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Application of acoustic techniques for
exploration of submerged area in
connection with hydro-projects

The knowledype of geological environment prevailing in the
SJoundation zone can enhance an engincering assessment for
planning and designing. So far as submer ged site is concerned
only elementary methods, mosily based on probing or spot
diving, is deployed to collect required data. The acoustic
methods, primarily invented for offshore hydrocarbon pros-
pecting very successfully, be applied for pre-feasibility sur-
veys for various engineering projects, for example, dams or
barrages, submarine pipeline rouwe selection, developments
of poris and harbours, etc. as also for post-constructional
inspection like determination of exposed pipeline, or extent of
siltation in reservoir.

The aceustic methods use sound waves of different chor-
aereristics o obtain required penctration and resolution for
cross-sectional profile through prevalent stratigraphic col-
wmn. While echosounder records changes inverticle axes, i.e.
depih, side-scan sonar supplements data on horizontal axis

on the seafloor. The sediment type and thickness can he

inferred from shallow seismic profiles. These high resolution
multi sensor surveys should be accompanied by proper posi-
tion fixing system and followed by surficial sediment sampling
and confirm the interpretation from underway data. A com-
plete information on geomorphological variations and sedi-
mentological regime can be obtained from synthesizing the
. survey data. Some case histories from gulf of Kachchh, Bom-
* bay harbour, Kosi barrage and Manori creek, Bomlay are
presented which show the uscfilness of such surveys.

Introduction

~he need for preconstnietion information on prevailing

soil and geological conditions for a large number of
irrigation and power projects including dams, barrages,
nuclear and tidal power projects, submerged pipclaying for
cooling water intak e from or dischaegre into sea, cannnthe over
emphasised. Attimes, post-constructional survey also is nee-
essary 10 infiér upon th_c,sufciy or stability of the submerged
structure. The information provided by divers or probing rod
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method may be sparse, discontinuous or conjectural, leading
10 a very high depree of aver designing, resulting in cost
escalstion or difficuliics in exccution.

The ultimate objective of the design engineer is to design
a structure as cost cffective as possible with adequare provi-
sion for the safety and maintenance of the same. Engincering
experience on land has established the importance of a com-
plete understanding of geological conditions both on site and
in the adjacent arca. 1 is gencrally recognized that a broad
geological appreciation of the sediments, bedforms and land-
forms including information on their origin and geological
history can enhance an engincering assessment.

The nature and characteristics of foundation play a viral
role in designing a safc and cconomic civil engineering struc-
ture, speciatly, the characteristics of a particular site have a -
greater influcnce on the design of an carth dam than they do
on may other engincering structurcs (Sherard ctal. 1963).

For determining the foundation conditions of onland pro-
Jeets, well cstablished standard methods are available {or
exploration and cven in situ testing for various parameters that
are required at planning stage; however, only rudimentary
methods arc used when foundations are submerged. Geologi-
cal conditions for foundation as also the rate and pattern of
siltation in & lakc or reservoir may be uscful. The prevailing
geologic regime can also forcwam some causes of concern,

- Using data from the regional geological survey, a numher of

potential peological ‘hazards” can be idemificd. The torm
‘hazard” may be used w include geological features or condi-
tions that may adverscly affect underwatcr installation such
as (i) rapid variation in topography orsediment propchic&; (i}
open or [illed channels (i) arcas of rock platforms and mobile
sediments (iv) steep slope (v) evidence of seismic activity
(Fenin, 19803,

The need for the cconomical cxplottation of (e winsral
resources of the scafloor, as a result of depletion of rescrees
of non-renewable natural resources, has fed to recent cxpan-
sion of the techniques for offshore caploration. As a direct
outconie ol these, there are many equipment availshiz to
decipher the submerged sub-bottem. These cquipment are
portable and can be deployed froma 10-15 miong wooden or
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iron hulled boat. The present paper bricfly describes these
acoustic technigues and presents o some extent, how they can
be used effectively for the purpose of underwaler engincering
stadics.

Acoustic methods

The methods which primarily depend on generation and de-
tection of acoustic waves are called seismic or acoustic meth-
ods. The busis of the mcthod is the theory of elasticity which
relutes applied stress to the induced strain in any medium. In
manne scismics, the stress may be applied by a varicty of
sources but most commonly piczo clecrtic crystals and stress
output is normally described by a number of parameters
including frequency and energy level of sound.

The different frequencics have different utilities in marine
seismic profiling. As a rule of thumb the lower the frequency,
higher the penetration and Iesser resolution and vice-versa,
The present discussion is confined, however, 1o high-resolu-
tion information which may have limitation on penctration
and would require relatively higher resoluton. Though pri-
marily devised for marine applications, they can and are being
utilised successfully in fresh water cavironment also. Seismic
data is acquired using a system consisting ol three main
components: An input source, an array of detectors and a
recourding instrument. Fach scismic record is a time record of
the output signals which are generated at interfaces in a scrics
of suratigruphic layers because of the changes in acoustic
impedunce which occur at such boundaries (Macmillan et al.,
1975

The working principle of acouslic system in general, uses
a transducer 1o converl electric signals into a sound beam of
specific characteristics which will travel through the water
media and get rellecied from various points below scabed
depending on its propertics; reconverted inio electrical signals
through same transducer ora reciver and printed on a graphic
recorder (Fig. 1).

ECHOSOUNDER

The simplest application of the reflection method isknown
as ‘echusounding’ which records encrgy reflected from the
interfuce between the water and soil. Echograms provide
continuous measurements of depth below a floating vesseland
also topographic variations of the bed. Present trend is to
deploy a dual frequency, hull mounted ransducer with a
frequency of 210- 230 kHz for accurate depth measurement
and 12-30 kHz w obtain sub-boltom information on recent
clay deposits which can be operated simultancously. The
necessary ransducer and tdal corrections are imparted to
depth values digitized from cchogram and a bathymetric chart
prepurcd. Recendy, penetration echosounder has been devel-
oped with an operating frequency sclectable between 3.5-7

kHz w0 obain sub-botom peuctration in soft, consolidaied

sedimnents. Modern mult-bewn sonar sysiem, when available,
is an excellent method to survey a large arca in a short time
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with high degree of accuracy.

The cchogram data can also be uscd 1o preparc a geomor-
phological map of an area where the type of bed, i.c. even,
uneven or rugged can be demarcated besides showing accu-
rale occurrence of submerged pinnacle, channel, scrap, rip-
ples, sandwaves, rock oultcrops, etc. A typical ecchogram from
uncven topography, Fig. 2B, depicts offshore extension of the
river Gomati, Dwarka water depth increases from less than 2
m to about 10 m.

SIDE-SCAN SONAR

The system comprises of two transducers mounted on
cither side of a tow fish which is towed astern of a survey
vessel by a muliplexed cable and connects 1o a dual channel
recorder and tape unit- onboard the survey vessel. While
cchograms provide seafloor characteristics in the verticle axis,
the side-sean sonar supplements the information onachorizon-
Ll planc analogous to acrial photographs on land by nicans of
tonal variations, Demarcation of boundarics between two
lithological units (FFig. 3A) as also the spatial extent and
alignmentof prominent geomorphic features can be mapped
with the hielp of sonographs (Fig. 3B). Interestingly, the side-
scan sonar can also delect exposed pipelines; debris of acro-
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Fig. 2A. A Typical echogram showing uneven topography from Gull of Kachehh. The vertical bar represents 2 min 0 -20 range.

Fig. 2B. The offshore extension of the river Gomati. Note the deeper part of the channcl has been eroded away. The dark line on
right is duc to shift in range from 20 -40 m to 10 -30 m.

planc/helicopter or any other items of signilicant dimension
lying on the seafloor.

CONTINLOUS SHALLOW SEISMIC PROFILER

In principle, shallow scismic systcms, also known as
sub-bottom profilers, arc basically similar to an cchosounder;
however, in prastice, there arc some variations besides
changes in pulse characteristics, i.c. instcad of a common
tansducer for transmitting and receiving sipnals, there are two
scpanite wansdueers, generatly referred to as source and re-
cciver. There are different types of sources having varying
frequencies and output power for mecting dillerent require-
ments (Table 1.) They are supported by maltching receivers,
known as hydrophones and signal processors, filters and
recorders.

The sub-bettom profiles depicteross-sectional view of the
scalloor along a sclected survey track. The thickness and
stratal characteristics are discemible from reflector configu-
ration. The acoustic basement or limit o penctestion: will
depend on various parameters tike type of system, its oulput

power and frequency and type of sediments. Fig. 4A shows
clearly a channel cutting across 2-3 rcflectors. The extent of
crosion among clay horizon can be noticed. Fig. 4B shows
sub-bottom profilc fror: a highly uncven arca cameted by
coarse sand and therefore without any significant penctration,

SOIL. SAMPLING

The acoustic surveys, being remote survey methods are
necessarily 1o be supported by the ground truth by collection
of surficial soil samples by grab or corer.The location of
sampling station may be sclected after a preliminary exami-
nation of the underway data whercin the scafloor is expected
to be covered by clay, sand rock, ctc. arc demarcated as also
some sub-bottom rcfleclors are scen outcropping at the
scalloor, Generally, the reflector characteristics can be corre-
Ined with the sediment textures in a survey arca if other
parameters remain unchanged. Thus, integated information
from all three types of cquipment supported by sediment
analysis may pml/idc requisite data for structural desipn, The
s0il samples so coliected are generally disturbed ones; how-

TABLE 1 SUMMARY OF ACOUSTIC SYSTEMS CHARACIERISTICS AND PURPOSE

Sr.no  Acoustic system Frequency inkllz  Purpose Application and limitations
L Echosmunder 210 Accurate depth measusing Bathymetry and topography
2. Echosounder 30 Very shallow (2-3 m) sub-bottom Information on recent soft clay, gencrally saturated
penetration
3. Side-scan sonar 10 Tligh resolution plan view Geomorphology surficial geology, rock outcrops
man-made objects if exposed on bed.
4, Penciration 3.5.7 High resolition shallow sub-bottom Surlicial and sub-bottom peology. Approximately 10-
ccho-sounder profiling 20 m pendration in soft clay, reduces in stratified or
consolidated clay and almost no penctration in coarse
sand.
S. Boomer 5 Shallow sub-bottom penetration sometime in sand
also and stratificd scdiments,
6. Sparker 1-2 -do- Decper penetration though resolution may be affected.
-BARRAGE & DAM CONSTRUCTION NUMBER 165



e e+ e e e e e e e ey
{

PRI TOURINIASE ST RSOSSN USRI FRECSRSORE - L)

Fig. 3A. A typical sonograph depiciing hihological boundary dutk tone represents rock while light tone is due 1o sand. ‘The boulders and rock outcrops within
sand arc alsv clearly noticed. The white line passing through the records represents survey tacks and upper portion denotes tinke marks to correlate
subseguently with positions. Arca scanned is 100w stap across the tradk.

Fig. 3K A typaeal sonegraph showing sand ripples and swid waves. Fach hogizonal straighi hie seprescuts 25 neacioss the ship’s tack showa by araow, the
vettical line is vime mark, Arca scanaed is SO0 m wide.

cver, they can be usad 1o some exwnt for geotechanical testing, various types of maps and charts as described below which
special cawre may be necessury 10 obtain nearly undisturbed
satmples. Evenan st measuretnent of various propertics are
now pussible with stutc-of-the-art equipment available. L BATHYMETRIC CHART

arenecessary {or proper planniag and designing of asuctne,

The map showing depth varations, with reference to a

POUSITION FIXING suitable datum, in the survey drea—porcratly i meters and

' decimeters and contours wt required interval. In marine wa-

wers/nearshore arcas generally the chart datm of the naval

hydrographic charts is selecied; however, in other areas suit-
able datum can be used.

No geologic survey, specially marine, are worth any con-
sideration if they are not accompanicd by proper position
fixing. The sclection of the sysiem may depend on many
fuctors including cbjectives and complexity of the arca. If the
survey area is close to some known geodetic reference point,

2. GEOMORPHIC MAP
perhups visual sysiem may be deployed; however, when ac-

o e . . While the bathymeltric chart itsell may provide usclul
curacy and repeatibility is required, shore based, radio elee- - . ) L -
. PR . informaton on topographic variations, it is absolutely neces-
tronic position fixing systcm niuty be ideal. . . .
sury (o preparc geomorphological maps using echogrums in
The output duta collected hy deploying acoustic systems conjuction with sonographs. The geomorphic fatures may
after proper processing and corrections can be presented in provide useful infonmation about the stability of seafloor. The
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Fig. 4A. A sub-bottom profile from the gulf of Kachchh. Note the channel cutting duc to crosion through thick sediment colunn,
Total penctration ohscrved is about 15 m. The venical scale bar represeots 6 m.

Fig. 4B. A sub-bottom profife from uncven zone from gulfl of Kachchh which represent a typical record from arca marked by sand
occurrence resulting in virtually no penairation.
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presence of unconsolidated, coarse to medium sediments and
sandwaves-—sand ripples inan arca, forexample, will indicate
scabed mobility and high tidal range, wave height associaled
with appropriate current activity may aid scouring. Similarly,
presence of scrap may mean tectonic movement or strong
crosional phenomenon. A design consideration for pipeline,
therefore, may be to bury it suitably, while for a structure
additional strength or other precaution may be necessary.

RISOPACH MAPS AND CROSS SECTIONAL PROFILES

The sub-bottom profiles and isopuch maps collected may
provide information on overburden and also the patiern of
sediment deposition. Here again, depending on the type of
project under consideration, the data can be used accordingly
to determine the requisite information, for cxample, cost

involved in dredging or route sclection ané method of laying -

submarine pipclinc may mainly depend on occurrence of
rocks on the proposed route.

4. SURFICIAL GEOLOGICAL MAPS

A comprchensive map depicting surficial scdiment distri-
bution and other important geological fcatrces, utilizing all
the information collected during the course of survey such as
type of sediment and its thickness along with bathymetric
contouss, (o arrive at appropriate decision is very usclul in
sclecting pipcline route, ctc.

Applications of acoustic techniques for engincering
surveys with selected case histories
The selection of cquipment 1o be used will depend upon the
objective of the survey as well as geological condition pre-
vailing in the survey arca as each cquipment has its own
limitations. For example, foundation studies require deeper
penctration where fow frequency acoustic system like sparker
can be used whiic post construction survey may necd high-
resolution equipment such as penctration ccho-sounder. How-
ever, in mohile sand or compacted clay environment boomer

may be preferred.

Plossel and Campbel!l (1980) and Gunsleiksrud and Ra-
kengen (1980) have described the importance of regional
geology from engincering implications viewpoint. Hovlang
and Indrecide (1980) have discussed the usefulness of scabed
surveys for pipcline across the Norwegian Trench,

The National Institute of Occanography has carried out
large number of scabed surveys for Oil and Natrual Gas
Commission (ONGC), various major and intermedinte ports,
Indian Navy and other organisations since 1976 and devel-
oped the expertisc for such surveys. Some of the relevent case
historics arc described here in brief.

The surveys carricd out in the Gulf of Kachchh for Tidal
Power Project have helped in clearly identifying crosional and
depositional zoncs. The crosion prone arca is marked by
highly rugged topography (Figs. 2A, 2B and 4A) channcl
cuttings through the soft clay (Fig. 4B) and generally varying
thickness of clay, on the other hand, the depusitional area is
cven and carpeted by 12-18 m thick clay (Vora and Chauhan,
1988).

MANORI CREEK PIPELINE LAYING

A pipcline route was planned across the Manori Creek,
Bombay for fresh water transportation. Originally it was
proposed to lay across the creck at the shortest distance (A -
B), Fig. 5, to keep the project cost to a minimum, However, a
detailed study of the bathymetry (Fig.6) and isopach maps
(Fig. 7) revealed large variations in water depth with steep
gradicents and the arca is practically devoid of clay cover for
protecting the pipeline from damage by anchors of fishing
trawlers and ferrics operating in the area, If the pipcline routs
is shifted about 300w north of route C-1, the extent to theae
which factors affectthe stability wilt be considerably reduced,

POST-CONSTRUCTIONAL SURVEY OF KOS BARRAGR
The scttlement of flexible protections and concrete floor

T1g. 5. A schematic map showing proposed submarine pipeline route (A-B) for fresh water transportation for Manori, Bombay.
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fip 6 The map showing buthymictne contours between Manon and

Marve, at also proposed pipehine route A-13 and route sug gested after

duaiicd survey. Note the wide fluctuation on route A-B and compasa-

uvely gradual changes on route C-1. However & channel is observed
aL Mawri end on route C-D.

were suspected due o scouring and crosion afier about 25
years of operaton. Echogram from the survey arca (Fig. 8 A)
confirmcd that the floor bas not scttled. Senograph from the
arca (Fig. 8 B) clearly shows extent of remediad dumping
operation. However sctdement of the [fexible protection could
be inferred Lo some extent. (Mora and Naidu, 1990).

A lwrge number of offshore engincering projects are in
consideration within Bombay harbour fo crossing the pipeline

- Wopuh of cly in N,

Comtline opproa

Fig. 7. The map showing sopachs ot clay between Manon and Maow
A-B und C-D as eaplained wn Fig. 6. Note vintual abscnce of clay on
route A-B and generally 2 m or more thick clay on atignent C-D.

for oil and gas, disposal of sewage and construction of trans-
harbour fink through tunncl or bridge. The mult-sensor sur-
veys caricd out by Bhattackarya et al (198 1) have helped
preparaticn of surficial geological map and identification of
the natre and type of basement, gencrally basalt weathered
and altered to varying degree and other consolidated sedi-
ments, Raju and Vora (1987) have provided information on
exposed parts of submarine pipeline laid between Butcher
Istund and Trombay.
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g dA. The cenogram from Kosi bartage survey showing niver bed, concrete tloor thonzonat partj, eatent of dumping operation and a channcl tonnation.

Fig. 8B. Tie sonograph (record of side-scan sonar) from Kosi barrage survey showing reflections due 1o barrage, extent of dumping operation and a patch of
siltation. The arrow mark represents boat track. The range operated is S0 m cither side.
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Similarly, itis possibic to determine the amount of siltation
that has taken place in a reservoir to decide if the ratc of
scdimentation is as expected und remedial measures like
dredging arc necessary after a dam is in operation for quite
some Lme.
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