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The u e s i g n  snd c o n s t r u c t i o n  of t he  pump, anu i n  p a r s i c u i a r  the  

d e s r  - 7 ~  of t h e  i m y e l l e r s  and d i f f u s e r s  ;Ire yoverneu o<, t h e  l i ~ i -  

t a  t i o n s  imposed on t h e  diameter ;  t h i s  irleclns tiltz t, nlc;i.l ilressure 

c o e f f i c i e n t s  lriust b e  aimed i o r ,  wi thou t  having a t  t h e  ealoe tilne 

l o  s a c r i f i c e  e f f i c i ency  t o  any g rea t  e x t e n t .  l!etli!l i t >  l i l c i l e  

i i l i , i t i n g  f a c t o r ,  i t  has been p o s s i b l e  t o  develop subLAiers ib le  

inotor p u i ~ ~ p s  which r e p r e s e n t  an oconoar~ic a1 terl is l t ive s o i u t i o n  to 

c a n v e n ~ l o n a l  pumps, and have f a i r l y  good e f f i c i e n c i e s .  

'he submers ible  inotor i s  r i g i d l y  coupled t o  t h e  I_iump. 

' i h e r ~  a re  throw d i f f e r e n t  b&,mic type$ of rrlotors i n  exidterice 

It i s  neces s s ry  lor t h i s  t ype  of rno-cor t o  be f i t t e d  with 

a coihpletely r e l i a b l e  and leakproof  s h a f t  s e a l .  The d i s s i p a t i o n  

3f the waste heat genera ted  by the motor (as a r e s u l t  of the  

se1i ; t t ively  low thermal conduc t iv i t y  of o i l s ) ,  and t h e r a a l  

c ~ x p a r l ~ . i o x l  j ~ r e u u n t  probleins which r e q u i r e  c o r r e s p o ~ ~ d i n b l y -  expen- 

s i v e  ~ o l u t i o n s .  I n  a d d i t i o n ,  o i l  has  t h e  d i s advan tage  of a 

h i e h e r  f l u i d  f r i c t i o n  than water, but on t h e  other hand i t  

p e r m i t s  t h e  u se  of a n t i f r i c t i o h  bear ings .  

4.1.2 S t.=E/II-ddT SU~;.'ERSI.EIJE: PL'IOTORS 

I n  this des ign  of motor, t h e  s t a t o r  co:iiyartrnent and the 

winding & r e  s e a l e d  o f f  from the  w a t e r - f i l l e d  r o t o r  colnparti:,ent 

b y  a can.  7'0 i~ i lp rove  heat d i s s i p t i o n ,  t h e  windin& i s  prov ided  



with a casz r e s i n  j acke t .  This t ype  of subulers iole  motor i s  

g e n e r a l l y  acioptea f o r  low r b t l n e  only a p  t o  appror in ia te ly  3OKw. 

4 . 1 . 3  bs ET OK WATER-FILLED SUbM1IRL;lULil: r b A 3 ' i  O R S  

*;hereas develoy~nevlts i n  t h e  U.S .A .  were l ~ ~ a i r l l y  concerned 

w i  i,h o i i - i  l l h e d  subn~e r s ib l e  motors, i n  Xurose t.he d c v  a l ~ i ~ ~ i t l e n l L  % 

c o n c e n t r a t e d  i t s  e f f o r t s  on t h e  w a t e r - f i i l e d  motor .  'Lhis type 

of motor  i s  complete ly  f i l l e d  with water,  i.e. t h e  winaing i s  

i ~ r n e r s e d  i n  wate r ,  ana  t h e  p l a i n  bear ings  a r e  w a t e r - l u o r i c a t e a  

( s e e  F i g s .  8 and 9 ) .  

Oui t e  exceytional increases  in output, colnbined w i  tri the 

p r a c t i c a l  demons t ra t ion  of t h e  o p e r a t i o n a l  r e l i a b i l i t y  o f  water- 

f i l l e d  ri~otor a u r i n g  the  p a s t  22, y e a r s  p ~ i n t  t o  t h i s  t y p e  of motor 

as ue lng  r e p r e s e n t a t i v e  of  f u t u r e  t r e n d s .  w i ~ h  r a t i n g  of 

1e'iO KVJ have now been ope ra t i ng  successfu l ly  f o r  s e v e r a i  years, 

ana  r a t i n g s  of inore than 1800Kw a r e  ~ o u a y  i n  tne ueveloprnent 

staGe.  t, d e s i c i v e  aspect of  these  s u c c e s s f u l  developments has 

oc:en L r l e  j lrogress n~ade i n  t h i s  f i e l d  of wate r  proof and pressure- 

t i g h t  p l a s t i c  i n s u l a t i n g  m a t e r i a l s  f o r  windin& wi re s .  There h a s  

been a s t e a d y  and con t inu ing  improvement i n  t h e  q u a l i t y  of t he  

p l a s t i c  i n a t e r i a l s  concerned (1)oljvenly c h l o r i d e  and yolg-etn;-lene) 

as well a s  i n  t h e  p rocess ind  technoloby, and as a r e s u l t  present-  

d a y  winding wi r e  i n s u l a z i o n s  a r e  a b l e  t o  wi ths tand  ve ry  h igh  

e l e c t r i c a l ,  trlertrial and mechanical l o a u i n g s .  



The supply  vo l t age  nornlally s e l e c t e d  f o r  motor ra t ings  

up t o  approximately  300 ktv i s  low t e n s i o n ;  f o r  r a t i n g s  up t o  

1OOO ~ i ' d  it i s  i l l  3 KV hi& t e n s i o n ,  and Lor even 11ihher r a t i n g s  

i t  i s  t L V .  

A 10 kv expe r ixen t a l  motor has  been i n  o p e r a t i o n  f o r  5 

,ear; wi inout  any occurance of o p e r a t i n g  t r o u b l e s  ( s e e  F i g . 9 ) .  

'rile var ious  f i c ? l d d  o f  etppliuuLluti  o f  the akr \ ) ;sa~-s ib ia  

motor p u ~ p  can, as a gene ra l  r u l e ,  be acco~n~rlodateci wi thout  

habin& t o  c a r r y  ou t  any major modi f ica t ions  t o  t h e  d e s i d n  and 

c o r l s t r u c t i o n  of the motor anu purny. Usually i t  k i l l  s u f f i c e  t o  

e f f e c t  a s imple  a d a p t a t i o n  t o  t h e   revai ailing ~ k e r a t i n ,  c o n a i t i o n s  

i n  each case.  

4.2 APPLICATIOM OY THE SUL;X,ZRSIBLE l.:i3'1'3fr PiJMP SYST3T T 3  

DEAP-SEA TECHKOLOGY 

Deep s e a  technology has opened up a new f i e l d  of  apsii- 

c a z i o n  f d r  sublneraible rnotor pumps. The f i r s t  t ime a submersible 

motor pump was opera ted  i n  very  deep wate rs  was' i n  1962, when 

( , J ln  ;' I - ~ ~ I I c ! ~  i i ~ t t , l l t : ~  1 . 1  t t ~ ,  I f /  ! ' ( ' l l  1 I I C : ~ ~  C I M ) '  t G : l  1 . 1 . 1  CYKI :A ~ i t i l ~ t i i c ~ l ' ! ~  i 1 p t l>rZ 

Ltnillj, h i  t h  a 2 0  K% d r i v i n g  motor  on board. 'I'his iriachine was of 

czmpleteiy s t a n d a r t  execut ion except f o r  t h e  pump bea r ings  , 
anci i t  ope ra t ed  a t  dep ths  down tv 10.000 m. This  experinlent 

de, i lonstrated t n ~ t  t i le subtrleruib16 ,notor pui~ip with  a w a t e r - f i l l e d  

u ~ o t o r  w a s  capab le  of ope ra t i ng  r e l i a b l y  even a t  very g r e a t  

su i~ : ; i e r~ed  dep ths .  

'jlhers fol lowed a whole s e r i e s  of r e s e a r c h  and uevelayrnent 

a c t i v i t i e s  i n  the f i e l d  o f  s u b ~ ~ ~ e r s i l o l e  motor puirlps. In p a r t i c u l a r ,  



t h e  i n s u l ~ ~ i o n  of the  winding, which i s  exyiiseu t o  Lile L o ~ a l  

s t a t i c  water pres su re ,  was i n v e s t i g a t e d  i n  a u t o c l a v e s .  It w a s  

proved,  nrnon(:s t o t h e r  t h i n g s ,  that the i n s u l a t i n g  niaterials:  nor- 

a 1 used,  i . e .  yo iyv in ly  c h l o r i d e  arid p u l y  e thy l ene ,  a re  n o t  

sub3 ec t t o  any d e t e r i o r a t i o n  of t h e i r  i n s u l a t i o n  r e s i s  t a ~ i c e  

even a t  waLer pressures as high as 600 bhr ( 7 3 , 7 4 , 3 5 ) .  

I n  1376 developments co,~,menceci i n  connec t ion  with a , 

systeiri f o r  conveying manganese nodules froin t n e  ocean oeu at 

5 2 5 0 ~ 1  d e p t h  t o  t h e  s u r f a c e  ( 3 6 ) .  The deep  sea rniriing v e s s e l  

"Seaco 445", a conver ted u r i l l i n g  v e s s e l ,  w a s  equippea w i t h  a 

conveying s ~ s t e m  i l l u s t r a t e d  a iagrammat ica l ly  i n  Yig.10. 

Fig. 1 0  De l ive ry  systeri~ f o r  Manbanese nouules  w i  ~ ; h  sub , ;e ru ib le  ' 

rrlo l o r  pumps 



Pn 8" r i g e d  p i p e l i n e  l ea  down fro12 t h e  s h i p  t o  a 

l e v e i  dust above t h e  o c e m  f l o o r .  Tne u o t t o m  ena o f  t ne  

r i a i n %  mhin wa.8  connected t o  t h e  co l l ecLor  on t h e  s e a  [jed 

uy a f l e x i b l e  hose .  

The t o t a l  head generated by t h e  two m u l t i s t a g e  pumps 

corresponded t o  a l l  i n t e n t s  and p u r p o s e s  t o  t h c  p i p e  I r i c t i o n  t 

l o s e e s  of t he  mixture  of water and s o l i u i j  i l l  tlia 5 . 1 1 1  i u u g  

r s ib inG inain ijlus a few rneters of s t a t i c  head aoove sea  level. 

%fie pe r fo rmance  d a t a  obtained was as f o l l o w s :  

3 - Capacity Q = 500 rn / h  i n c l u d i n g  576 s o l i d s ,  i . e .  

3 25  rn /h s o l i d s  conveyed. 

- !Tach of tho two pumps was i i t f ~ l ~ . n e c l  t 'or i l  L i ) t ~ ~ t l  l i e ~ ~ t j  

o f  265m, each kurnp generated a discharge pressure of 

30 b a r .  The discharge pressure i:r:rnediazel,- aown stream 

of  t h e  second pump was, t h e r e f o r e ,  60 bar .  

-The d r i v e r  r b t i n k  of these  two puinps was a,,d~l; each. 

- R o l , c ~  L.iori~,l Speed 1726 H l ifl a at 60 tlx 

- I'urnp e l ' f i c iency  was 0 ,75  

- Fotor e f f i c i e n c y  was O , 8 E  
I 

Then, a pse-pilot mining t e s t  for m e t a l l i f e r o u s  mua i n  

t h e  ! ' A t l a n t i s  I1 Deep" of t h e  Red-Sea has  seen underta~en succes- 

fully f rom 21OOmeters d e p t n  i n  t h e  ?'larch of 1979 b y  means of  a sub 

i i i e r s i b l n  motor  pump system (37)  . 

It could b e  shown t h a t  a c o n t i n u o u s  mining: o f  mu-d fro;n 

t h e  deep  sea bottom i s  t e c h n i c a l l y  f e a s i b l e .  



In  accordance with the t e s t  mining uf ~ n e t a l l i f e r o u s  mud 

from the  Red Sea uottoln (38 )  i n  t h e  S p r i n g  of 1973, the  s ~ ' s t e m  

will be descr ibed  he re  could 'be i n s t a l l e d  f o r  mining t h e  sediment 

f r o m  t h e  Blkck Sea bottom. 

The mining p i p e  assernbly (E ' ig . l l . j  having a t o t ~ t 1  l eng th  

o f  a t ~ o u t  2900 meters,  the  i n t e g r a t e d  e l  e c  t;ric 1not.or d r i v e n  s u c t i o  

head, t h e  pump u n i t  and t h e  necesshry m e ~ s u r i n g  i n s t r u m e n t s  hang 

i rt.3~ in t h t >  d e r r i c k  01 u d r i l l  a1~i . l ) .  

A s  similar t o  o f f sho re  d r i l l i n g  p r a c t i c e  t h e  i n s t z l l a t i o n  

of t h e  p i p e  w i l l  b e  i n  s e c t i o n s  o f  27  mete rs .  

Above the  v i b r a t i o n  s c r een  s u c t i o n  head a measuring s ec t i o  

w i t h  a l e n g t h  of 18 meters w i l l  be  i n s t a l l e d  which s u p p o r t s  many 

i n s t r u m e n t s  f o r  n~easur ing and t r a n s f e r  of  t h e  mining d a t a  by a 

powelr d a t a  cab l e  to  the  process  computer on t h e  deck of the ship. 

I n  t h e  s u c t i o n  head an underwater  e l e c t r i c  inotor i nduces  

a v e r t i c a l  j ~ s c i l l a - t i o n  movernent t o  t h e  c o n i c a l  s c r e e n ,  u s i n g  a 

curved d i s c  f o r  t ransmiss ion  of t h e  r o t a t i o n a l  movexent t o  a 

v e r t i c a l  o s c i l l a t i o n .  This v i b i a t i o n  s c r een  i s  t o  e a s e  e f o r t l e s s  

p e n e t r a t i o n  i n t o  t h e  sediment l a y e r s  by d e s t r o y i n g  t h e  p h j s i c a l  

structure and S l u i d i f y  t h e  mud. These p roces se s  are assisted by 

t ,hc c j e c t i o n  of  pres su re  water ,  genera ted  i n  t h e  main pump u n i t .  

!the sea wa te r  descends t o  t h e  wate r  j e t  n o z z l e s  o f  t h e  s u c t i o n  

head ~y rilearis of a hose,  a t t a c h e d  a long  t h e  p i p e  s t r i n ~ .  A spr ing  

damping element p r o t e c t s  t h e  p i p e  s t r i n g  a g a i n s t  an upward 

t r z n s r i ~ i s s i o n  of the  v i b r a t i o n .  
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The e a j o r  components of t h e  pump u n i t  a r e  t h e  ioain imd pump, 

t h e  e l e c t r i c  d r i v e r ,  a f l u s h  pump f o r  pumping s e a  wa te r  down t o  

t h e  s u c t i o n  hea.d, t h e  water  r e g u l a t i n g  s y s t c n s  which permit  a 

d i r e c t  r e g u l a t i o n  of t he  wzter  q u a n t i t y  down t o  t h e  s u c t i o n  head, 

t h e  e l e c t r o n i c  c o n t r o l  equipment and t h e  d i s t r i b u t i o n  and junct io l  

boxes,  which s e r v e s  t h e  d i s t r i b u t i o n c f  t h e  power hnd t h e  con- 

n e c t i o n  of t h e  coax-cable t o  t he  d a t a  t r a n s f e r  sys tem.  

beep-sea power cab l e ,  wbictl t ~ l ; ? o  ~;t \ r*ves f o r  d a t a  t r ans -  

n i s s i o n  w i l l  b e  a t t a ched  a longs ide  t h e  p i p e  assembly w i t h  t h e  

w a t e r  hose  from t h e  f l u s h  pump down t o  t h e  s u c t i o n  head end the 

p i p e  asseinbly c o n t r o l  system. 

:?he necessary  power f o r  t h e  underwater  e l e c t r i c  motors,  

t h e  i n s t rumen t s  and f o r  some r e g u l a t i o n  components i s  fed  by a 

d l o s e l  gene ra to r  package on t h e  deck of t,lle 1 1 1 1  t ~ i  I I ~ , ,  1111 i j ) ,  

A c o a x i a l  cable  i n  t h e  main power c a b l e  t r a n s i n i t s  t h e  

s i g n a l s  f rom a l l  ins t ruments  t o  t h e  s u r f a c e ,  a f t e r  p r o c e s s i n g  

d i g i t a l  s i k n a l s  i n  two e l e c t r o n i c  boxes a b o v e ' t h e  s u c t i o n  head 

2nd i n  t h e  pump u n i t .  In  Ihe c o n t r o l  and e l e c t r o n i c  c o n t a i n e r  

t h ~ : - ; r )  : : i{ :nals  care k:%pe-recorded, proccs:;(:d , pr i  n l,c?tl a n d  shown 

o n  i t  d i . s j ) lay .  Using t he se  d a t a  t h e  whole Lr~irlirl& p l a n 1  and  the 

, : e ~ i ~ r a t o r  a r e  con t ro l l ed  and r egu la t ed  i n  t h i s  c o n t a i n e r  as 

w e l l  as the  mining procedure i t s e l f .  

A r a d i o  and te lephone con tac t  t o  t h e  s h i p s t n a v i g a t i o n  

c o n t r o l c e n t e r  a l lows  t h e  observa tiorl of t h e  s h i p ' s  p o s i t i o n i n g  

and of t h e  p o s i t i o n  of the  s u c t i o n  head wi th  r e l a t i o n  t o  t h e  

v e d s e l .  The d r i f t  of t he  s u c t i o n  head r e s u l t i n g  from sea c u r r e n t s  

and s h i p  movertmnts i s  i n d i c a t e d  u s ing  a s u c t i o n  beau p o s i t i o n i n g  



b c o u s ~ i c  Deacon and a hydrophone base below t h e  v e s s e l .  

Many ins t ruments  are i n s t a l l e d  in tile oynLeia t o  o p e r a t e  

t h e  mining procedure and t o  d e t e c t  t h e  n i n i n g  c h a r a c t e r i s t i c  

d a t a .  I n  t h e  ins t rument  sub d i r e c t l y  a b o v e  t h e  s u c t i o n  head and 

i n  t h e  pump s t a t i o n  t he  fo l lowing  data al*e sacor*iic:d: 1n:;id0 @ad 

o u t s i d e  p r e s s u r e ,  p r e s su re  l o s s e s ,  t empera tures ,  r o t a t i o n  speed 

o f  t h e  p u l ~ p  s h a f t ,  pump p re s su re  e t c .  The movement of  t h e  p i p e  

;;trine is nleasured b y  7 s e p a r a t e  acce l e rome te r s .  The dis tance 

oetween t h e  s u c t i o n  head and t h e  sediments as w e l l  as t h e  pe- 

n e t r a t i o n  aepth i n t o  t h e  s e a  bottom i s  determined by a n  a c o u s t i c  

sediment  t h i c ~ n e s s  meter .  % 

The dynamic p re s su re  l o s s  i n  t h e  p i p e ,  t h e  f low r a t e ,  

t h e  d e n s i t y  of t h e  flow mixture and t h e  s o l i d  con ten t  could be 

a d d i t i o n a l l y  recorded i n  a s e p a r a t e  6 O m  p i p e  s e c t i o n  on deck of 

t nc  v e s s e l .  The i n f l u e n c e  o f  the  sea motion, du r ing  trie measuring 

of t h e  dynamic pressure  l o s o  s h o u l d  b e  excluded by ir pa r  t i c u i a r  

ar rangement  o f  t h e  p ipersys tem.  The complete ener,y supply  of 

t h e  i n s t r u m e n t s ,  t h e  pump rnotoz and t h e  c o n t r o l  c o n t a i n e r  i s  

c e n t e r e d  i n  t h e  gene ra to r  u n i t  on deck i n  o r d e r  t o  be independent  

of  t h e  s h i p ' s  energy system a t  any t ime.  

a 'I h i s  a c o u s t i c  : ~ ~ s t e m  was developed by  iJreussag because t h e  

use  of a  TV camera could no t  b e  considered due to  t h e  mud 

plume induced by t h e  s e c t i o n  head i n  a c t i o n .  



If one wishes t o  use  subnieroible motor pump i n  deep-sea 

a p p l i c a t i o n ,  one must thon cons ide r  the  s p e c i a l  c o n d i t i o n s  pre- 

v a i l i n g  i n  such a submarine p l a n t ,  e . ~ .  

- The submarine p o r t i o n  of t h e  p l a n t  i s  f u l l y  i n a c c e s s d b l e  

- Therefore ,  t h e  p l a n t  nnust have an extre111t.l.y rligh r e l i -  

a b i l i t y  i n  c p e r a t i o n  dur ing a predeteriiiined per iod  of t ime 

- The v e r t i c a l  p ip ing  has a l e n g t h  of sorne kiilometers 

- There i s  a high s t a t i c  p r e s s u r e  a t  t he  beGin ing  of t h e  

p ip ing  

- The concen t r a t i on  of the s o l i d : ;  iL, n o t  a c o n s t a n t  v a l u ~  

- The c a r r i e r  medium i s  s e a  wate r  

- Transverse  f lows must be a n t i c i p a t e d  i n  d i f f e r e n t  depths 

of t h e  s e a  

- The system must be capable  of t r a v e l i n g  a long  t h e  s t r a t u ~  

i .e .  i t  r ~ u s t  U e  of t he  movable type  ' 

~ I O I ~ I I  l i I I ~ : / ! I ~ J ~ I C : I I I ~ I  I .y w o  1.1. ~ l i ~ i i r  I. t)c r:) rSr i oil f 1 1 : q i  rlk; I,IIC! 

shipboard app l iances .  

The pump u n i t  inust b e  scrran,ed s o  aeep uelow t h e  water 

s u r f a c e  s o  t h a t  t h e  h y d r o s t a t i c  p r e s s u r e  w i l l  be equa l  t o  o r  

h i g h e r  t han  t h e  s u c t i o n  p re s su re  produced by t h i s  sys tem and 

r e q u i r e d  f o r  t r a n s p o r t ,  i n  o t h e r  words: t h e  immersion dep th  of 

t h e  s u c t i o n  pump must be h ighe r  t hen  i t s  head. (S ince  t h e  s u c t i o n  

prc;;ure is l i m i t e d  t o  l e s s  than 1 b a r ,  i . e .  t h e  a t l . iospher ic  a i r  

p r e s s u r e  p r e v a i l i n g ,  s o  t h a t  t h e  pump would c a v i t a t e ) .  



4 

Even if one d e a l s  w i ~ h  c l e a r  sea wa te r ,  c o n s i ~ c r i n ,  a sea 
i 

de? th  of l=2km and refer red  t o  a f r i c t i o n  c o e f f i c i e n t  hw=3.32 

and s p i p e  diariieter of L' = In,, a rough es t i inat io i l  of  t h i s  irnrtlsrs- 

is_ ae;Zr- j l e l d s  x h e  f o l l o d i n k  f i g u r e s  

wnere all u n i t s  a r e  i n  meters 2nd seconds .  

I n  t h e  case 01 a t r a n s p o r t  of mud, a h i g h e r  f i g u r e  v i i l l  

rlajre t o  b e  considered f o r  t he  f r i c t i o n  c o e f l i c i e n t  ' 2 ,  so  that 

a n  i~n i r~ers ion  uepth of the  Guinp u n i t  o f  s e v e r a l  hundreas  of mete rs  

i :-i : ~ t~ : :o lu t , t : l , j  r t . t~ l i , r l . i c .  

A pumping s t a t i o n  a r ranbea  i n  such a dep th  oS the sea 

i~ f u l l y  i n a c c e s s i b l e  dur ing i t s  o p e r a t i n g  phcse. r u r t r l e r ~ o r e ,  

i t  inust be  s t a r t e d  fromethe f a c t  t h a t  a s u b ~ i i a ~ i n e  t r a n s p o r t  

sjs1c.m is worir ir ie  un in t e r ruy t cu ly  f o r  as long a s  t h e  ,.*eather 

fzctur ; ;  ~t sea w i l l  a l l ~ w  i t .  'I'hus, a very  hi& clegrce of r e -  

l i r - i v i . l i  t y  i;; rc l lu i red .  Th i s  requirr:ment i d so  t ; -Lr inLer l t  t h a t  

;i l i o L,her r.c?iluiveri~en t s ,  a l s o  L+at r e g ~ r d i n y ,  prof i L a b i l i t y ,  must 

u e  c ~ ~ , ~ i ~ c i e ~ l e d .  ihuu, t h t  purripinb uni t  i s  no L l~errrii t t e d  t o  b e  worn 

by e r o s i o n  o r  co r ros ion  during i t s  ope ra t i nk  t ime o f ,  s ay ,  3-10 

naonlhs. In addi  t i on ,  i t  il~ust bo cons idered  that the  10lig l , l y i n ~ ,  

from x i ~ e  s u r f a c e  of t h e  s e a  t o  t h e  bottorn of  t h e  sea, is always 

sii~aroundea bjr t h e  sea  waxer and sub jec t ed  t o  ~ 1 1  trcLnsverse f lows;  

sivlce iz must b e  s lowly moved due L O  tile travel or" tne  2ici-c-up 



a e v i c e  aion; tilt. voitolr of the sea., ai~chorin,:  nieans cannot b e  

, , rovicied f o r .  !?herefore,  bs l i L t l e  r e s i s t a n c e  as , ~ o s s i i i i e  shall 

oe opposed  t o  t r a n s v e r s e  f l o w s  of t h e  sea  w a t e r ,  if any. : ~ l i 3  

r e q u i r e s  n ~ r r o w l y  l i r n i t e u  diirlensior~s in h o r i i o n t a l  d i r e c ~ i o n ,  

i . e .  v ~ r t i c a l l ; .  lo t h e  p i p e  a x l e ;  t h i s ,  o i l  iul laneousi, , i t ~ c i l i -  

ta ie;  . r , a a ~ t i r ; ~  o f  a l l  suoi!ierL,ei~ col~rpollt;.~l t:s 11 t' t A l i t )  1 )  Larll wllich, 

t o  tile exder ience  g a i n e d  i n  t toff -shore"  ~ e c h n o l o t , ,  w i l l  p r o b a b l y  

t ie mounted s e e l i o n  by s e c l i o n  f rom t o e  d o r ~ i n g  , l i . t f o r m  of a ship 

arid ~ I ~ U G  t ue lvwered through a11 openin&.  

A s  a r e s u l t ,  t h e  p r o b e r t i e s  r eyu i r eu  o f  t h e  runiping u n i t  

< % r e  21.3 f o l i o \ ~ s :  

- fivery wear a f f e c t i n g  funclioning, cupucir, i i  L J  W t . i l ~ +  Iry 

e r o s i o n  must be  prec luded 

- line system Inus t not  oecome c logged 

- The movable components of  t he  sys tem ~ ~ n ~ s c  be of  s tu rdy  

aesi,n 

- I n e r e  must be remote-control  o i  t h e  ~ l a n t  

- : iuri;cs rri~,:s t, i)o avoi .ded 

- - 'aces of r e s i s t a n c e  opposed t o  t r a n s v e r s e  flows must B e  

, ~ ~ i n i i n i  zed 

- tihe weight of t h e  complq te  systelil riiuat b e  as low as p o s s i b l e  

- ;'ile r i a t e r i a l s  ,ilua t be pro  Lec Led a b a i n s t  c o r r o s i o n  

ir. pre-pilo t l i , i l~ ing  ~ e s t  l o r  ! i i t .~al l i f  e rous  dud in ihe I tAtlant is  

11 ;)eep" of t h e  Red Sea has ueen u n u e r t a ~ e n  s u c c e o s f u l ~ j  i n  t h e  

:pill, of 19'/9 (57 ,3U) .  : l in ing  o9eration in this c a s e  c o n s i s t e d  of 

the  i ' o l l o w i n g  s t e p s .  



kf t e r  iower ing  the  s u c t i o u  heaa t o  aboul  5 iae ters  above the 

s e u r ~ ~ r e n l  surface, tile IJU(IIP moLor 1s s L s r t e u .  ','he r o l s t i v n  speed of 

rLe pump v a r i e s  uy  a d j u s t i n g  iile i 'reilutnc, of. L116 , enbra lor  from 

42  Zo 6 3  c j c l e ~ .  iioduc 63 seconds a f t e r  s t a r ~ l n g  Ltlr yuiug, near ly  

s i b t i o n h r y  mininb cond i t i ons  are ooaerved i n  tne 22,0r11 p i p e  string. 
- 
&'he f i r s t  o r l n e  which was sucned i n  a ~ o v e  tkle s s ~ t i b i e n t ~  i i o w s  O u t  

a t  ~ i i e  , , lpe o u t l e t  on uecn  a f t e r  15-29 ~ ; i i n u t i s  kiavinL & fled a 

v e ~ o c i t ~  of 1.8 Lo 2 .5  iil/s. 

The p e n e t r a t i o n  o f  t h e  s u c t i o n  head i n t o  -Lhe seairiient s tar ted 

i n  s t e p s  u f '  0r1e rneteror l e s s .  I)urlng p e n ~ . t r a t i o l i  1- tr11  ih;r,c uuckad 

i n  from trle secilment layers  i n  a i f f e r e n t  u e p t h s  and. pLm,ed t o  the  

s u r f a c e  where t h e  v&r2einc co lours  of  t he  l a y e r s  coulci oe  observed 

~ t , i t h  ease. n i s  procedure ulacie t h e  p e n e t r a t i o n  of the  s u c t i o n  heaa 

t o  b d e p t h  of l r 3  i i ~e t e r s ,  i n  hny ca se  t a  the hhrd ~ n n ~ u r i ~ e  l ayer  

;?uring iriany ope ra t i ons  c l i f f e r e n ~  d r e d c , ~ n g  tccillkiq\\e?8 w e m  

tested i n d i c a t i n g  d i f f e r e n t  sedlrnent characteristics i n  t n e  four  

rni r i~f i , ,  s i t e s .  It could be sho\rrn thc-it i t  was p o s s i b l e  t o  d i t .ch  

t r e n c h e s  c l o s e l y  s i d e  i ly.  s i d e  wi th  c l i f f  ererl t  ,,erlt:tration dep ths  of 

t h e  s u c t i o n  head .  1 : u r i n ~  t h i s  proceclure tile s u c t i o n  head nias moved 

f i j r~~ ; i r . c l  con t . i n u o u ~ _ l y  b y  ~r.cail;I: 01' Lne s l u h  u,.ecil 01 Lkie s h i p .  Ad- 

L; i t i i ~ ~ i a l  ly a square  a r e a  2-l;ld been d i  ~ c h e d  dowrl t o  the s n h y c l r i - l e  

Jay t ' r ,  , , ~ i r ~ ~ n ~ ~  t h e  seciimttnt l a y e r s  i n  s e v e r a  1 p e n e t r a t i o n  s t e p s  of 

* U O U  t 3 iile t e r s  each. 

The proper ty  of' the ssuiif.rents tinu t h e  ~i l i r~ i r lg  uehbviour of 

(,ne e;uu, r e s p e c t i v e l y ,  i s  v a r i a b i e  i n  t h i s  6dm2 area o f  the  mineral 

~ ' ~ j , o . j l  t .  ' [ he re fo re ,  i t  can b e  concluded t l m t  a ~ n i ~ u n ~ : ,  5; stell] fok  a 

comfilercial p l a n t  of l a n d e r  l i f e  t ime must have a w i u e  w o r ~ i n g  



range in o r u e r  t o  ue au le  t o  mine d e p o s i t s  wi th  v&r,inG sediment  

2LO-,tlL;e;, 

The dynamic pressure  l o s s  i n  t h e  p ipe  and t h e  e f f i c i e n c y  of 

The p-icirip shobea o s c i l l a t o r y  behaviour uurlng mining,. Lr;l ts  e f f e c t  

iilust De cons idered  and rr,ust oe r t h u l a t e d  u y  uain,: d i f f e r e n t  pump 

r o x s t i o n  speeds .  

4. SL l!,CIP ?, : :<CPi \ l l i 'Ai  I ! ~ J L L . I I $  S 

:%my t e c h n i c a l  p rdb lems  a r i s e   hen t e s t i n ,  .z p r o ~ o t y p e  for 

t h e  f i r s t  tiine, e s p e c i a l l y  i n  ol'f sriore opera  ion. 3L6e 0 2  t h e  mst 

c i i f f i c u l t  1~rob lez : s  i n  Rea Sea a p p l i c a t i o n  was   he s e a i i n g  o f  

s u c t i o n  heau a t  t h e  t appe t s  ~ h i c h  moved the v l b r a ~ i o n  screen.  

Urine Ie>zned i n t o  t h e  o i l - f l l L e a  d r i v i n b  llousing and l e d  t o  some 

cur . ros io t l  arld e L e c t r i c a l  probleins wilich could l l c ) l r  bc: i.t$JVeib w i t , h -  

o i ;~ t  ti c o ~ ~ p l e t e l y  new design.  A d d i t i o n a l l j ,  zn o i l  i c a ~  a t  the 

~ . u , i ~ ~ ,  oehr ings  was founa. 'i'r~ese bear ings  are i n s t o i l e a  o u t s i a e  

. the  pump nousing wi thout  any con tac t  t o  t he  f low niixture w i t h  

t ~ r t  I l lc ro- , ra ined niud. 'I,bey- r an  I n  sepajcrble o i l - f i l l e d  houaings  

s u r r o u n a e d  by st3& water oniy-. This tecrlrlical problt!t!i could  b e  

doiveci w i t h  a newly developed  o i l -wa te r  p r e s su re  co~nperlsat ion 

unit . 
Contrary t o  t h e  e a r l i e r  r e s e r v a t i o n  the  d;t& and power 

cab le  connec t ions  i n  t h e  s i l i c o n  o i l - f i l l e u  j unc t ion  ooxes worked 



AEp'JICA;'IOj>j Sg~k; . ;  I C *  - - - r  'T+hdlii.r,E l<O;i,OK >iJ]dISS :FOR ij:lhii.*,i 'L;ii: -- 
BLACK SjZA S'j<DiNiiliTS -.- 

The oi iera t ion invulves  pu,iipin, of. s e d i ~ ~ ~ e n t s   fro:,^ a dep th  , 

GI 2000 meters  having the cons i s tency  of' ;nud i n  t h e  to rm of sea 
7 

w a t e r  w i t h  t h e  flow r a t e  of 2 m J / s  &nu w i t h  9 , ~  c o n c e n t r h t i a n  of 

3 s o l i d  y a r t i c l e ~  t h a t  have a d e n s i t y  o f  2500 kb/m . 
Eased  on the  above mentioned o p e r a t i o n  a a t a ,  f o l l owing  

formuih ~ i u n  i s  e s t a b l i s h e d  t o  c a l c u l a t e  the power. r v q ~ ~ i r e i \ ~ e n L a  

f o r  putnpirlg systern. 

If V i s  accepti;"d as t h e  v o l u ~ n e t r i c  f l o w  r ~ t e  of seaiments,  

m L s s  f low of sediments i s  given by 

, t s 
1:  = -- " j's 

and 
t 

= CT 

where VTot 
3 

i s  the  t o t a l  volumetr ic  i low raLe drid equals  t o  2 m  / s ,  

C, i s  t h e  t r a n s p o r t  concen t r a t i on  b y  volume a d  equals t o  0. 
1 

3 - i s  t h e  d e n s i t y  of seuir~ients  and equa l s  t o  2530 kg/m . 
S 

Since  t o t a l  volu~ne flow i s  t h e  sum of volume llow of water 

anu  volume f low of sediments,  eq. ( 3 )  can De wr i txen  as 

she r e  V, a e n u ~ e s  voiume flow o f  w h i e r ,  o r  



T h e n ,  i n  o r d e r  t o  f i n d  t h e  v e l o c i t y  of wate r  i n  t h e  p i p e ,  

f o l i u v ~ i n ,  fo rmula t ion  can b e  u t i l i z e d  

- VW - Tota l  volume flow -.- 
Cross s e c t i o n a l  a r e a  of t h e  p i p e  

- - v.i'ot!S o r  

s i n c e  s = nD2/4  

vhere  1) i s  t h e  d iamete r  of t h e  p ipe ,  eq. (4) becomes 

4 i l ~ o t  v = -  w Tm2 (4a) 

where vw i s  the  v e l o c i t y  of water .  

S ince  s e t t l i n g  v e l o c i t y  of sediments i s  s x ~ a l l  compared t o  

v,, v e l o c i t y  of sediments can be  taken as 

F o r  c a l c u l a t i o n  of p r e s su re  l o s s e s  i n  t h e  p i p e ,  l o l l o w i n g  
\ 

fcrzulat icln i s  used (39,43,41) 

where A p  ~ o t a l  p r e s s u r e  l o s s ,  

f w  d e n s i t y  o f  s e a  wa te r ( l o25  kg/m7 f o r  b l z j c ~  Sea)  

L t o t a l  p i p e  leng th  
Li 

A, f r i c t i o n  c o e f f i c i e n t  f o r  water  and equa l s  t o  0.02, 

As 
f r i c t i o n  c o e f f i c i e n t  f o r  sediment ,  

h o t  t o t a l  f r i c t i o n  c o e f f i c i e n t  - 

l;i mixing propor t ion  cons ider ing  t h e  e f f e c t  o f  wbient  

and i s  gi\ven by 



where u, is t n e  szss flow r a t e  of w a t e r ,  o r  

E ' r ic t . ion c o e f f i c i e n t  of sedinientn is c a l c u l a t e d  b y  (41) 

%here  i"r is the Preude ' s  number anti 1s di.ve1: LZJ 

,,2 

h e r e ,  g i s  t h e  a c c e l e r a t i o n  of d r a v i - ~ y .  

' ihe s h a f t  i n p u t  of t h e  submers ible  ri~utor pumps i s  c a l c u l a t e d  a 

where 
is t h e  e f2 i c i ency  o f  submers ible  motor, ifl 

P 
is t h e  e f f i c i e n c y  of s u l ~ ~ e r s i b l e  pump 

F i n a l l y ,  t o t a l  head should be suy~p l i ed  by  he subrriersible 

pump is given by 

Using t h e  above for inula t ion,  necessary  siiaI.'t i n p u t s  are 

c a l c u l a t e d  f o r  p re -se lec ted  p ipe  d iamete rs .  The r e s u l t s  of ca lcu-  

l a t i o n  axe g iven  i n  t au i e  4 .  

According t o  t h e  r e s u l t s  o f  above c a l c u l a ~ i o : l ,  it is re- 

comn,ended t o  s e l e c t  t h e  p ipe  o f  1.13 rrieter diameter. In  t h i s  c a s e ,  

i l i i r l i n ,  , i n  inir~~ersion d e p t h ,  by usin:: o e q .  (1) i n  s e c  t i o n  1 1 1 . 2 ,  
n 



4 Kevul t s  of t he  c a l c u l a t i o n s  b h s e u  on 3y6 c o n c e n t r a t i o n  w i t h  

3 2 rn / s  f l o w  r a t e  and zero s e t t l i n b  v e l o c i t y  o f  seai inents  

i p t i o n  . i i o t a t i o n  Cuanti t y  Units 

f l o w  of' sediments  

of  t h e  sea 

t y  of sealrnents 

ty of  S E L  h;ter 

p o r t  e o n c e n t r k t i o n  by voiune 

.e flow of sediments  

.e fiow 01' water  

volurne f low 

i encJr o i  J , ) U I J I ~  

i e n c y  of  luutcr  

.g p r o p o r t i o n  

i o n  c o e f f i c i e n t  f o r  water  

c l i aae t e r  

: i t y  of  wa te r  

: i t y  o f  sediment 

.e I s  nu-nber 

; i o n  coe1i'icien-t f o r  sediment 

f r i c t i o n  c o e f f i c i e n t  

3ure l o s s  

Heaii 

abso raea  on s h a f t  

- 
Bar 

rn 



In o r d e r  t o  hllow for an adequate  s a f e t y  margin, a submerged 

epth o f  300-319  meter^ can b e  uzed. 

A l s o ,  s u b m b r s i b l e  pump should be selected as regards the 

v a i l a b l e  motor s i z e .  Hence Lo meet t h e  kbove-tfientioned reflections, 

hree-pumps in parallel should b e  used wi th  t h e  c h a r a c t e r i s t i c s  

p e c i f i e d  o e ~ o w :  

Capac i ty  of each pump 2 = 2400 rn3jh 
i 

Head H = 266.5 meter 

!%x . 2ower of each yurtlp Idnlax= 3 .2 5 ~i 

: peed n = 1459 H.F.iA. 

Frequency f = 50 l j i  

Voltage 1) 6 i~ i 

".&x. di&meter of t h e  s j s t e m  3.8 meter 

Length of t h e  submersible motor pump 7.6 i i e te r  

? u i a l  weight  of t h e  motor pumps 13700 

?he l a s t  t h r e e  i t e m  of t h e  d a t a  a r e  f o r  BPK 647/4a t y p e  KSB 

ide  puup and ?4LA&V 325-605 type motor [ 42 )  

Accord i~ lg  lo  the  s p e c i a l  requirements  i n  respect  o f  resistance 

the punip m a t e r i a l s  to cor ros ion  by sea water hnci m i n i . n i ~ i n g  abrasive 

tar, following Ina terial composition could ue reco~n~r~endeu f o r  submer- 

I i f l h ~ l l e r u ,  d i f f u s e r s ,  connect ion ,ieces, pump and xotor casing: 

Koriuur  9.4469 (see t a b l e  5) 

Pump jiiaf't and s c a i o r  cover: Stainles~ s t e e l  1.4352 

Bearin, oushes, bea r ings ,  i m p e l l e r  and case wear rifigs i n  pump: 



3 e a r i n g  bushes ana Pehrings in 1110 Lor: Carbon/chrol!le s t e e l  

l 'echanical  s e a l :  F i l i s i um c a r b i d e  

Table 5.  Chemical composition of Noridur 9.4469 

TRANSPORTATION OF THE SEDIF2ENTS 

In  o r d e r  -LO t r a n s p o r t  t h e  sediment+ water mix ture ,  there  

ars two a v a i l a b l e  methods. 

3 . 1  TRANSPORT BY F L O A T I N G  PIPE-LINKS 

S ince  t h e  p i p e l i n e  t o  t r a n s p o r t  sediment + water  mixture 

s h o u l d  b e  of n iob i le  type,  t r ansgur t t l t iu l l  L)y f l o i l  1 . i  nF pet-lhflerl 

could  be considered.  The m a t e r i a l  of p i p e s  m y  p e  p l a c t i c .  Also,  

a number of pumping s t a t i o n s  must b e  i n s t a l l e d .  Zacn ~ u : c p i n g  

s t a t i o n  could c r e a t e  a 10 b a r  p r e s su re  d i f f e r e n c e ,  a t  least .  

The main disadvantage of t h i s  systerri i s  t h e  susceptibility 

5.2 THANSPORT BY SHIPS 

Approximately, 175.000 * m 3  ~ r i ix tu re  o f  which 3% i s  s o l i d  

;;hould b e  t r anspo r t ed  t o  the  coas t  p e r  day. an o r d e r  t o  meet 
a 

t n i s  r e q u i r e n ~ e n t  two s h i p s  a r e  r e q u i r e d ,  e ~ c h  having the 175000 mi 

c a p a c i ~ y ,  which w i l l  b e  run i n  turn.  

'The capac i ty  of t r a n s p o r t a i i o n  s h i p s  can be reduced,  if 

the  mix ture  i s  concentra ted by  means of a known c o n c e n t r a t i o n  

kjrocesses. On t h i s  r e s p e c t  f i l t r a t i o n  seems t o  be t h e  f i r s t  easy 

o i , e r a t i on  i n  o r d e r  t o  Get r i a  of she  b r i n e  ~s much as p o s s i b l e ( 4 7  



4. ':j 9 T A i  lOI\? 

For  a corrr~rlercial s c a l e  :r,ining o p e r a t i o n  i t  ;nay no t  b e  

f e a s i b l e  t o  ship t h e  rninea f low mixture  t o  t h e  sho re  wi thout  any 

& r e l i m i n a r y  e f f o r t  i n  i nc rea s ing  t h e  uraniuir' c o n c e n t r a t i o n  of the  

s tz i : zen t ,  I n  t h a t  c a se ,  s e v e r a l  t a n k e r s  would b e  necessary  lor 

t h e  t r a n s p o r t  i n  o r d e r  t o  cope wi th  t n e  p r o j e c t e a  mining r a t e  

of a ~ o u t  190.000 t o n s  p e r  day. The sepLra t ion  of  the wate r  from , 

tLe mix ture  (91% b r i n e )  b y  sedimentat ion i s  a i f f i c u l t  because 

of  t h e  v e r j  s l o w  s e t t l i n g  v e l o c i t y  (=2 -7  cm/h) of t h e  micro- 

g ra ineu  s o l i d s .  1;rt.ai.n a i z o  of tht; sudiltrunts i s  i n  thr: rant:@ of 

3-5 >:-! . 'This g r a i n - s i z e  of sediments does n o t  even a l l ow  t h e  

u s e  af c e n t r i f u g a l  s e p s r a t o r s .  

Another process  t o  uecrease %he voluine and t o  i n c r e a s e  

the sedirnent c o n t e n t s  f o r  t he  s u ~ s e q u e n t  trehtr~lcrl t  i s  f l o t a t i o n .  

A f t e r  mining and s t o r i n g  of mud i n  t h e  s h i p  t a n ~ a ,  i t  i s  pumped 

i n t o  tne f l o t a t i o n  p l a n t ,  modified f o r  a p p l i c a  t ior1  u~ltiar- ueu-  

go ing  c o n d i t i o n s .  

The f l o t a t i o n  process  i s  based on t h e  p roper ty  t h a t  a i r  

i n t r o d u c e u  i n t o  tile f l o t a t i o n  c e l l s  a t L r a c t s  tile i i j O y  cotnpounda 

i n  t h e  presence  of so-ca l led  f l o t a t i o n  r e a g e n t s .  ?'he a i r  bubbles  

r i s e  t o  t h e  s u r f a c e  of t h e  flotation c e l l s  where c o n c e n t r a t e  

foain can  b e  skimmed off ( 4 7 ) .  

5 .  L j l ; ; i ' ~ ) : \ A  L OF 'I'AI1,IXGS 

Tne resiuue of t h e  f l ~ t a t i o n  ( t a i l i n g s )  r e p r e s e n t i n g  

yrraucein.:ntly t h e  i lon-metal l iferous components of the rained mud 

can  be disposed  a t  a d e p t h  of 430-560 meters  cnrougtl a d i s p o a a l  

p i p e  a t  the  bow of  mining s h i p .  



In  Iied Sea  a y g l i c a t i o n ,  t h e  t a i l i n r ;  ~ l u . , i e  was f o l l o i i e d  

and ~ n o n i t o r e o  t o  i n v e s t i g a t e  i t s  d r i f t i n g  and s e t t i i n &  aehaviour. 

It was notea  that t h e  d i s c n a r d e u  ~ a i l i n g s  s e t t l e  t o  a d e p t h  of 

G z o - ~ t  1233 nie ters  i n  a v e r y  s h o r t  t i x e ,  p r o b a b l y  as a r e s u l t  of 

j e t  f l o w  and t he  f o r c e  of b r a v i t y .  

6 .  C3ST A~sAIIYSIS 

- 
r;nergy requirerl ienl ,  f o r  nlining o f  1 1 1  ~ i l i x t o r e  (91:. brine + ' 

97: s e d i m e n t )  can ue c a l c u l a t e d  as f o l l o w s :  

dn t h e  b;sis o f  7 kprri dvera6e U 0 c o n c e n t r s t i o n  i n  the  i~ l ined  ash  
3 b 

hfter c0.1 b u s t i o n ,  sediment  f low r b t e  oi' r l - 5 0  k)er. :;ecotlii (4r~c)x560L3 

=1.623.130J xg wet sea imen t  p e r  hour o r  1.623.320~3.2 = 324.d30 a6 

ciry sec l i t~e r i t  p e r  h o u r  a f t e r  c o ~ n b u s t i o n )  w i l l  resuLt 2.2-7 1~2 3. 0 fhoui 3 8 

Assunling 2 7 3  d a y s  of  operei t ion p e r i o u  ; , nnu ;~ l iy ,  t o t a l  U 0 quan t i ty  3 
w i l l  b e  2.27~ 24  x 270 = 1 4 . 7  t o n s  p e r  y e a r .  

Pn o r s u e r  to ob t abn abOV0 fit . ;ura: 

1.620.033 x 24 x 270 = 10.5 x lo9 kg wet sed imen t  his t o  b e  mined 

a n n u a l l y  bnv weight  o r  4 .2  x  10' m3 by voluine. 

' h i s  a l s o  e q u a l s  L O  4 .2  x l o 6  if? o r  4 . 2  k m 2  a r e a ,  since 3 0 is lo- 
3 8 

c a t e d  i n  upper  1 ,:ieLer s t r a ta  o f  the Llack  Sea b a s i n .  

C o n s i d e r i n L  a s u c t i o n  e f i i c i e n c y  of  80% snd  a sweep e I f i c i e n c y  

o f  706, ( ~ w c e ~ f  e f f i c i e n c y  i s  a f u n c t i o n  of t h e  c h a r a c t e r i s t i c s  

of  t h e  min ing ,  n a v i g a t i n b  and s h i p ' s  o s e r a t i n b  s js tenis .  The 

o u c ~ i c n  Ilea* i s  yuu~,enueu 2 a r n  o e n e a ~ h  t h e  s h i p ,  which i s  s u b j e c t  

to tilt coliibined e f f e c t s  of CUrrcntS, winds ,  s w e l l s ,  anu waves. 

Gven t h e  syaterriv i n v o l v t d  of ferec l  t he  p r e c i s i o n  neeaed  t o  sweep 

&n area  e c o l o g i c a l  cons ide rb , t ions  dwridnd t h a t  a larde p e r c e n t a g e  

d ~ '  t : l i .  , l s c j r  Sea f l o o r  be: l e f t  u n d i s t u r b e d .  d x a ~ ~ i n ~ t i o n ~  of t h e  



cbpbul  ii t i e s  of  c a n d i t a t e  mining s y ~  ielns i n p l y  t h h t  sweeI; 

e i f i c i s n c i e s  of 45 t o  75 1;ercent  car1 L C  ex1,ccted ( 2 3 ) .  In o t h e r  

woras ,  25 Lo 55 p e r c e n t  o f  the: w o r K a i , ~ c  sea Dot t c~n l  w i l l  remhin 

i n  i t s  , r r i s t i n e  s t a t e )  t o t a l  area. t o  b e  mined in a year should be  

If p r o j e c t  l i f e  i s  planned as  2 5  y e a r s ,  a r e a  to be i l~ined seems 

t o  oe 18.1.5 kinL anu as a r e s u l t  36'1.5 t ons  U 0 chn oe oo t a ineu .  
3 8 

Its m a r k e t  va lue  w i l l  be apk rox~mate ly  32 .77  n i l l i o n  U.S $ over  

8a $ / K ~ .  

Furt l iermore,  s i n c e  t o t a l  rlow r h t e  1s 2 cu.tii. kler  :;ccorld o r  46.6 

. ! i i l l i on  cu.m. p e r  yea r ,  ener ty  requirement  or r~:ining i cu.m 

mix tu re  i s  c a l c u l a t e d  b y  

&here  t i s  t h e  o p e r a t i o n  g e r i o d  by h o u r s  per  year 

i;; toe  t o t a l  f l o w  r a t e  by cu.111 p e r  y e a r  
U 

3 i s  t h e  i n p u t  gower o f  submers ible  n o t o r  pump. 

t ~ i e n  ( s e e  section 1'4.1) . 

= 1 ,354  kwh/lm5 mixture 

Since i i l l r  iilixture contains 0.39 ni7 wet sediment o r  

0 . ~ 9  25.30 = 2 2 5  iig wet b y  weight and a f t e r  combustion. 

2 2 5  x 0 . 2  = 45 ~g d r f  by weiGhl,  then  u r a r i i u ~ n  qukntit:r of l r n  
3 

x i x t u r e  d i l l  be o.d45(ton) x 7 ( g r / t o n j  = 0.515 br,  s i n c e  I ton 

dry &oh cnnca ins  7 er U308 as an average.  

7 '  vaiue of 1 mJ mixture  w i l l . ,  t k ~ r e f o r e ,  be 

r .  $19  x 1 i n ! ) . O % ' / t 5  $ u r  4 . l t l  21 (as::urninl; I $ = 1 5 9 r l i ~ )  



As i t  i s  e a s i l y  seen  f r o n  above c a l c u l a t i o n  t h a t  enerky c o s t  

a l o n e ,  on  t h e  dasis of lJ!!'~/kwh ener,y p r i c e ,  colnes ouL t o  b e  

t h r e e  Limes (13.5414.16) h i g h e r  th,ln the ::308 p r i c e  t o  oe  o b t a i n e d  

fro,, ;  la3 l s i x t u r e .  Also,  on p r c l i r n i ~ l l a r y  e s t i m a t i o n s ,  auLmers io le  

rriotor pumps c o s t  ayproxim;llely Dlbi 1 . 2  ~ r ~ i l l i o n  (42)  and p i p i n 6  of 

2333 rnezers iength needs $ 278.000 if i t a  l l ~ a t e r i a l  i : j  caruon 

s l e e ~  ilkvine> a wal l  thlckns:ss  of k3 , i lta, <lo;rrparss~l+i\ie a r \ t * ~ ) ~ > ; i i 3  o f  

p i p i n g  sys tem i s  g i v e n  i n  taule  6 .  

Tabie 6 .  2 i p i n g  system c o s t s  wi th  1.13 mete r  d i a m e t e r  i n  US $ 

T csirles annve  C O R  t ~ ,  o t , i \ ~ i i -  O ~ F I - L F  : I T C ,  71 s o .  cr~qsiciereu 

L I V C ;  r I 1 1 : ~  ~d L LEA 1,1011 and  t h e  earlJ  o p e r ~ z t i i i n  ch~rtes, 1. t ? .  procure -  

ment and r c c o n u t r u c t i o n  o f  a ntining s h i p  anu t h o  t r a r ; s p o r t a t i o n  

s h i p s ,  e s t a b l i s h m e n t  o f  t h e  i n s t a l l a t i o n s  f o r  f l o t a t i o r , ,  d r y i n g ,  

l y e i n g  and yel low cake p roduc t ion  ( 3 , 4 8 )  i n t e r e s t  and d e p r e t i a t i o n  

t i r : . ~ ,  p e r s o n a l ,  maintenance,  c h a r t e r  o f  two Lanh shi, s, o p e r a t i o n a l  



1i conlperative study of a v a i l a o l e  deep-sea  rnininG t echn iques  

~ Z S  made and t h a t  w i t h  s u b n ~ e r s i b l e  motor  pun~ps w h s  a w e l i e d  on with 

t n e  h i m  t o  ~ p p l y  this sjlstetil f o r  mining the  urt.mlur:l col\i.:ri n@d bn 

B ~ C K  Sea  sediments .  , 

i r o 6 r e s s  i n  the  f i e l d  of deep-sea tecnnolog, i s  dependent 

on inany i a c t d r s ,  The submersible rnotor pump h r s  a l r e a d y  made a 

aubs i an t i a . 1  c o n t r i b u t i o n  i n  this r c s k e c t .  the w a t e r - f i l l e d  sub- 

m e r s i o l e  motor appears t o  be t h e  ~ o s t  s u i t a b l e  f o r m  of under water 

d r i v e r  uecause o f  its des ign  bnd concept ,  b s r t i c u l a s l j  f u r  o p e r a t i o n  

a t  g r e a t  d e g t h s  of immersion. Also o u t p u t s  up t o  5300 kt$ and volt- 

ages of 10.00J V are a n t i c i p a t e d  i n  t h e  near  f u t u r e  . 2ince the 

mining suai., of 1 rn3 mixture i s  1-2 US $ acco rd ins  t a  t he  Red Sea 

a p p l i c a t i o n  r e s u l t s  (49), t h e  uranium c o n c e n t r a t i o n  i n  slack Sea 

seaiments should oe almost 250 g p e r  ton  a s h ,  L L ~  t h e  b a s i s  of 

l$/m ;;lining ~ 0 3 1 :  and 88 ;/K(; U3o8 marker p r i c e ,  o r  i n  o r d e r  t o  

b e  a o i e  t o  rr~eet t h e  energy c o s t  a l o n e  c o n c e n t r a t i o n  shouid be 

2 1 . 5  ppm. ?hese  f ' igures show t h a t  lainink of t h e  s e d i ~ ~ i e n t  i s  n o t  

economica l ly  s i c n i f i c a n t  now, but . 
a )  :he s i t u a t i o n  may change i n  the  j e s r s  t o  come should  

tile g l o b a l  demand. f a r  uranium grow beyond t h e  p r e s e n t  

e x i ~ e c l a t i o n a  

b )  BJ-proaucts  i~rodueeci frors tile o rgan ic  i ~ o r t i o n  of  the 

seditaent could  suppor t  t h e  uranium p r i c e .  

1x1 o r d e r  t o  minii~iize the  t r a n s b o r t a t i o n  c o s t s ,  i ; o ~ h t i o n  ' 

prucesa  seems t o  ue needed t o  i n c r e a s e  the seuiaient c o n t e n t s  i n  



tne i:iixture. @or f ~ r t k l e r  s t u d y ,  p & r t i c l e  size ais t r i a u t i o n  and 

rea,ents t o  h o l d  t h e  U 0 l ~ z c t i c l e s  shou ld  b e  invesiighteu. 
3 8 

As a resul~, mining of d a c ~  Sea sediments  D) tile m e  o i  sub- 

E , e r a i b i e  motor pumps is xechn ic s l l y  feasible, hcwever, i t  will 

not B C  on eeorlornical one. 

; u r t r , ~ r x o r e ,  such a system can be utiilsed in other c tee~-sea  

&roces~; ;es  i .e c l e a n i n g  of ' ;olden horn. 
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