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SOFTWARE SUPPORT FOR INVESTIGATION OF NATURAL METHANE SEEPS
BY HYDROACOUSTIC METHOD

The natural gas seepages from the sea floor are commonly recognized acoustically by the flare shaped acoustic
images, spreading vertically through the water column. These acoustic images, which are made up of echoes from
numerous gas bubbles, convey a lot of information about features of individual bubbles and bubbling vents in whole.
To study the ecological role of methane gas bubble streams it is important to obtain such data, especially: the area of
a venting site; total number of bubbles, released per a time period; size spectrum and rise velocity of bubbles at
different depths through the water column. An approach based on the use of calibrated echo-sounder, digital data
recording and processing techniques can provide adequate quantitative analysis of the backscattering signal. This
paper describes the concepts for processing of acoustic information and particular realization of these concepts,
adapted to the investigation of gas bubble streams with the use of scientific echo sounder SIMRAD EK-500 as a
hydroacoustic instrument. The developed software includes a number of specialized procedures expanding
performance capabilities of an acoustic method for the study of natural methane seepages. The work of these
procedures is demonstrated by examples, obtained during a number of scientific cruises on board the RV “Professor

Vodyanitsky”.
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of gas bubble
streams (gas seeps) in the Black Sea are

Acoustic observations

performed routinely since 1989, from the time
when this natural phenomenon was discovered by
scientists of IBSS NASU under the direction of
academician NASU G.G. Polikarpov and Dr. Sci.
V.N. Egorov [8]. At present, a wide spectrum of
research activities in the Black Sea are associated
with  methane seeps, including accurate
localization of seepage areas; analysis of methane
bubble behavior in the water column; rating of
gaseous methane flux from the sea floor and
making an appraisal of its influence upon biotic
and abiotic responses of marine environment as
well as examining the contribution of natural
methane seepages to the global carbon budget; the
mechanism of bacterial oxidation of methane and
formation of carbonate structures in conditions of
sulfide of waters;

hydrogen contamination
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analysis of the newest history of the Black Sea
basin with the use of the age and genesis of
methane from seepages; geologic and geophysical
investigations to quantify reserves of gas hydrate
and thermal hydrocarbon deposits in the Black Sea
[5]. Results of hydroacoustic surveys are used by
most of these works, expressly or by implication.

According to the theoretical justification
(e.g., [7]), easy testable experimentally [9], gas
bubble streams are strong sound scatterers which
can be clearly detected in the water column by
acoustic method. When gas seep is subjected to
the repeated insonification by conventional echo-
sounder (this action is also called pinging), an
assemblage of echo returns often resembles in
echogram a flare or a plume, so these figurative
terms are typically used to indicate the acoustic
evidence of a gas seepage occurrence.
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Numerous seep echogram images were
obtained in the Black Sea with the scientific echo
sounder SIMRAD EK-500 on board the RV
“Professor Vodyanitsky” [5].

In the early stage of our investigations,
echogram records on paper rolls generally
documented acoustic observations. Echogram
printouts allow performing both the detection of
seeps and the phenomenological analysis of
acoustic flares for rating of seepage scale, rising
speed and rising height of gas streams [9].
Nevertheless, the potential for analysis of acoustic
data represented by hard copy echograms is rather
scant. In fact, the appearance of a flare, made up
of echo responses from numerous gas bubbles,
depends not only on bubble attributes, but also on
environmental conditions, ship’s speed and a large
number of parameters and settings of the acoustic
system: frequency, ping rate and duration of the
transmitted signal, transducer efficiency, receiver
sensitivity, the gain of amplifier, etc. All these
factors, affecting the echo-signal, should be
expressed quantitatively and considered when gas
bubble streams are studied acoustically; however
this is hardly practicable with echogram imprints
used as a data retrieving medium.

Meantime, modern echo-sounders provide
performance capabilities for
observations than ordinary echo-signal imaging.
Thus, the echo sounder EK-500 by the Norwegian
company KONGSBERG SIMRAD AS pertains to
the series of scientific acoustic instrumentation
and can derive automatically the
signatures of insonified objects from accurately

more acoustic

acoustic

measured parameters of the echo-signal [1].
Simplistically, the EK-500 consists of the
hardware, responsible for the production of
digitized raw measurement data, and the software,
which handles processing of these data. Actually,
data processing algorithms for quantitative
assessment of fish stocks by the echo-integration
method [10] are incorporated into the standard
EK-500 software. We have found that this
software has serious limitations with respect to the
study of gas seeps. This mainly concerns the

58

impossibility of processing the acoustic signal on
the ping-by-ping basis through the standard EK-
500 software. However, due to advanced digital
data transferring facilities, the EK-500 allows an
access to both processed and unprocessed data, so
an additional dedicated analysis of raw data can be
enabled if pertinent software exists.

In this paper the concepts and program
realization of such software are proposed.

Materials and methods. The echo sounder
SIMRAD EK-500 was installed on board the R/V
“Professor Vodyanitsky” in 1991. It is supplied
with 2 hull-mounted transducers (split-beam 38
kHz and conventional 120 kHz), 2 separate
transceivers, internal microcomputer, display and
printing units to represent echograms in real-time
mode, and various digital data transfer channels
(slow RS-32 and fast ETHERNET) for data storage
and post-processing at remote computers.

Besides the control functions, the built-in
microcomputer operates with raw acoustic data
samples to calculate the target strength TS (dB) of
single backscatterers and the area integrated echo
intensity S, (m*nm?) [1]. The internal software is
programmed by the echo sounder manufacturer
and delivered with ROM chips. We have software
ROMs version 3.01. TS and S, data are accessible
through the serial RS-32 channel, but we prefer to
avoid application of these data for purposes of our
investigations. Instead, we treat the echo sounder
EK-500 as a source of raw acoustic data that are
registered at the output of the high-speed
ETHERNET communication line and processed
by specially developed software. It should be
noted that the format of data transferred via the
ETHERNET line is distinctly documented in the
operation manual [1], but nominal operating mode
of the echo sounder rather does not assume
utilization of these data. There are known
commercial software (e.g., BIS00 by SIMRAD [2]
or EchoView by SONARDATA), which can
support the EK-500 ETHERNET datagram.
However, the use of special-purpose software with
“open source code” (i.e. in-house programmed)
seems to be a reasonable alternative to these
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volume backscattering strength
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direct target strength TS
measurements

data output and remote control via
ETHERNET

Puc. 1. Structure chart of the acoustic system, installed on board the R/V “Professor Vodyanitsky”
Puc. 1. brok-cxema akycTudeckoro komriekca, ycraHosiaeHHoro Ha HUC «IIpodeccop Bonsauikmii»

commercial program products as it can provide
greater adequacy of data processing technique to
meet demands of our study.

Results and discussion. The software is
developed in the Borland C++ to run on Windows
systems. It consists of 2 separate component parts
— data acquisition program SimFlow and data
processing program WaveLens. SimFlow has
simplified user interface (Fig. 2) and handles
logging of data incoming from echo sounder over
ETHERNET bus in accordance with the

TCP/UDP Protocol.
The echo sounder transfers data flow in

the asynchronous mode by solid portions
(telegrams) supplied with a telegram type
identifier. The program verifies the integrity of
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received telegrams and places them into
corresponding files on the hard disk depending on
the telegram type. During the working session
SimFlow usually generates a set of files composed
from: low depth resolution vertical profiles of the
volume backscattering strength (maximum 700
samples) *.fq#, high depth resolution vertical
profiles of the volume backscattering strength
(maximum 5000 samples) *.fv#, phase angles of
the electrical output signal from quadrants of the
split-beam transducer (maximum 5000 samples)
*fbl and the received telegram log file *.str,
where * is the file set name, and # denotes
transkuder number which takes on a value of 1 or
2 (1 — 38 kHz channel, 2 — 120 kHz channel).
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ﬂ;';_.SimFIow . (=[S
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E2.05044416 4,

18.27.-77.962,-78.138.0.0.0.0,
21.21,-73,223,-73.234.0.00.0,

4925 50 357 22 6520000 The ASCIL *str file tags together
L DB044855, 4455 31 ) 03916 9153 8.1871 2210602 references to EK-500 telegrams, successfully
DR 1. 10-15.98 received and stored to *.fq#, *.fv# and *.fbl
S G — files. In addition, it contains acoustically

£2.30,-56.230,-58.854.-2.183,0.000

determined depth readings and also navigation
| Z data from GPS. The design philosophy of the
post-processing program WaveLens (Fig. 3) is

hacad nn tha “cmart arhaaram?” tachninme which

serves for making the user interface to data tuples and mathematical procedures as much comfortable as
possible.
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Fig. 3. The main (a) and complementary windows of WaveLens: b — the control window, opened on the page for
echogram tuning; ¢ — the map with the ship’s track indicated

Puc. 3. I'nmaBHOe (a) U BcmomorartesbHbIC OKHA mporpamMMbl Wavelens: b — KOHTPOJBHOE OKHO, PacKphITOC Ha
TpyIIe KOMaH ] HACTPONKH 3X0TPaMM; ¢ —KapTa ¢ H300paKeHHBIM MapLIPYTOM CyIHA
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The main particularities of this technique
are considered to be as follows:

1.  All data from the file set are linked up into
the transient data base, which exists over
the time of current session.

2. Acoustic measurements are represented in
the echogram windows (Fig. 3).

3. The data retrieval engine starts, which
interrelates  points  (pixels) of the
echogram and data base field elements.

4.  The graphic interface is launched to
provide easy accesses to the data base by
simple computer operations with the
mouse and key shortcuts (Fig. 3).
Horizontal resolution of the echogram is

always 1 ping, while the vertical (depth)

- Wavelens v5.4 - 60PV040612-091929.db
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resolution allows scaling. To visualize a certain
portion of data in the echogram, there is no need
to play-back the data base from the beginning, but
this can be done at once. The echogram color
palette is coded depending on the echo-signal
level and can be adjusted for better representation
of gas flare details. Having the seep recognized, it
is possible to query a database about the seep
localization parameters (data, time, geographic
coordinates and water depth) simply by the mouse
button click when the cursor points at the flare.
Then these data can be stored to the separate file
and used for the report generation (Fig. 4).

L OX

Fig. 4. Query for the seep localization data

WL5.4 X after examination of the echogram. There is

only gas flare in the current echogram
window. Other apparent acoustic patterns

Puc. 4. Ilonyyenne  gaHHBIX O
MECTOHAXOXKACHUU CHUIA IOCIE U3y4eHUs

uMeeTcsl JIMIIb OJAWH Ta30BBIA  (axed.
Jpyrue BHIHMMBIE aKyCTHYECKHE O0Opasbl
00pa30BaHbI IITyMaMH

_ Bl T
Ping(s): 8351 — 8950 time: 13:59:13,260 — 14:19:11, |ping# 8580 depth 519.80

As an echogram is the two coordinates
system with time x-axe and depth y-axe, rising
bubbles are represented by declined lines if
bubbles exist in the insonified volume for a
sufficient time period. To determine roughly their
rising speed the “measuring line” tool can be
applied by dragging the mouse pointer along the
bubble’s path (Fig. 5).

The spatial extension of gas flare can be
determined in a similar manner (Fig. 6).

It is important to note that the parameters
of seep spatial extension, obtained by such a way,
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should be treated only as a fast and rough
approximation.

Actually, for a non-flat beam pattern this
operation is very sensitive to echogram settings,
especially the threshold value, i.e. minimal visible
echo level, (e.g. see fig. 11b). Moreover, accuracy
of the approximation strongly depends on the flare
position within the acoustic beam (e.g. see fig.
14).
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Fig. 6. Determination of the spatial extension of a flare. The height of rectangle equals to the flare height (457.6 m).
Diameter of a seep can be calculated by subtracting of the transducer footprint from the ship’s traversed path (130.4
Mm). For the 38 kHz transducer the nominal footprint comprises, approximately, 0.1128*H, where H (m) — water depth
of the seepage site. As H = 620 m, diameter of the seep is ~ 60.4 m

Fig. 6. OnpeneneHre NpOCTPaHCTBEHHOH MPOTSHKEHHOCTH cHIlA. BbIcOTa NPSMOYroJIbHHKA paBHA BBICOTE CHIIA
(457.6 m). /Iy nomydeHnst XapaKTepHOTO TOPU30HTAIBHOTO pa3Mepa CUIla CIEAYeT U3 AJIMHBI IPOHIEHHOTO CYAHOM
mytd (130.4 M) BBIYECTh TMOMPaBKYy Ha MIMPUHY IHArpaMMBbl HAIPaBICHHOCTH aHTeHHBI »xonorta. s 38 kI
aHTEHHbI 3HAYCHHE MOIPaBKU cocTapisier, npudmmkenHo, 0.1128*H, rane H — riyOuHa ydacTka ra3oBblIeIICHHS.
ITockoneky H = 620 M, ropu3oHTaNbHas NPOTSHKEHHOCT YYaCcTKa Ta30BBIICICHHS cocTaBiieT =~ 60.4 m
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When deep sea flares are observed, the
background noise problem usually arises. As a
result of sound propagation loss due to the
attenuation and spherical spreading, the echo-
signal level at long distances becomes comparable
with the background noises. For compensating the

sound propagation loss the time varied gain
(TVG) is usually applied in calibrated echo-
sounders. However the background noises are also
gained according to the TVG function, merged
with the signal and displayed on echograms as the
specific horizontal stripes (Fig. 7).

- Wavelens v5.4 - 58pv4c.db

Fig. 7. Untreated echogram of deep-water seep. Noises are
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Taking into consideration that in the absence of
backscattering targets the background noises strictly tail
along the TVG function line, the noise level can be
evaluated visually and eliminated from the echo-signal
by means of the noise reduction procedure, implemented
into WaveLens (Fig. 8).

@ -WaveLens v5._4 - 58pv4c.db

.‘Averagmg File Help
Noise Reduction 2 | ‘(| kel ‘.| Optians... Origin|{™
800.0 m :
f -185.10 s L
I Level dB 900.0 m - g
SV1 (blug), SV2 (red) profiles for ping# 825 ELEEES m T =
5000 Ty Shaw in Profile(s) v i 10000m - 3 -
1 1100.0m
300.0 \ \ Apply to Echogram(s) F% IC] 12000 mk
1000.0 : 1300.0 m}
E ‘Water ahsorption 1 .
= 12000 coefficient correction. 0.00 1400.0 mi-
g 2l 1500.0 m
1400.0 \ L\Y i
Bottlom absorption 0.00 1 600.0 mp—-
16000 coefficient i
correction, dB/m 1700.0 mf=
18000 —— 1800.0 mf
Sscs8Sc3s 1 300.0 TR :
=T = = ] £ Al b RSN - . .
' sv dB Ping(s): 601 — 1039 time: 08:51:17,200 — 09:20:29,2 ping# 1011 depth 703 I

Puc. 8. Removal of noises from the echogram. Evaluation of the background noise level is made using the chart of
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indicated in red. The real noise level is calculated automatically on stacking of both lines at an area of background
backscattering. When activated (the middle window), the noise reduction procedure processes the echo-signal prior
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the upper sediments. It is feasible in WaveLens to
adjust the echogram parts for the water column

During acoustic surveys we usually do not
confine sampling of the echo signal within the

water column, but record also echo returns from and the upper sediment layer independently. This
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screen mode is used in our investigations to detect
manifestations of gas-saturated bottom sediments
in close proximity to seep sites. By applying
different settings for the display threshold and
sound attenuation within the water column and

[ waveLens v5.2 - BOPVOLD611- 1005300y

sediment sections of the echo-signal, the best

possible of flares and sub-bottom
structures can be achieved in the same echogram

window (Fig. 9).
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The composite pelagic/sub-bottom
echograms are sensitive to the reliability of bottom
detection. The automatic bottom detection
algorithm is implemented in the EK-500, which
provides correct depth readings in most cases.
However, on certain conditions (e.g., on weak
return from soft sediments, at high-intensive
venting sites, on masking of sound by air bubbles
at the ship’s trail when maneuvering, at steep
slopes), the probability of erroneous depth data-
out from EK-500 increases, though the bottom
contour can be easily recognized by visual
examination of the echogram. Therefore, the depth
correction procedure, included into WaveLens,
employs the graphic interface. When an area with
erroneous depth readings is seen in the echogram
(Fig. 10, left window), WaveLens provides the
possibility to traced out this area in the special
delineation mode. Then WaveLens can perform
the forced identification of bottom returns within
the bounds of the marked area. The effect of this
operation is depicted and checked in the echogram
window iteratively. Upon reaching the successful
result, erroneous depth readings are replaced by
correct values (Fig. 10, right window).
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Upper sediment layer

and sound attenuation within the
water column and upper sediment

layer
Puc. 9. Oxorpamma ¢ pa3nMYHBIMH
3HAYCHUAMU koo punmenra

3aTyXaHusl 3ByKa B BOJIHOM TOJIIIIE U
BEPXHEM CJIO€ IOHHBIX OCaJKOB

Special attention was paid to the
measuring of such important acoustic parameters
as the mean volume backscattering strength
(MVBS) and the target strength (TS) of single
backscatterers. With respect to our investigations,
these parameters are essential for the quantitative
assessment of methane venting sites, including
size spectrum and concentration of bubbles,
volume of gas containing in them, gas flux to the
water column from single seeps and seep areas.
Actually, the lateral scales of most seeps, observed
by us, were comparable or less than the transducer
footprint, so strong influence of directivity pattern
of acoustic beam on the MVBS measurement can
be expected. Neglecting this effect may result in
the undervaluation of energetic descriptors of the
echo signal similarly to what was shown by the
example of small fish schools [3]. This problem
can be resolved by detailed analysis of the echo
signal on the ping by ping basis, however, the
standard EK-500 software is not sufficient for this
study as MVBS readings from the EK-500 refer to
sailed distance intervals (0.1 nm minimum) with
the vessel’s speed detected by the log or simulated
internally over the range 0.1 — 25.0 nm.
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Ping(s): 5651 — 6120 time: 20:05:29,800 — 20:21:15,810

ping# 6119 depth 671.19m

Ping(s): 5651 — 6120 time: 20:05;29,5800 — 20:21;15,510

ping# 6034 depth 501,15 m

Puc. 10. Example of the echogram before (left window) an after (right window) application of the depth correction
procedure. The bottom contour is drawn by the line of special format.
Puc. 10. IIpumep sxorpamMmsl 10 (JI€BOe OKHO) W IOCIE MPUMEHEHHs NMPOLENYpbl KOPPEKIMH TTyOHHBI (IIpaBoe
okHO). KoHTYp IHA OTMeYeH IMHIEH crenrnanbHoro opMara.

To overcome this limitation, WaveLens was supplied with the echo-integration procedure, which

takes advantages of the graphic interface and provides a great flexibility in choosing integration bounds
and intervals for MVBS calculation. Fig. 11 illustrates data, which can be obtained by means of the ping-

by-ping analysis.
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Fig. 11. Ping by ping analysis of the echo-signal from a seep crossed the insonified volume. a) echogram at 38 kHz.
Integration region is marked by the red rectangle; b) MVBS data (close circles) and quadratic regression parabola
(solid line) are shown. High regression coefficient (R* ~ 0.9) indicates that data closely follow the parabolic beam
pattern function inherent to split-beam transducers manufactured by SIMRAD. Hence, the acoustic flare is produced
by a point seepage, which area is less than the beam footprint; c) control window for the integration settings. MVBS
values are calculated by integration of the echo-signal within the depth limits 89.8 — 91.8 m without averaging
between pings (averaging interval 0 hr. — 0 min. — 0 sec. means ping by ping data output)

Puc. 11. ITogpoOHBIi aHaNMH3a 9X0-CHTHATA OT CHIIA IIPH MEPEeCceueHNH UM O3BYYEHHOTO 00beMa. a) 3Xorpamma Ha
gactote 38 k[m. OOnmacTp WHTETPHUPOBAHHS OTMEUYCHA KPACHBIM TPSMOYTOIBHHKOM; b) TOYKAMH H300pa’keHBI
yCpeIHEeHHbIe 3HaYeHHsI CUIIbl 00beMHOro o0paTHoro paccesuust MVBS, nunus - rpaduk KBaIpaTHYHOH PErpecCUi.
Beicokoe 3HaueHue koddduimenta perpeccun (R2 =~ 0.9) cBumeTenbCcTBYET 0 TOM, YTO JIAHHBIE XOPOILO OMUCHIBA-
I0TCS Tapabonnyeckoil GyHKInel AuarpaMMbl HalpaBIeHHOCTH, CBOMCTBEHHON aHTEHHAM C PACIIEIUICHHBIM JIy90M
npousBocTa pupmbl SIMRAD. CnenoBatenbHo, ra3oBblii hakesr 00pa3oBaH TOYEUHBIM CHUIIOM, TUIOMIAAb KOTOPOTO
MCHbIIC, Y€M CCUCHHUC Jiyda AHTCHHBI; C) KOHTPOJIbHOE€ OKHO I YCTAHOBKH IIapaMETPOB HHTEIPUPOBAHMS.
3nayenuss MVBS monydeHsl HHTErPUPOBAHUEM DXO-CUTHANA B Ipezenax riyoud 89.8 — 91.8 m 0e3 ycpenHeHus mo
TOPU30HTAIH (B COOTBETCTBHHU C YCTAaHOBICHHBIM HHTEpBaJIOM ocpeanerus 0 4 - 0 MuH - 0 cek)
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The special usage of the integration can be done by application of the shaper tool to a

procedure, implemented into WaveLens, concerns flare in the echogram followed by data retrieval

getting data for 3-D flare imaging. This operation from over the shaped area (Fig. 12).
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Puc. 12. Shaping of a gas flare for 3-D imaging. Within the limits of shaped area (left window) the echo level
samples are spatially averaged according to the settings (right window). The settings are: time interval - 5 sec; depth
interval — 5 m.

Puc. 12. «OxoHTypHBaHHe» ra30BOro (akena A MOCTPOSHUSA 3-X MEPHOT0 M300pakeHUs. 3HAYCHHs YPOBHS 3XO-
CHTHAJIa TIPOCTPAHCTBEHHO YCPEIHSIOTCS B Mpeleiiax KOHTypa (JIeBO€ OKHO) B COOTBETCTBUH C YCTAaHOBJICHHBIMH
napametpamu (IpaBoe OKHO). B JaHHOM mpHMepe HCMOIB3YIOTCS CIEAYIOUIME MapaMeTpbl: S5-CEeKyHIHBIN

BPEMEHHOW HHTEPBAJ M S-METPOBHIH HHTEPBAJ TITyOUH.

Obtained data can be utilized for creation of a 3-D flare image itself by the use of any suitable

software package, for instance, Fledermaus by IVS /www.ivs.unb.ca/ (Fig. 13).

— .. mar\Presentationdvure_flares.scene
File Camera Help
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When measuring target strength of a
backscatterer, the shape of its impulse response is

analyzed on the stipulation that the only
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Fig. 13. 3-D image for gas outbursts from the mud
volcano  Dvurechenskiy (Black Sea). Acoustic
observations were made in the 57" Cruise of the R/V

“Professor Vodyanitskiy”. Bathymetry data were
obtained with the swath bathymetry system
HYDROSWEEP in the R/V “Meteor” M52/1

(MARGASCH) Cruise. The image is created by Dr.
Jens Greinert with the use of program Fledermaus.

Fig. 13. 3-x wMepHOoe H300paxeHHUs CTPYHHBIX
ra3oBbIICICHUA M3 TPA3EBOrO ByJKaHa JIBypedeHCKUt
(YepHoe Mope). AKyCTHUYECKIE JaHHBIE TIOTYYIEHHI B 57-
M peiice HUC «IIpodeccop Bomstautkuity. Vcnonp3o-
BaHBI JaHHbIE OATUMETPUUECKOW CHEMKH MOPCKOTO JHA
MHoroxy4eBeiM sxonotom HYDROSWEEP B peiice
HUC «Meteop» M52/1 (MARGASCH). 13o6paxenue
nosiyaeHo ap. EHcom I'peitHepTOM ¢ HCIOJIb30BaHHEM
nporpammsl Fledermaus.

bakcscatterer exists in the insonified volume,
otherwise measurements are biased due to the
formation of composite signal by a number of
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overlapped echoes [7]. The EK-500 in-built TS
measurement algorithm utilizes the split-beam
technology [4] to recognize in situ a single target,
determine its position in the acoustic beam and
calculate cross-section from the
amplitude of echo return. Reliability of this

acoustic

algorithm, i.e. stable rejection of multiple targets
and acceptance of single targets, strongly depends
on the selectivity control settings chosen during
the data acquisition session. It was found that
optimal work of this algorithm can be hardly
achieved on-line, therefore the post-processing

-WaveLens ¥h.2 - BBpvlLeg3stl.db
File  Help

design of the TS measurement procedure was
accepted in WaveLens. At that, two modes of our
target are
distinguished — “strong” and “weak”. The “strong”
mode provides improved selectivity of single
targets and can be used for estimation of TS
distribution in the bunch of bubbles, as well as for

algorithm for single selection

study of gas bubble behavior in the water column.
For the latter the individual bubble tracking
technique can be applied with the use of the
WaveLens graphic interface (Fig. 14).

Fig. 14. Application of the bubble

—— tracking technique. Tracks of single
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fishes (tortuous lines) are seen in the
echogram. For retrieving that portion of
information from the data base, which
corresponds to the observed bubble, the
trace shaping procedure is used (red
line).

Puc. 14. Hcnons3oBaHue MpoIEeIypHI
KOHTpOJISL TPaeKTOpuH ITy3bIpbka. Ha
9XOrpaMme MPOCMaTPUBAIOTCS CIEIBI OT
OAUHOYHBIX ra30BbIX ITY3bIPHKOB
.-| (upsiMBIE JIMHMU) M JABWXKYIIUXCS DBHIO.
Jus BbIOOpKM M3 0oO0IIero MaccuBa

8| ITaHHBIX TIOPLNHU nHpopManuy,

ki OTHOCSILIEHCA K UCCIIEAYEMOMY

L IY3bIPBKY, MIPUMEHSETCS

' | oKoHTypHBaHHE ciena y3bIpbKa

(kpacHasi THHHA Ha YXOTpaMMe).

|F'ing[s]: 31901 - 32377 time: 03:38:39,310 - 02:46:35,210 )

Tping# 32205 depth 75.30m |

4

Data derived from application of this
procedure make it possible to assess such gas
bubble signatures as the evolution of their size and
rising speed depending on the residence time in
the water column (Fig. 15).

On the contrary, impulse responses from
both single and multiple targets pass through the
“weak” algorithm due to the weakened selection
criteria. Then the amplitude component of the
echo-signal is discarded, but only positions of
detected targets (single or multiple) in the sound
beam are registered. When seepage crosses the
insonified volume the series of positions of
detected targets specify the direction towards the

seepage relative to the beam axes, hence,
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geographical coordinates and spatial extension of
the seepage can be determined more accurately
(Fig. 16).

It
correctional routines are incorporated into the
signal processing algorithms developed by
SIMRAD for EK-500 firmware to compensate the
echo-signal amplitude distortion through the finite

is important to note that -certain

bandwidth of transceiver circuits and transducer
terminal [1] (Fig. 17), however author was failed
in tracing any public domain information about
these algorithms.
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Fig. 15. Example of data, obtained with the use of the procedure for individual bubble tracking. The bubble diameter
values are calculated from measured TS according to [7]. Linear regression lines are also shown. The regression fit to
the initial 10 s interval is calculated for the depth vs time dependence

Puc. 15. Ilpumep HaHHBIX, HOJy4aeMBIX B pe3yJbTaTe OKOHTYPHBAHHUS CjeAa OAWHOYHOTO Ta30BOr0O ITy3bIPS.
Juamerp my3slppka paccumrtaH corimacHo [7]. IlokazaHel TakKe JHWHUHM JIMHEWHOHW perpeccuu. PerpeccroHHas
3aBUCHMOCTb ITyOUHBI ITy3bIpbKa OT BPEMEHH PAacCUMTHIBAIACH A1 cTapToBoro 10 ¢ nHTepBaia

Beam angles

Fig. 16. Example of data, obtained with
the use of the “weak” procedure when
seepage crosses the insonified volume.

5 6 T Puc. 16. [Ipumep NaHHBIX, MOJTYYEHHBIX B
pe3ynbrare paboThI «HECTPOTOro
QITOPUTMA JIETEKTHPOBAHUS [EJeH Mpu
MepecevYeHNH CHIla Ty4OM aHTCHHBI.

f1

Fig. 17. Transformation of the form of
Transmitted envelope echo-signal in comparison with the
transmitted sound signal. Reproduced from

[1]

Received envelope Puc. 17. U3menenue $hopmbl 3Xo-cUrHana
\ 1o CPaBHEHHIO c M3ITy4aeMbIM
30HAUPYIOLINM HUMITYIbCOM.

~. Bocnpousseneso u3 [1]
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Therefore, the special investigation was
undertaken to study the response function of the
EK-500 system. As a result, the necessary
corrections were reckoned up, programmed and
embedded into WavelLens for both point and
volume backscattering strength measurements.

Absolute acoustic measurements require
accurate calibrations of an echo sounding system.
In our investigations we use the recommended for
the scientific echo sounder EK-500 calibration
method, which is based on the measurement of
echoes from a reference target [1]. Normally, the
reference target is a solid sphere made of metal,
supplied with the certificate of nominal TS and
diagrams showing the deviation of TS wvalue
depending on the environmental parameters, that
is to say water temperature and salinity. We prefer

to determine numerically the actual reference TS
Therefore, the
procedure was developed for the TS calculation

under calibration conditions.
according to the theory of acoustic scattering on
elastic spheres [6]. As provided by this theory,
target strength of the metal sphere in the aquatic
environment depends on the number of
parameters: radius of the sphere, density of a
material of sphere, sound frequency, density of
water, sound velocity in water, and also
longitudinal and transverse sound velocities within
the sphere. At that, variation of acoustic cross-
section of sphere relatively the geometric cross-
section is described by the so-called form-
function. An example of form-function for copper
sphere manufactured by SIMRAD is shown in

Fig. 18.

N d |

v |

0,0 1,0 20 30 40 50 6,0 7,0 8,0
q

Fig. 18. Dependence of squared form-function modulus on q = k-a, where k — wave number, a — radius of copper
sphere (15 mm in our case). Values are marked on the curve, corresponding to 38 (q =2.4) and 120 (q = 7.6) kHz.

Puc. 18. 3aBucumocts kBagpaTa MoayIs GopM-GyHKIMU OT BerukHbl = k-a, rae k — BoiHOBOe 4ncIio, a — paanyc
MenHOH cdepsl (15 MM B Hamem ciydae). 3HaYKaMyd OTMEUYEHbl TOYKH Ha KPUBOM, COOTBETCTBYIOIUE YacToTaM 38

(q=2.4)n 120 (q="7.6) kT

Conclusions. A software for acquisition
and processing of acoustic data, accessible
through the ETHERNET interface of the scientific
echosounder SIMRAD EK-500, is developed.
This software was regularly employed during a
number of scientific cruises on board the RV
“Professor Vodyanitskiy” for accurate seep
detection in the Black Sea and collection of data,
which could bring a better understanding of the
methane seepage phenomenon, in particular: 1)
how much gas escapes from the sea floor, 2) how
much gas transfers from ascending bubbles to the

Mopcekuii exonoriunuii sxxypHain, Ne 1, T. V. 2006

water column, 3) how much gas bubbles deliver to
the atmosphere.

Acknowledgements. This work is a part of the EC
INCO COPERNICUS Project BIG-BLACK (IC15
CT96 0107), funded by EU Project CRIMEA (Contract
No. EVK2-2001-00322) and NASU Project Ne 11/04.
The author wish to acknowledge Prof. DSc, Head of
Dept. V.N. Egorov and DSc, chief scientist S.B. Gulin
for lasting support of this work during many years
since 1998, and also express thanks to DSc. J. Greinert
for the excellent collaboration on the 3-D flare
imaging.

69



Yu. G. Artemov

1. Anon. SIMRAD EKS500 Scientific Echo Sounder // Mar. Ecol. Journal. —2003. -2, Ne 3. — P. 5 - 26.
Instruction Manual P2172E. SIMRAD Subsea A/S. (in Russian).

—1991. 6. MacLennan D.N. The theory of solid spheres as

2. Anon. SIMRAD BI500 post-processing system sonar calibration targets. Scottish Fisheries
reference manuals V5.20. SIMRAD Subsea A/S. — Research Report, 1981. Ne 22, 17 pp.

1993. 7. Medwin H., Clay C. Fundamentals of acoustical

3. DINER N. Correction on school geometry and oceanography. - Academic Press. — 1998. — 712 pp.
d.ensity:. approach b?S?d on acoustic image 8. Polikarpov G. G., Egorov V. N. Active gas releases
simulation // Aquat. Living Resour. — 2001. — Neo have been revealed // Visnyk Ac. Sc. Ukraine. —
14. - P. 211 -222. 1989. — Ne 10. — P. 108 — 111.

4. Foote, K. G, Aglen, A, and Nakken, O. 9. Polikarpov G. G., Egorov V. N., Nezhdanov A. 1. et
Measurement of fish target strength with a split- al. Phenomena of active gas seeps from bottom of
beam echo sounder // J. Acoustical Soc. America. — the western Black Sea slope // Proc. Ukrain. Acad.
1986. — Ne 80. — P. 612 — 621. Sci. — 1989. — Ne 12. — P. 13 — 16 (in Russian).

5. Egorov V. N., Polikarpov G. G., Gulin S. B. et al. 10. Thorne R.E. Investigation into the relation between
Present-day views on the environment-forming and integrated echo voltage and fish density // J. Fish.
ecological role of the Black Sea methane gas seeps Res. Bd Can. — 1971. — Ne 28. — P. 1269 — 73.
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Ilporpamue 3ae3nedeHHsl OCTiIKeHb CTPYMHMHHHUX METAHOBHUX Ta30BHALIEHb AKYCTHYHMM MeETOHOM.
IO. I'. Apremos. IIpupoaHi cTpyMHUHHI METaHOBI ra30BHALIEHHS 3 MOPCHKOTO JIHA, 3BMYAHHO, iCHTH(IKYIOTECS
aKyCTHYHHMM METOJIOM I10 HAsBHOCTI B TOBIII BOJM IUISHOK IiJBHIIEHOTO PIBHS €XO-CHTHATY, opMa SIKUX Haraaye
(hakem momym's. Y IHMX aKyCTHYHHX oOpa3ax, CKIaJeHHX 3 €XO-BIATYKIB BiJl YHCICHHHX WyXHPIIB Trasy,
YTpUMYEThCA pi3HOMaHITHA iH(OpPMAIisS Ipo IHAWBIMya bHI BIACTUBOCTI MyXHPIIB i BCil MTUISHKE MOPCHKOTO JHA,
IO BUALISE Ta3, B [ioMy. [Ipy BUBYEHHI €KOJIOTIYHOI pOJIi CTPDYMHUHHHX METAaHOBHX BHXOIIB Ta3y MPEICTABISAETHCS
BaYK/IMBUM 3aBIAaHHAM OJEepKaHHSA Takol iH(opMarlii, 0COOJMBO: HaHUX MPO PO3MIPU IUIAHKH, IO BHILIIE ras;
3arajbHy KUIBKICTh IyXHUPIIB, 0 BUIUISIOTHCS 3a MEBHUI Mepioj yacy; po3MIpHOMY CKJIaJl W MIBHIKOCTI MigiioMy
MyXHPLIB Ha pi3HUX THOMHAX. BukopucranHs KamiOpoBaHOro exosiota ¥ HU(POBUX TEXHOJIOTIH peectpaiii i
00poOKHM JIaHHMX TMPEJCTABIISIETHCS aJeKBATHUM IIJIX0/I0M 10 KUIBKICHOTO aHalli3y aKyCTHYHOI'O CHUTHaIy. Y CTarTi
MPUBOAUTHCS 3arajbHUN OMHKC MigX0ay J0 00poOKH aKycTHUHOT iH(opMAaIii i mpUBaTHA peaizallis bOTO MiIX0dy,
a/1IalITOBAHOTO JI0 OCIIIKEHHS CTPYMHUHHUX BUXOJIIB I'a3y IpH BUKOPHUCTaHHI HaykoBoro exonota SIMRAD EK-500
SIK aKyCTUUHHMH iHCTpyMeHT. Po3poliieHe rmporpamHe 3a0e3rnedeHHs MiCTUTh Y co0i psiJt Crieiali3oBaHuX IpoLenyp,
10 PO3IIUPIOIOTH MOKJIMBOCTI 3aCTOCYBAaHHsI aKyCTHYHOTO METO/Y IS JOCITI/DKEHHS CTPYMHUHHUX BHXOJIB rasy.
Pobota mux mpouenyp po3risaacTsCs Ha KOHKPETHHUX MPHUKIaax, OTPUMAHAX Y psAdl HayKoBUX ekcrienuntiii aa HUC
«IIpoecop Bonsaumkmiiy.

KoaiouoBi ciioBa: cTpyMuHHI METaHOBI ra30BUALIEHHS, aKyCTHYHUI Meton, exonor SIMRAD EK-500, nporpamue
3a0e31e4eHHs

IIporpammHoe oGecneyeHne UCCAeA0BAHMI CTPYIHBIX METAHOBBIX I'a30BbIICJICHUI aKyCTHYeCKMM METOJ0M.
FO. T'. ApremoB. llpupoaHble Ta30BBIACIECHUS W3 MOPCKOTO [HA, OOBIYHO, MACHTU(HUIUPYIOTCS aKyCTHIECKH
METOJIOM I0 HAJIMYUIO B TOJIIE BOABI YYAacCTKOB IOBBIIIEHHOTO YPOBHS 3XO-CHTHaNa, ()OPMOHM HATIOMHHAIOIINX
(hakensl IaMeHH. B 3TuX akycTHdIecKuX 00pa3ax, COCTaBICHHBIX U3 9X0-OTKJINKOB OT MHOTOUYHCIIEHHBIX ITy3bIPbKOB
rasa, COIEpXKHTCI pa3HooOpasHas uHHGMOpManus 00 WHIUBHAYaNbHBIX CBOMCTBAaX IIy3bIPHKOB M BCETO
ra30BBLACIAIONIETO yYacTKa MOPCKOTO AHA B LesnoM. IIpu M3ydeHHH 3KOJOTHYECKOH POJIM CTPYHHBIX METaHOBBIX
ra30BBIICHUH TIPENCTABIIETCS BAKHOM 3ajadell TOJydeHHWe TakoW HH(OpMalMu, B OCOOCHHOCTH: JaHHBIX O
pa3Mepax ra3oBBLICISIONIEr0 YYacTKa; o0IeM KOJIMYECTBO Iy3bIPHKOB, BBIIEISIOMINXCS 32 ONpPEACICHHbIH TIepHO.
BPEMEHH; Pa3MEPHOM COCTaBE W CKOPOCTU TMOJbeMa Iy3bIPbKOB Ha pPa3iM4YHBIX IiyOuHax. lcrosib3oBanue
KaJIMOPOBAaHHOTO 3X0JIOTA W LU(PPOBBIX TEXHOJOTHH pETUCTpallii M 00pabOTKM MJaHHBIX IPEICTaBISETCS
aJIeKBaTHBIM MOJXO/] K KOJIMYECTBEHHOMY aHAIN3y aKyCTHYECKOTO CHI'Hana. B crarbe mpuBoanTcs oblee onvcaHne
noaxona K oOpaboTke akycThdeckod MH(OpMamuM M YacTHas peaM3alysi 3TOro IMOJXO0Ja, aJalTHPOBAHHOTO K
WCCIICIOBAaHUIO CTPYWHBIX Ta30BBINEICHUH MPH HCIONB30BaHUK HaydHOro 3xonota SIMRAD EK-500 B xauecte
aKyCTHYEeCKOTO HWHCTpyMeHTa. Pa3paboraHHoe mporpaMMHOe oOecredeHne BKIIOYaeT B ce0sd  psafg
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CHELMATU3UPOBAHHBIX MPOLENYp, PACHIMPSIOMIMX BO3MOXKHOCTH HPUMEHEHUS aKyCTHUECKOro MeToaa it
WCCIIEJOBAaHMsI CTPYHHBIX Ta3oBblIeNieHHH. PaboTa 3THX mpoueayp paccMaTpuBaeTcs Ha KOHKPETHBIX IpHMeEpax,
MOJyYeHHBIX B psne HaydHbIX dkcneqummid Ha HUC «IIpodeccop Boasaumkmin.

KiroueBble cioBa: cTpyiiHble METaHOBBIE Ta30BBIIENCHMA, aKycTHUeckuil Merton, sxonor SIMRAD EK-500,
POrpaMMHOE 00ecIIeYeHHE.
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