo na voljo rezultate meritev. Transport in
disperzija zivega srebra pa je izrazito
nestacionaren proces. Vec¢ kot 90 odstotkov
letnega vnosa lebdecih plavin, ki jih v zaliv
prinese Soca, je posledica dveh visokovodnih
valov, ki se praviloma pojavljata ob
pomladanskem in jesenskem dezevju. Prav
tako so najpomembnejsi vzrok za premescanje
plavin obdobja mocnega vetra (burje), ki
ponavadi nastopajo pozimi, med novembrom
in februarjem.

Popolna nestacionarna simulacija  za
obdobje ve¢ mesecev kljub Stevilnim
meritvam  razliénih  vhodnih  parametrov
modela ni bila izvedljiva, zato smo uporabili
nov pristop. Povprecne letne vhodne podatke
smo nadomestili s sezonsko povprecnimi, pri
¢emer smo upostevali Stiri glavne sezone, ki
bolj ali manj sovpadajo z letnimi ¢asi. Dodali
smo Se vlozke mocnega vetra in visokovodnih
valov Soce, ki se z visoko stopnjo verjetnosti
pojavljajo vsako leto ob skoraj istem Ccasu.
Prav ti vlozki so zelo pomembni, saj
predstavljgjo bistveno izboljSavo v primerjavi
z dosedanjim modeliranjem s stacionarnimi
modeli.

Poleg tega smo popolnoma nestacionarne
simulacije  nadomestili s ti. kvazi-
stacionarnimi simulacijami. Pri tem nacinu ob
vsaki bistveni spremembi vhodnih parametrov
nekaj ¢asa ra¢unamo popolnoma nestacionarno
stanje. Po dolo¢enem c¢asu pa, ko se
hidrodinami¢ni parametri ter temperaturna in
slanostna polja ustalijo, jih fiksiramo in v
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3. LONG-TERM SIMULATIONS
3.1 THE BASIC PRINCIPLE

The unsteady state 3D model needs a very
large amount of input datato work properly. In
a relatively large area, such as the Gulf of
Trieste, it is very difficult to measure all the
parameters simultaneously in enough sampling
points.

Usually steady state simulations with time-
averaged input data are sufficient for the
modelling of long-term processes, while real-
time simulations over the short time periods of
the measurements must be performed to
calibrate and verify the model. However, Hg
transport and dispersion was found to be a
highly unsteady state process. It is known that
over 90 % of the annual inflow of suspended
sediment and Hg are flushed into the Gulf with
two flood waves of the Soca River, usually
during spring and autumn rains. It is also
known that strong wind is the most important
cause of the transport processes in the Gulf.
This latest phenomenon mostly occurs during
the winter months between November and
February.

Despite  numerous measurements  of
different parameters, it was not possible to
perform fully unsteady state simulations over
several months; therefore, a new approach was
used. Annually averaged input data were
replaced with seasonally averaged input data.
Four main seasons, more or less identical to
the calendar seasons, were accounted for. A
few inserts of strong wind and the Soca River
flood-peaks, which statistically occur with
high probability at approximately the same
time every year, were added to the main
seasons. These inserts are of great importance,
as they represent a significant step forward in
comparison with the previously performed
steady state modelling.

Furthermore, red-time modelling was
replaced by the quasi-steady state principle.
Here, an unsteady state simulation is
performed for a certain period of time after
input parameters have been changed
significantly. Afterwards, when  the
hydrodynamic parameters and temperature and
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nadaljnjem  raCunu  obravnavamo kot
nespremenljiva. Od tod naprej raCunamo samo
transport in disperzijo zivega srebra. Na ta
na¢in mo¢no zmanjSamo Cas raCuna, saj za
ratun  hidrodinami¢nih ~ parametrov = z
upo&evanjem gostotnih tokov in stratifikacije
porabimo okrog 80 odstotkov skupnega casa
racuna.

Tipicno leto smo na koncu razdelili na 12
sekvenc (slika 3), ki jih racunamo zaporedno;
krajSe (nekajdnevne) raCunamo popolnoma
nestacionarno, pri daljsSih (nekaj tednov do
nekaj mesecev) pa uporabimo Ze omenjeni
kvazistacionarni pristop.

salinity fields are stabilised, they are treated as
fixed, and only the transport of Hg is further
calculated. In this way the computational time
is also essentially reduced, as about 80 % of
the total computational time needed is used for
the hydrodynamics computation when density
driven flow and stratified conditions are taken
into account.

Finally, a typical year was partitioned into
12 sequences (Figure 3), which were simulated
successively. With the shorter (up to a few
days long) sequences, unsteady state
calculations were used, while with the longer
(afew weeks to afew months long), the quasi-
steady state principle, as described above, was
used.

\%
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Slika 3. Sezonsko povpre¢ni parametri v Trzaskem zalivu
Figure 3. Seasonally averaged parametersin the Gulf of Trieste.
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3.2VHODNI PODATKI
3.21VETER

Smer in jakost sezonsko povprecnih vetrov
nad Trzaskim zalivom (preglednica 1) je bila
dolo¢ena z metodo VECTRA (girca, 1996;
Sirca in Rajar, 1997a), pri kateri za izra¢un
upodevamo vektorsko vsoto posameznih
znacilnih vetrov (unit winds). Pri izraCunu smo
upodevali uradne (HMZ RS) merjene urne
vrednosti jakosti in smeri vetra za obdobje od
1975 do 1990 za postajo Beli Kriz.

Pozimi nad Trzaskim zalivom burja (smer
NE) pogosto doseze najvisje hitrosti tudi nad
30 m/s, za modeliranje pa je pomembnejSi
podatek, da lahko s hitrostjo 16 m/s piha
neprekinjeno tudi ve¢ dni. Iz podatkov meritev
je razvidno, da se v hladngi§i polovici
tipicnega leta glede na pogostost pojavljata
dva maksimuma burje (februarja in
novembra), ki hkrati skoraj to¢no sovpadata
tudi z maksimumoma jakosti (preglednica 2).
Zaradi razmeroma velike dolzine nedvomno
najveC prispevata k transportu zivega srebra v
Trzaskem zalivu. Za dolocitev jakosti in smeri
vetra je bila uporabljena ista metoda kot za
dolocitev povprecnih sezonskih vetrov.

3.2INPUT DATA
3.2.1 WIND

Seasonally averaged wind force and
direction above the Gulf of Trieste (Table 1)
was evaluated using the VECTRA method,
which takes into account vectorial sum of the
unit winds (Sirca, 1996; Sirca and Rajar,
1997a). The official data for the Beli Kriz
Measuring Station (hourly measured wind
directions and speed for the period from 1975
to 1990) were used for calculation.

In winter time the burja wind (direction
NE) above the Gulf of Trieste often reaches
peak velocities over 30 nm/s, and, even more
important for modelling, it can blow with a
velocity of 16 m/s for several days
continuously. It is evident from the official
measurements that during the colder half of a
typical year, there are two peaks of the burja
wind (in February and November). These two
peaks coincide almost exactly with the wind
force peaks (Table 2), and, due to their length,
the two peak-wind inserts undoubtedly
contribute the most to the Hg transport in the
Gulf. The same method as described above
was also used to evaluate the wind direction
and velocity of the wind peaks.

Preglednica 1. Sezonski povprecni veter nad Trzaskim zalivom
Table 1. Seasonally averaged wind above the Gulf of Trieste

Sezona Smer Hitrost
Season Direction Velocity
[°] WE]
Zima (jan., feb., mar.)
66.6 2.2
Winter (Jan., Feb., Mar.)
Pomlad ., ma., jun.
r_n (epr., ., jun.) 101.6 1.1
Spring (Apr., May, June)
Poletje (jul. : :
je (jul., avg., sep.) 4.7 10
Summer (July, Aug., Sep.)
Jesen  (okt., nov., dec.)
69.8 2.3
Autumn (Oct., Nov., Dec.)
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Preglednica 2. Vlozki vetra (merska postaja Beli Kriz)
Table 2. Wind inserts (Beli Kriz measuring station)

Smer Mesec Pogostnost | Trgjanje Hitrost
Direction Month Frequency | Duration Velocity
[%0] [dni - days] [m/g]
Februar
NE 374 11 6.4
February
November
NE 32.8 10 6.2
November
3.2.2 SOCA 3.2.2 THE SOCA RIVER

Sezonski pretoki in visokovodni vlozki
Soce temeljijo na meritvah, opravljenih na
vodomerni postaji Solkan, tik pred slovensko-
italijansko mejo  (preglednica 3). Med
Solkanom in izlivom Soce v Trzaski zaliv
dotekata v SoCo Se dva vecja pritoka, Vipava
in Ter (Torre). Podatki za Vipavo so razvidni
iz preglednice 3, hidrologija italijanskega dela
Soce pa je slabse raziskana, saj po
razpolozljivih podatkih pretokov nihce ne
meri. V spodnjem toku Soce obdelavo
podatkov otezuje tudi kompleksen sistem
nadzemnih in podzemnih tokov v vzhodnem
delu Furlanske nizine in Krasa ob slovensko-
italijanski meji. Najvecja neznanka v tem delu
odaja reka Ter, ki se ji (odvisno od gladine
talne vode) vzdolz toka pretok povecuje ali
zmanjsuje in poleti obcasno sploh ne pritece
do sotocja s Soco (Mosetti, 1983, Sirca et al,
1999). Skupna prispevna povrSina porecja
So¢e nad Solkanom znaSa 2235 km? pod
Solkanom pa 1065 kn?, zato je pretok ob ustju
dolocen kot 1.5-kratni skupni pretok Soce in
Vipave. Povprecni letni pretok na izlivu v
Trzadki zaliv tako znasa 168 m°/s, ta &evilka
pa se dobro ujema z vrednostmi drugih
avtorjev, ki zna%jo od 165 m’/s (Mosetti,
1983) do 172 m%/s (Benini, 1974).
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Seasonally averaged discharges, as well as
the Soca River flood-peak inserts, are based on
measurements in the cross-section at Solkan
(Table 3). There are another two important
tributaries of the Soca River between Solkan
and the river mouth: the River Vipava, which
mainly flows through Slovenian territory, and
is well elaborated (Table 3), and the river
Torre. The hydrology of the Italian part of the
Soca River watershed is less known.
Continuous measurements are not available
downstream of Solkan. Moreover, a complex
system of surface and groundwater flows
exists in the eastern part of the Friuli plain and
the karst area of Kras at the Slovenian — Italian
border. The most important unknown of the
lower reach represents the Torre River, which,
according to the saturation conditions of the
plain, either loses or gains water aong its
flow, and sometimes, during the summer
months, even  disappears  underground
(Mosetti, 1983, Sirca et a, 1999). The total
catchment areca of the Soca River in Slovenia
is 2235 km?, while the catchment area in ltaly
is 1065 km?. The mean discharge at the river
mouth is, therefore, considered to be equal to
150 % of the sum of the mean discharges at
Solkan and Miren. The annually averaged
discharge of the Soca River at its mouth was
thus set to 168 m’/s. The number can be
compared with the values of other authors,
which are between 165 m®/s (Mosetti, 1983)
and 172 m*/s (Benini, 1974).
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Preglednica 3. Mesecni in sezonski povprecni pretoki Soce
Table 3. Monthly and seasonally averaged discharges of the Soca River

Pretoki
Discharge
. Soca na ustju Sezonsvki-
Mesec Soca Vipava | Z Soca + Lo povpreéni
Month (Solkan) | (Miren) Vipava The Soca River Seasonally
mouth
averaged
[m/s] [m/s] [m/s] [m/s] [m/s]
Jan 72 22 9 141
Feb 70 20 90 135 150
Mar 94 21 115 173
Apr 109 20 129 194
Maj / May 116 16 132 192 190
Jun 109 13 122 183
Jul 69 9 78 117
Avg/ Aug 59 7 66 99 120
Sep 82 14 96 144
Okt / Oct 109 20 129 194
Nov 144 27 171 257 209
Dec o7} 26 120 180
Povprecni letni
Annu‘;“y averaged % 18 112 168 168
Sezonski povprecni pretoki so doloceni iz Seasonally averaged discharges are
povpreénih mesecnih pretokov, podanih v evaluated from measurements (monthly

literaturi (za Solkan v VGI (1982), za Miren
pa v vodnogospodarskih osnovah (ZVSS,
1978)).

Opisana metoda ekstrapolacije pretokov je
za kratkotrajna obdobja manj zanesljiva, kljub
temu pa je bil isti princip uporabljen tudi za
racun visokovodnih vlozkov. Najprej smo iz
statisticnih podatkov ugotovili trajanje in
intenziteto tipi¢nih vlozkov. Tipi¢ni majski
visokovodni val traja okrog 5 dni, novembrski
pa okrog 4 dni. Intenziteta je bila dolocena s
pomocjo srednjih visokih pretokov, tj.
povprec¢ja visokih pretokov v nekem daljSem
(dolgoletnem) obdobju. Gledano po mesecih,
imajo mesecni srednji visoki pretoki (prvi
stolpec preglednice 4) v Solkanu za obdobje
od 1926 do 1975 dva maksimuma, ki se
pojavljata maja in novembra.

averaged discharges) from other authors (for
Solkan in the VGI (1982); for Miren in the
water management plans (ZVSS, 1978)).
Although with a lower reliability for shorter
events, the same relationship between
discharges as described above was used to
determine discharges during the flood-peak
inserts. First, the duration and intensity of
typical flood peak inserts was determined. The
typically observed duration of the May and
November flood-peak was about 5 days and
about 4 days respectively. The intensity of the
inserts was evaluated from the mean high
discharges (i.e. an average of high discharges
during a longer period). The mean high
discharges averaged for individual months (the
first columnin Table 4) at Solkan, between the
years 1926 and 1975, have two peaks, which
occur in May and November respectively.
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Po verjetnostni analizi predstavljata zgornji
vrednosti za oba meseca visoka pretoka s
povratno dobo 25 leti (Q.s), kar pokaze
interpolacija med Q; in Qs (2. in 3. stolpec
preglednice 4). To sicer pomeni, da se
dogodek zgodi le na 2.5 leta, vendar pa smo na
ta nac¢in z modelom upostevali tudi vpliv manj
pogostih dogodkov, ki paimajo velik vpliv na
dotok zivega srebra v Trzaski zaliv. Petdnevno
obdobje s povpre¢nim pretokom 473 m®/s ima
povratno dobo dve leti, zato je upoStevana
dolzina pomladnega vlozka 5 dni. Trajanje
jesenskega vlozka je krajSe, saj bi imelo
petdnevno obdobje s povprecnim pretokom
950 m*/s povratno dobo kar 50 let. Upo&tevana
dolzina jesenskega vlozka je tako 2 dni.

According to probability analysis these
values represent an event with a recurrence of
2.5 years (Qzs), for both May and November,
asis evident from the interpolation between Q.
and Qs (the second and the third column in
Table 4.4). Such discharges (Q.s) were used in
model simulations, as aso, in that manner, less
frequent events with a significant influence on
mercury transport in the Gulf were taken into
account. The recurrence of a five-day long
insert with a mean discharge of 473 m’s is
two years; therefore, the length of the spring-
insert was set to five days. The autumn-insert
is shorter, as the recurrence of a five-day long
insert with a mean discharge of 950 m%s is
about 50 years. A two-day long autumnal
insert was adopted.

Preglednica 4. Visokovodni vlozki Soce (meritve - Solkan)
Table 4. The Soca River flood-peak inserts (measurements — Solkan)

Mesec Trajanje
Month Qv Qo Qs [{(ﬂjjni]J
[m°/s] [m°/s] [m°/s] [dni — days]
Maj / May 476 416 687 5
November 914 821 1299 2

oy

sta dodana % dan pref in dan kasneje s
pretokom 230 m®/s. Tako imata pomladni in
jesenski vlozek Soc¢e v Solkanu priblizno enak
volumen odtoka, ki znaSa okrog 200 milijonov
m® (VGI, 1982). Dimenzije majskega vlozka
potrjuje tudi obdelava odvisnosti med
volumnom in pretokom v Solkanu (VGI,
1982), iz katere je razvidno, da znaSa srednji
pretok petdnevnega visokovodnega vala s
povratno dobo 2 leti okrog 475 m’/s, odtekli
volumen pa nekoliko presega 200 milijonov
m>. Jesenski vlozek lahko primerjamo z
registriranim visokovodnim valom novembra
1997, katerega povrana doba pa znaSa po
razlicnih podatkih od 5 do 30 let. Pod
soto¢jem z Vipavo je bil takrat v dveh glavnih
dneh odtekli volumen okrog 200 milijonov m?,
¢e upostevamo Se narascanje pretoka dan prej
in upadanje nazaj na normalni novembrski
pretok, ki je trgalo Se &iri dni, je bil skupni
odtekli volumen pod soto¢jem Soce z Vipavo
v enem tednu novembra 1997 priblizno 380
milijonov m®.
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A day before and a day after, with a
discharge of 230 m*/s were added to the two-
day long autumn-insert. Thus, both flood-peak
inserts have approximately the same volume of
about 200 millions m* (VGI, 1982). The
volume of the spring-insert was also confirmed
by the relationship between discharge and the
flood-wave volume for the cross-section in
Solkan (VGI, 1982). It is evident that the mean
discharge of a five-day long flood-wave with a
recurrence of about two years is approximately
475 m’ls, and the volume of the flood-wave
somewhat exceeds 200 millions m®. The
autumn-insert can be compared with the
observed flood wave of the Soca River in
November, 1997, which had a recurrence of
between 5 and 30 years from different sources.
Below the confluence of the Soca and Vipava
rivers, the volume of the main flood wave (in a
duration of two days) was about 200 million
m®. Taking into account one day of water
rising before and four days of returning back
to the normal November discharge, the total
volume of the flood wave in a single week in
November, 1997 was about 380 million m°.
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V modelu so hili kot vhodni podatki ob
visokovodnih vlozkih uporabljeni pretoki Soce
na ustju, kot so navedeni v preglednici 5.

The data from Table 5 (discharges at the
Soca River mouth) were used as the input data
for flood-peak insert simulations.

Preglednica 5. Visokovodni vlozki Soce na ustju (vhodni podatki za model).
Table 5. Flood-peak inserts at the Soca River mouth (input data for simulations).

7 Pretok na ustju i
Mesec (vlozek) Discharge at tJhe Traianje
Month (insert) river mouth Duration
[m/s] [dni - days]
maj (celoten vlozek)
May (complete insert) 714 5
november (1.dan)
November (1% day) 345 1
november (2. in 3. Dan)
November (2™ and 3" day) 1371 5
november (4.dan)
November (4" day) 345 1

Preglednica 6. Povprecne sezonske temperature vode v So¢i (most pred izlivom)
Table 6. Seasonally averaged water temperature in the Soca River

Sezona
Season

Temperature
[°C]

Zima/ Winter

1.7

Pomlad / Spring

12.9

Poletje / Summer

16.3

Jesen /Autumn

9.2

Za simulacije dratificiranega stanja je
pomemben tudi podatek o temperaturi Soce na
ustju. Navoljo so bile meritve temperature pod
zadnjim mostom pred ustjem Soce (manj kot
kilometer od izliva Soce) v priblizno
dvotedenskih intervalih od leta 1974 do 1995.
Najvecja gostota meritev je bila od leta 1978
do 1987. Za nameravane simulacije s 3D
modelom so bile iz podatkov statisticno
izraCunane povpreéne sezonske vrednosti

(preglednica 6).
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The water temperature of the Soc¢a River at
its mouth is another important factor in the
simulation of the dratified conditions.
Measurements of water temperature under the
last bridge, situated less than one kilometre
from the river mouth, were available.
Temperature was measured in about two-week
intervals between the years 1974 and 1995,
and more frequently between the years 1978
and 1987. Seasonally averaged water
temperatures were statistically evaluated from
the measurements (Table 6) and used in the 3D
modelling.
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Na wvoljo so bili podatki meritev
raztopljenega Zivega srebra v Soci pri nizkih
pretokih oktobra 1997, med visokovodnim
valom novembra 1997 in ob srednje nizkih
pretokih decembra 1998 ter v Trzaskem zalivu
ob ustju Soc¢e maja in septembra 1995 (Horvat
et a. 1999). 1z meritev je razvidno, da s
koncentracije raztopljenega zivega srebra v
Soci in Trzaskem zalivu le malo odvisne od
pretoka SocCe in letnega Casa in znaSajo pri
vseh meritvah v So¢i od 1.6 do 3.5 ng/l, v
zalivu blizu ustja (merska tocka D6 na sliki 1)
pa od 4.5 do 5 ng/l. Vi§e koncentracije v
morju so posledica spros¢anja zivega srebra iz
partikularne v raztopljeno obliko na obmocju
meSanja sladke in slane vode. Procesa ni bilo
mogoce neposredno vkljuciti v model, zato je
pri vseh simulacijah in v vseh letnih Casih
upo&evana koncentracija na ustju 5 ng/l.

3.2.3 TRZASKI ZALIV

Rezidualni tokovi zaradi plimovanja v
Trzaskem zalivu so reda velikosti 1 mm/s,
hitrosti rezidualnega toka zaradi vpliva vetra
pa doseggjo vrednosti 2 do 3 cm/s (Sirca,
1996). Vpliv plimovanja na gibanje vode v
zalivu pri simulacijah s 3D modelom ni hil
upodtevan, sa so rezidualni tokovi zaradi
plimovanja v zalivu vsa za red velikosti
manjSi od rezidualnih tokov zaradi vetra, ki je
glavni vzrok gibanja vode. Poleg tega pri
dolgotrajnih simulacijah, predvsem v obdobjih
Sibkega vetra in nizkih pretokov Soce, ze
napaka, ki nastane pri racunu koncentracij
polutanta zaradi numeri¢ne difuzije, ki se ji z
uporabo obstojeCe numericne sheme ne
moremo izogniti, bistveno presega napako
zaradi neupostevanja plimovanja.

Predvsem v toplejSem delu leta na
disperzijo zivega srebra v vertikalni smeri
vplivgjo tudi stratificirane razmere v zalivu. Za
simulacije je hilo treba za vsako sezono
zagotoviti podatke o porazdelitvi temperatur in
slanosti v vseh tockah racunske mreze. V
celotnem zalivu so bile izmerjene temperature
in slanosti sredi posameznih letnih casov
(februar, maj, avgust, november) socasno v 27
tockah zaliva (slika 1) v 5 m intervalih po
globini.
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There were several measurements of
dissolved Hg in the Soca River available:
during the flood-wave in November, 1997, the
mean low discharge in December, 1998 and
the low discharge in October, 1997
respectively. In the Gulf of Trieste,
measurements were performed in May and
November, 1995 (Horvat et a. 1999). It is
evident from the data that the interdependence
between the discharge of the Soca River and
the concentrations of dissolved Hg is very low.
In the Soca River, concentrations vary
between the range of 1.6 and 3.5 ng/l, while in
the Gulf, near the river mouth (point D6 in
Figure 1), concentrations between 4.5 and 5
ng/l were measured. Higher concentrations in
the seawater are due to Hg release from
particulate to its dissolved form within the
freshwater and saltwater mixing zone. It was
not possible to include the process itself in the
model; therefore, a Hg concentration of 5 ng/l
was taken into account with all simulations in
any season.

3.2.3 THE GULF OF TRIESTE

Typical tide-induced residual currents in the
Gulf were of the order of 1 mm/s, while
typical wind-induced residual currents reached
2 to 3 cnv's (Sirca, 1996). As the tide-induced
currents were a least for an order of
magnitude smaller than the wind-induced
residual currents, the effect of the tide on the
circulation in the Gulf was not taken into
account with the 3D simulations. Moreover, by
computation of the concentrations of
pollutants  with  long-term  simulations,
particularly during calm periods, the error due
to tidal forcing exclusion was significantly
exceeded by the error caused by false
diffusion, which could not be avoided using
the existing numerical scheme.

Stratified conditions within the Gulf and
their impact on the dispersion of Hg along the
water column were also a very important
factor, particularly during the warmer half of
the year. Temperature and salinity distribution
along the entire computational domain had to
be evaluated for the four main seasons.
Measurements were performed simultaneously
in 27 sampling points within the Gulf (Figure
1), in the middle of each main season
(February, May, August, November) in 5-m
intervals along the depth.
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Pri simulacijah smo uporabili numeri¢no
mrezo, kjer smo definicijsko obmocje po
globini razdelili na 25 slojev, debeline 1 m. V
horizontalni ravnini smo obmocje razdelili na
43 x 42 cdlic, z dimenzijami od 300 x 300 m
ob ustju Soce do najve¢ 900 x 900 m. Za
vsako racunsko celico smo morali zagotoviti
podatka o temperaturi in slanosti.

Najprej smo iz podatkov meritev z linearno
interpolacijo izracunali temperaturo in slanost
pod merskimi tockami v vsakem sloju. Nato
smo nad vsakim slojem z uporabo trikotne
mreze napeli ploskev temperatur in slanosti z
orodiem Quicksurf, s katerim smo tudi
izvrednotili celotne matrike temperatur in
slanosti v vsaki celici definicijskega obmocja
zavse $tiri sezone.

Dosedanje izkusnje z gostotnimi gibanji
(Rajar et al. 1997) kazejo, da je potrebno
‘glajenje’  matrik temperatur in slanosti,
dobljenih z interpolacijami iz meritev, sicer se
pri simulacijah lahko pojavijo tezave s
stabilnostjo numeri¢ne sheme. Poleg tega bi
bila pri simulaciji dolgotrajnih procesov
kon¢na slika temperatur in slanosti nerealna
tudi zaradi vtoka Soce, gostotnega gibanja in
disperzije temperature in dSlanosti  zaradi
gibanja vodnih mas. Vhodne podatke modela
(zacetno stanje) smo izboljsali tako, da smo za
vsako od glavnih sezon izvedli simulacijo
hidrodinami¢nih parametrov ter advekcije in
disperzije temperature in slanosti ob hkratnem
upo&evanju vseh dejavnikov, ki vplivajo na
gibanje vode (veter, vtok SocCe in gostotno
gibanje). Simulirali smo izbrano c¢asovno
obdobje (od 8 h ob mocnem vetru in/ali
visokem pretoku Soce do dveh dni ob Sibkem
vetru in nizkih pretokih), dokler na celotnem
definicijskem obmocju niso bile dosezene
priCakovane hitrosti. TakSno porazdelitev
dlanosti in temperatur smo v nadaljevanju
uporabili kot za¢etno stanje za racun transporta
in disperzije raztopljenega zivega srebra.

Koncentracije zivega srebra v sedimentu na
dnu Trzaskega zaliva so zelo visoke, ob ustju
Soce dosegajo 25-30 pg/g suhe teze. Iz
sedimenta se zivo srebro scasoma izlo¢i v
porne vode in zaradi difuzije prehga v
okolisko vodo. Porne vode so zato pomemben
vir raztopljenega zivega srebra Se dolgo casa
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The computational grid with a maximum of
25 layers, each 1 m thick, was used. In the
horizontal plane, the computational area was
divided into 43 x 42 cells, with dimensions
from 300 x 300 m near the Soc¢a River mouth
to 900 x 900 m. Temperature and salinity
values in each cell of the computational grid
had to be provided.

First, temperature and salinity values in
each layer below the sampling points were
calculated using linear interpolation.
Afterwards, an envelope of temperature and
salinity concentrations for each layer was
constructed on the basis of a triangular grid
using Quicksurf software. Finally, with the
same tool, complete temperature and salinity
matrices in each cell of the computational
domain for all four seasons were calculated.

Temperature and  salinity  matrices
calculated in that manner need to be
‘smoothed’ to avoid stability problems with
the numerical scheme during computation
(Rajar et al. 1997). Additionally, with long-
term simulations, the final distribution of
temperature and salinity would be unreal due
to the Soca River inflow, density-driven flows
and, most importantly, due to advection. To
get the best possible initial state for each of the
main seasons, simulations of hydrodynamic
guantities and the advection and dispersion of
temperature and salinity, with all forcing
factors taken into account (wind, river inflow
and density-driven flow) were performed.
Computations for set amounts of time (from 8
hours with strong wind and/or high discharge
of the Soca River, up to two days with weak
wind and lower discharges) were performed,
until the expected velocities were reached
within the entire computational domain. Such
matrices of temperature and salinity
distribution were finally used as an initial state
to simulate the transport of Hg in its dissolved
form.

In the bottom sediment of the Gulf, Hg
concentrations are highly increased, and reach
about 25-30 pg/g dry weight near the Soca
River mouth. Hg bound to sediment particles
is gradually being released into the pore water
and, due to molecular diffusion, also proceeds
to the surrounding water. Therefore, pore
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po zmanjSanju ali celo prenehanju dotoka
zivega srebra v okolje. V letih 1995 in 1996 so
bile v merski tocki AA1 (slika 1) izvedene
meritve koncentracij zivega srebra v pornih
vodah v sedimentu na mestu samem z
bentosko komoro (benthic chamber) (Covelli
et a. 1999).

Meritev je bila zaradi zahtevnosti postopka
in visoke cene izvedena v eni sami tocki
zaliva, zato rezultatov meritev ne moremo
posplositi na celotno obravnavano obmocje.
Vsekakor pa je jasno, da je koli¢ina zivega
srebra, ki se spros¢a z dna (po Covelli et al.
znaSa okoli 470 kg/leto) dovolj velika, dajo bo
treba v prihodnje upoStevati pri modelnih
simulacijah.

3.3REZULTATI SSIMULACIJE

Z zbranimi podatki smo izdelali kon¢no
razdelitev tipiCnega leta na sekvence in
pripravili podatke za smulacijo (slika 3). S
temi podatki smo izvedli simulacijo za
obdobje od 1.novembra 1994 do 1.julija 1995.
KrajSe sekvence smo obravnavali popolnoma
nestacionarno, racun je potekal v realnem
Casu, pri daljsih pa smo uporabili kvazi-
stacionarni  pristop. Cas  nestacionarne
obravnave je bil v posameznih daljSih
sekvencah razli€en, odvisen pa je bil od
pretoka Soce, hitrosti vetra in zacetnih
temperaturnih in slanostnih pogojev v zalivu.
Nestacionarne simulacije so tako trajale od 8
ur v primeru mocnejSega vetra in/ali visokega
pretoka Soce, do nekaj dni pri Sibkem vetru in
nizkem pretoku Soce.

Meritve celokupnega raztopljenega zivega
srebra so bile opravljene 25. junija 1995
(Horvat et al. 1999) v 14 tockah na povrSini in
ob dnu, primerjava rezultatov modela in
merjenih vrednosti pa je prikazana na sliki 4 in
v preglednici 7.
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waters are a significant source of dissolved Hg
for a long time after the inflow of Hg has
begun to reduce or has even ceased. Hg
concentrations in the pore water of the bottom
sediment of the Gulf were determined by an in
situ benthic chamber experiment at location
AAL (Figure 1) during 1995 and 1996 (Covelli
et a. 1999).

These measured values cannot be applied to
the whole area of the Gulf, as only one
location was observed, due to the difficulty
and expense of the experiment. The high
amount of Hg being released (according to
Covelli et a. about 470 kglyear) from the
bottom sediment is very significant, and needs
to be taken into account with future modelling
and simulations.

3.3RESULTSOF THE SIMULATION

Input data for the smulations were prepared
and the final partitioning of a typical year was
carried out using the collected data (Figure 3).
With these data a simulation for the period
between 1 November, 1994 and 1 July, 1995
was peformed. Fully unsteady date
simulations (real-time modelling) were applied
with the shorter sequences and quasi-steady
state modelling with the longer ones. The
duration of the unsteady state treatment was
different with individual longer sequences, as
it depends on the discharge of the Soca River,
the wind force and temperature / salinity
conditions in the Gulf, respectively. Unsteady
state smulations in duration from 8 hours with
strong wind and/or high discharge of the Soca
River, up to a few days with weak wind and
lower discharges, were applied.

Measurement of total dissolved Hg was
performed on 25 June, 1995 (Horvat et al.
1999) in 14 sampling sites at the surface and at
the bottom. In Figure 4 and Table 7 a
comparison between the measurements and the
results of the model simulation is given.
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Slika 4: Primerjava merjenih in izra¢unanih koncentracij celokupnega raztopljenega Zivega srebra
(junij 1995) v povrsinskem sloju (zgorg) in v sloju ob dnu (spoda)).

Figure 4: Comparison of measured and simulated concentrations of total dissolved mercury (June,
1995) in the surface layer (above) and the bottom layer (below).
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Preglednica 7. Primerjava merjenih in izratunanih koncentracij celokupnega raztopljenega zivega
srebra (junij 1995) v povrsinskem sloju in v sloju ob dnu
Table 7. Comparison of measured and ssimulated concentrations of total dissolved mercury (June,
1995) in the surface layer and the bottom layer

Merjena IzraCunana
Merska tocka Globina | koncentracija | koncentracija | Odstopanje
Sampling point Depth Measure_d Calcul ate_d Ratio
concentration | concentration
[m] [ng/1] [ng/l] [-]

D6 1 0.5 4.90 3.45 -30 %
D6 | 35 131 1.53 +17 %
Ad 1 0.5 3.47 2.25 -35%
Ad | 115 1.08 1.35 +25 %
A29 1 0.5 1.53 1.68 +10 %
A29 | 9.5 1.28 121 -5.5%
A20 1 0.5 231 1.52 -34 %
A20 ! 35 1.34 1.16 -13%
CZ1 0.5 0.97 1.72 +77 %
CZ\ 23.5 1.18 1.43 +21 %
F21 0.5 0.95 1.33 +40 %

F2 1. 20.5 1.23 121 -1.6%

FO 1 0.5 0.68 1.38 +103 %

FO | 20.5 1.09 1.18 +83%

4. ZAKLJUCKI 4. CONCLUSIONS

Iz primerjave rezultatov simulacije in The following conclusions can be made

meritev lahko sklepamo naslednje:

Kvalitativno je ujemanje rezultatov na
povrSini  zelo dobro. Relativno dobro
kvantitativno ujemanje, povsod v mejah
faktorja dve, je bistven napredek v primerjavi
z rezultati 2D simulacij. Disperzija zivega
srebra v povrSinskem sloju je nekoliko
prevelika, kar je predvsem posledica
numeri¢ne difuzije, ki pa se ji s trenutno
vgrajeno numeri¢no shemo ni mogoce izogniti.

Kljub zviSanju koncentracij raztopljenega
zivega srebra v Soci je ujemanje v blizini ustja
sab%e, sa z modelom % ne moremo
upoStevati sproS€anja zivega srebra z delcev
plavin, ki je prisotno v obmocju mesanja
sladke in slane vode. Proces spros$éanja Zivega
srebra iz partikularne v raztopjleno obliko Se
ni dovolj dobro raziskan, da bi ga bilo mogoce
vkljuciti v model.
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from the results of the simulation and
measurements:

At the surface, a very good quadlitative
agreement of modelling results and measure-
ments was achieved. Relatively good quanti-
tative agreement, aways within a factor of
two, was a significant improvement in compa
rison with the 2D modelling. The dispersion of
Hg at the surface was somewhat too high,
mostly due to false diffusion, which cannot be
avoided using the existing numerical scheme.

In spite of an additional increase of
dissolved Hg concentrations in the Soca River
due to the Hg release from particulate to
dissolved  form, agreement of the
measurements with the simulation is less
accurate near the river mouth. Additional
research of the Hg release from particulate
matter to its dissolved form in the freshwater /
satwater mixing zone is needed before
including the process in the 3D model.
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V modelu S ni upoStevano zviSanje
koncentracij ob dnu zaradi sproscanja zivega
srebra iz pornih vod v sedimentu, ki lahko
precej spremeni sliko koncentracij ob dnu.
Zato je ujemanje ob dnu kvalitativno nekoliko
slabSe, kvantitativnho pa Se vedno v mejah
faktorja dve. Omeniti pa je treba, da tudi na
rezultate  meritev  pri  tako  nizkih
koncentracijah vpliva mnogo degavnikov in je
zato zanesljivost meritev v mejah £ 20 %
(Horvat et al., 1999). Ce torej upostevamo
nezanesljivost analiznin metod in vhodnih
potatkov ter napako pri modeliranju, lahko
zaklju¢imo, da je ujemanje rezultatov dobro.

Poleg numericne difuzije na rezultate
modela nekoliko vpliva tudi uporaba
razmeroma preprostega modela turbulence.
Slednji  kljub  zmanjSanju  vertikalnega
koeficienta turbulentne difuzije %
gratificiranin  razmerah  daje  nekoliko
previsoke vrednosti koeficientov, predvsem pri
SibkejSem vetru. Prednostna naloga pred
nadaljnjim modeliranjem je torg vgradnja
izpopolnjenega modela turbulence z dvema
enacbama (k-€ model) in numeriéne shema
vi§jega reda toc¢nosti (npr. Quickest).

The increase of concentrations at the sea
bottom due to benthic fluxes, which can
significantly change Hg concentrations within
the bottom layer, was not taken into account in
the present state of the model. Therefore,
gualitative agreement in the bottom layer is
somewhat less accurate, but quantitatively till
within a factor of two. However, the reliability
of the measurements with such Ilow
concentrations is limited by several factors,
and the accuracy does not exceed the limits of
+ 20 % (Horvat et al., 1999). By taking into
account the unreliability of the analytical
methods, uncertainty of the input data and the
inaccuracy of the modelling, the agreement of
the results and measurements can be
considered good.

Besides the false diffusion, the results are
also influenced by the use of a relatively
simple model of turbulence. Despite adapting
the eddy diffusivity to stratified conditions, the
values of the vertical coefficients are
somewhat too high, particularly in weak wind
conditions. A two-equation turbulence model
(k-6 model) and a numerical scheme of a
higher order of accuracy (e.g. Quickest) will be
included in the model as soon as possible.
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