Integrated geophysical subsurface investigation for effective
completion of the sewage pipeline project in the
shallow bedrock region

This paper presents a case study depicting the importargeophysice
investigation prior to cost estimation and execution of an exca
work by the experience of the ongoing project.The project fondpof ¢
new sewerage pipeline in the shallow bedrock region of Bangaldin
an estimated cost of about Rs.50.00 lakh, which was started afteal
approval and tendering. After executing 25% of excavation -
weathered and hard rock was found along the alignment at an a\
depth of around 2.5 m, which increasedthe cost of excavation and
period. The contractorsopped the work due to unidentified tendem
(rock excavation) which caused cost escalation above estimatic
required additional time and machinery excavation. A scie
investigation using integrated geophysical survey techniqueshéer
carried out to profile the subsurface lithology, estimate peesisil anc
rock volumeforestimation ofincreased cost of excavation due sen
of rockand time required for completion of the project. Det:
integrated subsurface profiling has beearried out using Grour
Penetrating Radar and Multichannel Analysis of Surface Wave to fil
the thickness of soil and rock. AR subsurface profile has be
generated from both investigation and used to map the soil ant
layers. An estimate of soil and rock voluhes been preparefilom the
survey results and compared with the prior estimate to asséssedce
observed in the cost of excavation. In comparison, it has been fou
the estimate obtained from survey ressl.17 times higher than t
presumed estimate for a typical sectidhis study helped to restimat
project cost, effective planning of the project and thereinyely
completion.
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1 Introduction in identifying the types of geologic materials
Preliminary  geophysical investigation of with engineering properties, their porosity,
subsurface strata is important prior to tenderinghickness, weathering condition for the design
or execution of excavation work in a constructiorand planning of the project. These investigations
project. Such investigations help in propempredominantly help in a pipeline project to plan
planning, cost estimation and time bound projecalignment (orientation and direction) of
execution. The data from the investigation helpgxcavation, to find out the volume of excavation
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material, to find out the type of material need tovolume and estimate carbon pool in a boreal
be excavated and also to estimate project cogieatland in Canada by Dallaire and Garneau,
This also helps to prepare Program Evaluatio008). It was found from the study that the GPR
Review Technique (PERT) chart for projectthickness data are significantly similar to manual
management and timely completion of themeasurements. Benson, (1995) demonstrated the
project. Inadequate, imprecise survey informatiompplication of GPR in assessing natural or man-
can substantially impact the accuracy ofmade geologic hazards like contaminant plume in
estimation or a bid analogous with a certairground water/soil, cavities and shallow
excavation project (Stump, 2004). Also suchsubsurface faulting with 100 MHz antenna. He
unexpected costs can weaken the financialbserved that GPR was highly efficient in
detecting shallow cavities if the host strata has
comparatively low electromagnetic wave
Ground penetrating radar (GPR) has been widelgttenuation factor. GPR can not only be used for
used for profiling shallow subsurface strata agreliminary survey, but can also be used for
well as mapping bedrock. It provides highquality management and condition assessment of
resolution stratigraphic images of subsurfaceonstructed structures. Rest al. (2015) used
geology, buried anomalies, moisture content, sol6PR with three (100, 250 and 800 MHz) center
pollutants/contaminants. GPR also providedrequencies for preliminary characterization of
subsurface data with good precision identifyingornamental stones (Macael Marble, CremaMarfil
the boundary between different types of geologiand Red Travertine). They found that GPR was a
materials along with formations like synclinesvery effective tool in determining the intactness
and anticlines. In favourable conditions GPR hasf stone blocks, quality and locating anisotropies
been more accuracy in determining the soil depttvhich further helped in the determination of the
as well as a 3D depiction of soil volumeasorientation of cutting process. Stump (2004)
compared to other conventional methods (Sucrdevised a portable subsurface imaging system
et al, 2011). The quality of GPR data isusing GPR which would provide real time
dependent on electrical conductivity of the soilgeological, geophysical and geographical
which is further dependent on its mineralogy, itgosition data for a particular excavation site.
water retention capacity and cation exchangkigas and Palomba, (2006) demonstrated the
capacity (CEC) (Doolittle and Collins, 1995). Asuse of very low frequency electromagnetic
the higher the CEC, decreases the electricgeophysical method for estimating the clay
resistivity of the soil, which in turn increases thecontent in a mineral deposit for profitable
signal attenuation and reduction in penetratioexploration. GPR provided the actual thickness of
depth as well as resolution of the dataa floor slab which was assumed to much thinner
(Saarenketo, 1998).The application of GPRas per the architect for cost estimation of
requires less extensive field work as well aslemolition of a building (Mellet, 1995). GPR is
processing than other geophysical methodkelpful in identification of subsurface utilities
(Binder et al, 2009). Arconeet al. (1988) have prior to excavation process which helps in
successfully demonstrated the use of lovwavoiding accidental utility damage and hence cost
frequency GPR for profiling the permafrost andsaving against the damage (Lew, 1997). In
the bedrock depth in Alaska. A 400 MHz GPRgeneral, geophysical survey techniques are rapid
was successfully utilized to collect the subsurfacand cheap mode of subsurface profiling, which
data to plan the excavations for buried structuresover a larger area in less time also they provide
at an archeological site in Petra, Jordan (Conyerntinuous information of the sub-surface profile
et al, 2002). The GPR technique has been usathlike other point testing methods.Though the
in the past to determine peat thickness, peatse of GPR for project planning and estimation
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has not yet taken place, it has been successivdbyers for effective excavation. Hence, in this
used in estimating bauxite ore content in atudy an attempt has been made to create
mine field before starting the mining processsubsurface profiling to estimate quantity of the
Sucreet al (2011) observed that the soil depthexcavation and project planning.
estimated by point testing methods like augers
was 40% less against the actual depth and GPRProblem Statement
acted as an effective tool in soil depth as well a¥he study was conducted in order to investigate
volume estimation. the issue related to a stalled excavation work of
the pipeline project in Bengaluru city area. The
In past decades, the geotechnical sit@roject was aimed at laying a 450 mm diameter
characterization using the shear wave velocityeinforced cement concrete pipeline to transport
(Vs) obtained from multichannel analysis ofsewage to a sewage treatment plant. The total
surface waves (MASW) has been widely used ifength of the pipeline is 820 m designed for
site characterization and bedrock mappindgravity flow. The issue in the case was pertaining
The Vs is directly related to the density ando cost and pricing of the excavation work which
rigidity of a material helps in identification of was estimated without performing preliminary
soil and rock layers separately as both haveubsurface investigation along the proposed
different density and rigidity (Anbazhagat al  alignment of the project. As the cost was
2016). Anbazhagan and Sitharam (2009) havestimated on the assumption that only soft or hard
used shear wave velocity for determining thesoil exits along the excavation route, but while
spatial variability of weathered as well asexcavation it was found that at an average depth
engineering bedrock at depths ranging from 1 tef 2.5 to 4 m weathered rock or granite existed
50 m. The MASW method can be SUCCESSfU"XFigure 1) along a major portion of the
used for identifying sinkholes, top of bedrock andexcavation where the average depth of excavation
zones of weathered bedrock (Schokletral, \was about 6m.
2008). Also MASW data can be optimally used
for monitoring the ground improvement The unpredicted encountering of hard rock during
(compaction) process of a site after 3Dexcavation created hurdles as hard rock requires
conversion of the adjacently placed survey lineslifferent kind of machinery and equipment for
(Suto and Scott, 2009).Though GPR and MASWexcavation. Also the standard rates for excavation
are widely used for geophysical investigation, af hard rock are higher than that for soft or hard
very limited attempt was made to integrate botlsoil, which in-turn increases the overall project

Fig. 1: (@) and (b) Weathered rock observed belosvréd soil layer at the site
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issue due to which the project was stalled imates back to Archean era that is around 2.5 Ga -
between.The authors of the paper were involved.5Ga (Ga- Geological ages). Anbazhagan and
in investigation of alternate alignment, Sitharam, (2009) conducted seismic surveys
guantification of soil and rock excavation andusing multichannel analysis of surface wave

estimation of cost escalation for the project. (MASW) method in the Bengaluru metropolitan
area for determining the spatial variability of
3 Study area and geology bedrock depth, in which the rocks were

The study area is situated in the west block ofategorized based on the shear wave velocity.
Bruhat Bengaluru Mahanagara Palike (BBMP)The characterization was done in two categories
area (Figure 2). Bengaluru is located at latitude adne being weathered rock or soft rock &/330
12°58" N and longitude of the 77° 36" E with ant 30 m/s) and another one is engineering rock or
average altitude of 910 m above mean sea levbhrd rock (\ = 760 + 60 m/s). It was concluded
in Karnataka state in peninsular India. Bengalurfrom the study that the depth of weathered rock
is financial, executive as well as administrativan the western region (study area) of BBMP was
capital of Karnataka. It is one of the eightshallow and within 5 m from the surface i.e.
metropolitan regions of India with the boomingshallow bedrock region. The weathered rock in
infrastructure sector. It is also known as thehis case is referred as granite, which was found
Information Technology (IT) capital of the in the study area. Also, many rock outcrops can
country as well as it is a major centre for thebe found in the western region of the
scientific intellect of our country as many metropolitan area. It is also recommended to go
institutes of strategic importance and researcfor detailed subsurface profiling in the shallow
laboratories are based in the city. bedrock region for any civil engineering project,
which involves excavation to save cost and
Though the major part of the region is mainlytime. We understand from the tendering
flat, the western part is a bit hilly. Peninsulardocument and site work execution that the project
Gneissic Complex (PGC) is the major rock typestimation and also work was commenced
found in Bengaluru whose formation is causeqvithout the proper Geotechnical investigation
due to granitization of aged sedimentary rock@nd interpretation. A typical excavated section

like migmatites, gneisses and granites while thgjith pipeline laid and shallow bedrock in the site
dominant soil type comprises of red laterite angs shown in Figure 3.

loamy to clayey soils (Anbazhagan and Sitharam,

2009). The formation of these Gneiss basementsField Survey and Testing
Geotechnical field survey and subsurface

- profiling plays an important role by providing
suitable information for project planning and

Study Area

Fig. 2: Shallow Bedrock Region in the Bengaluru Map (se
http://wgbis.ces.iisc.ernet.in/) (map not to scale). Fig. 3: Typical Excavated Trench Section of the RigeProject
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design. In this study, an electromagnetic methotut with higher frequency comes higher
of GPR and the seismic method of MASW withresolution. GPR comes with varying frequencies
excavated cross section has been used to genertitat is from 10 MHz to 3 GHz. The current study
subsurface profiling of the different alignment. was performed using Mala GeoSciences 25 MHz

rough terrain antenna (RTA) (Figure 4a) and a
4.1 Ground Penetrating Radar (GPR) Pro-Ex model 100 MHz ground coupled, bi-static
Ground penetrating radar is a low cost nonand shielded ground penetrating radar antenna.
destructive geophysical investigation techniqueThe distance between the transmitter and receiver
It utilizes propagation of electromagnetic wavesn 25 MHz RTA is 4 m and in 100 MHz is 0.5 m.

which  identifies the change in the . o
: . ) . A small unexcavated section of the pipeline
electromagnetic properties of the soil, which :
as selected for the survey as shown in the

deper!ds on. the mineral content of grou.n(ﬁgure 5. Two survey lines (Line | and Il) each of
material, moisture content and bulk denSItydifferent radar frequencies were selected for the
(ASTM D6432-11, 2011). It can precisely map

the spatial domain of shallow subsurface object
and ground geology. It consists of four principal
components, namely; display unit, control unit,
receiver and transmitter. A wideband of
electromagnetic waves with known centre
frequencies is transmitted into the ground throug
a transmitter; the waves on encountering
change in electric conductivity or dielectric Far o2
permittivity get reflected and they are received by -~ ‘ ............ S—
the receiver and recorded as a function of tim y T thalie i
and stored for further processing. The interface ¢

which the waves get reflected is considered to b A

the boundary between two geological 5. Orientation of Geonfvsical S l Liné100
layers/materials. Lower the centre frequency ofih ° ' oc"\ %, Gem gﬁéciine“ﬁ‘,’?\)l'As'\r}\?ss’uﬂ',ﬁsé
the antenna greater will be the penetration deptlhe site location

Water Stream

Fig. 4: (a) Field data acquisition using 25 MHz R®Athe site and (b) Typical field set for MASW syirv
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geophysical study. The geophysical survey wagsed to obtain a 2D Vs profile of the section of
conducted in a small unexcavated stretch. As thenexcavated trench. The seismic waves at the site
width of the excavation was confined to 3 m, andvere created by an active source by impounding
since the area was surrounded by bushes a single1l5 pound sledge hammeron a 300 mm X
run by both 25 MHz and 100 MHz antennas wa800 mm mild steel plate of 1 inch thickness. A
performed. The profile length was measuredtack length of 10 shots or hits were taken for
using standard acquisition wheel for 100 MHzrecording the data set. The geophone spacing was
antenna whereas for 25 MHz RTA it was donéept at 1 m and the shot location was kept at 5 m
through the hip chain. The survey lines startedfom the last geophoneto obtain the best
achievable signal-to-noise ratio. The survey was
stalled and it was conducted till a water streamepeated in the forward direction to get 2-D shear
(point C) over which the pipeline would pass.wave velocity profile across the length. The
The survey, with 100 MHz antenna was done itinear orientation of the MASW survey line can
two parts as there was a turn in the orientation dfe seen in Figure 4b and Figure 5 (section A - D).
pipeline at point B. The emitting wave velocity The wave data, thus recorded by vertical
for the survey was experimentally estimated bygeophones were then processed by SurfSeis
running a trial survey over a known buriedsoftware to obtain a 2-D shear wave velocity
anomaly (concrete pipe) in the study area angrofile across the length in three simple steps as
thesampling rate waskept about ten times thillows: 1) Application of Fourier transformation
centre frequency of antennas for better resolutioto convert the wave signal from time to frequency
The data acquired was then processed by Ratbmain. 2) Dispersion-curve analysis and 3)
Explorer 1.41 software packages. The raw dathversi
was processed in a stepwise manner as follows:
(1) D C Removal which removes the constanb Subsurface Profiling and Discussion
component of the signal (2) Time zero5.1Linel (100 MHz antenna)
adjustment to adjust the vertical time scale imThe line | was conducted in two parts, first part
order to set the actual emitting time of wave fronfrom point A to B of 30.5 m and the second part
the antenna (3) Background removal to removéom point B to C ranging 27.5 m. The final
the background noise due to instrument clutteradargram for a survey line from point A to B is
(4) Bandpass filter to increase the signal to noisgiven in Figure 6 (a) - (b) in which (a) represents
ratio, (5) Amplitude correction to apply the radar image in distance versus depth plot and
automatic gain control to the signal and (6)Xb) shows the reflection strength/ signal strength
Hilbert transform to convert radar trace inenvelope for the radargram. Figure 7 (a) and (b)
instantaneous amplitude. Subsurface profiles ardepicts the lithology of the section AB after
comparison of results with excavated location igpartial and full excavation which in confirmation
discussed in the next section. with the radargram in Figure 6 (a) and (b).
Figures 8 (a) and (b)represent the radargram and
4.2 Multichannel Analysis of Surface Wave reflection strength profile for section B C for
(MASW) line | respectively.The reflection strength is
MASW, an in-situ non-destructive method use®btained by performing Hilbert transform over
frequency dependent properties of horizontallghe radar trace. The reflection strength is typically
travelling surface waves (Rayleigh) forthe variation of instantaneous amplitude of the
visualization and characterization of sub-surfaceadar wave over the distance and depth. The
lithology (Park et.al., 1999). In this study aninstantaneous amplitude helps in identifying and
MASW setup consisting of 4.5 Hz, 12 geophoneslifferentiating soil lithology through higher and
and a 24-channel geode seismograph has belenwer values of signal amplitude as the amplitude
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Fig. 6 (a): 2D radargram of line | from point A to B mleting distance (x-axis) v/s time (y-axis) scaléhwientification of layer:
and (b) 2D GPR section of line | showing separaterapa the basis of reflection strength

of electromagnetic wavesare higher in porous ao 2.5 m which is identified as red soil below
softer media as compared to dense media likehich layer 2 exits and is assumed to be hard
rocks.In Figures 6 (a) and 8 (a) it can be observebck up to the depth of excavation i.e., 6 m.
that there is a strong reflection in the signal trac&imilarly, in Figure 8 (a) and (b) two layers are
at the soil and rock interface. Similarly, inidentified with layer 1 having an average
Figures 6 (b) and 8 (b) a peak is observed in thiickness of 2.5 m from the surface below which
trace amplitude for signal strength. The first peakayer 2 exits which is hard or weathered rock.
in both the traces is observed due to interactioAlso an average signal penetration depth of 4 m
from air to ground, whereas the second peak is observed in both the sections for 100 MHz
due to the interaction of the wave at the soil andadar, which may be due to the presence of clay
rock interface. Hence, this way the layers of soitontent in the red soil which is mainly present in
and rock can be identified. In section B from the study area. As clayey soil has the ability to
Figure 6 (a) and (b) two layers are observettap water, which attenuates the electromagnetic
where layer 1 has a thickness varying from 1.5 rsignals and reduces the penetration depth.
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Fig. 7: (a) On-site actual cut-section from pointdAB after removal of overburden and (b) Lithomesgction A-B post excavation

Further, in Figure 8 (a) the hyperbolic signaturef line |1 and Il is due to high unevenness of
observed at the top and at 2.5 m depth in theeeeniground surface. The final GPR radargram of line
of the radargram is due to small undergroundl is shown in Figure 9 (a) which depicts the
conduit. This identification helps in planning, subsurface profile through a 25 MHz RTA. Two
preventive steps during excavation over the regiotypical layers can be ascertained from the
so that the buried structure is not damaged. Ih botadargram namely layer 1 and 2 on the basis of
the section of line 1 two typical layers werestrong reflection at the interface. Figure 9 (b)
observed, whichwere found in close context witHepresents the reflection strength of the radargram

the actual lithological situation on excavation. which is obtained by performing Hilbert
transform over the radar trace. Here layer 1 has a
5.2 Line Il (25 MHz RTA) thickness varying from 4 m to 6.5 m below which

Line 1l was surveyed by 25 MHz RTA in a layer 2 exits which is weathered granite and is
continuous run from point A to C and wasfound up to the depth of excavation that is up to
measured around 52 m. The difference in lengtém from the surface. It can be observed from the
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Fig. 8 (a): 2D radargram of line | from point B to Cpuleting distance (x-axis) v/s time (y-axis) scal®; 2D radargram of line | fro
point B to C depicting showing separate layers antifsis of reflection strength

radar images that thin and shallow lithological2D Vs profile of 45 m length. The curves were
boundaries cannot be identified precisely wittobtained by performing dispersion analysis over a
low frequency radar antenna (25 MHz) adixed range of 10-50 Hz. On integration and
compared to higher frequency radar antenna (100version of all the curves a 2D shear wave
MHz) hence much lithological detail cannot bevelocity versus depth profile for 45 m length
obtained from the radargram.Also the presence @d10m depth was obtained as shown in
ditch at shallow depth is not observed in thd-igure 10. The section is further divided into a2-

radargram which is clearly identified by thelayered structure by black dotted line based on
higher frequency antenna. the shear wave velocity ranges. These boundaries

have been delineated based onthe range of Vs
5.3 2-D MASW Profile values considered by Anbazhagan and Sitharam
The MASW survey was performed along the(2009) based on Bengaluru data. According to the
survey line A D using multiple shifts to obtain a study done by Anbazhagan and Sitharam (2009)
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