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MORPHODYNAMICS Of MAMAIA BEACH

AS AN EFFECT OF HYDROMETEOROL061CAI AGENTS

Radulescu Metodiu

Romantaji Marine Research. Insbitufee-Gonstaa. ^a

ABSTKACT;

On the baeis of 22 toponetrloal meaBurefntB In S WOBS
sactiona of Kaa»la Be»ch and th« peCT«aaeBt reoorde of
eea level and irind speed and dlraotlon at Constanta in
1975-1977. it has baan poaallile to . 8t»lll8h the effecta
of the hydroneteorologioal ageata on the . orphodyaaal-
cal evolntlon of the lieach.

As waves and longshore current induced by waves In the
surf zone are generated under the actl. on of wind, as defined by
force (speed) and direction, aa attempt of rel.atijig the morph.oLo-
glcaL processes whl. ch result; at the shoreltne directly to the two
wind parameters ts fairly . jastlfled, ill tlie absence of direct mea-

suremeafes on waves and currents in the nearshore zone of Mama la
Beach.

Among the secondary morpJiodynamlc agents, sea level oa-
clll.at Ions are of outstanding importance. On tlie one haoS, these
Imply a liorlzonfcal osclLLa1;lon of shoreLlne - as an Intersection
line betrween sea surface and the sloping surface of the beach. On
the ofcher hand, every variation tn sea level means a vertical and
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in May, 1975. During tlie Investtgal; ton period, 22 norphoneferlcal
prophtles were surveyed In sect tons L ancl 2 and L8 profiLes were
done In section 5} the prof ILes were surveyed on the same dates
in the 5 sections.

The topometrlcal two-dliaentlonaL data obtatned In the
field were referred feo con.ventloiiaL marks with approximate belghAs
from the Black Sea level and they are graphlcaLLy pLotted - beacli

width, as distance from mark to shoreLlne (Figs. 2 and 5) and ex-
treme helghlis recorded at ftxed dlstan. ces on the raiige lliie of the
profile (Fig. 5). The slioreLlne was ooaaldered In the medlaii zone
of that strip of the beach on which uprush and backwash are con-
fined and where the plane of the Itnagliiary Levelled wavy sea sur-
face meets the foreshore slope.

Sea Level osclLlations durtag the Investigation pertod
were considered as ten-day mean values calcuLated after the re-
cords of the Level-gauge at Conatan.̂ a (Port Tonits).

A generally mericllan shore trend In the observed zone
suits analysts of wind speeds as decopaosed vectorlaLLy j.n tta.e
four main cardinal directions on two axes; N-S and E-W, the for-

aer - parallel with the shore and the Latter - perpendicular to
It. GoaventlonaLLy, on the alironol-ogical graph, Ln. the two axes,
partial speeds of north, and east components were plotted as post-
fclve values, above zero line, while partial speeds of south and
west componento were pLotted as negatl. ve values, below zero Li.ne
(Fig. 2). Two variation curves were thus obtained In a frwo-dlmen-
tlonaL system., on both sides of two neutral ILnes separatliig two
opposite directions and formtng fc11® t;tme axes, concurrent; Ly. 'Time
Is marked in. months (on top), seasons and years (down). Under
this form, the variation, of wind parameters becomes comparabLe fco
the variations tn sea Level and beacb. .vii.Qiih In the tliree sections.

EESULTS

By following slmultaneousLy the variation curves, some
slgnlflcaiit agreenenfes can. be noticed between the processed para-
meters*

An Increase In the beach width by 6 to 18 m corresponds

to fche general LowerLng In the BLacK Sea level from the summer of
1975 to January, 1976 - by more tliaii 4o cm. It Is followed by a
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general, though discontinuous decrease, as the sea level rises

gradually; -the smaLlest- width Is reached In the sprtng of 1977.
Further on, the decrease In mean sea levels begtaab% from May,
1977, 1s proinptLy followed by exundafelon of the low beach and sea-

ward movement; of fche shore Line by the esd of fche period.
On this backgrouziid of lengthy, yearty variation In aea

level and beach width, several peaks of the curves ^re superposed,
being determLaed by temporary rises In sea Level as an effect of
stirong winds from the sea, as 11; comes out from the variation

curves of tlie wind components. Beacli erosion was stroz^ly manJLtest
tn these Infcervals and the shore line moved Landward by distances
reaching 2o m in. some places - as, for example, in the north of Ma-
mala In February, L976. The exoepfcloiial storm of the second deca-

de of October, 1976, though stronger than those la February, ha-
vlng a shorter duratl. on, altered in a Less degree the beacli wjLdth,
but produced liaportanfc height; changes Ln the transverse profiles,
which took concave shapes characfcerlstlc of storm beach, the con-
cave shape was preserved under fche action of the extremely strong
storms of January and then, those of March, L977.

It Is obvious that the most Latense erosion bakes place
In fche cold season, Wtien the east; wind component - from the sea -
takes lilgli values, always concurrent width InfcenslflcatLoas of the
norfch componenl;, that Is In olrcutastances when tlie atmospheric
ctrcuLatlon is nortli-easterly. On this, Ifc must; be mentioned that;
N and NE winds are most frequent and stroiig during this season
(p. It Is also to be mentioned that; Intense and lasting west winds
cause sea Level to sink, which leads to temporary v/ldenlngs of
the beach. These are made evident by the profLLes surveyed at the
begijmlng of March and the mlddLe of April, 1975, as we L La,? in
March (Parc) and April (North), 1977.
The Larger beaah width varI. ablLlty i.n section 5 (North) (Fig. 2,
down) ts due to the milder slope of the transverse profile (Flg. 5)
as Lt Is also due to slope - this time steeper - that the beach by
the side of Parc Hotel shows inoderafee vartati.ons durta® fehe first
part of the studied period - bufc not In the Last year too, when
this profile became concave as a consequence of the extraor<3 tixary
storms of October, l9?6, am3 January, 1977. Even without takliiR
Into account an evld.eat Lacrease of sand grain dlmentloiis toward
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the south of Mamala Beach, the steepenLag of Its traiisverse slope
southward Is an liidlcatlon of the Intensification of the erosion
In this dtrectlon. whlch Is ofehermtse pointed out by comparing toe
beach width varlafclon curves La the three of the sections (Flg. 2>

As regards the overall fcendecy to erosion, conflntng iso
1.975-1977, one can observe that although the Black Sea mean level
In the summer of L977 did not exceed the mean level In the same
season of 1975, the beach width Is notlceablysmaller - by over
Lo m, S of profile 1, - suggestli^ an ended erosion cycle. A new
Increase In beach width follows conourrentLy with tihe decrease In
sea level and roghness, but starting from a more landward aliorelliie
aiid a poorer sand sfco<& (Plg. 2).

The variation limits of the fcransverse profiles are par-
tlcularly wide near the shoreline, . on the wet, lower beach OFlg.?).
The widest variation range was recorded at. frhe north end ofMamala,
both horlzonfcaLl^ (5o n) and vertically (1. 19 m). It can be ob-
served that; the maximum vertical Variation, Ahgiax, takes near va-
lues In the 5 sectloiis and Is always to be fouB^"ln the zone of
maximum shoreline . flucfcuatlon, /^L . The fact that In section 2
(Perla) the same maximum vertical variability Is also reached, sea-
ward, on the submerged beach, denotes an Lafceiise sand transporl;
across the nearshore zone In this sferetch. IlLls teanaporl; could
cause Irreversible dislocation of saad stock affcer strong storms,
having In mind that tfe takes much longer to the sandy alluvium to
be brought back to shoreline by slight waves, and new storms can
occur before the sand Loss being recovered. This is exactly  e
present circumstance in the southern stretch of Mamala Beach.

Concurrently with fche steepening beach slope from north
southward, fehe Line of maximum vertical variability, Ah^^, is mo-
vlag from the. lower beach toward the middle beach. wlilch'^sgests
advancing of wave erosion In this direction, while, at the"north
of the resort, a dynamic equilibrium Is preserved In the beach
profile, with wide variations on both sides of a relatively stable
mean shore line.

The 22 measurements done In each of the 3 sections on
the same dates (4 surveys lackliig in secfelon 5) In the period of
February, 1975 - September, 1977, are chronologically numbered (Fig.
5). By pLotttug the points of maximum anB. minimum height mea-
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sured at each fixed distance and drawing lines befcween <;heDi, maxl-
mal an<3 mlnlmaL profiles -were obtained - fLctltlous profiles,. on
which are marked the order numbers of surveys done on succeeding
dates, when the respective extreme values were recorded (2). It Is
sl.gnlflcant t.tiat large numbers - sliowixig more recent measureiiients
- appear, as a rule, on the minimal profile, whtch proves once
more the excavating erosion tendency In tlie beach. The range "bet;-
ween the inaxlmal and inintmaL profiles usually exceeds o»5 DI and
Is smaller in section L, where the erosion rate seems to be slowed
doTOi at present, after a period of tnliense actilvity. Ia fact, It Is
In this sect ton, too, thafc, on fche last of fche series of profiles,
accumulation was found at the shoreLlnes number 22 appears 5 times
on the maximal profile In the forssliore port Lon. A cone Lus ton can
be drawn from this - an.o[ 11; Is coDflrmed by the present aspect of
this zone - that the most tnfcense erosion processes are now sl. fght;-
ly migrating northward, In the stret&h of beacli between sectloiis
Parc and Per la. In this zone, shore protection, works were-necessa-
ry, and they were recently undertaken., as some beach service bull-
dings were being dlrecfrLy attacked by storm waves.

The presence of some greater order numbers on. the maxl-
mal profile In the zone of high beach tn section I Indicates an
alluvlatlon tendency In this zone under toe action of large st;orm
surge, whiLe the middle and Lower beach, as well as the submerged
beach, are submitted to progressive erosion* However, at bofeli
north and south of Mama la, recent Eaeasurements define, as a rule,
the minimum profile*

The mosfc obvious prevaLenoe of great nuinbers on. tha mi-
nlmal profile appears In section 2 (Perla). Steady erosion Is aa-
de evident tn this stretch. Even the fact that AL^^ and,
take lowest values In this section, reflects, In the"L&s1: analys is,
a better defined tenBency In the beach profile - and this ts ero-
s ton.

As regarding the maximal and mLnlmal profiles. It must
be taken tnfco consideration that a small percent of the measure-
meats were extended on the submerged beach - given the hard TOrbfas
coadltloiLS In the cold season - and so, ampLlfeude of profile va-
rtatlon as It results from the graphs Is less probable for the
submerged beach. It Is greater Indeed and could exceed consldera-
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bly the values calculated for the subaerlal beach.

DISCUSSION OF EBSimrS

A higher frequency of the measurements, or the tc time
dlstributilon so that they should come upon the characteristic clr-
cumstances from the point of view of the atmospheric circulation
and sea sfcate, would have pointed out more evidently the piconoun-
ced nonpertodical variations In beach profiles* But the inaln pur-
pose on which the measurements were iiiltlated on Mamala Beach was

to follow the periodical variations and to determine the teiiden-

cles la sliorellne evolution. As for the variations produced by
high steep naves - with greater b/L ratio - during storms, as an
eroslonaL agent, on the one hand, and by waves of low amplitude
and steepness, as aa accunulafcion agent;, on. the other hand, one
can speak about a certain periodicity only In the measure in which
the former are la. con junction especially with the strong winds
from sector north-east, characteristic of the cold season, while
the latter are iaost frequent during the warm season, when mild
snell and waves generated by slow winds, especially from sector
south-easfc, are prevalent. The west component Is also more sfcres-

sed during the cold season (^)* The coapari. son of the curves of
wind parameter and beach width variation (Flg«2) Illustrates the
stafcemenfes above*

In spite of the agreement between the varlafclon curves
of sea Level, wlzid conponents aiid beach. widtlL, no correLatlon e-
quatlon could be drawn to provide a mathematical expression, £oun-
ded on quantitative relations tietroeea the Involved parameters.
This Imposslbtllfcy Is justified as following.

Firstly, If wind speed Is a totally Independent varla-
tile In fche correlation, It Is not:the sanie with sea level near

shore, where It Is measured. It Is dependent on wind speed aiid
direct Ion when the former takes high values, and forms an Inde-
pendent variable only If the wliid-generated level chances are e-
llmliiated. On the ofrher Iiand, wind speed alone, as an liidependent
variable, cannot deternlne the beacliL width by itself - as a de-
pendent variable. So, the Imperfect Indepeiidence of certain deter-
mlnliig parameters Is concurrentwlth . their Insufflclenfc number.
Actually, from amoiig the secondary agents of the fflorphodynamlcal
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processes, having excluded more OT less static, referring to coast
and bottom topography, an Imporfcanl; agent as fche contlneatal al-
luvlal contribution or the balance of sand exchange wltib. the ad<ja-
cent zones should nofc be Ignored. But, for the time being, the ws-
thods of quantltiafelve defcermlrLatlon. of sand transport in fche surf
zone are not satisfactory.

Special mention must be taade of some Important losses
of sand from the beach - however not determln. ed quantitatively -
by deflation, under the dlrecfc action of wind. The sand dunes on

the backshore, partially fixed La the zone of the bushes, bear
witness of this permanent eollan <aenudatlon process of the dry
beach tn the middle of Its profile, to which little afetentlon was
paid so far by researchers, lix spite of the obviously unfavoura-
bLe exposure of the beaches of the Eomanlan coast toward the pre-
domtaanl; wlDi3s»

To conclude, the study of beach evolution by surveys of
traiisverse profiles repeated In fixed points on fixed range Lines
during a Longer period shows a close relation between the morpho-
dynami. cs of the nearshore zone and the liydromefceorologlcal agenfcs
and enables the defeertatnafelon of periodical variations and fu1;ure

tendencies In. different beach steetches* In the latest years, Ma-
mala Beach was affected by an erosion process of mh. lch iutensl.ty
Increases southward with a masrltaum between the ranges of the ho-
teLs Perla and Parc. Here, the sandy strip of tlie beach Is progres-
slvely narrowLng as Its slope Is steepening and the storm waves
attack fche backshore, end anger Ing sonie buildings.

KEFEREN'OES:

L. xxx - 1975 - Sfeudlu asu ra unor arameferl al re tmulut
tern eraturll aerulul vintulut I starll su rafeet ma-

rll £n zona ora ulut Goastan a. IMH Bucure tl, 16-1?.

2. BAJAED J., GAUTIEE N., 1969 - Bynamlque des plages da Nord-
Gotentln, Gahlers oc6ano a h. , 21, ^» 635-651.

16


