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The design and construction of the pump, ana in particular the
desi n of the impellers and diffusers are governed n; the limi-
talions imposed on the diameter; this means thal nigzh pressure
coefficiants must be aimed for, without having at the same time
to sacrifice efficiency to any great extent. lespliv thoue
limiting factor, it has been possible to develop subuersible -
motor puumps which represent an econoumic aliernative solution to
conveniional pumps, and have fairly good efficiencies.

"he submersible motor is rigidly coupled to the pump.
There are three different basic types of motors in existence

today .

4.1.1 OIL-FILLED SUBMERSIBLE MOTORS

It is néceséary tor this type of motor to be fitted with
a coumpletely reliabie and leakproof shaft seal. The dissipation
of the waste heat generated by the motor (as a result of the
relaetively low thermal @onduct1v1ty of oils), dnd thermal
expunsion present problems which require correspondingly expen-
sive solutions. In addition, oil has the disadvantage of a
higher fluid friction than water, but on the other hand it

permits the use of antifriction bearings.

4.1.2 SEMI-WET SUB:ERSIBLE MOTOROS

In this design of motor, the stator compartment and the
winding are sealed off from the water-filled rotor compartient

by a can, To improve heat dissipation, the winding is provided

<
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with a cast resin jacket. This type of submersible motor is

generally auopted for low rating only ap to approximately 30Kw.

4.1.% wBT OR WATHER-FILLED SUBMERSIBLE “O)10RS

iWhereas developments in the U.S5.a. were mainly concerned
wilh oii-f1lled submersible motors, in Hurope the development
concentrated its efforts on the water-filled motor. This type
of motor is completely filled with water, i.e. the winding is
immersed in water, and the plain bearings are water-lubricated

(see Figs. 8 and 9).

Juite exceptional increases in output, combined with the
pracitical demonstration of the operational reliabiiity of water-
filled motor during the past 20 years point toAthis type of motor
as peing represeﬁtative of fﬁture trends., Motors with rating of

800 Kw have now been operating successfully for several years,
and ratings of more than 1800Kw are today in the aevelopment
stage. A desicive aspect of these successful developments has
been the progress made in this field of water proof and pressure-
tight plastic insulating materials for winding wires. There has
been a steady and continuing improvement in the quality of the
plastic materials concerned (polyvenly chloride and pblyethylene)
as well as in the processing technology, and as a result present-
day winding wire insulations are able to withstand very high

electrical, thermal and mechanical loadings.
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The supply voltage normally selected for motor ratings
up to approximately 300 kW is low tension; for ratings up to
1000 kW it is in 3 XKV high tension, and for even higher ratings
it is ¢ LV,

A 10 KV experimental motor has been in operation for 5
years witnout any occurance of operating troubles (see Fig.9).

The various filelds of application of the submersible
motor pump can, as a general rule, be accommodated without
having to carry out any major modifications to the desizn and
construction of the motor and pump. Usually it will suffice to
effect a simple adaptation to the yrevailing operating conditions

in eacn case,

4.2 APPLICATION OF THE SUBMERSIBLE MOTOR PUMP SYSTEM TO

DEAP-CEA TECHNOLOGY

Deep sea technology has opened up a new field of appli-
cation for submersible motor pumps. The first time a submersible
motor pump was operated in very deep waters was in 1962, when
the Pronch aubmarine "Archiaedon” carrled a robmeraiole motoy
pump with a 20 kW driving motor on board. This machine was of
completely standart execution except for the pump vearings ,
and it operated at depths down to 10.000 m. This experiment
demonstrated thét the submersible motor pump with a water-filled
mo tor was capable of operating reliably even at very great
suvnerged depths..

there followed a whole series of research and development

activities in the field of subnersible motor pumps. In particular,



‘the insulation of the winding, which is exposed to the total
static water pressure, was investigated in autoclaves. It was
proved, amongst other things,
mally used, i.e. polyvinly chloride and pulyethylene, are not
subject to any delerioration of their insulation resistance
even at watier pressures as high as 600 bar (33,34,35).

In 1976 developments coumenced in connection with a
system for conveying manganese nodules from the ocean bed at
5250m depth to the surface (36). ‘he deep sea mining vessel

"Sedco 445", a converted drilling vessel, was equipped with a

conveying system illustrated diagrammatically in Fig.1lO.

that the insulating materials nor-

|

|
i3 UIntorwassermolomumpen
’ ‘ 3 submersibie motor pumps

d

Steygleitung
nser (pe

manganes nodules,
¢ =T/ SR

Fig.l10 Delivery system for Manganese nodules with subiersible

motor punps
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An 8" riged pipeline led down from the ship to a
level just above the ocean floor. The vottom end of the
rising main was connected to the collector on the sea ved

vy a flexible hose,.

The total head generated by the two multistage pumps
corresponced to all intents and purposes to the pipe friction '
losses of the mixture of water and solids in the Hobum long
rising main plus a few meters of static head above sea level.

The performance data obtained was as follows:

-~ Capacity Q = 500 m3/h including 5% soiids, i.e.
25 mB/h solids conveyed.
- Tach of the two pumps was desiyned for a Lotlal head
of 265m, each pump generated a discharge pressure of
30 bar; The discharge pressure immediately down stream
of the second pump was, therefore, 60 bar.
-The driver rating of these two pumps was $.Jdasw each.
- Rotational Speed 1726 RIM at 60 Hz
VolLboge wan 4000V,
-~ lump efficiency was 0,75
- Motor efficiency was ?,88
Then, a pre-pilot mining test for metalliferous mud in
the "Atlantis II Deep" of the Red-Sea has been underlaken succes-
fully from 2100meters depth in the March of 1979 by means of a sudt
mersible motor pﬁmp system (37),“~
It could be shown that a continuous mining of mud from

the deep séa bottom is technically feasible.



CHAPTER III

DESIGN OF A MINING SYSTEM

In accordance with the test mining of metalliferous mud
from the Red Sea bottom (38) in the Spring of 1974, the system
will be described here could be installed for mining the sediment

from the Black Sea bottom.

1. ¥INIMNG SYSTEM

The mining pipe assembly (Fig.ll) having a total length
of about 2000 meters, the integrated electric motor driven suctid
head, the pump unit and the necessary measuring instruments hang
free in the derrick of a drill ship,

As similar to offshore drilling practice the installation
of the pipe will be in secfions of 27 meters.

Above the vibration screen suction head a measuring sectio
with a length of 18 meters will be installed which supports many
instruments for measuring and transfer of the mining data by a
power data cable to the'process computer on tﬁe deck of the ship.

In the suction head an underwater electric motor induces
a vertical oscillation movement to the conical screen, using a
curved disc for transmission of the rotational movement to a
vertical oscillation. This vibration screen is to ease efortless
penetration into the sediment layers by destroying the physical
structure and fluidify the mud. These processes are assisted by
the ejection of pressure water, generated in the main pump unit,.
The sea water descends to the water jet nozzles of the suction
head by means of a hose, attached along the pipe string. A spring

damping element protects the pipe string against an upward
transmission of the vibration.
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The major components of the pump unit are the main mud pump,

the electric driver, aflush purp for pumping sea water down to
the suction head, the water regulating systems which permit a
direct regulation of the water quantity do‘wn to the suction head,
the electronic control equipment and the distribution and junctior
boxes, which serves the distributionaf the power &and the con-
nection of the coax-cable to the data transfer syslem.

Deep-sea power cable, which aluo serves for data trans-
mission will be attached alongside the pipe assembly with the
water hose from the flush pump down to the suction head and the
pipe assembly control systen.

the necessary power for the underwater electric motors,
the instruments and for some regulation components is fed by a
diesel generator package on the deck of the mlning ulip,

A coaxial cable in the main power cable transmits the
signals from all instruments to the surface, after processing
digital signals in two électronic boxes above the suction head
and in the pump unit. In the control and electronic container
these signals are tape-~recorded, processed, printed and shown
on a display. Using these data the whole mining plant and the
senerator are controlled and regulated in this container as
well as the mining procedure itself.

A radio and telephone contact to the ships'navigation
controlcenter allows the observation of the ship's positioning
and of the position of the suction head with relation to the
veusel. The drift of the suction head resulting from sea currents

and ship movements 1is indicated using a suction head positioning
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acoustic beacon and a hydrophone base below the vessel.

Many instruments are installed in the system to operate
the mining procedure and to detect the mining characteristic
data. In the instrument sub directly above the suction head and
in the pump station the following data are recorded: inside and
outside pressure, pressure losses, temperatures, rotation speed
of the pump shaft, pump pressure etc. The movement of the pipe
3tring 18 measured by 7 separate accelerometers. The distance
vetween the suction head and the sediments as well as the pe-
netration depth into the sea bottom is determined by an acoustic
sediment thickness meter. *

The dynamic pressure loss in the pipe, the fiow rate,
the density of the flow mixture and the solid content could be
additionally recorded in a separate 60m pipe section on deck of
the vessel, The influence of the sea motion, during the measuring
of the dynamic pressure logs should be excluded by a particular
arrangement of the pipe.system. The complete enerzy supply of
the instruments, the pump motor and the conirol container is

centered in the generator unit on deck in order to be independent

of the ship's energy system at any tinme.

x This acoustic system was developed by Preussag because the
use of a 1V camera could not be considered due to the mud

plume induced by the section head in action.



2. SIBCIAL REQUIRTMENTS FOR SUBXHSRSIRLE HOTOR PUMP FOR THE

MINING OF DEEP-SEA SEDINMENTS

If one wishes to use submersible motor pump in deep-sea
application, one must then consider the special conditions pre-
vailing in such a submarine plant, e.g.

- The submarine portion of the plant is fully inaccessible

- Therefore, the plant must have an extremely nigh reli-
ability in coperation during a predetermined period of time

- The vertical piping has a length of some kilometers

- There is a high static pressure at the begining of the

piping

- The concentration of the solids is not a constant valuse

~ The carrier medium is sea water

- Transverse flows must be anticipated in different depths

of the sea

- The system must be capable of traveling along the stratur

i.e. it must Pe of the movable type -’
Mounling /aopeubly work munl be enrried ont using the

shipboard appliances.

The pump unit must be arranged so deep velow the water
surface so that the hydrostatfo pressure will be equal to or
higher than the suction pressure produced by this system and
required for transport, in other words: the immersion depth of
the suction pump must be higher than its head. (Since the suction
pressure is limited to less than 1 bar, i.e. the atmospheric air

pressure prevailing, so that the pump would cavitate).



4
iven 1if one deals wiin clear sea water, considering a sea
i

depth of 1=2km and referred to a friction coefficient Ay=0.02

and & plpe diameter of D = im, a rough estimation of this immers-

£

ion

epin ylelds the following figures

T =7, L/D . v2/2g (L.a)
2 13
= 0002 . 2'?00 . v
1.0 2.10 (1.b)
= 2v2

wnere all units are in meters and seconas.

In the case of a transport of mud, anigher figure will
nave to be considered for the friction coefiicient A, so that
an ilmmersion depth of the pump unit of several hundreds of meters
is absolutely realistic.

A pumping station arranged in such a depth of the sea
iz fully inaccessible during its operating phese. vurtnermore,
it must be started from.the fact that a subwarine transport
system 1is worxking uninterruptedly for as long as the weather
factors at sea will allow it. Thus, a very high degree of re-
liwbility is required. This requirement is so stilringent that
all olher requirements, also that regarding profitability, must
ve wvondened. Thus, the pumping unil is not permitted to be worn
by erosion or corrosion durlng its operating time ot, say, 9-10
months. In addition, it wust be comnsidered that the long piping,
from the surface‘of the sea to the bottom of the Seu, is always
surrounded by the sea water and subjected to all transverse flows;

since it must be slowly moved due to the travel of tne pick-up



device aiong the potiom of the sea, anchoring means caunnot be

U

oy
v
’...l
et

provided for. Therefore, as little resistance as possiovlie s
pe opposed to transverse flows of the sea water, if any. Tais
reguires narrowly limited dimensions in horisontal direciion,
i.e. vertically to the pipe axle; this, siwultaneousl,, lacili-

vates

Ul
f=

mounting of all suomerged components of tie plant. which,

10 the experience gained in "off-shore" technology, will probably

be mounted seclion by section from the working pletform of a ship

and must ve luwered through an opening.

As a result, the properties required of the pumping unit

are as follows:

- Every wear affecting funclioning, especlealiy wear by
erosion must be precluded

- The system must not ovecome clogged

- The movable components of the system wust be of siurdy
gesign

- There must be remote-control of the plant

- Surges must be avoided

- fgces of resistance oppoused to transverse flows must be
minimized

- The weight of the complegte system mnust be asnlow as possible

- The materials must be prolecled against corrosion

3, AliddNu OIEHATION

i pre-pilot wining test for uwetalliferous @aud in the "Atlantis
II Deep" of the Red Sea has veen undertaken successfuliy in the
Spring of 1979 (37,38). lining operation in this case consisted of
w &

the following sSleps.
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After lowering the suction head to aboul 5 meters above the
seulment surface, the pump motor is started. The rotation speed of
the pump varies oy adjusting the frequency of the generator from
46 to 60 cycles. About €0 seconds after starting the pump, nearly
Stationary mining conditions are ooserved in tine 22.0m pipe string.’
The first brine which was sucsed in above the sediuents fiows out
at the plpe outlet on deck after 15-20 wminutes having a flow !
velocity of 1.8 to 2.5 m/s3.

The penetration of the suction head into the sediment started
in steps of one meteror less. During penctration wuwi wag sucked
in rrom the sediment layers in differént aepths ana pumped to the
surface where the varying colours of the layers couia be observed
with ease. .his procedure made the penetration of the suction head
to @ depth of 18 melers, in ény case to the hard anayariie layer
pelow the metalliferous gedlment, possivle.

During many operations different dredging tccuniques were
tested indicating different sediment cheracteristics in the four
mining sites. It could bé shown that il was possible to ditch
trenches closely side vy side with aifferent peaetration depths of
the suction head. During this procedaure the suciion head was moved
forward continuously by means of Lhe slow speed ol the ship. Ad-
Gitionally a square area had been ditched down to the anhydrite
layer, aining the sediment layers in several penetration steps of
avoul 3 sielers each.

The property of the sealments and the mining vehaviour of
the muld, respectively, is variable in this 60m2 area of the mineral
Gepouit. Therefore, it can be concluded that a mining system for a

commercial plant of longer life time must have a wiue working
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range in order 1o ove able to mine deposits with var,ing sediment
proLeriies.,

The dynamic pressure loss in the pipe and the efficiency of
the pump showed oscillatory behaviour during mining. ihis effect
must be considered and must ve regulated oy using different pump

rotation speeds.

4, SILCIAL THCHNICAL I'RIOLLIVS

Many technical problems arise when tesiing & proiotype for
the first time, especially in offshore operation. Cne of the most
agifficult problems in Red Sea application was the sealing of
suction heaa at the tappets which moved the vibration screen.
Brine leaned into the oil-filled driving housing and led to some
corrosion and electrical problems which could nol Le vulved withe
out a completely neﬁ design. Additionally, an oil leax at the
puwp vearings was found. These bearings are instsllea outside
the pump housing withoul any contact to the flow mixture with
tihe nmlcro-grained mud. Tﬂey ran in sepérale oil-filled housings
surrounded by sea water only. This technical problews could be
solved with a newly developed oil-water pressure compensation
unit.

Contrary to the earlier ‘reservation the data and power
cable connections in the silicon oil-filleu Jjunciion voxes worked

witnoul tault.



CHATTER IV

A£EPLICATION OF SUBMERSIBIE ¥OTOR rUMPS FOR AINING THI

BLACK SBEA SUTDIMENTS

Lo CALCULATION OF TNERGY REQUIRLHRNIS FOR_THE FUMPING 1 ROCESS

The operation involves puinping of sediments frow a depth
cf 2000 meters having the consistency of mud in the torm of sea
waler with the flow rate of 2 mz/s ana with 94 concentration of
solid particles that have a density of 2500 Kg/mS.

Based on the above mentioned operation data, following
formulatvion is established to calculate the power reyuirewents
for pumping system.

If V is acceptéd as‘the volumetric flow rate of sediments,

mess flow of sediments is given by
M, = =2 (2)

3 ?;

and ' '
vs = %Tot x Cq (3)
wnere VTot is the total volumetric ilow rate and equals to 2m3/s,
C.. is the transport concentration by volume and equals to O.

“ _is the density of sediments and equals to 2500 Kg/mB.
Since total volume flow is the sum of volume flow of water

and volume flow of sediments, eq. (%) can be written as
% Cp o (3
where Vw denotes voiume flow of watler, or

x‘ — ’ - 3 ,b;
V., = Vs(l/CT 1) {(%0)
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Then, in order to find the velocity of water in the pipe,

foliowing formulation can be utilized

— Total volume flow

Cross sectional area of the pipe

i

Viot/S or (4)
since 5 =‘ﬁD2/4 (5)

where D is the diameter of the pipe, eq. (4) becomes

- 4VTot
W }TDZ

where v is the velocity of water,

\ (4a)

Since setlling velocity of sediments is small compared to

v velocity of sediments can be taken as

w?

v = Vv
W vf}

For calculation of pressure losses in the pipe, icllowing

‘ AN
forimutation is used (39,40,41)

ap = A +uay) % . i% . V$ (1-Cqp) (6a)

or denoting A +ud, by Npors ©4.(6a) becomes

foe A § e T v ) ()
where Ap total pressure loss,
£ density of sea water(lo25 kg/m3 for Blac&_Sea)
L total pipe length
Ay friction coefficient for water and eguals to 0.02,
As friction coefficient for sediment,
Aoy total friction coefficient -
7t mixing proportion considering the effect of wgight

and is given by

big

I (1)
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wnere u, is the mass flow rate of water, or
v
U o= “ééfé (7a)
o= a
vfo‘w
Friction coefficient of sediments is calculated by (41)

Ay = 0.004 + 2 fs—fw ' (8)

Fr is
where Fr is the Freude's number and is given Dy
Ve Y
Fp = W :
B A (ﬁ)
Dg

here, g is the acceleration of gravity.

The shaft input of the submersivle motor pumps is calculated &

v X
o= ;ﬁgi_éﬁ (10)
Im®p
where “p 1s the efliciency of submersible motor,

" is the efficiency of submersible pump
Finally, total head should be supplied by the submersible

puap is given by
H ,__é._E__ (11)

Using the ebove formulation, necessary shaft inputs are
calculated for pre-selected pipe diameters. The results of calcu-
lation are given in table 4.

According to the results of above calculation, it is re-
comrnended to select the pipe of 1.13 meter diameter. In this case,

minimom immersion depth, by using o eq. (1) in section LII.2,

no

2000
T.1% * 2x9.81

293% metlers

shouid be i

i

O
Qo
| ol
'_J
N



4 Results of the CalCulations based on Y% concentration with

D
2 m”/s Tlow rate and zero settling velocity of seaiments

iption .
flow of sediments
of the sea
ty of sediments
ty oI sea water
port concentration by volune
e flow of sediments
e flow of water
- volume flow
iency of pump
iency of motor
£ proportion
ion coefficient for Water
~diameter
ity of water
ity of sediment
e's number
ion coefficient for sediment
. friction coefficient
ure 1o08s
Head

» absorbed on shaft

iotation

0.8
4.0
4.0

2.03%9

0.581

0.160

29.85

296.8
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Cuantity

450
2000
2500
1o2h
0.09
0.18
1.82
2.0
D.75
0,80
0.2412
0.02
0.92

3.0

1.184
0.306
27.92
277.6

9305

2.0
0.36
3.2818
0.8116
26.8
266.5
8932
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In order to allow for an adeqguate safety margin, a submerged
epth of 300-310 meters can be used.

Also, submersible pump should Le selected as regards the
vailable motor size. Hence to meet. the above-mentioned reflections,

hree-pumps in parallel should be used with the characteristics

pecified vedlow:

Capacity of each pump ¢ = 2400 w'/h ‘
Head H = 266.5 meter

Max. power of each pump max 3.25 Hi

. peed n = 1450 R.P.i

Frequency f = 50 Hz

Voltage Ve 6wV

fax. diameter of the system 0.8 meter

Length of the submersible motor pump 7.6 meter

Tulal weight of ﬁhe motor pumps 13700 kg

The last three items of the data are for BFK 647/4a type KSB
ade pump and MLAQV 325-605 type motor (42)

SATERTAL CORPOGTTION U e PUMELNG . BQU L P s

According lto the special requirements in respect of resistance
the pump materials to corrosion by sea water and minimizing abrasive

war, following material composition could be recomwended for submer-

‘ble motor pumps (43).

Impellers, diffusers, cohnection sieces, pump and motor casing:
Noridur 9.4460’(see table 5) |

Pump shaft and stator cover: Stainless steel 1.4462

Bearing oushes, bearings, impeller and case wear rings in pump:

sardened stainless steel
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Bearing bushes and bearings in motior: Carbon/chrome steel

Mechanical seal: Silisium carbide

Cmax ! i ‘mmax ! "C’J'max Lr | Ni Cu 1\‘2
0.04 1.5 1.5 | 24-26.5] 2-2.75] 2.75-%.5| balanced

Table 5. Chemical composition of Noridur 9.4460

5. IRANSFORTATION OF THE SEDIMENTS

In order to transport the sediment+ water mixture, there

are two available methods.

5.1 TRANSPORT BY FLOATING PIPE-LINKS

Since the pipeline to transport sediment + water mixture
should be of mobile type, transportation by floaling pipe-lines
could be considered. The material of pipes may ve plactic. Also,
a number of pumping stations must be installed. Bach pumping
station could create a 10 bar pressure difference, at least.

The main disadvgntage of this system is the susceptibility
Lo surface conditiona snd warine traffic. In case of Tailure for

Gy e, wll wysten should be shul down (44,449, 40),

5.2 TRANSPORT BY SHIPS

Approximately, 175.OOO‘m3

mixture of which 9% is solid
should be transported to the coast per day. In order to meet
this requirement two ships are required, each having the 175000 m3
capacity, which will be run in turn.

The capacity of transpbfiaiion ships can be reduced, if
the mixture ié concentrated by means of a known concentration

processes. On this respect filtration seewms to be the first easy

operation in order to get ria of the brine as wuch &s possible(47,



4. FPIOTATION

For a commercial scale mining operation it may not be
feasible to ship the mined flow mixture to the shore without any
prelihinary effort in increasing the uraniuu concentration of the
seciment. In that case, several.tanKers would be necessary for
the transport in order to cope with the projected mining rate
of about 190.000 tons per day. The sepsration of the water from |
the mixture (91% brine) by sedimentation is difficult because
of the very slow settling velocity (=2-7 cm/h) of the micro-
grained solids. urain size of the sediments i3 in the range of
B"SJVM . This grain-size of sediments does not even allow the
use of centrifugal separatiors.

Another process to decrease the voluite and to increase
the sediment contents for the subsequent treatment is flotation.
After mining and storing of mud in the ship tanks, it is pumped
into the flotation plant, modified for applicalion under ved-
going conditions.

The flotation process is based on the property that air
introduced into the flotation cells atiracts the UBOB compounds
in the presence of so-called flotation reagents. The air bubbles
rise to the surface of the flotation cells where concentrate

foam can be skimmed off (47).

5. DISPOSAL OF TAILINGS

The residue of the flotation (tailings) representing
preaominently the non-metallifercus components of the mined wmud
can be dimsposed at a depth of 400-500 meters turougn a disposal

pipe at the bow of mining ship.
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In Red Sea application, the tailing plume was followed
and monitoreu to investigate its drifting and settling behaviour.
It was noted that the discharged tailings settle to a depth of
coout 1200 meters in a very short time, gprobably as a result of

jet flow and the force of gravity.

6. CDST ANATYSIS

mnergy requirement for mining of 1 m3 mixture (91% brine + °
I sediment) can be calculated as follows:
On the basis of 7 ppm average UBOS concentration in the mined ash
after couabustion, sediment flow rate of 450 kg per seconua (450x3600
=1.620.000 «g wet sediment per hour or 1.620.000x0.2 = 324.000 kg
ary sediment per hour after combustion) will result 2.27 kg USOS/houJ
Assuming 270 days of operation period ashnuaily, total U308 quantity
will be 2.27x 24 x. 270 = 14.7 tons yper year.
In order to obtain above figure:

1.620.000 x 24 x 270 = 10.5 x 109 kg wet sediment has to be mined

annually by weight or 4.2 x lO6 m3 by volume,

‘his also eguals 1o 4.2 x'106 11 or 4.2 ki area, Since 3308 is lo-
caled in upper 1 umeter sirata of the Llack Sea basin.

Considering a suction . efficlency of 8U% and a sweep efficiency

of 70%, (Sweep efficiency is a function of the characteristics

of the mining, navigating and ship’s ‘operating systems. The
sucticn nead is suspended 2 sm beneath the ship, which is subject
to tie combined effects of currenis, winds, swells, and waves.
Sven if the Systems involved offered the precision neeaed to sweep
an area ecological considerations demand that a large percentage

of the Llack Sea floor be left undisturbed. fxaminations of the’
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capabllities of canditate mining sysiems imply that sweep
cificiencies of 45 to 75 percent can bc expected (2%). In other
words, 25 1o 55 percent of the workable sea bottum will remain

in its pristine state) total area to be mined in a year should be

0?%?%?@ = 7.5 kn®

If project life is planned as 25 years, area to be mined seems

to be 187.5 kmZ and &as a result %67.5 tons U308 can be opitained. .
Its market value will be approximately %2.37 million U.S $ over

Be #/Re.

Furtnermore, since total flow rate 1s 2 cu.m. per second or 46,6
million cu.m. per year, energy requirement for mining 1 cu.m

mixture is calculated by

B = 2= (12)

Where t is the operation period by hours per year
Uy is lbe total flow rate by cu.m per year
¥ is the input power of submersible motor pump.

tnen (see section 1V.1)

L S150x6480

S = 16,656,700

= 1.354 Kwh/‘lm'5 mixture

" . '
Since lm” mixture contains 0.09 m5 wel sediment or

0.09 x 2500 = 225 kg wet by weight and after combustion.

225 x 0.2 = 4% kg dry by weightu, then uraniun quantity of 1m3
mixture will be 0.045(ton) x 7 (gr/ton) = 0.315 gr, since 1 ton
dry ash contains 7 gr U30éj as an average.

The value of 1 m3 mixture will, therefore, be

0,519 x LO 9% v = 00,0278 $ or 4,16 01 (assuming L%=1507L)
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Ag 1t 1s easily seen from above calculation that energy cost
alone, on the oasis of 107L/kwh energy price, comes out to be
three times (13.54/4.16) higher then the U50g price to be obtained
froin 1m3 mixture. Also, on preliminiary estimations, submersible
motor pumps Cost approximately D 1.2 million (42) and piping of
27500 meters length needs $ 278,000 if its malerial is carpon
steel having a wall thickness of 8 wu, Comparative analysia of

piping system is given in table 6.

??é}}_wéffkgeséﬁmm) - Material Weight(tons)
K) o Car»bwr(‘)n S teelr 1 3 1‘6?3 S ol 7\4*(”1‘_’
7.1 250,000 1,600,000 356
8.0 278.000 1.7580.000 | 5496

j 8.8 | ~ 306.000 - 1.960.000 436
10.0 348,000 2,230,000 | 496 |

Table 6. Piping system costs with 1.13 meter diameter in US 2

Fesides above costs, other conaits are,also, conglidered
OVes lustallacvion and the yearly operation churges, 1.¢. procure-
ment and reconstruction of a mining ship and two transportation
ships, establishment of the installations for flotation, drying,
lyeing and yellow cake production (3,48) interest and depretiation
time, personal, maintenance, charter of two tank shi,s, operational

ina Lterial,
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CHAPTER V

CORCLUSIONS AND SUGCTSTIONS FOR FURTEER wORY

A comperative study of available deep-sea mining techniques
was made and that with submersible motor pumps was dwelled on with
tne &im to apply this system for mining the uraniunm contained in
Black Sea sediments. '

Frogress in the field of deep-sea technolog, is dependent
on meny factors, The submersible motor pump has already made a
substantial contribution in this resgect. The water-filled sub-
mersible motor appears to be the most suitable form of under water
driver vecause of its design and concept, particularly for operation
at great depths of immersion. Also outputs up to 5000 kW and volt-
ages of 10.000 V are anticipaied in the near future . Zince the
miring cost of 1 m° mixture is 1-2 US $ according to the Red Sea
application results (49), the uranium concentration in Rlack Sea
sediments should oe almost 250 g per ton ash, «un the basis of
1,%'/m5 mining cost and 88 g/Kg UBOS market price, or in order to
be able to meet the energy cost alone concentration should be
21.5 ppm. These figures show that mining of the sediment is not
economically significant now, but .

a) The situation may changé in the years to come should

the global demand for uranium grow beyond the present
expectations

b) By-proaucts produced from the organic portion of the

sediment could support the uranium price.

In order to minimize the transportation costs, flotation

process seems to be needed to increase the seuiment conitents in



the mixture. For further study, particle size

reagents to hold the EBOB particles should be

£s & resull, mining of glack Sea sediments by

mersible motor pumps is technically feasible,

not be on economical one.,
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distrivution and
investiigatea.
tne use of sub-

however, it will

Furtnermore, such a system can be utilised in other deep-sea

processes 1.e cleaning of olden liorn.
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