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RECENT MORPHODYNAMICS AND CLOSURE IMPLICATIONS
OF A NON-TIDAL INLET: LAZURNENSKA PRORVA,
BLACK SEA COAST, UKRAINE

Ephemeral inlets are important and specific components of the coastal barriers of the World Ocean. Within
tidal coasts, the corresponding channels are called tidal inlets, and within non-tidal coasts — breaches (prorvas,
promoiny, prorany). Ephemeral inlets are important for the development of coastal barrier systems. First of
all, they perform the function of hydrological control, determining the features and scale of water exchange
between the water bodies adjacent to the barrier. The function of ephemeral inlets aimed at determining the
volume and direction of coastal and marine sediment movement is called geological control. The peculiarities
of the movement of different species of plants and animals through ephemeral inlets are called ecological
control. In this context, the parameters of the studied inlets, the duration of their functioning, and the
frequency of closure and opening determine the specific conditions of the adjacent water bodies.

Within the coastal barriers of the non-tidal seas, ephemeral inlets most often occur and function for a
long period of time within the accumulative forms of the Tendra-Dzharylgach system. The corresponding
barrier is characterized by a certain variety of prorvas associated with the hydrodynamic conditions of
the adjacent water bodies.

Among all the prorvas of the above coastal system, the Lazurnenska prorva is the most famous. It
should be noted that this name should be understood as all ephemeral inlets that periodically appeared
and functioned in the root part of the Dzharylgach Spit. Interest in the Lazurnenska prorva increased after
news of its artificial closure spread through a significant number of Ukrainian information resources.

Information about the peculiarities of the emergence and functioning of the Lazurnenska prorva is
based on certain field materials from almost sixty years ago (Pravotorov L., Shuisky Y., Kotovsky I.,
Vykhovanetz G., and Davydov O.). The available historical and cartographic material, which covers
approximately two hundred and thirty years, allows us to determine the frequency and duration of the
functioning of the breaches. The available satellite images make it possible to determine the patterns of
evolution of the studied breach over a forty-year period.
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The Lazurnenska prorva has certain dynamic trends throughout the year. In the cold season, when
waves and wind currents from the east and northeast dominate, the breach widens and deepens. In the
warm season, when waves and wind currents from the west and southwest become more active, the
breach channel narrows.

In June 2022, it was determined that the studied prorvas was closed (based on satellite images
analysis). The analysis indicates that there is a natural tendency for the prorvas closure, but we do not
have reliable information on the main reason for the closure. At the beginning of June 2023, the breach
has been closed for a year. Under the conditions of long-term closure or artificial maintenance of this
condition, very unfavorable consequences will occur within Dzharylgach Bay.

Key words: ephemeral inlets, coastal barrier, non-tidal seas, tidal seas, non-tidal inlets, prorva.

JaBupos O.B., ByiiHeBHY I.B. HemaBus mMopdonunamika Ta 3aKpuTTA Oe3NPUIMBHOI
npoToku: JIa3ypHeHCbKa POpPBa, y30epex:ks YopHoro mops, YkpaiHa

BaxuBuMH Ta crieniudivHUMM CK1afioBUMK beperoBux 6ap’epiB CBITOBOTO OKeaHy € edpeMepHi mpo-
TOKHU. B Mexax MpUIUIMBHUX GeperiB BiAMOBiAHI MpoTOKM Ha3uBawThes tidal inlets, a B Mexxax Hempu-
IUIMBHUX — IPOPBU (IpoMoiny, npopanu). EdeMepHi NpoTOKY MalOTh Bask/IMBe 3HAUeHH /711 PO3BUTKY
GeperoBux Gap’epHux cucreM. Hacammepes, BOHM BUKOHYIOTb (YHKIIIO TiPOJIOTiYHOTO KOHTPOJIIO,
3yMOBJIIOI0YM 0COOIMBOCTI Ta MaciITabu BOZOOOMIHY MiX IIpuJieraiuMu 1o 6ap’epy Bogorimamu. OyHK-
il edpeMepHUX MPOTOK CIPSIMOBAHA HAa BH3HAUeHHS 00’€MiB Ta HANpPSMKIB PyXy mpubepexHO-MOp-
CbKMX HaHOCIiB Ma€ Ha3By Te0JIOTiYHUI KOHTPOJIb. OCOBIMBOCTI PyXy uepe3 edpeMepHi IPOTOKHU Pi3HUX
BU/IiB POCJIVH Ta TBAPUH BUZIIAIOTHCA i/l HA3BOIO «E€KOJIOTIYHMI KOHTPOJIb». B IbOMY KOHTEKCTi napa-
MeTpH JIOCJI/PKYBaHUX MPOTOK, TPUBAJICTD iX QYHKIIIOHYBaHHS, TIEPiOJMYHICTb 3aKPUTTS Ta BiAKPUTTS
BU3HAYAIOTh CcreludiyHi yMOBU MPUJIETTTUX BOJIOVM.

B Mexxax GeperoBux 6ap’epiB HEMPUILIMBHUAX MOPiB epeMepHi MPOTOKU HAOIIbII YaCTO BUHMKAIOTh
Ta TPUBAJIMH Mepio]] Yacy QYHKI[IOHYIOTb B MeXax aKyMyJIATUBHUX GpopM cuctemu Tenzpa — Jxapui-
rad. [Ijis BiAmoBizHOTO Gap’epy XapakTepHe TeBHe Pi3HOMaHITTS MPOPB, MOB’si3aHe i3 TifPOJMHAMIY-
HMMHY YMOBaMU [IPUJIETJIAX BOJOVIM.

Cepen Bcix mMpopB HaBeZleHO1 OeperoBoi crcreMy HaibinbI Bitoma JIasypHeHchKa. HeoOXiHO 3a3Ha-
YUTH, [0 MiJ] BiZIMOBIZIHOIO HA3BOIO CJIJl pO3YMiTH BCi edeMepHi MPOTOKY, AKi NMepioAnIHO 3’ ABMAIUCA
Ta QYHKL[IOHyBaIM y NPUKOPeHeBii yacTuHi xapuiaraipkoi Kocu. IHTepec 0 JIa3ypHEHCHKOI TPOPBH
36ibIIMIIACh MiCJIS TOTO, SIK 3HAUHY KiJIbKiCTb YKpaiHChKUX iHpOpMaliiiHUX pecypciB 0b6JeTina BicTKa
PO ii MTy4YHe 3aKPUTTS.

IHpopMatlisi mpo 0co6IMBOCTI BUHMKHEHHS Ta QpYHKIIOHYBaHHS JIa3ypHEHChKOi IPOPBU 6a3yeThCs
Ha [eBHUX MOJIbOBUX MaTepianax Maiixe mictaecatupiuHoro nepioay (ITpasoropos I., Hlyickkuii FO.,
Koroscbkuii 1., BuxoBanens I'. Ta JlaBunos O.). HasgBHuit icropuko-kaprorpagiunuii MaTepia, KU
OXOIUTIOE TPUOJIM3HO ABICTi TPULATH POKIB, I03BOJISIE BU3HAYUTH MEPiOAUYHICTh Ta TPUBAJICTH PYHK-
1IioHyBaHHA NpopB. HasABHI CyNyTHUKOBI 3HIMKM [03BOJAKTh BU3HAYATU 3aKOHOMIPHOCTI €BOJIIOLIi
DOCIiZXKYBAHOI TPOPBY 33 COPOKaPiuHUM Nepioz.

JIasypHeHCbKa IpOpBa Ma€ MeBHi IMHAMIYHi TeH/|eHLlii IPOTAroM POKy. B X0J10/HUY [1epios pOKYy i
4ac JOMiHyBaHHSA XBWJIb Ta BITPOBUX Tedill CXiZJHOTO Ta MiBHIYHO-CXiIHOTO HANPSAMKY PYCJIO IPOPBU
PO3IIMPIOETHCA Ta HOTIMOJIOETHCA. B Terumuii mepioi poKy, KOJIM aKTUBi3yIOThCS XBUJI Ta Teuii 3axif-
HOTO Ta MiBIeHHO-3aXi/IHOT0 HANPAMKIB, PyCJ/IO IPOPBU HABIAKY 3BY3KYEThCH.

B 4epsHi 2022 poky, 3a faHUMU aHaJnsy CYNYTHUKOBHX 3HIMKiB, OyJI0 BM3HAY€HO, IO AOCIiIKY-
BaHa MPOPBA € 3aKpUTOI0. IIpoBeieHni aHaIi3 BKa3ye Ha HAABHICTh IPUPONHBOI TeH IEHIIii 10 3aKPUTTSA
NIPOpPBY, ajle MU He MaeMO AOCTOBipHOi iHpOpMaLii 100 OCHOBHOI npruduHEY 3aKpuTTA. Ha novarox
yepBHA 2023 poKy IIPOpBa 3HAXOAUTHCA Y 3aUMHEHOMY CTaHi Be piK, 3@ YMOB TPUBAJIOrO 3aKPUTTS
a00 MTYYHOTO MATPUMAaHHS [[LOTO CTaHY, B MeXXaxX JKapuiranbKoi 3aTOKU OyAyTh MPOSIBIISITUCS ZyKe
HeCIPUATINBI HACTIIKU.

Knro4oBi cinoBa: edpeMepHa poTokKa, GeperoBuii 6ap’ep, HEMPUILIMBHE MOpe, HEIPUIUIMBHA MPO-
TOKa, IPUIIMBHA IIPOTOKA, IPOPBA.

Introduction are separated from the mainland by back-barrier
Along ~13% of the shoreline of the World wetlands, such as bays, lagoons, estuaries, or salt-
Ocean is fronted by coastal barrier systems marshes (Buynevich, FitzGerald, 2018). Inlets
(Leontiev, Nikiforov, 1965; Stutz, Pilkey 2011; (ephemeral or long-lived) are integral parts of
McBride et al., 2013). These accumulation forms  barrier spits (one side) and islands (both sides).

Bunyck 18. 2023
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In areas characterized by tides, such channels are
called tidal inlets, with tidal currents crucial for
inlet dynamics, though not origin (Lucke 1934;
Gudelis 1993; FitzGerald 1996; Hayes, FitzGerald
2013; FitzGerald, Buynevich, 2018). Along small
enclosed or semi-enclosed seas, as well as some
lakes, non-tidal inlets exist and have been given
names prorvas (“breach”) regardless of their life
span (Borisenko, 1946; Budanov, Ionin, 1953;
Zenkovich, 1960; Pravotorov, 1966; Shuisky, Vik-
hovanetz, 1989, 1999; Cooper 1990; FitzGerald et
al.,, 2012; Seminack, Buynevich, 2013; Davydov,
Karaliunas, 2022). Morphodynamically, these are
complex coastal features with essential elements
being a channel proper and accumulation forms
on one or both ends (seaward and back-barrier
surge deltas; Davydov, Buynevich, 2023).

Depending on hydrodynamic forcing, prorvas
represent ephemeral channels, which are char-
acterized by diverse patterns of evolutionary at
annual and multi-decadal scales. The main stages
include opening (during storms, anthropogenic,
etc.), dynamic functioning (longshore migration,
widening, rotation), and closure. It is important
to note, that these are characteristic of both tidal
and non-tidal inlets (FitzGerald 1996; FitzGerald
et al., 2012; Bond et al., 2013; Buynevich, Davy-
dov, 2023).

Inlet closure is a rare and important event
that has wide-reaching implications for the rapid
re-structuring of associated coastal landforms and
processes. The aim of this study is to document
the recent evolution of the Lazurnenska Prorva,
Ukraine, with a focus on its recent closure (June
2022) and potential consequences for near-term
impact on sediment transport, coastal morphol-
ogy, and ecology.

Study area

Lazurnenska Prorva is one of the most accessi-
ble inlets of the Tendra-Dzharylgach double-spit
system and has been documented to exist within
several hundred meters east of the town of Lazurne
(46°05'2.40"N / 32°31'46.38" E; Fig. 1). As afore-
mentioned, the ephemeral channels undergo clo-
sure and it is important to consider the study site
in the context of all openings that existed at the
root of the Dzharylgach Spit (Fig. 1c; Davydov,
Buynevich 2023). Analysis of historical docu-
ments and satellite data (Fig. 1 d-f) spanning the
early 19th to early 21st centuries, indicates that
ephemeral inlets existed during the entire history

of this coastal segment, with only short-term
closure phases (up to 3 years). Along the rest of
the narrow spit to the east, other prorvas existed,
but were short-lived (1-2 years), so were largely
non-functional (Pravotorov, 1966; Shuisky, Vyk-
hovanetz 1999).

The genesis of ephemeral channels at the study
site were largely due to hydrodynamic forcing from
the bay side, similar to an ebb-surge origin of many
tidal inlets (Pravotorov, 1966; Davydov, Karali-
unas, 2022). Such a scenario is due to the domi-
nance of regional east and northeast wind stress.
The hydrodynamic head (water-level rise) is due
to the resulting trapping (set-up) of back-barrier
water in the western corner of Dzharylgach Bay
(Fig. 1c). At the same time, such wind patterns
cause a drop in water level (offshore wind) along
the seaward side of the barrier (Karkinit Bay).
Wave-generated erosion of the rear side of the nar-
row barrier and the hydraulic differential combine
to result in frequent breaching.

It is important to note that ephemeral channels
to the east are largely due to storm wave set-up,
erosion, overtopping, and overwash from the sea-
ward side of the barrier (Shuisky, Vykhovanetz,
1999). Such processes were documented along
Dzharylgach Spit in the early-to-mid-20th cen-
tury, however, they have not occurred during the
past 30 years.

Within Dzharylgach Bay, the wind regime and
its hydrodynamic forcing (seiching) are character-
ized by opposite seasonal trends (Fig. 2). During
the cold period, east and northeast wind fields
dominate, producing the aforementioned set-up
within the bay. In contrast, the warm season is
characterized by southwest winds, which stimu-
late incident waves along the seaward flank of the
barrier and drop in back-barrier water level. These
patterns result in cold-season intensification of
inlet activity and its enlargement (length and
width; Fig. 2a). Warmer periods are characterized
by the formation of secondary spits extending to
the east (down-drift relative to longshore trans-
port), often causing a reduction in active channel
morphology (Fig. 2b) and sometimes leading to its
closure.

Analysis of satellite images of the root (attach-
ment) segment of the Dzharylgach Spit indi-
cates that Lazurnenska Prorva exhibits cer-
tain multi-annual patterns. Within the over-
all life cycle of the inlet system, the patterns of
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Fig. 1. Location of the study area and general stages of Lazurnenska Prorva: a — general location along
the south coast of Ukraine; b — position within the Tendra-Dzharylgach barrier system; c — the root
segment of the Dzharylgach spit (note recurved segment to the east); d — detail of the inlet in 1965;

e -1973;f - 2019 (note a large bay-side surge delta; image source: GoogleEarthTM)

opening-dynamics-closure occur at varying time
intervals. During intensification of storm activity,
which controls the longshore transport, opening,
and activity of the inlet typically does not exceed
several months, whereas it may remain closed for
up to 3-4 years. Such trends have been cataloged
for the period of the 1980s and the first half of the
1990s.

During periods of reduced storminess, but
with greater offshore wind duration, the increased

exchange between the Dzharylgach and Karkinit
Bays results in longevity and intensified activity
of the channel. Beginning in the latter half of the
1990s, the active phase lasted for 10-15 years, with
occasional closures for 1-2 years.

Materials and methods

This study is part of a larger regional research
campaign based on the analysis of satellite and
aerial imagery, as well as field data collection,
along the Tendra-Dzharylgach barrier system

Bunyck 18. 2023
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Lazurne

Fig. 2. Seasonal trends in the development of Lazurnenska Prorva: a — general view during the cold
season; b — warm-season scenario (image source: Land Viewer)

(Fig. 1b) and focuses on the period of 1997-2023.
Within this system, a number of ephemeral inlets
(prorvas) have been documented but are largely
characterized by three active channel sites. Two
of them are located along the root (attachment)
segments of each spit complex, with one (and
sometimes two or three) along the central parts of
the Tendra Spit (see recent summary by Davydov,
Karaliunas, 2022).

Because of varying spatial and temporal
aspects of inlet life cycle, an integrated approach
is required, including historical document analy-
sis, photogrammetry, and satellite image compari-
son, remotely sensed data, field visits, and personal
communication with local residents and authori-
ties. The overall morphodynamic trends are ana-
lyzed using photogrammetry and video materials
using a DJI Mini 2 Fly More Combo drone (alti-
tude: up to 120 m) and a UAV (altitude: up to
400 m). Data post-processing and analysis were
performed using Pix4D software. Satellite images
were rectified and examined public resources:
GoogleEarthTM, Land Viewer, and Sentinel Hub
(Figs. 1-3). Free-access Key Hole images from
1965 and 1973 (Fig. 1) were extended by Landsat
and Sentinel platforms that covered the period of
1982-2023.

Field research typically occurred semi-annu-
ally, typically at the end of warm and cold seasons.
This research includes leveling using an electronic

NTS-350 unit, both along and across the barrier.
These investigations allow a multi-year compar-
ison of morphometric and hydrodynamic aspects
of the channels and associated barrier and surge
delta regions. Geo-location and mapping using
GPS units, such as Garmin eTrex 10, provide
unique high-resolution spatio-temporal datasets.
It is worth noting, that such data will have a gap
due to full-scale military operations and potential
mine hazards beginning in February 2022.

Results

Lazurnenska Prorva functioned for ~20 years
(2003-2022) and during this period its size shrunk
substantially several times, narrowing to 12.3 m in
July 2020 based on field measurements. However,
it expanded annually during colder phases when
more efficient water-mass exchange prevented it
from closing. From May 2021 to May 2022, there
existed a stable tendency of decreasing width and
depth.

Based on field surveys, by the beginning of
May 2021, the channel width was ~71 m, with a
depth of 1.48 m. Morphologically, the inlet had
dimensions typical of the earlier half of that year,
oriented perpendicular to the barrier. Satellite
images (Fig. 3a, b) are supported by field data,
with channel width diminishing from 62 m (April)
to 53 m (June). During the summer months, wave
approach from west/southwest resulted in easterly
longshore transport. As a result, a secondary spit
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Fig. 3. Chronology of recent changes in the region of Lazurnenska Prorva: a - open (width: 62 m),
April 2021; b - open (width: 53 m), June 2021; ¢ - open (width: 48 m), August 2021; d - open
(width: 31 m), October 2021; ¢ - open (width: 33 m), April 2022; f - closed, June 2022; g - closed,
October 2022; / - closed, March 2023; i - closed, June 2023 (yellow values refer to channel width;
image source: Land Viewer)

began extending eastward, steadily reducing inlet
width and forcing a channel angle to approach
45° (Fig. 3c, d). During the fall, there were no
east/south-east wind forcing and no activization
of water exchange through the prorva. As a con-
sequence, the secondary spit essentially blocked
the channel, reducing its orientation angle to 25°
(Fig. 4a). By the beginning of December 2021, the
most recent field surveys revealed that the channel
was 21 m wide and relatively inactive morphody-
namically (Fig. 4b).

The beginning of full-scale military operations
in February 2022, including in the Kherson Region

along the eastern (left) bank of the Dnieper River,
prevented further field investigations. The subse-
quent analysis relied on remotely sensed databases
and personal communications with local contacts.
Dense cloud cover during winter and early spring
precluded satellite observations of inlet behavior.
In April 2022, Lazurnenska Prorva lacked mor-
phological features consistent with active water
exchange between the water bodies during the
preceding cold period. Its width did not exceed
30 m, which was smaller than at this time during
previous years (Fig. 3e). In early May, the inlet
was still active, although its dimensions were

Bunyck 18. 2023
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Dzharylgach Bay

Dzharylgach Bay

Fig. 4. Lazurnenska Prorva during fall-winter of 2021: a — 11 September; b - 9 December
(B - inlet width; photos by O. Davydov)

anomalously small, suggesting a tendency toward
impending closure.

By the beginning of June 2022, the inlet eat of
Lazurne ceased to exist (Fig. 3f). The precise rea-
son for its closure is not clear, however, local resi-
dents indicated that it was closed artificially, with
water exchange limited to pipes. To date, this has
not been independently verified. Analysis of satel-
lite images spanning from June 2022 to June 2023,
indicates that Lazurnenska Prorva is not active
(Fig. 3f-i). Along the seaward side of the barrier,
there is a clearly defined nearshore sandbar con-
sistent with active longshore transport. The barrier
width at the former inlet site is 89.5 m, although
just 2.58 km to the east, active erosion reduced it
to 31.3 m, with the potential for this site to breach-
ing in the future.

Discussion

As of summer 2023, Lazurnenska Prorva has
been closed for at least a year, which is not anoma-
lous, since according to satellite data spanning the
past 50 years its phases of closure lasted for up to 3
years. It is important to know that in the event of a
prolonged absence of an active channel in this part
of Dzharylgach Spit, the following consequences
may be expected:

1) wave approach from south/southwest will
cause water-level rise along the seaward margin of the
barrier, which will result in erosion, overwash, and
even breaching, thereby forming a new inlet cycle;

2) behind the barrier, within the southwest
corner of Dzharylgach Bay, east/northeast wind
stress will cause seiching. This may result in main-
land erosion and flooding of the eastern shore of
Lazurne settlement (last event: March 2007) and
“ebb-surge”-style breaching due to water set-up.

3) water exchange between Dzharylgach and
Karkinit Bays has stopped, which will undoubt-
edly influence its physicochemical properties and
will trigger progressive shoaling and siltation of
the back-barrier;

4) the migration pathways of free-swimming
organisms have been severed, including fish and
mammals, as well as many species of invertebrates;

5) the status of Dzharylgach Bay as a coastal
wetland habitat of national importance will sub-
stantially deteriorate, which will lead to a decline
in aquatic ecosystems and a reduction of biodi-
versity.

Conclusions

This study presents a unique integrated data-
base of evolutionary trends of Lazurnenska
Prorva, including the morphodynamic tendencies
from May 2021 to May 2022 that led to its closure.
We suggest that this is likely caused by a reduc-
tion in east/northeast wind forcing during colder
seasons, decreasing the water set-up within the
southwest corner of Dzharylgach Bay. Inlet clo-
sure is a natural process, although this most recent
event may have been anthropogenic in nature. If
maintained over a number of years, such closure
may lead to a number of negative consequences,
both for Dzharylgach Spit and the bay. This study
is especially prescient due to ongoing military
activity in the region, with likely long-term con-
sequences to research and the livelihood of coastal
communities that rely on marine resources and
recreation.
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