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Manganese Nodule Miners on 18,000-ft Deep Seabed: Touchdown, Track-keeping
Control and Disturbed Seabed Track History
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This paper reviews and discusses some important design and position-control parameters and issues of the deep seabed
nodule collector-miners (mining vehicles) of a few consortia, including the subsystems that the international consortia had
independently developed since the 1970s. It includes the Ocean Minerals Co. (OMCO)–Lockheed design and full-scale
deployment and touchdown tests of its self-propelled, remotely controlled miner on the 16,000-ft-deep seabed. Furthermore,
this paper shows a remarkable change made on the previously disturbed sediment track surface. That track was elevated or
disturbed in 1978 by OMCO’s Archimedean-screw miner track blades. Over a 26-year period, the elevated surface became
flat and no longer elevated. First, the paper revisits major technological activities from past research and development,
design, and tests conducted by the four international ocean mining consortia in the 1970s and proposes baseline design
parameters and issue guidance for the development of commercial manganese nodule mining systems from the deep seabed.
OMCO already reported the two full-scale, deep-ocean tests and concurrent development of a commercial mining system
and technology of automatic ship-pipe-buffer-link-control with a self-propelled, automatic track-keeping miner or mining
vehicle.

UNIT CONVERSION:

1 ft = 0.3048 m, 1 m = 3.28 ft, 18,000 ft = 5,487 m, 16,000 ft
= 4,878 m

INTRODUCTION AND TECHNICAL ISSUES

In the early 1970s, while 300-ft (91-m) water depth was
treated as “deep water,” the goal of the OMCO-Lockheed com-
mercial mining system and technology development in 1974 was
to develop an 18,000-ft deep-ocean technology in five years. To
achieve this huge challenge, the team and management looked at
two choices: (1) an incremental step-by-step technology improve-
ment approach, eventually reaching 18,000 ft (5,487 m); (2) a
direct approach, with risks, to develop an 18,000-ft deep-ocean
technology.

The OMCO commercial deep-ocean nodule mining system and
technology had been developed with advanced system integration,
design, and track-keeping control simulation software from 1974–
1980 at Lockheed Missiles & Space Co., Inc.–Ocean Mining Pro-
gram. The automatic track-keeping control of a 300,000-ton ship
and seafloor miner control subsystem was developed jointly with
TNO, the Netherlands (Brink and Chung, 1981). OMCO executed
the full deep-ocean tests with the mining ship Glomar Explorer
independent of the commercial mining program (Chung, 2000).

This paper presents the full-scale miner and its seabed touch-
down and track-keeping control tests of OMCO’s self-propelling
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seabed miner from the Glomar Explorer on the 16,000-ft (4,878 m)-
deep seafloor under automatic track-keeping control in the North
Pacific Ocean in 1978 and 1979. The paper also revisits and supple-
ments some further progress made to the author’s original papers
on the commercial mining system (Brink and Chung, 1981; Chung
and Felippa, 1981; Chung et al., 1980), as well as the nodule lift
flows and an updated 3D nonlinear FEM pipe dynamics devel-
oped under the National Science Foundation (NSF) research grant
(1992–2000).

The author continued further research and development (1992–
2000) with the NSF research grant. It includes more advanced
versions of the 3D nonlinear pipe dynamic behavior, including
newly discovered issues of long-pipe torsion or twist that were de-
tected during the Glomar Explorer at-sea test in 1979, with more
advanced computational methods, including a FEM.

A series of experiments of the hydraulic nodule-sediment mix-
ture lift flows had been published in the proceedings of the ISOPE
Ocean Mining Symposium and ISOPE Conferences and Journal
(1993–2010).

This paper series mainly presents the developments at OMCO.
The Ocean Minerals Co. (OMCO) is an international consortium
of Billiton B.V. of Royal Dutch/Shell (The Netherlands), Lock-
heed Missiles and Space Co., Inc. (USA), Amoco Ocean Minerals
Co. of Amoco (USA), and Royal Bos Khalis Westminster Group
N.V. (The Netherlands). In the early 1970s, OMCO initiated this
commercial nodule mining system and technology development
program with the task of coming up, within a target time frame,
with a more economical, advanced commercial mining system and
technology development (Chung, 2021). In parallel, OMCO con-
ducted a full-scale test of the pipe-miner at the 16,000-ft (4,878
m)-deep seafloor with the ship Glomar Explorer in the North
Pacific Ocean (Chung, 2020).

A general outline of OMCO’s 18,000-ft (5,487 m) commer-
cial ocean mining system and technology was first revealed at the
Offshore Technology Conference, 1981. The present paper dis-
cusses the miner/collector and their position control in the auto-
matic 300,000-ton ship-miner control loop and supplements the
miner/collector in Brink and Chung (1981).
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