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GEO- AND HYDRO-ACOUSTIC COMPLEX ASA STUDY
OF INTERCONNECTION BETWEEN PROCESSES IN WATERS
AND BOTTOM SEDIMENTS

The modern native geo- and hydro-acoustic complex usinged as the study of interconnection between
processes in waters and sediments as e ements of the difficult geo- and hydrodynamic system is proposed. This
previous sentence is totally vague and unclear, after reading it several times over several days | do not know its
meaning or intent. Please, what is connected? What is proposed? The relevance of sub-bottom profiling is
noticed and it is considered the item of joint presentation for results in bottom survey and its ground maps as
three-dimensional (3 D) images. It solved the problem in obtaining unknown information about the state of
bottom sediments aside from the carrier of the sonar profiler using the spatia interpolation method. There arethe
results of complex research of the structure in the upper layers of the bottom sediments and relief of the bottom
surface using the designed complex based on the project entitled “Development of the observation system of
influence of the economic activity on natura systems and operationa control of negative changes in their
gtructure”’. There is a specified direction of work that combines geophysical and geochemical research methods
of the water areas from the Dnipro river, with its contact in the upper layer of sediments. Herewith contact
survey provided divisional analysis and deposition of heavy metals as well as control and conformation of
remote survey results. The previous results of analyses found that the presence of distribution regularities in
certain lithological types of sediments because silted areas fit with the areas with the minimum hydrodynamic
activity as well as dynamic economic activity. Problems of geophysical monitoring, necessity to conduct long-
term observations, and complexity of hydro-acoustic research on the shelf set tasks not only to collect and save
the information, but to predict the complex data processing with a view to remove the regularities and
knowledge creating conditions for the different specialists collaboration. The developed geo- and hydro-
acoustic complex can solve these problems. 2 times in this above paragraph is used the word “regularities’
maybe this word should be “irregularities’ but not sure of intent.

Key words: bottom relief, sediment, side-scan sonar, sonar profiler, echo-sounder, hydro-acoustic parameters
of sediments

I ntroduction

The dructure of sediments and geo-dynamic
processes have an influence on the dtate of the water
column interacting with the bottom surface, providing a
continuous process of energy and mass exchange at the
interface of two mediums. The bottom relief influences
on the parameters of currents affecting the process of the
sedimentation. It is necessary to consider the geological
sructure factor of underlying sediments in determining
the lateral variahility of the rdief forms and intensity of
the geo-dynamic processes within explored waters
[Lobkovskii L., 2005, 2013].

Studying the interrelation of the water column and
bottom sediments as e ements of the difficult geo- and
hydro-dynamic system needs the simultaneous study
of them in a monitoring mode. Monitoring of the
medium state is assumed to be the creation of the
single mathematical modd of the discussed processes
and simultaneous observations in time [Ambrosmov A.,
2010; Arkhipov V, 2006].
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Purpose

Thereby, there is a need to create an equipment
complex and methods to measure and process the data
that give a joint sudy of hydro- and physica
parameter variability in the water column, the geo-
and physic characteristics of natural layer, and the
structure of the underlying geological bodies.

It is an important experience of multipurpose
use as a means panoramic in hydro acoustics,
namely using a profiler for acoustic sensing in the
upper layer of bottom sediments in a simultaneous
mode [Kaevitser V., 2008] and exploring agueous
medium with the use of the side-scan sonar (I'bO)
[Ananov O., 2014]. Given results have shown the
prospects of using such equipment not only for its
intended purpose (such as exploring the bottom),
but for studying the properties of the bottom
sediments [Korjakin Y., 2004]. In other countries
there are designed complexes [Rimsky-Korsakov H.,
2007; Liss A 2012; Stewart Robert H., 2008;
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Kraeutner P. H. 1998] used for exploring the
interconnection of water column and bottom
sediments. They are, however, very expensive and
that is why they are not obtainable for this
research.

Therefore, the purpose of this article is a
creation of native automated multi-purpose geo-
and hydro-acoustic complex [Gonchar A, 2009] for
exploring upper layer structure of bottom sediments
and water area. This previous sentence should be
inserted in the very 1% paragraph of this article in

the area of confusion within the 1% or 2" sentence
of the introduction.

Methods

This complex was designed in the Science and
Technology Center of Panoramic Acoustic
Systems in the National Academy of Sciences
in Ukraine. See Fig. 1 which connects
the coordinates and time implements following
items:
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Fig. 1. The structure of geo- and hydro- acoustic automated modular
and block information and measuring complex

— detailed investigation of the bottom relief in the
waters (according to the area) using the side-scan
sonar with the frequency from 29 to 470 kHz;

— gratification of sediment layers with the use of sonar
profiler TIT-100 with the frequency from 3to 10 kHz;

— measuring depths up to 100 m with the echo-
sounder EM-100 with the average insgrumenta error
from 0,025t0 0,1 m;

— further researching the bottom for objects with the
underwater camera

See Fig. 2 for apiece of information in the geo- and
hydro-acoustic complex (sonar profiler, side-scan
sonar, echo-sounder).

Next primary information in Fig. 2 is
mathematically processed [Gonchar A., 2012] to
determine the physical mechanical properties of the
upper layers in bottom sediments and the structure of
the map-case with tacks (the trajectory of movement
of the carrier) in exploring and plotting the detected
objects and relief features (isobaths of depth).

Complex research with the hydro-acoustic
properties of the structure in the upper layers of the
bottom ground and bottom surface relief removes
ambiguity in the interpretation of the acoustic image
of sea (river) bottom comparing results obtained by
measuring the sonar and sonar profiler).
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Results

Thanks to the joint efforts of specialists from the
Ingitute of Geological Sciences and Science and
Technology Center of Panoramic Acoustic Systems of
National Academy of Sciences in Ukraine in the
project's boundaries “Devel opment of the observation
system of influence of the economic activity on
natural systems and operational control of negative
changes in their structure” introduced an observing
system on the detection heavy metals in sedimentary
flows in Dnipro waters and regularities in their
deposition in the upper layer of bottom sediments.
This previous sentence is over 10 lines long so you
must make 2 or 3 sentences from this one very long
sentence. There were designed items within the
sediment monitoring of the atmospheric eolian flows
and water reservoir, as well as the geo- and the
ecological polygon to study the interaction of the
bottom relief, the water column, and the upper layers
of the bottom in the project’ s boundaries.

One of the main tasks of thisresearch carrying out
in the experimenta polygon territory is detecting
season changes in the digribution of theupper
sediment layer of lithological types. See figure 3 for
illugtration.
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Fig. 3. The proving ground with the points of sampling in the bottom upper layer
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According to the acoudtic profiling deata, the geo-
acoudic parameters of surface sediments in the proving
ground in Fig. 3 with the use of the remote method
[Gonchar A., 2014] were determined. Information about
the sate of bottom grounds of the whole proving ground

area was obtained. Thee are only some specific points
(dong the sea lane and next to the shipyard) that are the
result of profilogram processng using the method of
remote profiling ground bottom surveying in the article
[Gonchar A., 2012] (Table 1).

Table 1
Geo-acoustic parameter s of bottom sediments at points of sampling and their stratification
with the per centages of compound in alayer within several lithological classes
(accor ding to the resear ch results on the proving ground on 21.08.15)
'\:ﬁ;nsgn?f Latitude Longitude ;ﬂﬁg'&? D@f‘;g’ ' Sourr:]cjss;eed, Sand, % | Silt, %
1 47°47,5408 | 35°10,0967' 0,3 1712 1638 68 32
2 47°47,5404' | 35°10,0162 0,33 1770 1669 60 40
3 47°47,5422' | 35°09,9364' 0,31 1736 1645 65 35
5 47°47,5426' | 35°09,7748 0,32 1740 1670 91 9
11 47°47,3886' | 35°09,6393 0,34 1870 1622 98 2
16 47°47,2623 | 35°09,7835 0,35 1878 1650 99 1
18 47°47,2623 | 35°09,6252 0,34 1840 1645 93 7
23 47°47,4908 | 35°10,0165 0,26 1620 1590 55 45
24 47°47,4882' | 35°10,0944' 0,28 1650 1600 57 43

The dedgned geo- and hydro-acoustic complex
provided an optimum implementation of the complex in
the exploration of the proving ground during which the
data and processing issmultaneous collected. In Fg. 4the

Depth ,

Latitude am~—

data proving ground is shown, which combines depth
data, geographical coordinates and interpolation of the
intengty of the dengty in the sediment upper layers of the
explored areawith points of sampling.

0 , kg/m?

Longtitude

Fig. 4. 3D-visualization of the explored area according to the depth data
with interpolation of the intensity of the density with points of sampling

In accordance with the obtained parameters a
stratification of the sediment upper layer was
conducted based on the statistical analysis with
the probability of determination of the ground
type not less than 0,85. The map-case with the
specified lithological classes of the sediment
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upper layer on the explored proving ground is
shown in Fig. 5.

The correctness of dratification is confirmed with hdp
of anayses of the samples taken from the bottom ground.
Fig. 6 shows photos of the sampling of the bottom ground
at theadjugted points of the proving ground are shown.
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Fig. 6. Photos of the sampling of the bottom ground at the adjusted points

105



I'eoaunamika 2(21)/2016

The geo-acoudic paramees of the sediment were
determined by the remote method (table 1), conducted a
dratification (Fig. 5), and accepted results of the
dratification usng anayses of the sampling of the bottom
ground (Fig. 6).

With the use of designed geo- and hydro-acoustic
complex condgting of a sde-scan sonar I'6O-100M, a
sonar profiler, an echo-sounder EM-100 for studying the
interconnection of the processes in the water column and
sediment upper layers as d ements of the difficult geo- and
hydro-dynamic system was conducted repegting the
ressarch inthe proving groundin Fg. 3.

Using the designed methods in accordance to the deta
of the second observation in the proving ground the geo-
acoudic propeties of the sediment upper layer and

casdfied sediments as heterogeneous layers were
determined with the percentages of combinations of
sverd lithdogicd classes. The results of prophilogram
processing at points of sampling of the bottom upper layer
aeshowninthetable2.

Let's compare the results of processed prophilograms
of the research carried out on 21.08.15 and 12.11.15.
There are graphs to compare determined coefficient of
reflection and dengty at 24 points of the research carried
out on 21.08.15and 12.11.15in Fig. 7.

CAN YOU ¢ this time make a sentence to comment
or describe the 2 different dates in which the Sudies were
made in the figure 7 graph or just leave it to the reader to
deduct or find any observations? What can you say about
changes? See suggested sentencetoinsert below.

Table 2
Geo-acoustic parameter s of the sediments at points of sampling
and their sratification with percentage of compound in the layer of lithological classes
(according to the results of theresearch on the proving ground on 12.11.15)
h:ﬁgggn?f Latitude Longitude ;ﬂﬁg'&q Dlglsr:wt ' Sour?qtlissegeed Sand% | Silt%

1 47°47,5408 | 35°10,0967' 0,3 1709 1639 70 30
2 47°47,5404' | 35°10,0162 0,33 1772 1668 58 42
3 47°47,5422' | 35°09,9364' 0,31 1738 1650 65 35
4 47°475419 | 35°09,8523 0,35 1840 1668 91 9
5 47°47,5426' | 35°09,7748 0,32 1735 1679 91 9
6 47°47,5423 | 35°09,6927 0,33 1840 1611 97 3
11 47°47,3886' | 35°09,6393 0,34 1872 1624 100 0
16 47°47,2623 | 35°09,7835' 0,35 1882 1650 99 1
18 47°47,2623 | 35°09,6252' 0,34 1846 1647 93 7
23 47°47,4908 | 35°10,0165' 0,26 1620 1586 54 46
24 47°47,4882' | 35°10,0944' 0,28 1649 1597 57 43
P rem . / m.f"\ m'\
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Fig. 7. Comparison of the obtained density at 24 points of sampling
(research carried out on 21.08.15 and 12.11.15)

Scientific novelty

Such direction of works combines geo-physic and
geo-chemical research methods of the Dnipro waters,
and its contact with the bottom upper layer using a

remote survey. The contact survey provides the
anadyses of digtribution and deposition of heavy
metals in sediments as wel as a control and
confirmation of the results of the remote survey.
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Practical importance

Previous andyses of the results of the survey
(Fig. 4-5) indicates the presence of spreading irregularities
of certain lithdogica types in the sediments in  dlted
aress that correspond to the areas of minima hydro-
dynamic activity, aswell as economic adtivity in thearea
of the shipyard. St accumulation occurs during the
lowering of the rdief within the fairway, dnce they
function astraps aregting conditionsfor st accumulation.

The graph in Fig. 7 shows an indgnificant change
in physical and mechanical properties of the sediment
upper layer. This above last sentence should be
inserted above just before or after figure 7. of the
researched proving ground in different seasons using
the change of silt concentration in sand.

We will use the nonparametric datic Wilcoxon
T-ariterion [Frank Wilcoxon, 1945] as a contral for
differencesin thetwo samples of paired measurements.

Empirical value of the criterion will be
numericaly T,,, = 86,5. T, with the value 0,05 is 53.
SO T > T, it means that there is a shift to a
“typical” way that dgnificantly prevails in intengty.
There are significant differencesin Wilcoxon criterion
between samplings carried out on 21.08.15 and
21.08.15. Indicators of sampling obtained on 12.11.15
are much higher than ones obtained on 21.08.15.

Results. Thus the season natural research in the
chosen proving ground was carried out (Fig. 3) with the
use of a designed geo- and hydro-acougtic complex and
primary information about the ecological condition of
the river bottom and its sediment. Processing using the
method of automated profile ground survey of the sea
bottom alowed one to determine the geo-acoudic
parameters of the sediment upper layer. Sediments were
dassfied as heerogeneous layers with percentages
within  several combinations of severa lithological
cases. The graphs tha compare certain reflection and
density coefficients at 24 points of samples show
inggnificant change of physca and mechanica
parameters of the sediment upper layer in the researched
proving ground in different seasons despite the changing
slted concentration in the sand.

Generally determination of the interconnection of the
processes in time and plana transformation of
anthropogenic subgtances that under certain conditions
enter natural complexes with regularities of the sediment
flow digribution in different mediums that can dlow
cregtion of a complete picture of interconnection of
anthropogenic and natural processes and their prediction.
The presence of representative field data about the state
of natura medium in the affected zone of the urban
centers, with the high levd of anthropogenic pressure, as
well as the levd of negative influence and its sdf-
reproduction will allow to determination of methods of
minimizing the impact of economic activity on natural
complexesin future.

Problems of hydro-physic monitoring, necessity of
conducting of the continuous observations, and
complication of hydro-acoustic research on the shelf
set atask not only to collect and store information but
to anticipate complex data processing with the view
of excluding regularities and knowledge creating

conditions for scientists' collaboration. Designed geo-
and hydro-acoustic complex can solve such problems.
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A. 1. TOHYAP, |C.T. PEAOCE€HKOB

HaykoBo-TeXHIYHMH LIEHTp MaHopaMHHUX akycTHuHuX cucteM HAH VYkpainu, Byn. Uybanosa, 1, M. 3anopixoks, Ykpaina
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I'JIPOTEOAKYCTUYHUI KOMIUIEKC K IHCTPYMEHT BUBUEHHSI
B3AEMO3B’ SA3KY [MPOLECIB Y BOJAHIN TOBLII TA JOHHUX BIJAKIJIIAJEHHAX

3anponoHOBaHO CYYaCHHH BITYM3HSHMM TiIPpOr€0aKyCTUYHHHA KOMIUIEKC, IO € IHCTPYMEHTOM BHBYEHHS
B3a€MO3B’ 513Ky BOJIHOI TOBIIi Ta JIOHHMX BIZIKJa/IiB SIK €JIEMEHTIB CKJIaHOI T'e€OriIpOJMHAMIYHOI cucTeMu. HarororeHo
Ha aKTyaJbHOCTI JOHHOrO MPO(MLIIOBAHHS 1 PO3IVIAHYTO ITHTAHHS CIIUIBHOTO IMPEICTABICHHS pPE3Y/bTaTiB 3HOMKH
penmbedy MHA 1 WOTO IPYHTOBHMX KapT y BHUIVIAAI TpUBMMIpHHMX 300paxkeHb (3D). BupilieHO MUTAaHHS OTpUMAaHHSI
HEBIZIOMOI 1H(OpMAIIil PO CTaH JIOHHUX BIIKIAJIB, OCTOPOHB BiJl HOCIS TiIPOAKYCTHYHOrO mpodiiorpady, METOIOM
MIPOCTOPOBOI iHTEpIIONILi. HaBeneHo pe3ynbraTé KOMIUIEKCHOTO JIOCHIDKEHHSI CTPYKTYPU BEPXHIX IIApiB JOHHUX
IPYHTIB 1 penbedy JOHHOT MOBEPXHI 3a JOMOMOIOI0 PO3POOJIEHOr0 KOMILIEKCY B Mekax MpoekTy “CTBOPEHHS CHCTEMU
CIIOCTEPEKEHb 32 BIUIMBOM TOCHOAAPCHKOI JHSUIBHOCTI Ha MPHPOAHI KOMIUIEKCH Ta ONEPaTHBHOIO KOHTPOIIO
HEraTMBHUX 3MIH y 1X CKIai’ . 3a3HayeHuil HampsM poOiT MoenHyBaB reodi3vuHi Ta reoxXiMiuHi METOAM JOCIIIHKEHE
akBaTopil p. J{HINpa, KOHTaKTHY Ta IKCTaHIIHY 3MOMKY BEPXHBOIO IIapy JOHHUX BinkianeHb. KoHTakTHa 3iiomka
3a0e3meuyBajja SK aHAT3 PO3MOALTY 1 JICMOHYBAaHHA Ba)KKMX METAIB y JOHHHMX BIJKIAJaX, TaK KOHTPOJIb Ta
TITBEP/HKEHHsT PE3Y/IbTATiB JAUCTaHIiHOI 3iomku. [lomepenHiii aHami3 pe3yibTaTiB CBIMYUTH IIPO  HASBHICTH
3aKOHOMIPHOCTEH PO3MOBCIO/DKCHHS TICBHUX JITOJNONIYHMX THUIB JOHHUX BIOKIAZACHh — 3aMYJICHI JIUITHKA
BIJINIOBIIAIOTh palioHaM MiHIMAJIBHOI TiPOTMHAMIYHOI aKTHBHOCTI, a TAKO)K AKTHBHOI T'OCMOAAPCHKOI MisUTHHOCTI.
[pobnemarrka rigpoi3MIHOr0 MOHITOPUHTY, HEOOXIJHICTh TPOBENCHHS TPUBAIMX CIOCTEPEKEHb 1 CKIIAJHICTh
TiIPOAKyCTHYHUX JIOCII/DKEHD Ha Ieibgi 3aIeKUTh He TUTBKHU Bifl 300py Ta 30epiranHs iHpopMallii, aje i nependayae
KOMIUIEKCHE OIpAIfOBaHHsI JAHKMX 3 METOI0 BHIIYYECHHS 3aKOHOMIPHOCTEH 1 3HaHb, CTBOPIOIOYM YMOBH JIISI CITIGHOI
pobotu axiBmiB pisHOro mpodirto. Po3podiieHui riaporeoaKyCTUIHII KOMIUICKC 3IaTCH BUPIIITYBATH ITi 331a4i.

Kniouosi cnoea:. penbed nHA, MOHHI BIAKIAOM; TiAPONIOKaTOp OIYHOrO OINISAY; TiAPOAKYCTHYHUH
npodinorpad; exonoT; reoaKyCTHYHI TapaMeTPH TOHHUX BiIKIIAIIB.

A. 1. TOHYAP, IC.T. PENJOCEEHKOB

HayuHo-TeXHMUYeCKHil LEHTP MaHopaMHbIX akyctudyeckux cucreM HAH Vkpaunsl, yn. UyOanosa, 1, r. 3anopoxbse, YkpanHa
tei.: (061)-279-38-77, sec.pas.nanu@gmail.com

IT'UJIPOTEOAKY CTUYECKU KOMIUIEKC KAK MTHCTPYMEHT U3VYEHUSI
B3AVMOCBA31 BOAHOU TOJIIIN U JOHHBIX OTJIOXXKEHNN

IpemiokeH COBPEMEHHBIH THAPOTCOAKYCTUIECKHI KOMIUIEKC KaK HMHCTPYMEHT HM3YdeHHs! B3aMMOCBSI3U BOIHOM
TOJIIIM ¥ JIOHHBIX OTJIOXKEHHH, KaK SJIEMEHTOB CIIOKHOH I'e0- THAPOIMHAMUYIECKON CUCTeMbl. OTMEUAeTCs aKTyaIbHOCTh
JIOHHOTO TIPO(QUIUPOBAHHS 1 PACCMATPHBAIOTCS BOIPOCHI COBMECTHOTO TIPEICTABIICHHS PE3YJIbTATOB CHEMKH perbeda
JIHA ¥ €ro TPYHTOBBIX KapT B BHUJE TpexMepHbIX m3o0paxkenuii (3D). PemieHa 3amaua monydeHHs HEM3BECTHOM
HH(OPMAIIIH O COCTOSHUM JIOHHBIX OTJIOKECHHIA, B CTOPOHE OT HOCHTENS THAPOAKYCTHUECKOr0 PpOQUIorpada MeToaoMm
MPOCTPAHCTBEHHON MHTEPNONSIY. [IprBeeHBI pe3ysbTaThl KOMILICKCHOTO HCCIICNIOBAHHUS CTPYKTYPhI BEPXHUX CIIOCB
JIOHHBIX TPYHTOB U penbeda JOHHOI MOBEPXHOCTH B paMKax mpoekTa “Co3aHie CHCTeMbl HAOMIOCHHUH 32 BIMSIHAEM
XO3SHMCTBEHHOW JEATENBPHOCTH HA TIPUPOJIHBIC KOMILICKCHI M OIMEPATUBHOIO KOHTPOJISI HETATUBHBIX M3MEHCHUH B HMX
coctaBe”. YKa3aHHOE HAIpapJIcHHE pabOT COYETAIO B ceOe TeOPU3UUCCKHIE M TCOXMMHYECKUAEC METOBI UCCIICIOBAHMIMA
akpatopud p. JIHempa, KOHTAKTHYIO M HMCTAHIIMOHHYIO CBHEMKY BEPXHEro CIosi JIOHHBIX OTIOKeHud. [Ipu 3ToMm
KOHTAKTHasi CheMKa OOecleynBaia KaK aHAIIM3 PACTpPENCICHHs] W JCTIOHUPOBAHUS TDKENBIX METAUIOB B JIOHHBIX
OTJIOKEHMSIX, TAK KOHTPOIIb M TMOATBEPIKICHHE PE3yNbTATOB JUCTAHIMOHHON CheMKH. [Ipe/BapUTENbHBIN aHATHM3
PE3YJIbTATOB CBHECTENBCTBYET O HAJTMYHMHI 3aKOHOMEPHOCTEH PacpOCTpaHEHHUSI OMPEIETICHHBIX JITOIOMMYECKHX THUITOB
JIOHHBIX OTJIOYKEHUH — 3aHIICHHBIE YJACTKU COOTBETCTBYIOT PaifoHAM MUHHUMAIIBHON THAPOJAHHAMHYECKON aKTUBHOCTH a
TaKKe aKTUBHOW XO3SHCTBEHHOH JesTenbHOCTH. [IpobnemaTnka rumpou3M4ecKoro MOHUTOPHHTA, HEOOXOAUMOCTh
TPOBE/ICHUS JUTUTEIBHBIX HAOFOICHHH 1 CIIOKHOCTh THAPOAKYCTHUECKUX UCCITE/IOBAHU HA IIEb(e CTABAT 331241 He
TONMBKO cOOpa M XpaHeHHs WH(POPMAIMH, HO U MPEILyCMATPHBAIOT KOMIUICKCHYIO OOpabOTKYy JaHHBIX C IENIBIO
M3BJICYCHHS 3aKOHOMEPHOCTEH Y 3HAHMIA, CO3/1aBast YCIOBUSI TSI COBMECTHOM PabOThI CIIEIMATHCTOB Pa3HOTo MPOQHIISL.
Pa3paGoTaHHBII THAPOre0aKyCTHUHNH KOMILIEKC CIIOCOOEH PelliaTh 3TU 3a1a4H.

Kniouesvle crosa. penbed nHA; TOHHBIC OTIOXKEHUS; THAPOIOKATOP GOKOBOTO 0030pa; THAPOAKYCTHICSCKHH
npoduorpad; 3X0JI0T; Te0aKyCTHIHHU apaMeTPhl JOHHBIX OTIOKCHHIH.
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