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[57] ABSTRACT 
A continuously operating means excavates gravel, ore 
or a like particulate material from the earth and drops 
it onto an inclined grate having large openings. The 
grate retains rocks and other non-pumpable material, 
and the balance of the particulate material drops into 
a hopper ?tted with a traveling water jet in the bottom 
thereof that converts the material within its vicinity to 
a slurry. The slurry flows from the hopper into a sump 
and is pumped by pump means from the sump through 
transfer conduits to a point of discharge. 

8 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR CONTINUOUSLY 
EXCAVATING PARTICULATE MATERIAL AND 

CONVERTING IT TO SLURRY 

BACKGROUND OF'THE INVENTION 
1. Field of the Invention ’ 
Thepresent invention relates generally to the excava 

tion of gravel, ore and like particulate material. More 
particularly, it relates to a method and apparatus for 

2 1 
Another object is to'provide a method and apparatus 

for taking freshly excavated particulate material and 
' continuously converting it into a pumpable slurry. 

continuously excavating particulate material, convert- ' 
ing it into a pumpable slurry, and removing the exca 
vated material from the excavation site by pumping the 
slurry to a suitable discharge point. ' 

2. Description of the Prior Art _ 
There have been many machines devised for the tak 

ing of gravel, ore and like particulate material from the 
earth. In the past, such machines have excavated the 
particulate material, and have then usually transferred 
it into trucks or train cars that remove it from the work 
area. In such a system considerable expense is often in 
curred to build roads or lay tracks to the'excavation 

- > site, and damage to the environment commonly results 
because of such construction and the accompanying 
movement of the heavy vehicles. In addition, the opera 
tion of such ‘a system requires considerable human la 
bor, and the operation expenses for the vehicles can‘be 
large. ' ' . ' 

Because of the problemsnoted herein and others, a 
new system for excavating material and moving it away 
from the excavation.‘ site isdesirable. The method and 
apparatus of the present. invention constitute such a 
system, one that is continuous in operation and which 
requires a minimum-of labor and auxiliary equipment. 

SUMMARY OF TI-IE INVENTION AND OBJECTS 
‘ In- the present invention gravel or other particulate 

material is excavated and delivered through an inclined 
upper grate or coarse screen into a materials holding 
hopper, the inclined grate serving to take out rocks and 
other materials that cannot be easily converted into a 
pumpable slurry. Disposed‘ within the lower end of the 
hopper is a traveling water jet that directs at least one 
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Other objects and many of the attendant advantages 
of the present invention will become readily apparent 
from the following detailed description of the preferred 
embodiment, when taken together with the accompa 

- nying drawings‘. 

BRIEFDESCRIP'TION OF THE DRAWINGS I‘ 

FIG. 1 is a side elevational view of the machine of the 
invention, shown in operation excavating particulate 
material and converting the material into a pumpable 
slurry; _ 1 ' 

FIG. 2 is an enlarged, plan view of the machine of 
FIG. 1, taken along the line 2_—2 of FIG. 1, and show 
ing details of the ‘construction thereof; and 
FIG. 3 is an enlarged, fragmentary, partially broken 

away view taken along the line 3-3 in FIG. 2, and 
showing the inclined upper grate or coarse screen, the 
materials hopper, and the traveling water jet in opera 
tion continuously processing freshly excavated material 
into a pumpable slurry. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The : method of the present invention includes the 
successive steps of excavating particulate material from 
the earth, and feeding the freshly excavated material by 
gravity into a materials hopper through" an inclined 
upper grate or coarse screen that takes out rocks and 
other materials that are not easily converted into a 
slurry. The screened material is then converted to a 
slurry within the lower part of the materials hopper by 
a traveling water jet that is directed generally parallel 
to and just above the bottom wall of the hopper, the 
slurry ?owing out of the hopper by gravity through a 
grate into a sump. Finally, the slurry is pumped from 
the sump, and transmitted to a desired discharge point 
by conduits of suitable length. . 
Referring now to the drawings, the excavating ma 

' chine of the invention is indicated generally at 2, and 
_ includes a main structural truss frame 4 mounted on 

45 
stream of high pressure water generally parallel to the > 
bottom wall of the hopper, which water jet acts on the . 
screened particulate material layer lying at the bottom 
of the hopper to convert it into a slurry. The slurry then 
flows out of the hopper through a lower grate and into 
a sump, from where it is drawn by a pump that pumps 
the slurry through a conduit to a point of discharge. , 

In the preferred form of the invention a continuous 
bucket line is utilized to excavate the particulate mate 
rial, although the present method and apparatus are 
adaptable to other excavating devices. The coarse ma 
terials taken out by theinclined upper grate or coarse 
screen are collected by the machine, and are dis 
charged by a conveyor belt into a slag pile. The ma 
chine itself is mounted on tracks or the like, and is fully 
maneuverable. , 

It is the principal object of- the present invention to 
‘provide a method and apparatus whereby gravel and 
. like particulate material can be takenand continuously 
processed into a slurry, all within a single maneuver 
able machine without the need for auxiliary vehicles at 
the excavation site. ' ‘ 

conventional tracked crawlers 6 for moving the ma- ‘ 
.. chine 2 across the surface 8 of the earth. Mounted on 
top of one. end of the main frame 4 above one of the 
crawlers 6 is a swing base 10 for receiving and rotatably 
mounting a bull wheel 12, the latter supporting a mate 
rials hopper 14 having an operators cab 16 mounted on 
the upper end thereof. A motor 18 is mounted on the 

' frame 4 centrally thereof, and is connected with the 

65 

central portion of a swing chain 20 that engages the pe 
riphery of the bull wheel 12, whereby the wheel and the 
equipment mounted thereon can be rotated. The ex 
tend of such rotation will usually be limited to about 
180°, and a safety cutout will be associated with the 
swing chain 20 to stop the motor 18 before the de 
signed degree of rotation is exceeded. It is of course un 
derstood that other arrangements for driving the bull 
wheel 12 can be devised. 
The upper surface of the bull wheel 12 has spaced 

bushings 22 thereon on opposite sides of the hopper 14, 
to which the lower ends of the side members 24 of a 
gantry frame 26 are pivotally connected by pins 28. 
The upper end of the gantry frame 26 carries a trans 
verse member 30, to the opposite ends of which are 
connected to elbow central portions of L-shaped arms 
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32. The rearwardly directed ends of the L-shaped arms 
32 are connected by cables 34 to anchors 36 on the top 
of the cab 16, whereby to support the gantry frame 26. 

Mounted transversely within the forward section of 
the cab is a drive tumbler 38, connected through a 
clutch mechanism operated from the cab 16 to a mo 
tor. The tumbler 28 is carried on a cross shaft 40, and 
mounted to pivot about the axis of said shaft is the 
upper end of a ladder 42 that carries an idler tumbler 
44 at its outer end, and which supports a continuous 
chain of excavator buckets 46. Near its outer end the 
bucket ladder 42 has the lower end of a bracket 48 piv 
oted thereto, the upper end of said bracket and the 
lower ends of the L-shaped arms 32 being connected by 
a tackle assembly 50 connected to a hoist winch and 
motor 52 mounted on a platform 54 carried by the gan 
try frame 26. 
The upper or drive tumbler 38 is a six-sided drum or 

sprocket, and engages the ?at back walls 56 of the 
buckets 46 to drive the bucket chain, the buckets 46 
being pivotally connected to each other by pins 58. The 
hoist winch and motor 52 is preferably operated by oil 
pressure to give a smooth variable speed and a positive 
lock in the “Off” position, although an electric motor 
can be used, if desired. Generating equipment 60 is lo 
cated within the cab 16, to generate the oil pressure 
and/or electrical energy required to operate the ma 
chine 2, it being contemplated, however, that when 
such is available electrical energy will be drawn from 
nearby service lines. 

In order to give some added stability to the rotating 
cab 16 and bin 14, and to provide a safe and effective 
means for transmitting electrical energy to the machine 
2, a shaft bearing 62 projects from the top of the cab 
16 on the centerline of the bull wheel 12, and is re 
ceived within a bushing 64 carried on one end of an 
arm 66 supported by an upright frame 68 mounted on 
the main frame 4. Electrical conductors 70 are carried 
by the frame 68 and the arm 66, and enter the cab 16 
in the area of the bearing 62, it being understood that 
hydraulic lines can also be installed in the same man 
ner. The conductors 70, and any similarly located hy 
draulic lines, are supported by the frame 68 and the 
arm 66, and are thus held away from the areas where 
damage thereto might occur. The conductors 70 lead 
from a transformer 71 and switching gear 73 carried by 
the main frame 4, and hydraulic pressure for powering 
the crawlers 6 and/or other components of the machine 
2 is supplied by a generator 75. 
The hopper 14 is generally rectangular in con?gura 

tion, and includes a bottom wall 72 that is gently sloped 
toward a central opening 74, a mounting ?ange 76 
being secured to the underside of the bottom wall 72, 
and the bull wheel 12 having a central opening therein 
to accommodate the mounting ?ange 76. A sump 78 is 
carried by the main frame 4 below the hopper 14, and 
has a ?ange 80 on the upper end thereof that telescopi 
cally receives a collar 82 carried by the mounting 
?ange 76. Bearings 84 are disposed between the 
mounting ?ange 76 and the upper face of the ?ange 80 
to form a freely rotatable joint, and a seal 86 is carried 
within a groove in the ?ange 80 and engages the collar 
82. . 

The mounting ?ange 76 carries a lower grate 88 hav 
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ing a central opening therein beneath which a mount~ ' 
ing collar 92 is supported by webs 94 from the collar 

4 
82. The sump 78 includes an inclined bottom wall 96 
having an opening 98 therein located directly below the 
mounting collar 92, and extending upwardly through 
said opening 98 is a mounting cylinder 100. 
The mounting cylinder 100 is secured to the sump’s 

inclined bottom wall 78 by a mounting plate 102, and 
the upper end thereof is received within the mounting 
collar 92. Extending through the mounting cylinder 
100 and rotatably mounted therewithin is a hollow 
shaft or pipe 104 having an enlarged head 106 on its 
upper end, the head 106 having a gently tapering coni 
cal upper surface. Mounted on the shaft 104 beneath 
the lip of the enlarged head 106 and above the upper 
end of the mounting cylinder 100 is at least one nozzle 
108, arranged to direct a jet of water generally parallel 
to the bottom wall 72 of the materials hopper 14. 
Water is supplied to the lower end of the pipe 104 

through a rotating joint structure 110 from a supply 
conduit 112, the joint structure 110 including a gear 
arrangement driven by a motor to constantly rotate the 
pipe 104 during operation of the machine 2. The water 
supply conduit 112 leads to a high pressure pump 114 
carried by the main frame 4 and powered by a motor 
116, which arrangement eliminates the need for a high 
pressure water line being extended to the work location 
of the machine 2. The traveling water jet structure just 
described is similar to that which was the subject of 
US. Pat. No. 3,606,479, reference to which can be 
made for a more detailed description thereof. 
Mounted above the bottom wall 72 within the materi 

als hopper 14 is an inclined upper grate or coarse 
screen 118, the upper edge thereof being located near 
the top of the hopper l4, and the central portion of the 
grate being disposed directly below the discharge end 
of the excavator bucket line. The purpose of the in 
clined grate 118 is to screen out rocks, debris and other 
coarse foreigh matter that cannot be easily reduced to 
a pumpable slurry, such screenings dropping by gravity 
off the forward end of the inclined grate 118 onto a 
chute 120 arranged to discharge them onto a conveyor 
122 that extends transversely of the machine 2 along 
the lower front edge of the hopper 14, the conveyor 
122 delivering the screenings to a slag pile. 
The particulate material passing through the inclined 

upper coarse grate or screen 118 falls into the materials 
hopper 14 and onto the bottom wall 72 thereof, the 
openings in the lower grate 88 being sufficiently small 
so that the dry particulate material that accumulates 
within the hopper 14 does not fall through said lower 
grate to any extent. The traveling water jet 108 directs 
a jet of high pressure water into the accumulated par 
ticulate material layer lying on the bottom wall 74, and 
acts to convert the material into a slurry that falls by 
gravity through the lower grate 88 into the sump 78. 
The sump 78 has an outlet 124 is the lower end thereof 
that is connected through a gate valve 126 to the inlet 
of a slurry pump 128 mounted on the main frame 4, 
and driven by an engine 130. An intermediate dis 
charge line 132 is connected to the outlet of the slurry 
pump 128, and extends through the main frame 4 to the 
rear end thereof, where it is connected to a ?nal dis 
charge conduit 134. The outer end of the conduit 134 
is carried by a dolly 136, and conduits 138 of any de 
sired length can be connected to the conduit 134 to 
carry away the slurry, within the transfer capacity of 
the pump 128. 
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The pipe 104 is rotated slowly within the cylinder 
100, say at a speed of as low as a fraction of an rpm. 
up to around 6 rpm. or so, and the water supplied to 
the nozzle 108 will be at a high pressure, say around 
300 p.s.i.g. The water jet, as has been described, is 
aimed generally parallel to the bottom wall 72 of the 
hopper l4, and is directed into the lower or bottom 
most layer of particulate material lying on said wall. 
.When the jet stream impacts upon the bottommost 

layer of particulate material, such is broken up and be 
I comes suspended in the water as a slurry. As the slowly 
rotating nozzle l08'moves away from the impacted 
area, the freshly formed slurry will ?ow through the 
lower grate 88 into the sump 78, and will be replaced 
on the bottom wall '72 of the hopper 14 by the relatively 
dry material thereabove. Thus, the traveling jet is effec 
tive to continuously produce'slurry, the space vacated 
just above the bottom‘wall when the slurry flows into 
the sump 78 being taken up by fresh or relatively dry 
particulate material that moves thereinto from above. 

it is thus seen that there has been disclosed a method 
and apparatus for the continuous production of slurry 
from gravel, ore or other material excavated from the 
earth. Obviously, many variations and modi?cations of 
the present invention are possible. 
What I claim is: a 

1. Method of producing slurry from excavated partic~ 
ulate material, comprising the steps of: 

a. excavating substantially dry particulate material 
from the earth using a continuous bucket excava 
tor; v _ 

b. transporting the excavated particulate material to 
a material hopper with the continuous bucket exca 
vator; - ' . 

c. dropping the particulate material vertically onto an 
inclined grate in‘ the material hopper; 

d. screening the particulate material with the inclined 
grate on said material hopper, thereby removing 
material larger than a predetermined size there 
from; a , . 

e. slurrifying the screened particulate material within 
the material hopper having passes through the 
screen with a high velocity, rotating water jet; 

f. separating theslurry from the dry particulate mate 
rial thereabove with a grate located in the bottom 
of the material hopper; 

g. retaining the dry particulate material within the 
material hopper until slurri?ed; and 

h. removing the slurry from the material hopper and 
pumping the same to a destination removed from 
said excavation with a slurry pump and pipeline. 

2. Method of producing slurry from excavatable par 
ticulate material using a mobile plant, comprising the 
steps of: 

a. maneuvering the mobile slurry producing plant 
into position on the earth proximate to the particu 
late material therein; 

b. engaging the particulate material with a'continu 
ous bucket excavator‘ mounted on the mobile plant; 

c. excavating the particulate material from the earth 
using the bucket excavator; 

- d. conveying the excavated, Particulate material to 
the ‘mobile plant; 

3,813,125 
6 

e. removing any large rocks from the particulate ma 
terial with an inclined grate mounted on the top of 
a material hopper on the mobile plant; 

f. depositing the particulate material into the material 
‘ hopper on the mobile plant; 
g. converting the bottommost layer of particulate ma 

terial in the material hopper into a slurry with a 
high velocity water jet; and 

h. pumping the slurry out of the material hopper to 
a selected point of discharge from the mobile plant. 

3. The method as recited in claim 2, wherein said step 
_ of converting the bottommost layer of particulate ma 
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terial within said hopper into a slurry includes: direct 
ing a high pressure jet of water generally parallel to the 
bottom wall of said hopper and into said bottommost 
layer of particulate material; and rotating said water jet 
about a vertical axis, whereby such will progressively 
engage the particulate material, and whereby the slur 
ried material behind the rotating jet isfreed to ?ow out 
of the hopper. ' 
4.'Apparatus for producing slurry from particulate 

material excavated from the earth, comprising: 
a. a mobile supporting vehicle having tracks thereon 
for traversing the earth; 

a continuously operable bucket excavator 
conveyor attached to the supporting vehicle for re 
moving said particulate material from the earth and 
for transporting said material to the supporting ve 
hicle; , 

c. a material hopper disposed on the supporting vehi 
cle for receiving the particulate material from the 
excavator-conveyor and having a bottom wall 
thereto; - 

d. an upper separating grate mounted on said mate 
rial hopper in the path of material falling off the 
excavator-conveyor outlet for separating any rocks 
larger than a predetermined size from the particu 
late material; ' 

e. means within the lower end of said hopper for con 
verting the particulate material therein into a 
slurry; , 

, f. a lower separating grate mounted on said material 
hopper'below said slurry converting means for sep 
arating the slurry from the particulate material and 
for retaining the particulate material within the ma 
terial hopper until converted‘ into slurry; and 

g. a discharge sump below the material hopper for re 
ceiving the slurry from the hopper. 

5. Apparatus of claim 4 further including: 
a. a discharge chute disposed along the lower edge of 

the upper separating grate for receiving the rocks 
separated from the particulate material by said 
grate; and 

b. a discharge conveyor transversely disposed on a 
mobile supporting platform, in communication 
with the discharge chute for receiving the rocks 
therefrom, and terminating for discharge at a point 
laterally disposed from the mobile supporting plat 
form, whereby large rocks separated from the par 
ticulate material are removed clear and away from 
the bucket excavator. 

6. Apparatus as recited in claim 4, including means 
for pumping said slurry from said sump. 

7. Apparatus as recited in claim 4, wherein said 
means for converting said particulate material into 
slurry includes: nozzle means mounted for rotation 

b. 
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within the lower end of said hopper, and including at 
least one nozzle aimed generally parallel with the bot 
tom wall of said hopper and into the bottommost layer 
of any particulate material lying on said bottom wall; 
means for rotating said nozzle means about a vertical 
axis; and means for supplying high pressure water to 
said nozzle means. 

8. Apparatus as recited in claim 7, wherein said noz 
zle means further includes: a mounting cylinder dis 
posed to extend vertically beneath said hopper bottom 
wall opening; a hollow shaft rotatably mounted within 
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8 
said mounting cylinder, and having an enlarged head 
on the upper end thereof, the lower end of said hollow 
shaft extending to the exterior of said sump, and said 
enalarged head being disposed above said hopper bot 
tom wall; and connector means rotatably mounted on 
said extended lower end of said hollow shaft for trans 
mitting high pressure water thereto, said nozzle being 
mounted on said hollow shaft below said enlarged head 
and being in communication with said connector 
means. 

* * =0: * :r 


