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Study area In the northeast part of the Black Sea

We during several years performs complex acousticdloceanological studies
on a fixed experimental path in the Black Sea, tie@aGolubaya Bay,
Gelendgik.
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ADCP Whorkhorse «Rio Grande - 600 kHz»
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During 4 summer seasons,beginning from 2003 TRDInstruments-Europe
supported our expeditional work on shelves of Russian seas with free loan of
ADCP "Workhouse Rio Grande 600 kHz”.
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What ADCPs measure

Velocity Profile

Flow Homogeneity (Error )
Rangeto Bottom

Vessel Speed Over Ground
(Signal Strength)




Possibilities of ADCP
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Investigations of internal waves on shelves witngiADCP «RIo
Grande 600 kHz» gave us possibility to see the gsERin more deta

1







SIxrta, ocHamennas ADCP “Rio Grande 600 kHz'io3Bonsger Bectu
JI0JITOBPEMEHHBIC HAOII0/ICHUS Ha aKkBaTOpUM BOJIM3HU [ 01y00it OyXTHI,
CEBEPO-BOCTOYHOE TTOOEpexkbe UepHOro MOpS.




IIpudpexxHble aHTUIHKJIOHNYecKHe Buxpu (ITAB)

@DparMeHT PaIMOJIKAIMOHHOTO
N300paKEHHUS TOBEPXHOCTH
YepHOro mops B paioHe
['eneHKMKA, TTOJIYYEHHOTO C
IIOMOIIBIO paguoiiokatopa ERS-2
SAR 5oxkts6ps 2006 O.1O.
JlaBpoBa K1 PAH).

Ha cuumMke BusieH
AHTHITUKIIOHNYCCKUN BUXPh
pa3MepoM OKOJIO 25 KM Ha
pacctosinun 30 KM OT TpaBepca
['eneHmKuKa.

Buxpp neuxercs Ha C-3 ¢
norokoM OUYT (OcHoBHOE
YEPHOMOPCKOE TCUCHHUE) CO
CKOpocThio 12 cm/c




M3MeH4nBOCTh T€UEHUH Ha 6-KM paspese Ha 10T oT ['01y00ii OyXThl, BRI3BaHHASI IPOXOKICHUEM MPHOPEKHOTO

AHTUIIMKIIOHUYIECKOTO BUXpsi. Habmonenns Ha exxeHeBHBIX pa3pe3ax ¢ 5 mo 11 okTsaopst 2006T. CmeHa ceBepo-3anagHoro
TeueHUs 6-8 OKTAOpS Ha FOTO-BOCTOYHOE €CTh CICICTBHUE MOIX0/Ia aHTHIIMKIOHNYIECKOTO BUXpsi. CMEHA TeUeHUs Ha
oOpatHoe 11 okTs0psi CBUAETEIHCTBYET 00 OKOHUAHUU MPOXO0/1a BUXPSL.

fick 3hip Irack (Ref: Btm]
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XapakTepHoe U3MEeHEeHUEe BeJIUYMHBI TEYEHUS B 3aBUCUMOCTH OT PACCTOSTHUA OT Oepera B
ABYX (hazax OMMOAAJBLHOI0 PEe:KUMA TeYeHUH Ha 1eab@pe YepHoro Mops | a —npu c-3 TEYCHUHU
BEJIMYMHA TEUEHUS B CPETHEM BO3PACTAET C yAaJIeHUEM OT Oepera;

O —IpH 10-B TEUEHHUU - CIIAJIAET, UMESI MAKMCMYM Ha nepudepr aHTULIUKIOHUYECKOTO BUXPA.
beper cnpasa.




M3MeHeHHe HANIPABJIEHUS TeYeHH 110 IJIyOMHe Ha pa3pe3ax B BepxHeM 30-MeTpOBOM
CJIOC MOPS BeChMa He3HAUYMUTEILHO MPH ¢-3 MoToke (a). B Buxpe Hmke BepxHero 20-
METPOBOTO CJI0sI, B KOTOPOM MPHUCYTCTBYET OJHOPOIHOE 10-B TCUCHHE,NIMEET MECTO

HOJIBOPOT MOTOKA Ha for (0).

Depth [m]
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Depth [m]
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N3MeHeHHe HHTEHCHBHOCTH TeYEHHUS NMPH NMPOX0/de BUXPA. XapaKTEPHO MOSIBJICHUE CTPYU
WHTEHCHUBHOTO T€UCHMS, BRIXOAAIINX M3 TIIYOHHBI K ToBepxHOCTU. OOpa3yeMble UMHU CIBUTOBBIC
TEUEHUS] Ha MOPCKOM MOBEPXHOCTH, MO-BUAUMOMY OOPa3yIOT CIUKH, YTO 1A€T BOZMOKHOCTh

HAOJI01aTh CIMPAJIEBUIHBIA PUCYHOK BUXPEU Ha CITYTHUKOBBIX CHUMKaX.[Ipu moaxoze BUxps ctpyu
NpUOJIMKAIOTCS K Oepery, a TCUeHHe B HUX YCHJIMBAETCS, YTO BUIHO W3 COTIOCTABJICHHUS 3alUCEH Ha
paspesax 8 u 9 okTa0ps.

Velocity Magnitude [m/s] (Ref: Btm)
——Bottom ———Bottom o

8.10.2006
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Depth [m]

Length [m]



Depth [m]

IosiBeHHEe AHTHITUKJIOHNYECKOT0 BUXPS CO3/1a€T YCJIOBHS MOIX0/1a B IPUOPEKHYIO 30HY
XOJIOIHBIX MPHIOHHBIX BO/, YTO BeAET 3/1eCh K IBH:KEHHI0 TEPMOKJIHHA BBepX. Ha kapTuHax
00paTHOTrO pacCesHUsS aKYCTHUECKOTO CUTHAJIA TEPMOKJIMH BUJICH B BUJIC MPOTSKCHHOMN MPAHUIIBI MEKITY
BOJIaMU TOJ1y0O0TO U 3€JeHOro 1BeTOB B paiione riryouH 20 M. TepMOKIIMH 10 BceMy mIenb(y TPUIOIHAT
13-3a MPOoXoJia BUXps Ha 3 M (pa3pes crpasa) ) Mo CpaBHEHUIO ¢ MOMEHTOM JI0 TIOSIBJIICHHST BUXPS (pa3pe3
ClIcBa).

el B ot el
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Depth [m]

KapTnHbl 06beMHOro 06paTHOro paccesiHNMSA akyCTUYECKOro curHana

.10.2006 — oo nogxona Buxps 10.10.2006 — npu npoxoae BUXps



OBSERVATION OF RECORD-AMPLITUDE
INTERNAL WAVES IN NON-TIDAL SEA




3MeHYNBOCTh BEPTUKAILHOTO MPO(HUIT TEMIIEpAaTypPhl U3-3a
BHYTPEHHHX BOJIH B OecripuiinBHOM UepHOM (ceBa) 1
IPUIMBHOM SIOHCKOM (CITpaBa) MOPSX




OOHapyXEHHE MaKeTa BHYTPEHHUX BOJIH Y BUXPEBBIX CTPYKTYP

(U3 crateu O.10.JIaBpoBa, M.1. Mursaruna, K.J[. Cabunus. [IposBiieHrne BHyTpEHHUX BOJIH Ha
MOPCKO# IMOBEPXHOCTH B ceBepo-BocTouHOM yacTu YepHoro mops//M3K, 2009,Ne6, C.49-55)
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M3meHenue TeueHu Ha paspese 4 okTs0ps. [ [oBTopHBIN
paspe3 (IIOKa3aH clIieBa) clelaH Ha S U IMO3XKe.

Hrick Lhip Track (el Bum)
———=hip Trmck L

1230m

3oHa
BHYTPCHHUX
BOJIH

Bonxa sau3 12 cm/c

o na BBepx 15cm/c




BryTpeHHNE BOTHBI OONBIINX aMILIUTY/I, 3aPETUCTPUPOBAHHBIC HA
CeBEpO-BOCTOYHOM Iieibe UepHoro Mmopsi. HabmroneHus cienanbl Ha
ceueHnnm ¢ nomoiniso ADCP “Rio Grande 600 kHz, dxtsa6ps, 20009.
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Lyr cocTosn u3 8-10BoH, UX BBICOTHI JICKaIU B mpeaeaax 9-13 M,
miuHbl — 100-115v. TlosiBeHue 1ryra CoOBIaNo ¢ IMEPUOAOM HPOXO0XKICHUS
B MPUOPEKHOMN 30HE KOMITAKTHOTO aHTUITUKJIOHMYECKOTO BUXPSI
(muamerpom okoiso 10 km).

Beam 1 Backscatter [dB]
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KaprrHa 00beMHOro 00paTHOIO paccesHus (BBEpXy) U aMILIUTY1a CKOPOCTH
TedeHus (BHHU3Y) Ha paspese 4 okrsops 2009

O6nac

Lk




BeprtukanbHas u ceBepHas (BHH3Y) KOMIIOHEHTHI TeUSHHUS Ha pa3pese 4 oKTsops.

Beprukansabeie ckopoctr pocturatoT 10-15cm/c BBepx, 10-12cm/c BHE3.

Up Velocity [m/s] (Ref: Bum)
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[Iponecc, BbI3BaBIINN HHTCHCUBHBIE BHYTPEHHUE
BOJIHBI

e 3apeructpupoBaHHbIe ¢ Tomoibio ADCP ocobeHHOCTH
TEUYCHUI Ha pa3pe3e MoKa3aau, YTO B YaCTH IIeabda C
rimyonHamu 6ojiee 50M cyiiecTBoBalla yeIMHEHHAS
00JIaCTh C UHTEHCUBHBIM BE€PTHUKAJIbHBIM JBHKEHUEM BOJI

(ruapaBINYeCKHUIN CKAYOK).

DTOT TMAPABINYCCKUN CKAaUYOK ObLI BCTPOCH B CUCTEMY
TEYCHUM aHTULUKIOHUYECKOTO BUXPS U ABUTAJICS HA
Oeper, u3nydas akeT BHyTPEHHUX BOJIH B MPUOPEKHYIO
CTpaTU(PUIUPOBAHHYIO 00JIACTh MOPAHI.




BcTpeuHble TedyeHMs1, KaK IpUYMHA 00pa30BaHUs YEeAUHEHHBIX

CJIMKOBBIX I10JIOC Ha ITIOBCPXHOCTHU MOPAI.




Ciuk Ha menb@e UepHoro Mmopsi, BbI3BaHHBIN
BJ1I0JILOEPETrOBBIM IIPOTUBOTCYECHUEM




IHTEeHCUBHOCTH OOPAaTHOT'O PACCESHUS aKyCTHUYECKOr0 CUTHaja (BBEPXY)
1 B-3 KOMIIOHEHTA TCUCHHUM Ha pa3pe3e, OPUSHTUPOBAHHOM 10 HOPMAJIH K
oepery. Iloyo)keHHE CIMKOBOM MOJOCHI COBIAJIO C 00J1aCThIO
BJI0JIbOEPETOBOIO YCUJICHUS TEUCHUSI.

Average Backscatter [dB]
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Degth [m]
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Coastal front generated dueto strong storm.
Passage of the front is accompanied by train of intense
Internal waves

Average Backscatter [dB]
Battom Top @ —Bottam 0




['panuiia mocaemrTopMoBOro (poHTa B MPUOPEKHOU 30HE COBIMATAET C
PE3KHM M3MEHECHHEM HaIlpaBIICHUS TCUCHUS

Average Intensity [Counts]
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Oceanographic platform of MaritHydrophysice
Institute, National Academy of Science of Ukraine.
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Hao0roneHne BHyTpeHHHX 00pOB.

BuyTpenHui 00p B BUAE CTYNIEHU XOJIO0AHOW MPUIOHHON BOJIbI B
pUOpexKHON 30HE UepHOTO MOPS MOSIBUJICS B BUJIE MHTEHCUBHOI'O CTPYMHOIO

TEYCHUS B IPUIAOHHOM CJI0€ (110 60 cm/c). nuna peanusauuu 14.44. Pe3skoe u3MeHeHHE
HaIIpaBJICHUsI TeUCHHUs (C BOCTOUHOIO Ha 3aIlaHOE).
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Brytpennnii 6op 21.08. 20051(0ka3ana aMInTy1a TCUCHHS).
CuiibHOE noBepxHocTHOe Teuenue (no 80 cm/c). Jnuna peanuzaiuu 13.54.
Pe3koe u3MeHeHne HAIIpaBIeHHs TeueHus (C BOCTOYHOr0 Ha 3amaaHoe).
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YenrHEeHHBIN CIIMK, BCTPEYECHHBIN TP BhIXOAE 13 0. BUTs3b
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Shear instability

Brons6eperosas ctpys teuenus (0.8 M ¢) Bo Bpemst otiusa. [Tox cmoem ckauka nporuBoredenne (0.3 m/c). [Taker u3 5
oOpymuBaronuxcst BOJH BbicoToi 10-12Mm.
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Observations of internal waves




Record of echo intensity made by “Rio Grande 60@"kKrbm anchored yacht during

Other internal wave parameters: period - 13 minuteszontal component in orbital

currents — up to 0.5 m/s, vertical component — up ta@sl.There is 15-m amplitude
internal wave In the right corner.
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Horizontal component (north) of current (top) andiieal component
(up) of current (down) during passing of train demse internal waves on
shelf of the Sea of Japan, 20 September 2004.
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Up Velocity [mis] (Ref: Btrm)
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Pattern of the echo-sounder contrasts obtained by tisen§DCP on a
tack at the shelf of the Sea of Japan (off shoreosgciThe characters
from 1 to 7 label individual internal waves propaggtowards the coast.
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During the survey, the internal waves consideralplgroached the coast.
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TABLE 1. Parameters of the inter nal waves

No. of wave Velocity, m/s Initial heigm  Final height,m

3 0.23 4.5 4.5
0.24 5.0 4.0
0.25 4.5 S
0.25 4.5 6.5
0.26 4.0 6.0

The waves approaching the shallow-water zone dserieir velocity from 0.26
to 0.23 m/s. The horizontal size of the waves thwi90—180 m. The amplitudes
of the majority of the waves tend to increase iprapching the shallow-water
region, this observation agreeing with the theoat{predictions




Intense internal waves in the deep part of thef $iagte the form
of depression waves (left), while in the shallowlhave form
of elevation waves (right)
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Horizontal asymmetry of internal waves: steepeihthe

f ro n ta o AV:IB(]E Backscatter [dB]

offom ——Top @ —Bottom @

W aes G Iy II\: T

5118

Elapsed Time [§




Train of internal waves with predecessors: recoriheftemperature
sensor (up) and ADCP’s record (dawn)

c, M/c

0.4
0.2

1.10.82 .

Average Backscatter [dB]
Bottom Top 2 Bottam O




Effect of internal waves on subsurface layer obaiobles in
the sea (Modulation of thickness of the subsurfadsble
layer by passing internal waves)
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An explanation of the effect due to orbital curssmduced
by passing internal waves

The observed effect can be explained in terms ofm@ohanisms: the
overturning of the surface waves that generate theensurface
bubbles in the field of convergence of the flowsl dhe downward
carrying of the bubbles by the orbital flows in theernal waves.




Interthermocline lens of warm and salt waters
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Strong interaction of internal waves with the bott&oliton-
like internal waves propagating above underwatek (@and
generating “dune-solitons’on the bottom religfights of these




Conclusion

e ADCP “Rio Grande 600 kHz” demonstrated itself

as a powerful and convenient tool for subsatellite
measurements.

|t gave possibility to collect valuable data
essentially approached us in understanding the
processes on a sea shelf.




Thank you for your attention




