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Abstract. Unlike otherregions in Romania, lakes in Dobrogea are marginally positibredsely connected

to the presence of the Danube and the Black Sea. This characteristic/position is the result of paleogeographical

evolution in the Quaternary and the current climatic dibors in Dobrogea. The paleogeographical evolution

in the Quaternary resulted in the formation of several depressions at the edges of dry lanéeslinang

salt/sea water accumulated. The lakes on the Romanian coast line are grouped into two tgpesicof g

depressions, a fact partially reflected in their hydrological and phydiesthical propertie$ fluvial-marine

limans and marine lagoonfegardindimans we would mention the largest onéBabadag grafted into the

valley of the two Northern Dobgea riversT ai Sa and Tel i Sa, si t RazimBSimbieon t he wes
lagoon (the largest lacustrine complex in RomaniB)a K ,ainitidlly located at the mouth of the Casimcea

River, flows into the Black Sedechirghiol after the conflence of the two tutaries, Urlichioi (Derea) and

Bi ruTatla§ea¢ at the end of the DMdngakaktin (fThel Abbec)i V¥hI by
most notable lagoon, by surfaaeea, is th&kazimSinoie lake complexhe Siutghiol Lakethe oldComorova

Marsh which drained, resulted in three recreational lakeBleptun, Coziaand Jupiter, as well asthe

HergheliaMangalia Marsh. In terms of drainageasin size, underground wasgurces, links to coastal

marine waters, and the semiarid, tempecatatinental dimate of Dobrogea, the spectrum of the chemical
compositioamineralisation gradient of lake water, in natural conditions, varied and still variesfiiesim

brackish, salty and hypersalty watddarnrinduced changes of the lacustrine area, of drainageshasd of the

links to coastal marine waters have resulted in significant structural modifications of the lacustrine ecosystems,

in terms of use.

1. GENERAL CONSIDERATIONS

Background of researchDuring the first half of the 2Dcentury,significant rese@hes were
conducted on a number of littoral lakd&angaliaBr £t t escu, 1915), Techirghi ol
Mi htil escu, 1928, Mrazec, Sturza, 1932; Sucul esc
1922), and Razim (Brtileanu, 1938; Zemi ankovski,
During the second half of 20" century,numerous researehiorks on the littoral lakes focused
on different issues, such athe relations between the sea level variations and the genesis of the
lacustrine depression(sB 1 e h u , 196 2; Banu, 1964; Cebat, 2064);thel 9 7 O ; F
present morphobathymetric configuratishich has triggered changes in the hydrological, hydrochemical
and hydrobiological regime, and consequently in the lacustrine ecosystems, with impact on their use
( GOkt escu, 197Br eil®N8; 1TCO&t e$9082; G ©at &l.e1964;u , Ni ¢
Bondar , 1970; Ni col ae, 1969; Breier, 1976 ; Ro man
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Geographical position of the lake§.he marginal position of lakes in Dobrogea, related to the
Danube and tthe Black Sea (Pontus Euxinus), is the result of paleogeographical evolution during the
Quaternary, while their hydrological features have been shaped by the present climatic conditions. On
the sea coast eastern side, one can find several important ¢éafeg Yarious hydrochemical features
and uses (Fig.1).

The WestersDobrogea coast of the Black Sea is an area inhabited since the Antiquity, a fact
proven by theuins of fortified cities (CalatisMangalia, TomisCo n s t a n $Sinpie, Argastirr | a
Dol okman, aReazdm)dFgrlacl eea
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Fig. 17 Lakes on the Romanian Black Sea coast.
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Paleogeographical evolutiorDuring the Quaternary, when liman and lagoon depressions were
being formed,the Romanian sea coast and the Black Sea itself aroused the interest of several
Romanian and foreign researchers.

By correlating and synthetizing research conclusions, one can see that the Romanian sea coast
(which includeghe Danubian limancurrently he Danube Delta and tt#almyris Gulf,occupied by
the RazimSinoie lacustrine complex), was affectedtbyee main Black Sea stagesthe Holocene
Quaternary: fist stagei the Flandrian transgressiori Feodorov, 1961); théleolithic transgression
(Banu,1964); and th®obrogean transgressicqicot e S, 1970), the steaml| evel
above the present zenoeter one;the second stagé the Fanagorian, Dacian and Histrian
transgressiansea level 20-5 m below the present offfom the: 7 6" cc BC to %% 6™ cc/AD); the
third stage Nimphean, Walachian, Razitnansgressionsea level returned to the current one and the
shore separate the present limans and lagoons emerged (the second and third stages are named as such
by the above authei Feodorov, Banu,an@ot eS ) (Fig. 2).

Morphological types of lacustrine depressiora. terms of genesis, the lakes of the Romanian
sea coast belortg two categories of depressiomsrtially reflected also in their hydrandphysicat
chemical featurediuvial-marine limansand marine lagoonsAmong thefluvial-marine limans the
largest one iBabadag situated in the north of Dobrogea, at the western margin of the Fainivie
Lagoon; T a Kk atuhe mouth of the Casimcea River, which once used to flow into the Black Sea;
Techirghiol after its two tributaries Ur | i c hi o (Der ea) Thatlageaddtitheend n Sa c
point oftheDul cekt i Val Mahngaliab@Tanhbaddedac )Al bexkti Val |l ey.
lagoon area,is the RazimSinoielacustrine complexocaupies the ancient Halmirys Gui8iutghiol
Lake a marine lagoon worth mentioning, are also the anci€dmorova Marshwhich, drying up,
led to the formation of three leisure lakedeptun, Cozia, and Jupiter) and tHergheliaMangalia
Marsh(Table J.
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Fig. 27 The Romanian Black Sea evolution during the Hologgneat er nary ( Cot e S, 1970) .
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Table 1
The morphohydrographical features of the littoreh k e s ( GOkt escu, Breier, 1976
Lake Genetic Altitude Surfacearea Volume Maximum Average

types (m) (km?) (mil.m®) depth depth

(m) (m)

Razim-Sinoie lacustrine

complex 0.50 867.7 1440.71 3.5 1.67

Takau | liman 1.24 23.35 57.0 3.75 2.40
Gar gal liman 0.9 5.20 7.2 1.9 1.40
Siutghiol lagoon 2.16 19.60 88.7 17.05 4.65
TEbEct liman 1.25 0.99 2.1 6.15 2.15
Agigea liman 0.83 0.60/0.35 0.26 0.7 0.40
Techirghiol liman -1.5/1.5 11.61 41.8 9.75 3.60
Costin liman 0.25 0.07 0.02 0.35 0.25
Tatlageac liman 0.94 1.40 215 2.5 1.58
Mangalia liman 0 3.10 15.7 13.0 6.0
Limanu pond 4.4 0.52 0.6 2.5 1.1

Present climatt and water features.Low precipitation (X) (under 400 mm/year), high
evaporationZ) (850900 mm/year), the accumulation of precipitation waters in the limmahlagoon
depressionss insufficient to ensure a constant water balgceZ) and the formatia/persistance of
lakes. However, under natural conditions, the presence of the Romanian coastal lakes is due to
underground dischard&1), connections with the marine coastal wai@gf8)and the contributions of
individual drainage basin¥ 1). Thereforethe result is a water balance deficit or surplus, according to
the balance equatioX@* Y1+U1)-( Z + Y2) = N V.

Under the present local and regional geographical conditions, the water balance structure has
changed due to anthropic activities and @toic interests.

Chemical charactersisticsThe chemical makeap ranges fronfresh water(Siutghiol), brackish
water (Sinoig, and salty water( N u n ttoahypgersalty water(Techirghiol), in correlation with
drainagebasin size, underground water sources] aonnections with the marine coastal waters,
against the background of the semiarid tempeasatdinental climate of Dobrogea.

2. MAN-INDUCED CHAN GES IN THE MORPHOHYDROGRAPHICAL
FEATURES OF LAKES

The anthropic interventionsn the lake pattern, the draige basins and the connections with the
marine coastal waters have significantly changedsthecture and use of the lacustrine ecosystems

(Mangalia, Tatlageac, Techirghiol, Agigea, Siutghiola k aul , and Razi m) .
Mangalia Lakeoccupied a 40 mwide sinewy valley, modified by abrasion, If had a low
chemical concentration (3.96a in 190basinwatersa i n

(784 knf) and underground waters. Since 1953, themittif the offshore bar led to the formation of

three lakes Mangalia turned into a marine gulf, whileimanuandHagieni becamefishery ponds;

also the hydrological regime and the chemical concentration were essentially modified. Thus, in
Mangalia Lakewhich is connected to the sea waters, mineralizationl(a) and t he hydr o
type (chloresodic magnesium) are similar; on the other hamehanu and Hagieni lakes have low

mineralizations (071 . 0 &) , bei ng osbdic dydrochemiaal tygp themeforte evidh a
tendency to fresh continental waters.
Tatlagex Lakeoccupi es the | ower, sinewy and enl ar ged

basin 144 krf being separated from theaseaters by an offshore bar,i@ m wide and 2 m high,
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crosed by t heManQaian mitwayn $hder natural conditions, the lake used to have an
opening to the sea, but at present, the lake being used as fishery pond, the opening is under control.
Cost i nek smallsizeda O®7 k) drainage basin 21 Kn with insignificant
morphobathymetric features; the offshore bar (ca 500 m long andi5IDM wide), which separates it
from the sea, is an important beach used bythesgh e al t h resort of Costinek
Agigea Lakesmalls i z e d , situat adlong the homonwmbus Calley &rtainageS
basin 40 krf) was separated from the sea byMaagalia of f sho
railway. The construction of the DanuBed ack Sea Canal made -Adigea | ast |
port go through Agigea ake, thus reducing its surfaaeea to 0.35 kf affecting an important
avifauna reserve and turning the lake into a fishery.
T a kK a u | linkedatd the sea, had formerly two estuaries: the first and the largest occupies a
part of the lower Casimcea Riveector (69 km long, drainage basin 740°krthe secondGar gal ©c
Lake is situated along the Corbu Valley (7 km long; drainage basin 39 Both of these lacustrine
depressions where much enlarged, first by marine abrasion and later by lacustrinen;akinasi
opening to the marine watbearing structure was dammedy an of f shore bar, bet\
Capul Midia.
Nearby these lakes, especially on the offshore bar, important changes have been triggered by the
Poarta Al-Gapul Bidis lmanch mofi the Danulidack Sea Canal and the PETROMIDIA
Refinery with it port. The Canal goes alongside the whole borderafk e Tisaan afisHore bar
that ends up in areas where fluvial barges are moored. At the same time, the lakes are currently used as
fisheries, and their opening to the sea is controlled in tertevelfvariation.

3. HYDROLOGICAL FEATURES
The hydrological features of the lakes have been highlighted and interpreted based on the data

recorded by the network that monitors the hydrological parameters and the management of the littoral
lakes (levels, @cipitation, air and water temperature, evaporation, chemistry, waves) (Fig. 3, Table 2).

Table 2
The main hydrometric stations monitoring coastal lakes
Lake Hydrometrical Surfacearea Altitude of lake Established in

station (km?) (RMNm)
Razim Sarichioi 415.0 0.50 1956
Gol ovi Sa Jurilovca 118.7 0.50 1956
Istria Nunt aki 5.60 0.80 1979
Nu n tTaziai Nunt aki 10.50 0.78 1979
Takaul Lumini Sa 23,35 1.24 1956
Gargal ©c/ {Lumini Sa 5.20 0.90 1956
Siutghiol MamaiaB t i 19.60 2.16 1956
Ttbitckrie|[Constan§$Sag 0,99 1.25 1956
Techirghiol Techirghiol 11.61 -1.5/1.5 1958

Waterlevel variationis an important parameter that reflects volume variation, however, it is
seasonal and multiannual level variation, that revibalgieneral tedencyof climatic factors.

Level variation also depends on the configuration of the lacustrine depression, the wind fetch,
seiches on the larger aquatic surfa@e Razim, Siutghiol lakes), or drainagasin size, entailing high
floods, etc. (Mangalia, atlageac, and Techirghiol lakes).
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The analysis of water levels covered two different periods: 386 ( T-&eraghl Oc,
SiutghiobfT Lt bkt ctr i e, and20686hi(tghroh); abd7Nunt aki ). Or
l evel s in the analysed periodg3re situated 260 c

1zg§ ! "wf f e

80 j A W Y ii|‘
MMIM nm

—Tuzla — Nuntasi — Gargalac-Corbu ~ — Tasaul — Siutghiol — Tabdcarie  — Techirghiol

Fig. 37 Waterlevel variation.

The multiannual lakdevel variation showed a slightly increasing tendency, except for
Techirghiol Lake, which kept decreasing after the year 2000.

In the case of the three lakes studied, the most significant level variations were due to direct
(Siutghiol and Razim) aniddirect (Techighiol)anthropic interventions.

4. CASE-STUDIES

Given the masinduced lakes changes, as well as the existing hydrometric data and their
importance, ourcasestudiesfocused on the hydrological parametersTaichirghiol and Siutghiol
lakesand tle RazimSinoie lacustrine complex.

4.1. The Techirghiol Lake

Lake Techirghiol (11.6 kfy max. depth 9.75 m, area drainage basin 165amd underground
drainage basin 350 Kinis the most important fluvicarine liman, separated from the sea by a 200 m
wide and 2,000 mwide alluvial bank,used as a beach, between Eforie Nord and Eforie Sud. It has
come to occupy a much larger depression, initially through karst and marine abrasion processes, and
later on lacustrine abrasion processes.

The Techirghiol Lakes a model of semiarid climatic conditions (high evaporation compared to
reduced precipitation, isolated drainage basin without any outlet) dedebfvariation, hydrological
balance and salinity.

Its level varied froml1 . 50 m t o fA00 mO mimn 19991998, followed by @ + 1. 7
decreasing tendency down to 0.60 m in 2010.

The dramatic level increase of the Techirghsiol Lake was triggered solely by the irrigation
systems, which began functioning in the ed®60,s their influence on the water balee through
input on ground and underground basins was started being felti870e(Fig. 4).

Analyzing the basic watdralance components over 198005 its structure under natural
conditions was:

X+Y1L+ULi(Z + 1i) = N oV,
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where:X, rainfall on the lakeY1, surface runoff influenced by the irrigagion systdui;, underground
dischargeZ, evaporationli, infiltration from the lake via the offshore bdt;g,Wolume difference.
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Fig. 47 The Techirghiol Lake water level variation (192010).

Insofar as the analysed period is concerned, one can notice some extremepvadigsation
(X) between225 mmi 1976 and 889 mmi 2005 evaporation (Z)between587 mmi 1985 and
972 mmi 1971 thereforeX < Z.

Yet, during this period, the valuescoeded in 2005 wer¥ = 889 mmandZ=734 mm therefore
X>Z, which means an exceptional situation in the specific conditions of Dobrogea.

The influence of the irrigation systems significantly modified the water balance structure:

(X+ Y1+U1)i (Z+lp+l)=N oV .

To diminish thefresh watetevel in the lake, both via¥(l)and (1), the procedure used was the

evacuation of significant water vol ulpdR.5py pumpi r
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Fig. 51 The Techirghiol Lake water balancees 19531999.
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As a conseqguence, the water volume increased from 57.5 fhilh @967 to 80.5 mill.rhin 1998,
determining asalinity decreasef rom 81 .5 a in 1969 to 55.0 a in
genesis conditions of therapeutic mud (pelowf),and the balnetherapeutic quality of the water
(Trict, 1977) (Figs 6, 7) .

The relation between lakevel increase and salinity decreaseYs= 0.4652 + 108.8land
R] = 0.5818

Beside lower salinity values, the Techirghiol Lake level increlasketa the flooding of Eforie
Sud and Techirghiol spa resorts located on the side of the lake; landslides and bank erosion, especially
on the left /southern bank; deterioration of the hygrophile vegetation on the left/northern bank caused
by higher water levels
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Fig. 61 Salinity in the Techirghiol Lake (1892010).
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Fig. 77 The Techirghiol Laké hydrochemical structure.

The measures takdn diminish the excessive freslater intake in the lake by surface runoff
(Y1) and underground dischar@gl): drillinigs in the drainage basin to pump out the underground
water surpl us, drains to collect the fresh water
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towards the Tatlageac Valley; drills around the lake for catching, collecting and pumpingehground

intake; building two dams to hold the freshwatesn e at t he t ai | of the | ake
and another on the Tuzla Gulf; a drainage canal from the lake to the sea via the offshore bar, as a
preventive measure in case the wageel might rise and affect the facilities between Eforie Nord and

Eforie Sud (Fig. 8).

Fig. 81 Hydrographic basin of the Techirghiol Lake.

4.2. The Siutghiol Lake

The Siutghiol Lake depression, a marine nat@gjoon, emerged in the wake of the Capidava
Ovidiu fault, which separates the Jurassic limes from the Cretaceous limes, affected by karst processes
and favouring a significantnderground water supply froeubmerged springs, determining thater
balance structure, the waters being usually in exaeddgresh.

The lake is separated from the Black Sea by an offshore bar made up of fine sands, 300 to 600 m
wi de and about 15 km | ong, bet ween ConsdndanSa Ci
health resort has developed (GOKtescu, 1971) .

The Siutgliol Lake, which covers 19.6 Kinmaximum depth 17.15 m, is situated in one of the
karst dolines present on the almost plain bottom at an average depth of 4.6 m. In the lake area stands
Ovidiu Islandi close to the homonymous town. This abrasion withesderag of Jurassic limestone,



