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Abstract: Regular safety appraisal of dam and its appurtenant structures is recommended by dam safety committees.
Monitoring of dam is carried out in many ways like Visual inspections, Instrumentation, Non-Destructive Testing (NDT) and
Underwater Inspection using divers, Remote Operated Vehicle (ROV) and Geophysical methods. In dealing with the safety
problems during the operation, maintenance and surveillance of dams, it is essential to carefully collect process and study all
available information. Underwater scanning, using ROV, is a good solution for assessment of health of submerged portion of
structures. This paper presents case studies of underwater scanning of an important Hydro Electric Project using the Remote

Operated Vehicle for the diagnostic investigation.
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1. Introduction

Civil engineering structures of hydel power plants such as
dam, water intake, trash-racks of penstocks, etc. are usually
submerged and there are few effective methods for their
inspection [1]. Regular visual inspection and adequate
monitoring is required for the assessment of the dam condition
and for taking timely action for mitigating the same [2].
Regular safety appraisal of dam and its appurtenant structures
is essentially recommended by dam safety committees [3].

Monitoring of cracks, seepage and other defects in the
submerged portion has to be carried out either with the help
of divers or by Remote Operated Vehicle (ROV). ROV’s are
particularly useful to avert unacceptable risk to divers due to
environmental (temperature, depth, duration), biological
(marine predators, toxic algae), or chemical factors [2]. ROV
is used to make the video film of the submerged structure.
ROV’s are also noticeably cheaper to mobilise and maintain
on a project [4]. ROVs are extremely portable and can be
flown to any project location. As only 2 team members are
required to operate the ROV [5] (a pilot plus a tether
technician), it can be on site extremely quickly and cost
effectively.

2. Remote Operated Vehicle for Under
Water Monitoring

The Remote Operated Vehicle (ROV) available with
Central Soil and Materials Research Station (CSMRS)
(Figure 1) is a sub-sea inspection and observation system,
capable of operating down to a depth of 300 m. ROV
comprises a Submersible Vehicle, a Surface Control Unit
(SCU), an Umbilical Cable connecting the control console to
the submersible vehicle, a multimedia recording system, a
Video Cassette Recorder(VCR) two video cameras (one DTR
100Z colour camera and other black and white Silicon
Intensified Target (SIT) camera) [6]. It can capture the
underwater video and can also be used for underwater
scanning of the submerged structure. The Sound Navigation
and Ranging (SONAR) system fitted in the ROV is used for
navigation aid for obstacle avoidance and to capture acoustic
image of the structure. The video signal of underwater object
is brought to control console for online viewing and can be
recorded in recording system. The black and white camera
can operate in very low light intensities. The data is collected
and saved in compact disc and video cassette.
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3. Field Methodology

The field deployment of ROV involves arrangement of a
working platform on the reservoir and power supply for the
operation of the instrument. The area to be scanned is marked
on the block with reference to the Block No; Reduced
Distance (RD) and depth [7]. The vehicle is taken to the
desired location with the help of control system. Navigational
aid provided by the control system in the form of automatic
depth indication and bearing of the vehicle keeps track of the
vehicle position. The video film of the scanning work is
recorded. Coordinates of distress points are recorded. At the
end of the survey, recorded videos is run to see the structural
features. The report containing the interpretation and
compact discs are handed over to Project Authority.

3.1. Underwater Scanning of Hirakud Dam Using ROV

Hirakud dam is a composite structure of earth, concrete
and masonry. The main dam having an overall length of
4.8km, spans between two hills Lamdurgi on left and
Chandidurgi on the right. The dam is flanked by 21km
earthen dykes both on left and right sides to close the low
saddles beyond the abutment hills. It has the distinction of
being the longest dam in Asia, being 25.8km long, with dam
and dykes taken together. It has also the rare distinction of
forming the biggest artificial lake in Asia with a reservoir
spread of 743 sq. km at full reservoir level. The dam was
completed in 1957. This dam has seven turbine units to
generate 280MW power located on the right bank, with
22.4km long power channel.

The upstream side is constructed in Ashlar rubble
masonry. The inlets of the turbines are covered with trash
racks to prevent any floating debris falling into the turbines.
The structural arrangement of trash racks generally consist of
equally spaced wvertical bars supported on horizontal
members connected to end vertical members, which rests in
the grooves of piers.

The trash racks may be classified into the following types
in accordance with their constructional features and the
methods of installation as per IS 11388: 2012a [8]) Type 1 -
Removable section racks which are installed by lowering the
sections between side guides or grooves provided in the trash
rack structure so that the sections may be readily removed by
lifting them from guides. These are generally side bearing
type b) Type 2 - Removable section racks in which the
individual sections are not installed between guides in the
trash rack structure, but are placed adjacent to each other
laterally and in an inclined plane to obtain the desired area of
flow. Since rack sections may easily be displaced, these have
to be secured in place with bolts located above the water line
c) Type 3 - Trash rack sections which are bolted in place
below water line.

In Hirakud Dam Type —I Trashracks [8] were installed in
the intake of Power House area (Figure 2).

3.2. Diagnosis and Interpretations

Generally, the concrete/masonry surfaces are intact at all

depths. Signs of deterioration/ defect could be seen at few
locations. In masonry, the pointing is intact on all over the
places where images were captured. The mortar in rubble
masonry is not missing in the observed locations. Cracked
mortar was not visible. Cavities could not be detected. Algae
growth was visible in many places [9] [10]. The concrete
portion of the trash racks, that is the slab and columns are
generally intact at all depths. Grouting marks could not be
observed in the masonry portions. ROV could not be piloted
below 530ft elevation due to wooden debris or other
obstructions (Figure 3 & 4). In front of the trash racks and at
the bottom of masonry portion, wooden branches as debris
were visible in many places (Figure 3). Heap of stones were
found at EL 522 ft inside the trash racks (Figure 4), which is
above the invert level of the inlet of the penstock. No other
defects were seen in trash racks. The cross section of the
horizontal member of the trash rack looks like I section and
the vertical member rectangular. In this I section, stones were
found lying at many places in the horizontal members
(Figure 5) [10].
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Figure 1. ROV System.
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Figure 2. The Cross Section of the Power Intake of Hirakud Dam.
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Due to dense algae growth in all the trash racks except unit
3 and 4, identification of cross section of the vertical
members was difficult (Figure 5 & 6). In the trash rack of
unit 3 and 4, mild growth of algae was observed as these
were installed recently. Some trash racks of the Unit 4 where
almost free of algae growth. Honey combing in concrete was
observed at some locations on both banks (Figure 7 & 8).
The observation of the gate grooves revealed anomaly on all
gate guides (Figure 9) on the surfaces which are not coming
in contact with the rubber seal. From the above images
(Figure 7 & 8), the aggregates used in concrete were found to
be rounded indicating the use of river bed material.

No anomaly can be seen on the locations on the gate
groove where it comes in contact (Figure 10) with the rubber
seal as the portion where the seal is coming in contact with
rubber seal of gategroove is always clean and getting good
reflections of light (Figure 10). Good concrete could be
observed at many locations even at the deepest as well as at
the shallowest levels (Figure 12). Previous intact grouting
marks could be observed in many locations (Figure 11).

Figure 3. Wooden debris obstructing the downward movement of ROV at EL
528ft.

Figure 4. Boulders and pebbles found at EL 522 inside the trash rack of

Unit 6.

Figure 6. Heavy growth of algae on the vertical members of trash racks of
Unit 5 at EL 561fi.

Figure 5. Stones found on horizontal members of left trash racks in Unit I at
EL547ft.

Figure 9. Anomaly on the left gate guide of SB9 at EL 556ft.
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Figure 12. Good concrete at bottom of gate groove of SB 11at EL513fi.

4. Conclusions

Generally, the concrete/masonry surfaces are intact at all
depths. Signs of deterioration/construction defect could be
seen at some places. The grouting marks are seen all over the
upstream face at various depths even at an elevation of 507
ft. All grouted areas are intact. Anomaly can be seen on all
gate guides only on the surfaces which are not coming in
contact with the rubber seal. No anomaly can be seen on the
gate groove where it comes in contact with the rubber seal.
Construction joints were visible at all locations. The presence
of debris above the crest of the power intake was observed
and the presences of stones at various heights were also
recorded. Thus monitoring of cracks and other defects in the
submerged portion carried out with the help of Remote

Operated Vehicle (ROV) proved to be useful. The recorded
image can be used for remedial measures of the distressed
portion. Scanning of upstream surface must be carried out at
regular intervals. Since the debris were found up to the
elevation of 530ft it is recommended to clean the trash racks.
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