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SOME ERVATIONS ON SEA WATER CIRCULATION

IN THE AREA OF THE DANUBE MOUTHS
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ABSTRft.CTt

'Sae paper analyses -the results of direct marine curren-t
neasiireBen-tB carried out off the mouths of the DanuTae

in April and September 1977, corresponding respectively
to periods of hi^i and low Sanu'be water dischai^e. The
main fac-tore acting on the regime of the curr^ntB
within different water layers are considered; wind, ri-
ver discharge and shoreline direction. The existence of
a general southward flow up to 12-15 Km width has been
finally pointed out.

The marine zone from the mouths of the Danube it is ex-

tremely Interesting from a hydrologl.cal point; of vl. ew because of
fche penetration Lato tbe sea of a great quantity of river water.
The complex mixture processes of the two waters, sea and river,
having different phlslco-chlmlcaL characteristics, are strongly
Influenced by laarine currents.

The Investigation carried out so far gives us a general
Image about; the sea water moveta&ats tn the area but as they were
based on an Insufflclenf; number of observafctons apy further
attempt; to approachhig the subject will be well-come. We hope our
observations will contribute to the lm.provement; of the toowledge
lii the field
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In this area, .the river discharge plays an Important
role in the sea water circulation. For t;hls reason we chose the

months of April and September for our cruises as they correspond
to high and Low Danube water discharge.

Lirecl; taeasureme. at s were made using floats and currerLt-

meters In steaidard Layers. A nefcwork of 26 stations was set du-

ring each cruise between paratLels 45°o5'N and 4o 4o'N from the
shore up fco the 5o o2'E meridian (fflg. l). The statl. oas were loca-
ted on 6 E-V( prof I Les spaced five mtLes distance from each other.
She distance between stations on each proftLe Is aLso five miles.
In onder to get the same aieteoro Logical conditloiis, we worked In-
tensiveLy, on board of two ships, coveriiig the entire area In $2
hours in April and 56 hours In September.

Before balking Into account the results on the two

cruises one must emphasize that along fche Komaalaxi coast and es-
peela2. Ly at >3.jllna aa<3 Sf. G.heorghe the prevalli. xig winds blow from
north, thus contrlbuti Lng-together witih river dlscharge-to genera-

tLag ana Eaaln. t;a<ng a southward sea water ctrcuLafci. on (2, 5). This
caust; be regardea as a general flow direction, wl. thln which the
currents ao not occur In s stationary state but; they change theLf

parameters as a function of the prevalence of a certain temporary
wi.no alrecfcl. on, especially La the superflclaL Layer (^, 6, 2)*

previous to our cruise on 22-2? April, 1977, the atmos-
pheric circiiLstlon was domLaated by relatively strong northerly

winds wlfch aatly resultianfcs IWE 9, 7 m/s at SuLliia and N 7, 8 m/s
at; Constanta. H'hlls carrying out; the measurements, the northerly
w'nds blew only at stafctons Located La tlie northern zone, on pro-

files A and B, oiiri at three stations on profUe C. Under these con-
dltlons, the superficial waters moved SW with velocities up to

59 cm/s (Fig. 2). Because of the Earth rotation, the Corlolls force

causes deviation of the currents to the right, stressing their

tenoency to gyre toi.vard the shore.

At stations G^ aad C^, as the wtiid direction changed, a
po rt of the voters carried by the main SW current get a new dlrec-

tion to IT.';, driving along La the same direction a certain amount

of the stream that flows out from the Sf. Gheorghe. branch.

Sight near the shore, there Is a slight northward clrcu-

l-atlon that generates a local antlcLockwlse circulstloii between
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theshore and the statloas A^ and B^. Ilie sreatest part of the wa-
ters of the main SWcureat keep on their flow unt 111 they aipToadi

Sahalln Island where, pressed by the high river discharge from
the Sf. Gheorghe branch, cliange thfeir direction to south-east.

The occuraace of a westerly and southwesterLy atmosphe-
rle circulation while measuring at the stations on profiles E and
P, though does not essentially chacige the genera I aspect of the su-
perftclaL circulation, abates fche southward circulation asid so,
SB of Sf. Gheorghe a new local cLockwlse olrculatlon occurs. Be-

cause of the convergence area, an accunul. atlonof water masses

appears v/lthta v/hich the Intensity of the sldewsy mixing proces-
ses makes salinity gradient reach 4%o per Mm.

South of Sf. Gheorghe the shore line direct ton dtd not

encouraged the generation of a strong southward current even. du-
ring the northern winds, previous to our measurDients. Therefore,
the S'u winds of only 5 m/s -tVhlle we were on thai; stations ha-

ve been able to move easily t-he superfS. clal waters to north
and norto-east. The flow of these siiperflclal waters along the
coast: v;lth those of the Danube, between the shore and Sah.alLa Is-

land. Is deviated eastv;ard as a consequencs of the shorellnedl,-
rectlon, too. They meet the peripheral waters of the local cyclo-
nic formation and the waters discharged through the break at the
middle of the Island and form together a distinct soutliward c&r-
culation that extends to the east limit; of the area taken Into

consideration (Fig. 2).

At 5m depth (Flg. 3) similar characteristics of the su-

perflclal cl.rculatlon are recorded, with the only difference that;
the current speeds are reduced (maximum 45 cni/s).

At lo m depth (Flg. 4), although a southward circulation
exilsts, the flow direction near the coast Is contrary (campensa-
Slon), v;hlle In the southeast part; of the area the nonsteady regi-
me become prevalent. 1'he small current; velocities (. max 57 cm/s)
show Imp or t ant dlmLautlon of the wind i.afluenceon this layer.

At 2o m depth (Fig. 5), .the general aspect of the
ci.rculatjl. on Is eiianged. TJie greatest; parl; of the area Is marked
by s nor'&hward flow (as a countercurrent) having velocities of up
to 24 cm/s. There is onlya small narrow strip In the NE of the
area where a southward clrcuLat; lan. exists In tola layer, off the
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SuLtna brancli, as a consequeace of Lts great discharge.
At depths greater than 3o-4o E, the curreitts loose their

In. tensity and fchelr dlrecti. ons and beconie heterogenous.
In the first; decade of September, when the measurement

campaign correspond Lag to low Laaube discharge was carried out,
the atmospheric clrcuLatlon was exclusl.vely southward, havtog
diurnal resultants of up to LL in/s afcSulina. Under these clrcum-
stances, tlie water masses inoved southward not only Li the super-
ficLaL Layer (Flg. 6), but also down to bottom. South of Sahalln
Island the net southward flow Is diverged to the right. This de-
vlation Is dae to the shoreline al.rectlon. Tbe matn flow dlrec-

tlon (from NE to SW) has maxl. mum velocities of up to 77cm/s. Ilie
Influence of the river water reachLag the sea through the..
Sf. Gheorghe branch at a low discharge Is hardly noticed to. the su-
perficlal and 5 m layer current clrculati.on.

.1'he aspect of the southwestv/ardclrctiLatlon at 5 m
aepth has generally muich trt common with that of the superficial
Layer, but the velocl. tles are reduced to maximum 55 cm/s. In the
north»vest; part one may ftnd the same devlatl. on to the right that
appeared on April. Thts time the tendency of appearance of a Lo-
caL antl. clockwi. se eddy In the south bay of SuLlna Is more evident.
The existence of .this eddy had been previously notleed by BOHSAB
(J) who considered Its action very Important for toe shore noroAo-
dynamics l.n that area (FLg. 7).

In the ri.orthwestern part too, at the Lo m Layer (Pig. 8),
the northward burning of the currents Is still more obvious, ta-
ki.ng the form of a rLngI-et that; tends to close at half distance
between profiles A em.d B, generating an anfelcyclonlc nucleus. In
theshoreward branch of this. ringlet, toe cI.rcuLatlon I.s directed
northward by compesatlon. In this layer, opposl. te to spring time,
the flow along the axis of the Sullna branch .haa'dly appears even
on the first profile.

The curents velocities are generally sLLghtly higher
tbsn those measured is. spring, as a consequence of the stroiig
northerly winds. However, the maximum velocities are lower 28,
as against 57 cm/s, because of a low river discharge In the pe-
rlo<3.

At 2 o m depth (.Fig. 9) t.tie current dl.rectlon Is preva-
24
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lently southward, with veloct. tles of up to 22 cm/s. Near toe shory
only, in a very narrow strip, a northward counfcercurrent flows pa-
rallel with the coast*

At 5o m depth theaspect Is similar but the velocities
do not exceed 18 cm/s»

Comparing the resultLng circulation maps for both sea-
sons-s pr tag and autuim-one may notice that In tlie east part of the
area, on the meridian of the offing stations, at all horizons,
most of the currents have directions .prevalently southward In
sprlixg and westward In autuani.

Taking Into account this fact and the general current
cLrculatlon map of the Black Sea (^), we consider that there Is,
along the 3o°E meridian, a branch of fche clockwise current; of the
Black Sea coming from the Crlmeean coast that meets the south-
ward nearshore current and then flow southward together, forming
the well-known current of Rumella. This will transport the mixed
Banubtaja. and marine waters far to the south, having a very Impor-
tant Influence on the hydro logical. and hydrochemlcal regime of
the coastal marine waters*

It is also to be noticed that the width of the general
southward flow Is by about 5 Mm greater In April 'vhen there
Is a htgh river discharge.

Ill ooncluslon, one may say that;
- At both high and low Danube river discharges, when

the northerly winds prevail a general southward current appears
In the marine area of the Danube mouths, with a width of 12-15 Mn
The temporary changes of wind dlrecfci. on do not essentlaly modify
the current regime. They can determine the appearance of some lo-
cale addles In the superficial layer, favouring fche mixing pro-
cesses.

- The differences in current regime at high or low Da-

nube water discharge, though they occured, were blurred by the
strong Influence of the northerly wLnds that blow before aad du-
ring the observations (especially In aufcuma).

- The Intensity of the currents diminishes with depfch
and the flow directions become more Lasfeable*

- At the lo-2o m layer, near the shore, compensation
currents appear. The area of their action Is much ristrlcted-in
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the autumn because of the deep extension of the southward clrcuLa-

tlon generated by strong norfcherly winds.
- Off the coast, on. the. 5o E aieridlan a junction occurs

between the southward coastal current and the northern braacli of

the general Black Sea cLockwise current.
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