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WHILE DEVELOPING 
DEEP SEABED MINING 
TECHNOLOGIES, WE ARE 
TAKING CARE OF THE 
ENVIRONMENT

WHILE MINING DEEP-SEA 
RESOURCES, WE ARE 
TAKING CARE OF 
HUMAN NEEDS
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1UV Design

The UV consists of a streamlined body made from a syntactic 
material (a composite based on hollow glass microspheres, 
the density of which is less than the water density).       

Ballast tanks form a multitier ballast system containing a num-
ber of spherical tanks each of which consists of two hemi-
spheres  fastened or welded together. The chambers of the 
spherical tanks within the multitier ballast system are connect-
ed together and with the operation medium pumping system 
to ensure negative buoyancy for the Vehicle immersion, or pos-
itive buoyancy for its ascent, or neutral buoyancy in the course 
of the immersion to the specified operating depth, or for the 
immersion depth stabilization in case the Vehicle weight varies.  

Two fastened 
hemispheres

Multitier ballast 
system structure
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2At present, the Project’s focus is put on its key 
component – the development and improvement 
of the Krypton Underwater Vehicle.

The UV operation and minerals harvesting are carried 
out at a zero buoyancy maintained by way of water 

draining from the ballast tanks.
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2UV Immersion and 
Surfacing System

The Underwater Vehicle operates as a shuttle 
capable of immersing to the depth of 6,000 me-
ters. Upon completion of the immersion to the 
specified depth and reaching a mining site, the 
Vehicle starts harvesting FMNs using special 
chain ladles.

The ballast waters pumping into the UV is car-
ried out through the power unit. The water is 
conveyed to the ballast tanks in the course of 
immersion and fills the spherical tanks, thereby 
providing the UV’s negative buoyancy. While per-
forming its mining operations, the UV loads the 
nodules to a storage tank, simultaneously pump-
ing the same volume of ballast waters out. Hav-
ing harvested the required volume of nodules, 
the UV turns into positive buoyancy by pumping 
the water out of the ballast spheres under pres-
sure into the power unit, from where the water 
is pumped through pipelines to the points where 
the mechanical power is needed, and through a 
turbine that converts the water flow under pres-
sure into the mechanical power, that drives the 
chain ladles and other equipment. The genera-
tors transform the required amount of energy to 
the electric power for the control and steering, 
and illumination systems.

Nodules are harvested in their natural shape. 
The Vehicle is moving 3-5 meters above the bot-
tom surface at the speed of ca 0.5-0.7 m/sec.
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3THE UV IS OUR RESPONSE TO ONE 
OF THE OVERARCHING 
CHALLENGES OF THE MINING 
INDUSTRY - DEEP SEABED 
EXPLOITATION
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3UV Power Supply

To ensure trouble-free operation, the UV is equipped 
with three independent and one standby power unit 
for the emergency ascent purposes.

Each power unit operation is absolutely independent 
from other power units. Each power unit has its own 
ballast system circuit and is connected to the UV 
only with a disconnect valve joining the pump-in and 
pump-out pipelines together. Each power unit is fit 
with the complete navigation equipment set and the 
control system. Aboard the base vessel, where they 
carry out the maintenance and repairs of the power 
units, there are standby power units – assuming one 
standby unit per a vehicle.

Power unit

Power unit

Independent 
power units
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A STANDBY 
POWER UNIT 
CAN BE REPLACED 
WITHIN A SHORT 
TIME



The emergency ascent power unit is installed in the UV 
forebody and comprised of an accumulator system and 
a high pressure pump that, in case of a failure of three 
main power units, will allow bringing the UV into zero 
buoyancy and carry out the Vehicle surfacing.

In case of any failure of the UV programmed control sys-
tem, any connection disruptions or mechanical troubles, 
the UV receives an instruction to start surfacing: all the 
pumps of the power units operate the UV ascent process. 
Even in case of a failure of one of the independent power 
units, the other units will operate the ascent. If any mal-
function is detected, the UV discharges a portion of its 
load through the portholes and performs fast surfacing. 
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THE UV USES ITS 
CHAIN LADLES FOR 
NODULE HARVESTING
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The Underwater Vehicle is viewed as a transport platform for var-
ious deep-sea mining operations: using special detachable equip-
ment (mining tools), the Vehicle is capable of harvesting polyme-
tallic nodules, sulphide ores, cobalt crusts, metalliferous sediments 
and brines.

 
The UV overall dimensions (300-ton carrying capacity): 20 meters 
long, 19 meters wide, and 9 meters high. The overall weight of the 
Vehicle is 1,200 tons. 

5UV Overall 
Dimensions
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THE UV IS CAPABLE
OF PASSING 
SEABED OBSTACLES 
WITHOUT 
INTERRUPTING 
THE MINING  
OPERATIONS



Mining tool in operation
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The nodules harvesting is carried out by a mining tool that is implemented as a 12-meter wide 
chain-and-ladle unit. The ladles move in the planes in parallel to the UV movement trajectory.

The revolving chain ladles harvest the nodules and convey them to the mining tank from 
where the nodules are carried by the elevator to the UV’s storage tank. The specially designed 
(chain) ladles draw the minerals together with a silt layer: the silt drains through their latticed 
walls and bottom, while the solid minerals are conveyed to the tank. We are also fine-tuning 
a function that will allow depositing the disturbed silt using special equipment.

The maneuvering propulsion devices ensure the UV movement along the trajectory of a 
certain pathway. In the course of harvesting, the UV body is moving over the bottom. The 
chain-and-ladle mining tool moves with respect to the body using a regulated drive and, while 
hanging down, slides over the bottom. The mining tool is capable of passing seabed obstacles 
of almost 1.5-2 meters high, without a need to interrupt mining operations. 
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OUR ENVIRONMENTALLY 
FRIENDLY ENGINEERING 
SOLUTION IS ANOTHER STEP ON 
THE WAY TO GLOBAL 
COMMERCIAL DEEP-SEA 
MINING
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In the course of mining operations at a pressure of 60 МPa, one of the 
most complicated tasks is to transmit the mechanical power from the at-
mospheric pressure zone, where the engines and control and operation 
systems work, to the increased pressure zone. Our team has solved this 
task with the help of a turbine that converts the energy of the ballast water 
stream into the mechanical power. In order to lay the pipelines to the point 
of mechanical operations, we determine the appropriate turbine capacity 
on the basis of the required amount of mechanical power. We deliver the 
necessary amount of mechanical energy to a certain point of drive, suffer-
ing minimal losses.

In order to pump in the ballast waters, the Vehicle uses its pneumatic 
exhaustion system, and to pump out the water – the pressurization 
system for creation of optimal operating conditions.

7UV Operating 
Motion Devices

UV Pneumatic and 
Hydraulic Systems
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THE UV CONTROL AND 
STEERING SYSTEM ALLOWS 
OPERATING THE VEHICLE 
AT THE SELECTED DEPTH
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The UV Control and Steering System is required to operate the Vehicle 
at the selected depth.

We are considering three basic variants of the UV operation:

Telecontrol through a fiber optic cable to a floating buoy, 
by means of which the operator on the base vessel will 
operate and steer the Vehicle.

Automatic control with the operator’s adjustments, if 
necessary, in a distant control mode, subject to a signal 
transmission delay. 

A network of seabed and “way” stations – beacons for 
the transmission of signals throughout the depth and the 
entire mining area.

We are also considering a possibility of using all these systems in com-
bination, with a back-up purpose. All the systems will be tested and fine-
tuned in the experimental vehicle.

8UV Control and 
Steering System
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THE UV USES A 
FLEXIBLE HYDROTRANSPORT 
SYSTEM FOR PUMPING 
THE HARVESTED 
MINERALS TO 
THE BASE VESSEL
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Our Vehicle is designed to carry out the mining operations with increased 
wave-impact load: the Underwater Vehicle is independent from the base 
vessel and equipped with a flexible hydrotransport system for pumping the 
harvested minerals to the vessel’s tank. In case of serious storms, when it is 
impossible to carry out the operations, the UV is capable of immersing to the 
safe depth and staying there until the weather conditions come into norm, in 
order for the UV to continue its mining operations.

The UV operation economic advantages consist in the following: in the course 
of mining operations, it is necessary to provide equal volume of the filled 
space of the ballast system used for the immersion, and for the pumping 
out - in the course of surfacing. Meaning that, during the surfacing process, 
the UV turns into positive buoyancy and, using its physical properties, auton-
omously carries the load from the bottom to the surface (from the depth of 
0 to 6,000 meters). Thus, the deeper the mineral deposit – the more efficient 
the mining per one ton of cargo is, as compared to the conventional tech-
nology.

In order to organize the efficient mining operations, it is necessary to use sev-
eral ore-carriers with the carrying capacity of at least 35,000 tons, as well as 
several underwater vehicles, with the capacity of 300 tons each. The system 
of works is planned in such a way that the first ore-carrier will be used, with-
in a week, as a base for loading and storage of one batch of the harvested 
nodules, while the other ore-carrier will deliver the second harvested batch to 
the on-shore processing facilities.

9UV Basic Advantages
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THE UV IS CAPABLE OF 
OPERATING UNDER INCREASED 
WAVE-IMPACT LOAD
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U
V Environm

ental Advantages

One of the advantages of our Underwater Vehicle is the compliance with the mandatory environmental require-
ments to vehicles operating in the underwater world that is so sensitive to any external impact.

Our mining technology is based on a general principle: minimum environmental impact on the sites under devel-
opment.
 
A problem of carrying the silt and near-bottom waters to the surface is solved as follows: the storage tank has 
holes through which the overboard water drains while the Vehicle goes up, thus providing continuous exchange 
and displacement of water layers in the course of surfacing. Undamaged nodules are conveyed to the base vessel.

The Underwater Vehicle is also equipped with water-jet nozzles to remove all living organisms out of the nodules 
mining site. Taking into account the fact that the mining operations will be carried out in different sites of the li-
censed field and the shifting of the operations with the stream, the nodules harvesting will be performed in a mod-
erate (partial load) mode at different sites, thus allowing the gradual recovery of the earlier affected areas.

10 UV Environmental 
Advantages

Holes for overboard water draining
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WHILE THE DEEP-SEA DEPOSIT 
EXPLORATION IS THE PRESENT 
CHALLENGE, THE COMMERCIAL 
EXPLOITATION IS THE 
FORESEEABLE NEED
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Experim
ental U
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Currently, we are at the stage of assembling an experimental vehicle for the technology fine-tuning purposes. We have placed 
the orders for ballast spheres manufacturing. The company is purchasing microspheres and resins for the syntactic material. 

Using the experimental vehicle, we will elaborate, test and fine-tune the mining technology
 
-  in the remote control mode (through a cable),
-  with the use of distant control and autonomous equipment
-  by testing the ladles operation and steering capabilities
 
Upon completion of testing of all the assemblies at the operating depth, and thorough elaboration of the vehicle zero buoyancy 
function and the mining tool operation, the full-size major assemblies of the experimental vehicle will be tested and subse-
quently used in the commercial vehicle. After that, we will complete the analysis to improve the UV design.

11 Experimental UV 
Construction
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