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[57] ABSTRACT 
A plurality of containers in a riser conduit cooperates 
cyclically with a main suction pump and a ?ushing 
pump. Control valves are cyclically operated so that 
the main suction pump exhausts clear ?ushing water 
from one container, whereby a pressure differential is 
produced for raising an ore-water mixture in the lower 
portion of the riser conduit to the level of the con 
tainer, while the ore-water mixture in another con 
tainer is ?ushed through the upper riser conduit por 
tion to the surface level. Between two and four contain 
ers can be used for the cyclical operation so that the 
ore-water mixture ?ows continuously out of the upper 
riser conduit portion, while any contact between the 
material and the-main suction pump and the ?ushing 
pump is avoided. 

6 Claims, 12 Drawing Figures 
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1 
APPARATUS FOR HYDRAULICALLY RAISING 

ORE AND OTHER MATERIALS 

BACKGROUND OF THE INVENTION 
The present invention relates to an apparatus and 

method for hydraulically transporting ore or other solid 
materials from a great depth, particularly the bottom of 
the sea, to the surface level of the sea. 
Apparatus serving this purpose is known by which a 

mixture of water and ore pieces is pumped upwards by 
pumps located below the surface level in a riser conduit 
means which extends from the bottom of the sea to the 
surface. A disadvantage of the prior art ‘is the heavy 
wear of the pumps caused by the ore pieces passing 
therethrough. The greater the length of the ‘riser con 
duit is, and correspondingly the greater the vertical dis 
tance which the ore is raised is, the greater is the wear 
of the pumps. Standard pumps are not very well suited 
to the transporting of ore bodies, and therefore have a 
very short span of life, which is a great disadvantage 
since repair of the pumps, or exchange, is very difficult 
and time consuming due to the difficult access to 
pumps immersed in the sea below the surface. 

It maybe possible to provide a very large container 
below the surface, which is vented to atmospheric pres 
sure and into which a ore-water mixture flows through 
a longer riser conduit due to the pressure differential 
between the vented container and the bottom of the 
sea. However, it is necessary to continuously empty the 
container by pumps pumping the ore-water mixture to 
the surface, so that the above explained great wear of 
the pumps would not be avoided. ' 

SUMMARY‘ OF THE’ INVENTION 

It is one object of the invention to provide an ar 
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cally used to produce the required pressure differential 
for raising the ore-water mixture, and for ?ushing the 
containers. One or several main suction pumps, prefer 

v ably submersed in the water, and one or several ?ush 
ing pumps, which may be located above the water sur 
face, or below the same, are preferably provided and 
connected by suitable connecting conduits with the 
containers at the distributing station. ' 

One embodiment of the invention comprises riser 
conduit means including a lower conduit portion hav 
ing a lower end for picking up material from the bottom 
of the sea and an upper conduit portion having an 

I upper end located at the surface level of the sea; a dis 
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rangement for raising a mixture of solid'materials and I 
water by a riser conduit to the surface of the sea, with 
out transporting the mixture through and by pumps. 
Another object of the invention is to provide an ap 

paratus for hydraulically raising a material without the 
use of pumps transporting and pumping the material, 
using only pumps for pumping clear water. 
Another object of the invention is to provide an ap 

paratus for raising a material by means of pumps which 
are not subject to wear by the raised material. 
Another object of the invention is to provide an ap 

paratus with pumps operating in such a manner that 
frequent repairs or exchange of submersed pumps and 
other control devices are not required. 
Another object of the invention is to protect control 

valves used in the apparatus from wear-causing contact 
with material raised from the bottom of the sea to the 
surface. 
With these objects in view, the apparatus of the pres 

ent invention uses a flushing pump means and a main 
suction pump means, which pump only clear water, 
while the ore-water mixture is raised by a pressure dif 
ferential produced by the main suction pump. The 
pumps never have contact with the raised ore pieces, 
or with water from which the ore pieces have been ?l 
tered. Nevertheless, a substantially continuous dis 
charge of the ore-water mixture at the surface level is 
obtained. _ 

For this purpose, a distributing station including a 
plurality of containers, preferably between two and 
four containers, is provided in a riser conduit, and the 
main suction pump and the flushing pump are cycli 
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tributing station between the lower and upper conduit 
portions, and including a plurality of containers, and 
main pump means; flushing pump means positioned for 
pumping clear water, preferably at the surface of the 
sea; connecting conduit means connecting the inlet of 
the main pump means, the outlet of the flushing pump 
means, and the lower and upper conduit portions with 
the containers; and control means including control 
valve means located in the connecting conduit means 
between the containers on the one hand, and said main 
pump means, said ?ushing pump means and said con 
duit portions on the other hand. 
The control valve means are cyclically operated for 

effecting exhaustion of clear flushing water from one of 
the containers for producing a pressure differential be 
tween the lower end of the riser conduit means and the 
container for raising a mixture of the material, such as 
ore-pieces, and water, in the lower conduit portion of 
the riser conduit means. At the same time, the mixture 
is flushed from another container by the ?ushing pump 
into the upper conduit portion of the riser conduit and 
out of the upper end of the same. As a result, the main 
pump and the ?ushing pump means pump no solid ma 
terial, but only clear water, while the mixture of solid 
material with water flows substantially continuously 
outward the upper end of the riser conduit means. 

Preferably, the reduction of the pressure, the ?lling 
of the container with the mixture, 
the container, are cyclically carried out with a plurality 
of containers, so that one container is ?ushed while an 
other container is exhausted to produce thepressure 
differential or ?lled with the material due to the pres 
sure differential. In this manner, the flow of the flushed 
mixture in the upper conduit portion to the surface 
levelv is substantially continued. 
An air venting conduit may be provided between the 

container and the air above the sea surface so that the 
pressure in the container is reduced to atmospheric 
pressure. However, it is also possible to exhaust clear 
flushing water from a container to create in the same 
a low pressure approaching the vapor pressure limit of 
water. 

The arrangement of the invention, in which no pump 
has contact with solid material raised from a great 
depth, permits the use of standard inexpensive pumps, 
which are not subjected to the wear caused by ore 
pieces, sand or abrasive substances floating in the wa 
ter. The control valves in the connecting conduits are 
also protected from raised solid material. 
As noted above, two, three or four containers may be 

provided at the distribution station for cyclical filling, 
flushing and exhausting by the pumps. The main suc 
tion pump produces a pressure in the respective con 

, tainer below the water pressure at the respective depth, 

and the flushing of ' 
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so that the ore-water mixture flows into the respective 
container until it is full. During this ?lling operation, 
the ?ushing pump flushes the second container, which 
is ?lled with the ore-water mixture, with clear water so 
that the material in the second container is ?ushed 
through the upper portion of the riser conduit to the 
surface of the sea. Evidently, the flushing pump pumps 
only clear water, and has no contact with the trans 
ported soild material. At the same time, while the ?rst 
container is ?lled with the mixture, and the second con 
tainer is ?ushed by the ?ushing pump, the main suction 
pump exhausts a third container to remove the ?ushing 
water therefrom so that the pressure in the third con 
tainer is substantially reduced, and a pressure differen 
tial is created so that the mixture flows into the third 
container when the same is connected by control valves 
with the lower conduit portion of the riser conduit. In 
this embodiment of the invention, three containers are 
used, which not only prevents contact of the raised ma 
terial with the pumps, but also obtains a substantially 
continuous flow of the ore-water mixture through the 
upper portion of the riser conduit means to the surface 
of the sea, and into a vessel. Accordingly, the flows pro 
duced by the main suction pump and by the ?ushing 
pump are substantially continuous and if an air vent is 
provided for each container, the air flow into the con 
tainers after exhaustion by the main suction pump, is 
also substantially continuous. 
During the ?lling of a container by the ore-water mix 

ture, air is pushed out of the respective container, but 
it is not necessary to vent this air to a point above the 
surface level, but the air can ?ow from one container 
into another. 

It is also possible to pump the flushing water, after ex 
pelling the ore-water mixture from one container, by a 
submerged pump, which may be the main suction 
pump, to another container for expelling the ore-water 
mixture from the same, and for forth, in a cyclical oper 
ation. However, such ?ushing stream will be soiled 
after some time by remnants of the expelled ore-water 
mixture, so that this pump would be subject} to heavy 
wear. It is therefore more advantageous to provide a 
conduit between the flushing pump at the surface level 
and the containers since the ?ushing pump is then eas 
ily accessible, never has contact with solid particles, 
and always operates with clear unsoilled water due to 
these advantages, the additional resistance caused by 
the conduit connecting the flushing pump with the con 
tainers, can be disregarded. 
The containers at the distributing station may be 

spherical or cylindrical and have a diameter greater 
than the diameters of the connecting conduits. Such an 
arrangement has the advantage of a short length of the 
containers, and a compact shape of the distributing sta 
tion. 

In another embodiment of the invention, the contain 
ers are long, parallel, horizontal or vertical conduits 
constructed and arranged in such a manner that solid 
particles of the raised material are not permitted to set 
tle at any point of the distributing station, so that the 
ore particles cannot be deposited in the containers. By 
suitable hydraulic circuit, the result can be obtained 
that the stream of the ore-water mixture need not 
change its direction in the conduits forming the three 
containers, for example, so that its ?ow velocity is 
maintained constant even if the mixture has ?own into 
a container, and the flushing operation begins. 
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4 
In another embodiment of the invention, each of the 

parallel, preferably adjacent, container conduit por 
tions of the distributing station are constructed as ex 
tensions of the flushing conduit which is connected 
with the flushing pump. Without additional conduits, 
the advantage is obtained that the lower portion of the 
flushing conduit can be used as a further container at 
the distributing station, so that the cycle includes four 
operations, obtaining increasing of the continuity of the 
discharged stream of the ore-water mixture. 

If the apparatus has four containers at the distribut 
ing station, the ?ushing water ?rst flows downward into 
a container which, at this time, is ?lled with clear ?ush 
ing water to expel this water out of the conduit-like 
container. Thereupon, during the next cycle, the ?ush 
ing water flows upward into the second conduit-like 
container filled with the ore-water mixture, so that this 
mixture is expelled from the second container into the 
upper portion of the riser conduit means. This modifi 
cation improves the ?ushing effect, because in this 
manner two parallel conduit-like container portions are 
successively passed by the ?ushing water stream, so 
that a wear of the pump by particles remaining from the 
ore-water mixture at the mixing zone or at boundary 
layers, is reduced. 
Depending on the number of containers and associ 

ated connecting conduits, the control means for obtain 
ing cyclically the‘required connection, include a corre 
sponding number of control valves in the connecting 
conduits. The number of control valves can be reduced 
if several control valves are replaced by multi-channel 
valves connecting the lower and upper conduit portions 
with the containers. As explained above, the pressure 
in one of the containers is reduced by removing clear 
flushing water from the same by means of the main suc 
tion pump. In one embodiment of the invention, each 
container can be connected with atmospheric air or 
gas, and the main suction pump is connected to the 
lower ends of the containers. Consequently, the low 
pressure required for obtaining a substantial pressure 
differential, becomes equal to the atmospheric pres 
sure. The embodiment requires three or four steps for 
each cycle and obtains continuous flow of the ore 
water mixture through the lower and upper conduit 
portions of the riser conduit. 

In another embodiment of the invention, the pressure 
is successively reduced in each of said containers to a 
low pressure approaching the vapor pressure limit of 
water by the main suction pump. Such an arrangement 
eliminates the venting conduits, and simpli?es the con 
struction and reliability of operation, inasmuch as that 
only two containers have to be used which operate in 
a two-step cycle. A reduction of the number of the 
steps of the cycle to two alternating steps requires that, 
the main suction pump, which is preferably submerged 
in water, is not connected with the lower ends of the 
containers, but with the upper ends. In contrast to the 
embodiments in which three vor more containers are 
provided, in which the magnitude of the low pressure 
produced by the main suction pump is determined by 
the atmospheric pressure, as explained above, the em 
bodiment with only two containers is characterized in 
that the low pressure alternately produced by the main 
suction pump in the two containers, which may be con 
duit types, is maintained by the main suction pump in 
accordance with its pressure head, while the lowermost 
pressure is determined by the formation of vapor or 
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steam bubbles. The main suction pump is then pro 
tected from cavitation due to the downward extending 
suction conduits and the corresponding increase of the 
water pressure. In addition, to the above mentioned re 
duction of the number of control valves, the embodi 
ment with two containers has the advantage that in 
stead of expensive closure valves‘, quickly reacting ?ap 
valves of simple construction can be used, which are 
shifted without application of an outer force by the 
stream passing through the valves. 
All embodiments of the invention, irrespective of the 

' number of containers used in the cyclical operation, re 
quired a number of connecting conduits and closure 
control valves, and reliable operating means for the 
same. The control valves are successively in contact 
with clear sea water and with the ore-water mixture. 
Consequently, the control valves should be wear resis 
tant and adaptable to different ?owing liquids. Never 
theless, the danger of damage to the control valves ex 
ists, when the switched stream of ore-water mixture 
flows into control valves which are in the process of 
opening, or closing, or which are still closed. To avoid 
damage caused to control valves, the present invention 
provides a diffuser between the lower portion of the 
riser conduit means and the control valves at the lower 
ends of the containers which are operated to open and 
close the containers. 
The diffuser is provided with inlet pipes, outlet pipes, 

and control conduits and has groups of control nozzles 
at the surface which is in contact with the ore-water 
mixture. The control nozzles are located in the region 
between the inlet pipe and the outlet pipes, the number 
of outlet pipes being the same as the number of groups 
of control nozzles, and as the number of conduits con 
nected with the groups of nozzles, respectively, which 
are provided for the ?ushing water and can be cycli 
cally controlled. The control diffuser in?uences the 
flow of ore-water mixture, by means of cyclically vary 
ing control streams of clear ?ushing water so that the 
ore-water mixture does not impinge closed, or opening 
or closing control valves. It must be considered that the 
exchange of even only one damaged control valve, 
which is below the surface level of the sea, is very ex 
pensive and results in a long interruption of the entire 
operation. In accordance with the invention, the con 
trol valves are only operated when the respective dif 
fuser stream has de?ected the ore-water mixture in the 
desired direction, and into the container provided for 
the respective step of the cycle, and after the control 
valves to be operated are long through only by the clear 
?ushing water. 
A further advantage of the diffuser resides in that the 

deflection of the ore-water stream is effected hydrauli 
cally, and consequently causes no wear. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages 
thereof, will be best understood from the following de 
scription of specific embodiment when read in connec 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

F KG. 1 is a side elevation schematically illustrating an 
embodiment of the invention; 
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FIG. 2 is a side elevation illustrating a portion of FIG. 
1 on a larger scale; 
FIG. 3 is a side elevation illustrating a modification 

of the embodiment of FIG. 2; 
FIG. Al is a schematic side elevation illustrating a 

modi?cation of the embodiment of FIG. 3 in which 
conduit-like containers are provided; 
FIG. 5 is a schematic side elevation illustrating and 

embodiment in which four conduit-like containers are 
provided; 
FIG. 6 is a schematic perspective view illustrating a 

portion of the embodiment of FIG. 5 provided with a 
diffusor; 
FIG. 7 is a fragmentary cross-section taken on line 

VII-VII in FIG. 6; and illustrating the diffusor; 
FIG. 8 is a side elevation illustrating an embodiment 

with two containers, provided with a diffuser and flap 
valves; 
FIG. 9 is an elevation of the embodiment of FIG. 8 

as viewed in the direction of the arrow A; 
FIG. w is a cross-sectional view taken‘on line X-X 

in FIG. 9; 
FIG. 11 is an elevation of the embodiment of FIG. 8 

as viewed in ‘the direction of the arrow B in FIG. it; and 
FIG. 12 is a cross-sectional view taken on line XII 

—XII in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring ?rst to FIG. 1, which generally illustrates 
an arrangement according to the invention for convey 
ing and raising ores and other solid materials from the 
bottom of the sea to the surface, a riser conduit 1,2 is 
provided which has a lower conduit portion 2, having 
a lower end provided with a pick-up means 3 which is 
located at the bottom of the sea, and an upper conduit 
portion 1 which has an upper discharge end located 
above the surface of the sea for discharging material 
and ore into a vessel 121). Between the lower conduit 
portion 2 and the upper conduit portion l a distributing 
station 4 is provided which includes a plurality of con 
tainers 8, three containers being shown in FIG. 1, 
which are connected to each other and to the riser con 
duit means 1,2 by connecting conduits and control 
valves, generally indicated at 9. At least one flushing 
pump with a ?ushing conduit 6 is connected to the 
lower ends of the containers 8, while the upper ends of 
the containers 8 are connected by venting conduit 7 
with the air above the surface. The ?ushing pump 5 
may be mounted on a vessel 12a. The distributing sta 
tion 4 includes a main suction pump 1d also connected 
to the lower ends of containers 8 by a suction conduit 
1 1. 

FIG. 2 illustrates particularly the distributing station 
4 and the conduits connected therewith in greater de 
tail. The embodiment has three containers 13 which 
are cyclically used for carrying out the three steps of a 
cyclical operation. The upper ends of the spherical 
containers and also the lower ends of the spherical con 
tainers 13 are connected by connecting conduits M to 
each other and to the upper conduit portion 1 and to 
the lower conduit portion 2, respectively. Control 
valves 17 are located in each of the connecting con 
duits and also in conduit portions 1 and 2. The upper 
connecting conduits M branch off a point 16 of the 
upper conduit portion 1, and the lower connecting con 
duits 14 branch off a point 115 of the lower conduit por 



7 
tion 2. The ?ushing conduit 6 is connected by three 
connecting conduit portions 6a with the three contain 
ers 13, and the suction conduit 11 is connected by 
three connecting conduits 11a with the three contain 
ers 13. The connecting conduits 11a and 6a are pro 
vided with control valves 17, which can be cyclically 
operated together with the other control valves 17 in 
conduits 14. 
The raising and conveying of a mixture of ore and 

water from the bottom of the sea through riser conduit 
means 1, 2 and containers 8 is effected in a cyclical op 
eration including three steps. At any time one of the 
containers 13 is emptied by the main suction pump 10 
from clear ?ushing water ?lling the same, as will be ex 
plained hereinafter so that the pressure in this con 
tainer is reduced to atmospheric pressure due to the 
venting of the ?rst container through the venting con 
duit 7 and the respective connecting conduit 7a. The 
reduction of the pressure in the respective container 13 
permits a mixture of water and ore to ?ow upward in 
the lower conduit portion 2 due to the fact that the very 
high pressure prevails at the bottom. Consequently, the 
ore-water mixture ?lls container 13, expelling the air 
from the same through connecting conduit 7a and vent 
ing conduit 7. The ore-water mixture ?lls already the 
lower conduit portion 2 due to the pressure differential 
when the control valve 17 in the respective connecting 
conduit 14 is opened so that the mixture flows directly 
into the respective container. 
During the ?lling of one container 13 by the ore 

water mixture, a second identical container 13 which 
has just been ?lled in the preceding step by the ore 
water mixture, is flushed by a stream of clear water 
taken by flushing pump 5 at the surface level so that the 
clear flushing water, ?lling the second container 13 ex 
pells the ore-water mixture through the respective con 
necting conduit 14 and the upper conduit portion 1 
into the vessel 12b, leaving the second container 13 
?lled with clear flushing water. 
At the same time, main suction pump 10 exhausts 

flushing water which has remained in the third con 
tainer 13, so that the third container 13 is filled with air 
from the venting conduit 7 and the ‘respective connect 
ing conduit 7a. 
Consequently, the ?rst step, ?lling of the container 

with the ore-water mixture, can now be carried out 
with the third container, as described for the ?rst con 
tainer so that the three above-described operations are 
cyclically repeated and the ore-water mixture continu 
ously passes through the upper conduit portion 1 since 
at any time one of the three containers 13 is ?lled with 
the ore-water mixture which is expelled by ?ushing 
water from pump 5. 
FIG. 3 illustrates a modi?cation of the embodiment 

of FIG. 2 in which the three control valves in the upper 
connecting conduit 14 are replaced by a multi-channel, 
preferably rotary valve 19, and the three control valves 
17 in the lower connecting conduit 14 are replaced by 
similar multi-channel rotary valve 18. The lower multi 
channel valve 18 is connected with conduit portion 2, 
connecting conduits 14, ?ushing conduit 6, and suction 
conduit 11, while the upper multi-channel valve 19 is 
connected with the upper conduit portion 1, with con 
necting conduits 14, and with the venting conduit 7. 
The cyclical operation is the same as described with 
reference to FIG. 2. 
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8 
The embodiment illustrated in FIG. 4, has instead of 

spherical or cylindrical containers, three long parallel 
vertical pipe portions or conduit portions 20, which 
serve the purpose of the containers described with ref 
erence to FIGS. 2 and 3. Multiple channel control 
valves 18 and 19 are provided at the ends of the con 
duit portions 20 for connecting the conduit portions cy 
clically with suction conduit 1 1, ?ushing conduit 6, and 
the upper and lower portions of riser conduit means 1, 
2. Due to the constant diameter of the container con 
duit portions 20, no material can settle in the same, and 
be carried with the flushing water to the main pump 10. 
The embodiment of FIG. 5 uses four long parallel, 

vertical pipes 20a, 20b, 20c, 20d as containers in a four 
step cycle. The flushing conduit 6, which extends 
downward from the ?ushing pump 5 at the surface level 
to the distributing station, participates in the cycle and 
is connected by individual control valves 41, 42, 43, 44 
with the pipes 20a, 20b, 20c, 20d. The upper ends of 
pipes 20a to 20d have upper ends connected by control 
valves 21 to 24 with the upper conduit portion 1, and 
by control valves 51 to 54 with the venting conduit 7. 
All control valves are operated in a predetermined se 
quence by an automatic operation of means which are 
not illustrated in the drawing. The control valves may 
be remote controlled. The lower ends of the pipe con 
tainers 20a to 20d are connected by individual control 
valves 31 to 34, which can be opened and closed, with 
the lower conduit portion 2 and are connected in this 
region by conduit 60 which is connected by control 
valves 61 to 64 with the pipe containers 20a to 20d, 
respectively. The suction pipe 11 of the main suction 
pump 10 is connected by control valves 71 to 74 to the 
four pipe containers 20a, to 20d. The raising of the ore 
water mixture from the bottom to the surface of the sea 
is carried out in four step cycles. While the pipe con 
tainer 20a is under atmospheric pressure, after opening 
of control valve 31 while control valves 21, 41, 61, 71 
are closed, while control valve 51 is opened, pipe con 
tainer 20a is ?lled with the ore-water mixture due to 
the pressure differential between the upper and lower 
ends of the lower conduit portion 2 of the riser conduit 
means 1,2. 
At the same time, the pipe container 20b ?lled with 

the ore-water mixture during the preceding step of the 
cycle is ?ushed from below through connecting conduit 
60, and the opened control valve 63 and 62 by ?ushing 
water from pipe container 200 so that the ore-water 
mixture is expelled from pipe container 20b through 
the upper conduit portion 1, and discharged at the sur 
face. In the same period of time, the flushing pump 5 
pumps ?ushing water through ?ushing conduit 6 and 
the opened control valve 43 into the pipe container 200 
so that it can flow through control valves 62 and 63 in 
the pipe container 20b as explained above. 
At the same time, the pipe container 20d, which was 

just ?lled during the preceding step with flushing water, 
is exhausted by main suction pump 10 and suction con 
duit 11 through the open control valve 74, while the 
pipe container 20d is connected by venting conduit 7 
and the opened control valve 54 with the atmosphere, 
the other control valves 24, 34, 44, and 64 being 
closed. By the cyclical operation of all containers by 
means of opening the respective control valves in a pre 
determined sequence, the transport of the ore-water 
mixture through the four pipe containers 20a to 20d is 
effected so that the flow of the mixture upwards in the 
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upper conduit portion 1 is substantially continuous, 
since each of the four pipe containers 20a to 20!; 
successively discharges the mixture into the upper con 
duit portion 1. 
FIG. 6 illustrates a modification of the embodiment 

of FIG. 5, which also operates with a four-step cycle. 
Only the lower portion of the apparatus is illustrated. 
In this embodiment, a diffusor 80 is provided for pro 
tecting the control valves corresponding to control 
valves 31 to 34 of the embodiment of FIG. 5 which 
close the lower ends of the four pipe containers 20a to 
20d. . 

In the embodiment of FIG. 6, the connection be 
tween the upper end 81 of the lower portion 2 of the 
riser conduit means and the branch‘ conduits leading to 
the four containers, is constructed as a diffusor 80. Be 
tween the inlet connecting conduit 82, and the four 
outlet connecting conduits 83a to 83d, control nozzles 
87 are arranged‘ in four groups 88a to 88d of control 
nozzles 87. The nozzle groups 88a to 88d are con 
nected to the annular flushing water conduit 60 by con 
necting conduits 84a to 84d which have control valves 
85a to 85d. Vertical connector pipes 60a to 6011 
connect the annular ?ushing water conduit 60 by 
means of control valves 61, 63, 62 and 64 with the pipe 
containers 20a to 20d. The main suction pump 10 is 
connected by an annular portion of suction conduit 11 
and control valves 71 to 74 with the pipe containers 
20a to 20d. 
The raising of the ore-water mixture in a four step 

cycle is carried out as described with reference to FIG. 
5. The diffusor 80 causes a hydraulic de?ection of the 
stream of the ore-water mixture out of the lower con 
duit portion 2 in a direction toward the pipe container 
which is to be ?lled in accordance with the cycle, for 
example, pipe container 20b. This is accomplished by 
a control stream of clear ?ushing water ?owing from 
the respective connecting conduit 84d through the re 
spective nozzle group 88d. A stream of the ore-water 
mixture is deflected, and separates from the inner sur» 
face of the diffusor which curves already toward the 
outlet connecting conduit 83d, at the side where the 
nozzles of nozzle group 88d are provided in the inner 
wall of the diffusor. The de?ected flow of the ore-water 
mixture follows the curved surface of the opposite 
inner wall which curves toward the outlet pipe connec 
tor 88b so that the ore-water mixture flows along the 
nozzles of the groups of nozzles 88b into the pipe con 
tainer 20b. 
Flushing water entering from connecting conduit 84d 

through the nozzle group 88d, also enters the three 
other ‘outlet pipe connectors 830, 83c, 83d, which at 
this moment of the cycle do not contain the ore-water 
mixture, up to the closed control valves 31, 33, 34, so 
that the same are protected from damage by the arriv 
ing stream of the ore-water mixture when opened at the 
beginning of the respective step of the cycle. In this 
manner, the surfaces of the control valves 31, 33, 34 
which are directed toward the diffusor, are in contact 
only with clear ?ushing water, and are not subjected to 
the damaging in?uence of the ore-water stream. 
Control valve 32 provided at the lower end of the 

pipe container 20b is also operated only when in con 
tact with clear ?ushing water, or when ?ushing water 
?ows therethrough, and is, for example, only closed 
when the ore-water mixture has been de?ected, pipe 
container 20b has been ?lled, and only ?ushing water 
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?ows through control valve 32, while the ore-water 
mixture is already guided into the pipe container next 
in the cycle. The above-described operations are re 
peated in a cyclical sequence for successively ?ling the 
four pipe containers, and for raising the ore-water mix 
ture in the upper conduit portion 1. 

In order to ?ll pipe container 20a, for example, with 
the ore-water mixture, a control stream consisting of 
clear ?ushing water ?ows ?rst from conduit 60 through 
the connecting conduit 84c to the nozzle group Me, 
which is not shown in FIG. 6. During the next following 
step of the cycle, the control stream for the deflection 
of the ore-water mixture ?ows to the nozzle group 88b 
in order to de?ect the ore-water mixture into pipe con 
tainer 20d, or to the nozzle group 88a for de?ecting the 
mixture into pipe container 20c. 
Operating means, not shown, open and close the re 

spective control valves to obtain the above-explained 
sequence of ?lling and ?ushing operations. 
FIG. 7 schematically illustrates a cross-section of the 

diffuser 80 which is symmetrical to a central axis and 
has four groups of nozzles 88a to 88d, associated with 
the outlet pipe connector 83a to 83d with connecting 
conduits 84a to 84d and control valves 85a to 85d in 
the same. 

FIGS. 8 to 12 illustrate an embodiment of the inven 
tion which basically functions’ as the other embodi 
ments, but operates in a two step cycle. Two long, par 
allel, vertical pipe containers 100a and 10% are pro 
vided. Preferably, a diffuser 80 is provided between the 
upper end 81 of the lower conduit portion 2,-and the 
control valve 101a 101b which closes the lower ends of 
the pipe containersl00a and l00b. FIGS. 8 and 9 also 
show the position of the ?ushing pipe 6 with ?ushing 
pump 5, and of suction conduit 111 which leads down 
ward to the main suction pump 10. The diffusor 80 is 
provided between the inlet pipe connector 82 and the 
two outlet pipe connectors 103a, l03b. Two groups 
108a and l08b of control nozzles 107 are provided. 
Nozzle groups l08a,b are connected by connecting 
conduits 105a, 105b which do not contain control 
valves, to the two branches of the ?ushing conduit 6, 
as best seen in FIGS. 11 and 9. The two containers 
100a, 100k merge into each other at the upper conduit 
portion 1 of the riser conduit, and can be closed by a 
shiftable ?ap valve 102. The suction conduit 111 of 
main pump 10 is connected, near the upper ends of 
containers 100a, 1001;, but below the valve 102, by a 
branch conduit with each of the two containers 100a, 
1001: and extends parallel to the same downward to the 
main suction pump 10, which may be located in the wa 
ter. The lower end of ?ushing conduit 6 is provided 
with a ?ap valve 110, and the upper end of suction con~ 
duit 111 is provided with another ?ap valve 110'. 
Valves 110 and 110' are provided with drive means 
110a, 110b, respectively. 
The transport of the ore-water mixture to the surface 

is carried out in accordance with the principle de 
scribed with reference to the three-step and four-step 
cycles, the di?erence being that the ore-water mixture 
is de?ected in diffusor 80 alternately into one of two 
opposite outlet pipe connectors 103a, and 10312. 

If an ore-water mixture is to enter container 10012, a 
?ushing stream of clear ?ushing water, branch off the 
?ushing conduit 6 by means of the connector conduit 
105b, ?ows through the nozzle group 108b. In this man 
ner, a hydraulic de?ection of the stream in the outlet 
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pipe connector 1031; is obtained, since the ore-water 
mixture separates from the surface on the sides of the 
nozzle group 108b, and follows the opposite inner wall 
of the diffusor. 

In this manner, the ore-water mixture enters con 
tainer 100b since the main suction pump 10 sucks 
through suction conduit 111, which is connected to the 
upper ends of the container, the flushing water still ?ll 
ing container 100b, so that the low pressure required 
for raising the ore-water mixture in the lower conduit 
2 is obtained. Since'no venting is provided, the pressure 
may be reduced to the vapor pressure limit of water, if 
desired. During this operation, ?ushing water ?ows 
from below into the other container 1000, which was 
?lled in the preceding cyclical step with the ore-water 
mixture. This ?ushing water is pumped by ?ushing 
pump 5 downward in the flushing conduit 6 so that the 
contents of the container are pressed into the upper 
conduit portion 1 and discharged at the surface level. 
The ?ap valves 101a, 10lb and 102 serve as check 
valves, and are opened and closed in accordance with 
the cycle by streams of flushing water which are free of 
particles of the ore, while the control flap valves 110 
and 110a in ?ushing conduit 6 and suction conduit 111 
are shifted, as required by the cycle, by operating 
means acting on the drive means 110a and 1l0b so that 
they are in contact only with clear water free of ore 
particles. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also ?nd 
a useful application in other types of apparatus and 
method for hydraulically raising solid material to a 
higher level, differing from the types described above. 
While the invention has been illustrated and de 

scribed as embodied in an apparatus and method for 
raising ore from the bottom of the sea to the surface 
without contact of the ore-water mixture with a pump, 
it is not intended to be limited to the details shown, 
since various modi?cations and structural changes may 
be made without departing in any way from the spirit 
of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can, 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features, that from 
the standpoint of prior art, fairly constitute essential 
characteristics of the generic or speci?c aspects of this 
invention and, therefore, such adaptations should and 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims. 
We claim: 
1. Apparatus for hydraulically raising ore and other 

materials, comprising riser conduit means including a 
lower riser conduit portion having a lower end for pick 
ing up material from the bottom of the sea, and an 
upper riser conduit portion having an upper end lo 
cated at the surface level of the sea; ?ushing pump 
means positioned for pumping clear water; and a dis 
tributing station between said lower and upper riser 
conduit portions including a plurality of vertical con 
duit-shaped containers having substantially the same 
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12 
diameter as said riser conduit portions, main pump 
means, connecting conduit means including a plurality 
of lower connecting conduits connecting the upper end 
of said lower riser conduit portion with the lower ends 
of said conduit-shaped containers, with the inlet of said 
main pump means, and with the outlet of said flushing 
pump means, a plurality of upper connecting conduits 
connecting the lower end of said upper riser conduit 
portion with the upper ends of said containers, said 
connecting conduits having substantially said diameter, 
and control means including control valve means in 
said connecting conduits, cyclically operable for effect 
ing exhaustion of clear flushing water from said ?ush 
ing pump means by said main pump means out of one 
of said conduit-shaped containers for producing a pres 
sure differential between said lower end of said upper 
riser conduit portion and said one container for raising 
a mixture of material and water in said lower riser con 
duit portion and into said one container while effecting 
flushing of said mixture from another container by said 
?ushing pump means into said'vupper riser conduit por 
tion and out of said upper end thereof so that said main 
pump means and ?ushing pump means transport no 
material but only clear water without accumulation of 
the material in said conduit-shaped containers. 

2. Apparatus as claimed in claim 1 wherein said con 
tainers are long vertical parallel pipe portions for pre 
venting settling of the material in said containers. 

3. Apparatus as claimed in claim 1 wherein said con 
necting conduit means include connecting conduits 
connecting each of said containers with said main 
pump, said ?ushing pump, and said lower and upper 
conduit portions of said riser conduit means; and 
wherein said control valve means include control 
valves located in said connecting conduits, respec 
tively. 

4. Apparatus as claimed in claim 1 comprising vent 
ing conduit means connecting each of said containers 
with the atmosphere; and wherein said control valve 
means include control valves in said venting conduit 
operable to cyclically admit air into successive contain 
ers from which ?ushing water is exhausted by said main 
pump so that the respective containerjis ?lled with the 
mixture of material and water from said lower conduit 
portion due to the pressure differential between air in 
the respective container and the water at the bottom of 
the sea. -~ 

5. Apparatus as claimed in claim 1 wherein said con 
trol valve means include multichannel control valves 
connecting at least said lower and upper conduit por 
tions with said containers. 

6. Apparatus as claimed in claim 1 comprising a dif 
fusor having an inlet conduit connected with the upper 
end of said lower conduit portion, a plurality of outlet 
conduits for said mixture, a plurality of control inlets 
connected with said flushing pump, and a plurality of 
groups of nozzles discharging ?ushing water from said 
control inlets for de?ecting the streams of said mixture 
along the surfaces of said outlet conduits; and wherein 
said control valve means include control valves be 
tween said outlet conduits and said containers and 
being in contact with flushing water only when closed. 
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