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In-situ Soil Testing in the Central Indian Ocean Basin at 5462-m Water Depth
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The optimum design of an integrated mining system for polymetallic nodule mining is mainly dictated by the soil properties
of extremely soft seabed at depths of 5000–6000 m. During the design process, the entire weight distribution and traction of the
mining machine has to be configured by considering the bearing strength and shear strength parameters of the soil. The shear
strength of the soil also provides useful information on the maneuverability and control of the mining machine. It is also
imperative that the mining area be delineated to eliminate vulnerable areas of low strength where the equipment may sink
suddenly beyond recovery due to anchoring of the machine. A remotely operable in-situ soil tester has been developed for
6000-m operations, with a cone tester and a shear vane tester for soft soils and shallow depth of penetration. This paper
describes the methodology used for soil property measurements and the soil tester’s performance at 5462-m water depth in the
Central Indian Ocean Basin.

INTRODUCTION

India has been involved in exploring and developing technology
for the mining of polymetallic nodules in the Central Indian Ocean
Basin (CIOB) at depths up to 6000 m. An underwater mining
system consisting of a crawler-based mining machine and a flexible
riser system has been the basis of the work on technological
development. Demonstration of the technology for the mining
system has been done up to 512-m depth as of now. In order to
design an underwater mining machine for extremely soft seabed
operations at 6000-m depth (Hong and Choi, 2001), it has become
imperative to measure soil properties in-situ to get more reliable
data. The available soil property data have been obtained so far
by using conventional soil sampling methods such as box corers
and gravity corers (Khadge, 2000), wherein there is a possibility
of disturbance of the top seafloor during sampling and transport.
Though cone penetrometer tests for soft sediments in deep water
have been done by many investigators (Boggess et al., 2011),
combined cone and shear vane tests have not been done at depths
of 5000-6000 m and for extremely soft seabed with soil of shear
strength less than 10 kPa. In order to have accurate in-situ data on
the top layers, which influence the performance of the underwater
mining machine, a Remotely Operable Subsea In-situ Soil Tester
(ROSIS-6000) has been developed. The configuration of the system,
methodology of measurements, and testing and performance of the
system in the CIOB are described in the sections below.

DESCRIPTION OF THE SYSTEM

Brief Overview

The Remotely Operable Subsea In-situ Soil Tester (ROSIS-
6000) is one of the supporting systems used for the design and
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development of the underwater mining machine. In-situ values of
the soil properties are very essential for the safe and optimal design
of the underwater mining machine. The equipment is designed
to operate on soft seabed and has a cone tester and a shear vane
tester mounted on it, specially developed to operate in the deep
oceans. The system can be remotely operated from the mother
ship, and has various supporting systems such as underwater video
imaging systems, a Motion Reference Unit (MRU), an altimeter,
and a depth sensor, which can be used for monitoring and control
operations. The total system can be launched by using an electro-
optic subsea cable from the ship’s deck. The cable takes the weight
of the soil tester, and transmits electrical power and signals for data
telemetry operation of the system. A 7200-m electro-optic subsea
cable is used to handle the in-situ soil tester from the ship’s deck,
and floats are fastened at appropriate locations on the umbilical
cable to form an ‘S’ profile near the sea floor, as shown in Fig. 1.
The S-profile minimizes disturbances due to the ship’s motions
during soil testing. The overall specifications of the in-situ soil
tester equipment with details of sensors and devices are given
in Table 1.

(a) Artistic representation of
deployment of ROSIS-6000

(b) Photograph of ROSIS-6000

Fig. 1 Remotely operable subsea in-situ soil tester (ROSIS-6000)




