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ABSTRACT

A transportable system for receiving, storing, and distributing granular material includes
a surge bin with two storage compartments. A distribution conveyor assembly is movabl y
mounted to the surge bin, has two conveyors, and can be manipulated to discharge into
selected adjacent bins. An elevating conveyor assembly has two conveyors and each can
discharge into either compartment of distribution conveyor and into either of the
distribution conveyors. A receiving conveyor assembly has first and second receiving
conveyors configured to receive granular material from side by side transport vehicles at
the same time and deliver same to the input of either elevating conveyor. A surge bin
output diverter assembly can reccive granular material from either one of the storage
compartments and direct same into either one of the first and second clevating conveyors

for elevating to either one of the distribution conveyors.



10

15

20

25

CA 02885668 2015-03-24

TRANSPORTABLE _RECEIVING AND STORAGE SYSTEM WITH
REDUNDANCY

This disclosure relates to the field of field of material handling and in particular a

transportable system for receiving and storing granular material.

BACKGROUND

In industries such as oil and gas formation fracturing operations large quantities of bulk
granular material must be temporarily stored at a work site. In oil and gas fracking
operations underground formations are fractured by injecting very large volumes of a
slurry of water, frac sand, and various chemicals at high pressure into the formation.
Such fracking operations can require very large amounts of frac sand, which must be
gathered and stored in temporary tacilitics set up at the work site. Such fracking
operations can require on site storage of thousands of tons of frac sand, as well as

corresponding large quantities of water.

Such temporary work sites require a large volume of granular material storage with
conveyors for transferring the granular material from transport vehicle into storage bins
and then from the bins to a use location. An example of such a storage and handling
system is disclosed for example in United States Published Patent Application Number
2013/0142,601 of Mclver et al. and Canadian Patent Application Number 2,795,055 of

the present inventor Herman.

SUMMARY OF THE INVENTION

The present disclosure provides a transportable system for receiving and storing granular

material that overcomes problems in the prior art.
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Once a fracking operation has begun, it is necessary to kecp the high pressure flow of the

shurry flowing until the operation 1s complete.

The present disclosure provides a transportable system for recciving, storing, and
distributing granular material. The system comprises an clongate surge bin with a middle
wall dividing an interior of the surge bin into first and second storage compartments with
corresponding first and second top input openings and first and sccond bottom output
openings, the surge bin configured to be transported in a horizontal orientation and raised
to a vertically oriented operating position at a work site. A distribution conveyor
assembly comprises a distribution frame with an input cnd and an output end, the
distribution frame pivotally attached at the input end thereof to an upper portion of the
surge bin. A distribution frame actuator is operative to pivot the distribution frame from
a transport position extending downward along a wall of the surge bin to an operating
position extending laterally trom the upper portion of the surge bin, and operative, when
the distribution frame is in the operating position, to pivot the distribution frame about a
substantially vertical frame pivot axis and about a substantially horizontal frame pivot
axis. First and second distribution conveyors are mounted on the distribution frame such
that corresponding tirst and second distribution conveyor inputs are adjacent to the input
end of the distribution frame and corresponding first and second distribution conveyor
outputs are adjacent to the output end of the distribution frame and adjacent to each other.
An elevating conveyor assembly comprises a first elevating conveyor operative to receive
granular material at a first elevating input and discharge the received granular material
selectively into any one of the first top input opening, the second top input opening, the
first distribution conveyor input, and the second distribution conveyor input and a second
elevating conveyor operative to receive granular material at a second elevating input and
discharge the received granular material selectively into any one of the first top input

opening, the second top input opening, the first distribution conveyor input, and the
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second distribution conveyor input. The elevating conveyor assembly is configured to be
transported in a horizontal orientation and raised to an operating position attached to a
side of the surge bin opposite the distribution conveyor assembly and supported on a base
of the surge bin. A receiving conveyor assembly comprises a first receiving station
configured to receive granular material trom a discharge of a first transport vehicle and a
second receiving station configured to receive granular material from a discharge of a
second transport vehicle at the same time the first receiving station is receiving granular
material from the discharge of the first transport vehicle. A first receiving conveyor is
operative to transter granular material from the first receiving station selectively into
either one of the first and second clevating inputs, and a second receiving conveyor is
operative to transfer granular material from the second receiving station selectively into
etther one of the first and second elevating inputs. The receiving conveyor assembly is
configured to be transported to the work site on wheels and attached to the elevating
conveyor assembly in an operating position. A surge bin output diverter assembly is
operative to selectively receive granular material from either one of the first and second
bottom output openings of the surge bin and direct the received granular material into

either one of the first and second elevating inputs.

The disclosed transportable system for receiving, storing, and distributing granular
material provides redundancy such that receiving, storing and distributing granular
material can continue at a reduced rate in the event of a failure of one of the conveyors.
The risk that continuous operations such as fracking might be interrupted is reduced. The
surge bin, elevating conveyor assembly, receiving conveyor assembly can be supported
on one another and engaged together to provide increased stability and resist wind forces

and the like which can be significant on such tall structures,

DESCRIPTION OF THE DRAWINGS
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While the invention is claimed in the concluding portions hereof, preferred embodiments
are provided in the accompanying detailed description which may be best understood in
conjunction with the accompanying diagrams wherc like parts in cach of the scveral

diagrams are labeled with like numbers, and where:

Fig. 1 is a schematic top view of an embodiment of a transportable system of the

present disclosure for receiving, storing, and distributing granular material;

Fig. 2 is a schematic side view of the embodiment of Fig. 1;

Fig. 3 is schematic cut away top view of the elevating discharge diverter assembly of

the embodiment of Fig. 1;

Fig. 4 is a schematic side view of the elevating conveyor assembly and surge tank

mounted on trailers for transport to a work site;

Fig. 5 is a schematic side view of the surge bin of the embodiment of Fig. 1;

Fig. 6 is a schematic top view of the embodiment of Fig. 1 including first and second
storage bins showing how the distribution conveyor assembly can be moved to deposit

granular material into such storage bins;

Fig. 7 is a schematic side view showing the distribution frame of the distribution
conveyor assembly of the embodiment of Fig. 1 engaged in a lock mechanism to
prevent movement of the distribution conveyor assembly with respect to the storage

bin being filled;
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Fig. 8 is a schematic top view of the receiver diverter assembly of the embodiment of

Fig. I;

Fig. 9 1s a schematic top view of the surge bin output diverter assembly of the

embodiment of Fig. 1;

Fig. 10 is a schematic cut away side view of the elevating conveyor assembly of the

embodiment of Fig. 1;

Fig. 11 is a schematic cut away front view of the bucket clevators of the elevating

conveyor assembly of the embodiment of Fig. 1.
Fig. 12 is a schematic top view of the adjustable attachment mechanism of the
embodiment of Fig. 1 for connecting the upper portion of the elevating conveyor

assembly to the surge bin.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Figs. 1 and 2 schematically illustrate an embodiment of a transportable system | of the
present disclosure for receiving, storing, and distributing granular material, The system 1
comprises an elongate surge bin 3 with a middle wall dividing an interior of the surge bin
into first and second storage compartments SA, 5B with corresponding first and second
top input openings 7A, 7B and first and second bottom output openings 9A, 9B as best
seen in Fig. 5. The surge bin 3 is configured to be transported in a horizontal orientation,
for example on a trailer as schematically illustrated in Fig. 4, and raised to the vertically
oriented operating position shown in Figs. 1 and 2 at a work site. Providing a surge bin 3
with two separate storage compartments 5A, 5B as schematically illustrated in Fig. 5

allows the system to receive, store, and distribute two different products.
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A distribution conveyor assembly 11 comprises a distribution frame 13 with an input end
13A and an output end 13B. The distribution frame 13 1s pivotally attached at the input
end 13A thereof to an upper portion of the surge bin 3 and a distribution frame actuator
15 is operative to pivot the distribution frame 13 from a transport position shown in Fig.
4 extending downward along a wall of the surge bin 3 to an operating position shown in
Figs. 1 and 2 extending laterally from the upper portion of the surge bin 3. In the
illustrated system | when in the transport position the distribution conveyor assembly 11

is located in a recess 17 in the wall of the surge bin 3.

When the distribution frame 13 is in the operating position, the distribution frame
actuator 15 is operative to pivot the distribution frame about a substantially vertical frame
pivot axis VFA and about a substantially horizontal frame pivot axis HFA. First and
second distribution conveyors 19A, 19B are mounted on the distribution frame such that
corresponding tirst and second distribution conveyor inputs 21A 21B are adjacent to the
input end 13A of the distribution frame 13 and corresponding first and second
distribution conveyor outputs 23A, 23B are adjacent to the output end 13B of the

distribution frame 13 and adjacent to each other.

In the illustrated system 1 the distribution frame 13 of the distribution conveyor assembly
t1 is extendable such that the distribution conveyor outputs 23 are movable from an inner
location 25A, closest to the surge hin 3, to an outer location 25B. In a typical installation
the system 1 will further comprise, as schematically illustrated in Fig. 6, first and second
storage bins 27A, 27B, and the distribution conveyor assembly 11 is movable from a first
storage bin loading position 11A, where the distribution conveyor outputs 23 are oriented
to discharge granular material into the first storage bin 27A. Once the outputs 23 are in
position the distribution frame actuator 15 is activated to pivot the distribution frame 13

about the horizontal frame pivot axis HFA to lower output end 13B of the distribution
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frame 13 so it rests on the bin 27A. Resting the distribution frame 13 on the storage bin

27A stabilizes the entire system 1 to resist wind loads.

The distribution conveyor assembly 11 can also be extended as required and raised or
lowered to a second storage bin loading position | 1B to orient the distribution conveyor
outputs 23 to discharge granular material into the second storage bin 27B, and
maneuvered to rest on the second bin 27B. As indicated by the arrows in Figs. 1 and 2
the distribution conveyor assembly 11 can be maneuvered laterally and horizontally to
transfer granular material into a significant plurality of storage bins 27. As schematically
llustrated in Fig. 7, rather than simply resting on the storage bin 27 the distribution frame
13 can be configured to engage a lock mechanism on the storage bins 27 to prevent
movement of the distribution frame 13 with respect to the storage bins 27, The lock
mechanism can be provided by a rail 24 mounted to the bin 27 and a recess 26 in a

bottom of the distribution frame 13 configured to engage the rail 24,

The system 1 also comprises an clevating conveyor assembly 31 comprising a first
elevating conveyor 33A operative to receive granular material at a first elevating input
35A and discharge the received granular material selectively into any one of the first top
input opening 7A, the second top input opening 7B, the first distribution conveyor input
21A, and the second distribution conveyor input 21B. A second clevating conveyor 33B
13 operative to receive granular material at a second elevating input 35B and is also
operative to discharge the received granular material selectively into any one of the first
top input opening 7A, the second top input opening 7B, the first distribution conveyor

input 21A, and the second distribution conveyor input 21B.

The elevating conveyor assembly 31 is configured to be transported in a horizontal

orientation, for example on a trailer as schematically illustrated in Fig. 4, and raised to an
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operating position attached {o a side of the surge bin 3 opposite the distribution conveyor

assembly 11 and supported on a base 37 of the surge bin 3.

The elevating conveyor assembly 31 is fed by a rcceiving conveyor assembly 41
comprising a first receiving station 43A configured to receive granular material from a
discharge of a first transport vehicle 45A and a sccond receiving station 43B configured
to receive granular material from a discharge of a second transport vehicle 45B at the
same time the first receiving station 43A is receiving granular material from the
discharge of the first transport vehicle 45A. As seen in Fig. 2 the transport vehicles 45

can be positioned side by side and discharge at the same time.

A first receiving conveyor 47A is operative to transfer granular material from the first
receiving station 43A selectively into cither one of the first and second elevating inputs
35A, 35B. A second receiving conveyor 47B is operative to transfer granular material
from the second receiving station 43A selectively into either one of the first and second

elevating inputs 354, 35B

Fig. 8 schematically illustrates a receiver diverter assembly 49 operative to receive
granular material from the receiving conveyors 47 and, by moving valve plates 514, 51B
to one side or the other, direct flow from either receiving conveyor 47 into either
elevating input 35. The receiving conveyor assembly 41 is configured to be transported
to the work site on wheels 53 and attached to the elevating conveyor assembly 31 in the

operating position schematically ilJustrated in Figs. | and 2.

Similarly a surge bin output diverter assembly 55 is schematically illustrated in Fig. 9 and
is operative to selectively receive granular material from either one of the first and second

bottom output openings 9A, 9B of the surge bin and direct the received granular material
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into either one of the first and sccond elevating inputs 35A, 35B by moving valve plates

57A, 57B to one side or the other.

The systemn 1 thus provides a totally redundant system where a fault with any one of the
conveyors 19, 33, 47 still allows movement at half capacity through the system 1. To
further ensure redundancy, first and second power sources 59A, 59B are provided, each
power source 59 operative to power the distribution frame actuator 15, at least one of the
first and second distribution conveyors 19, at least one of the first and second elevating
conveyors 33, and at least one of the first and second receiving conveyors 47 at the same
time. Each power source 59 is connectable to power the distribution frame actuator 135,
both of the distribution conveyors 19A, 19B, both of the elevating conveyors 33A, 33B,

and both of the receiving conveyors 47A, 47B.

The first and second elevating conveyars 33A, 33B of the elevating conveyor assembly
31 are conveniently provided by right and left bucket elevators 34R, 34L that arc oriented
vertically when in the operating position. Such bucket elevators 34 provide high capacity
and since they are oriented vertically when in an operating position they occupy a
relatively small area of the work site, an important consideration in some crowded areas

where space is limited.

As schematically iflustrated in Figs. 10 and 11 the right and left bucket elevators 34R,
341 are mounted side by side in an elevator housing 61 with upward moving buckets 63
thereof facing away from the surge bin 3. In order to operate to maximum capacity the
bucket elevators 34R, 34L must be oriented vertically so that the buckets 63 are
horizontal and wifl fill to capacity. If the buckets 63 are not horizontal granular material
spill out the low side and a lesser amount of material is carried in each bucket 63,

reducing capacity.
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The elevator housing 61 is supported on the base 37 of the surge bin 3 and is attached at
an upper portion thereof to the surge bin 3 by an adjustable attachment mechanism such
that the upper portion thereof can be adjusted right and left to ensure that right and lett
sides of the buckets 63 are at the same vertical level, and thus horizontal for maximum
capacity. In the adjustable attachment mechanism schematically illustrated in Fig. 12 a
bin plate 65 extends from an upper portion of the surge bin 3 and a bucket plate 67
extends from the elevator housing 6t. Slots 69 in the plates 65, 67 allow the housing 61
to be moved right and left as required to achieve the desired vertical orientation and then

bolts 71 or like fasteners arc tightened to secure the housing 61 to the surge bin 3.

The clevating conveyor assembly 31 can be pivotally mounted on the base 37 about an
elevating conveyor axis ECA to facilitate right and left movement of the upper end of the
elevating conveyor assembly 31 while adjusting the elevating conveyor assembly 31 to
the vertical orientation. Supporting the elevating conveyor assembly 31 on the base 37 of

the surge bin 3 adds stability to the system 1 to resist wind loads and like forces.

The elevating input 35 of each bucket elevator 34 is provided by a rear opening 73 in a
bottom portion of the elevator housing 61 connected to the surge bin output diverter
assembly 55 to receive material from cither of the storage compartments SA, 5B, and a
front opening 75 in the bottom portion of the elevator housing 61 is connected to the
receiver diverter assembly 49 to receive granular material from the first and second

receiving conveyor discharges.

The right and left bucket clevators 34R, 34L discharge into an elevating discharge
diverter assembly 77 as schematically illustrated in Fig. 3. The illustrated elevating
discharge diverter assembly 77 comprises a right diverter portion 79R with an input end
81R thereof connected to reccive granular material from a right discharge 83R of the

right bucket elevator 34R, and a lcft diverter portion 79L with an input end 81L thereof

10
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connected to receive granular material from a left discharge 83L of the left bucket

clevator 341L.,

Each of the right and left diverter portions 79 comprises a first bin diverter output 85A
oriented to discharge into the first top input opening 7A of the surge bin 3, a second bin
diverter output 85B oriented to discharge into the second top input opening 7B of the
surge bin 3, a first conveyor diverter output 87A oriented to discharge into the first
distribution conveyor input 21A, and a second conveyor diverter output 87B oriented to
discharge into the sccond distribution conveyor input 21B. A valve mechanism is
operative to direct granular material from the input end of the diverter portion t a
selected one of the first bin diverter output 85A, the second bin diverter output 85B, the

first conveyor diverter output 87A, and the second conveyor diverter output 87B.

In the illustrated elevating discharge diverter assembly 77 each diverter portion 79
comprises a discharge conduit 89 connected at an input end thereof to the
discharge 83 of the corresponding bucket elevator 34. A main bin conduit 91 and
amain conveyor conduit 93, each has an input end thereof connected to the output
end of the discharge conduit 89 through a main valve 95, and a main valve control
97 is operative to move the main valve from a bin position, where granular
material flows from the discharge conduit 89 into the main bin conduit 91, to a
conveyor position where granular material flows from the discharge conduit 89
into the main conveyor conduit 93.
First and second bin conduits 99A, 99B, each has an input end thereof connected to an
output end of the main bin conduit 91 through a bin valve 101, and a bin valve control
103 operative to move the bin valve 101 from a first position, where granular material
flows from the main bin conduit 91 through the first bin conduit 99A to the first bin
diverter output 85A, to a second position where granular material flows from the main

bin conduit 91 through the second bin conduit 99B to the second bin diverter output 85B.

11
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First and second conveyor conduits 10SA, 105B, each have an input end thercof
connected to an output end of the main conveyor conduit 93 through a conveyor valve
107, and a conveyor valve control 109 is operative to move the conveyor valve 107 from
a first position, where granular material flows from the main conveyor conduit 93
through the first conveyor conduit 105SA to the first conveyor diverter output 87A, to a
second position where granular material flows from the main conveyor conduit 93

through the second conveyor conduit 105B to the second conveyor diverter output 85B.

The elevating discharge diverter assembly 77 thus allows either bucket elevator 34R, 34L
to discharge nto either top bin opening 7A, 7B or either distribution conveyor input 21A,

21B.

The main valve control 97 can also be operated to put the main valve 95 into an
intermediate position 95A such that the main valve 95 proportionately divides the total
product tlow from the bucket elevator 34 through the discharge conduit 89 between the
main bin conduit 91 and the main conveyor conduit 93. Thus a portion of the discharge
from the bucket elevator 34 can be directed into either of the storage compartments SA,
5B of the surge bin 3, and a portion can be directed to either of the distribution conveyors

19A, 198.

In some applications of the present disclosure it will be desired to transfer granular
material from transport vehicles 45 into the storage bins 27 as quickly as possible, The
bucket elevators 34 may then have a have a higher capacity than the distribution
conveyors 19 and when unloading from the transport vehicles 45 the main valve can be
positioned to direct material into the distribution conveyor 19 that is equal to their
maximum capacity, while the balance of the discharge from the bucket elevators 34 is

directed into the surge bin 3. When one transport vehicle is empty and during the time

12
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period while another is moved into position to unload, the bucket elevator 34 can be fed
from the surge bin 3 through the surge bin output diverter assembly 35 so that the flow of
product on the distribution conveyor 19 can be maintained until the next transport vehicle

45 is in position to unload.

In the illustrated system 1 the first and second receiving conveyors 47A, 47B cxtend
outward from the elevating conveyor assembly 31 in a direction opposite to the surge bin
3 and each comprise, when the receiving conveyor assembly 41 is in the operating
position, a horizontal outer portion 111 and an inner inclined portion 113 sloping upward

from an inner end of the outer portion 111,

The horizontal outer portions 111 of the receiving conveyors 47 are mounted side by side
in a receiver housing 115 that is supported on a ground surface when in the operating
position, and comprising ramps 117 on each side of the receiver housing 115. The ramps
117 are configured to enable the transport vehicles 45 to drive over the receiver housing
I'15 in a direction substantially perpendicular to a longitudinal axis RLA of the recciver

housing 115.

The receiver housing 115 defines a first opening above the first receiving conveyor 47A
to provide the first receiving station 43A, and a second opening above the second
receiving conveyor 47B to provide the second receiving station 43B. The first and
second receiving stations 43A, 43B are spaced along the receiver housing 115 such that
the first and second transport vehicles 45A, 45B discharge into the corresponding first

and second receiver stations 43A, 43B at the same time.

The inclined inner portions 113 of the receiving conveyors 47 are mounted in the receiver
housing 115, and the receiving conveyor assembly 41 comprises a plurality of wheels 117
rotatably mounted thereto under the inclined inner portions 113 of the receiving

conveyors 47. The wheels 117 are oriented to roll in a direction substantially aligned

13
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with the longitudinal axis RLA of the receiver housing 115, and a hitch assembly 119 on
the outer end of the receiver housing 115 is adapted for attachment to a towing vehicle to
tow the receiving conveyor assembly 41 in a forward direction supported on the wheels

117.

The receiving conveyor assembly 41 comprises a connection bar 121 rearward of the
wheels 117. The connection bar 121 is configured to ecngage recesses 123 in a base 125
of the elevating conveyor assembly 31 when the receiving conveyor assembly 41 is in the
operating position. When the receiving conveyor assembly 41 is in the opcrating
position, a rear portion of the receiving conveyor assembly 41 is supported on the
connection bar 121 and the base 125 of the elevating conveyor assembly 31. Supporting
the recetving conveyor assembly on the base of the elevating conveyor assembly 31 adds

stability to the system | to resist wind loads and like forces.

Stability to resist wind loads and the like is further enhanced by providing stabilizer legs
127 connected to the surge bin 3 and movable from a stored position in proximity to the

surge bin for transport to an extended position extending outward from the surge bin 3.

Further stabilizer legs 129 can similarly be movably connected to the elevating conveyor
assembly 31 and movable from a stored position in proximity to the elevating conveyor
assembly 31 to an extended position extending outward from the elevating conveyor

assembly 31,

The disclosed transportable system 1 of the present disclosure for receiving, storing, and
distributing granular material provides redundancy such that receiving, storing and
distributing granular matertal can continue at a reduced rate in the event of a failure of
one of the conveyors. The system [ can receive, store, and distribute two different
products at substantially the same time if required. The surge bin 3, elevating conveyor

assembly 31, receiving conveyor assembly 41 can be supported on one another and

14
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engaged or connected together to provide increased stability and resist wind forces and

the like which can be significant on such tall structures.

The foregoing is considered as illustrative only of the principles of the invention.
Further, since numerous changes and modifications will readily occur to those skilled in
the art, it is not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all such suitable changes or modifications in
structure or operation which may be rcsorted to are intended to fall within the scope of

the claimed invention.

15



CLAIMS

What 1s claimed 1s:

1. A transportable system for receiving, storing, and distributing granular material,

the system comprising;

an elongate surge bin with a middle wall dividing an interior of the surge bin into
first and second storage compartments with corresponding first and second top
input openings and first and second bottom output openings, the surge bin
configured to be transported in a horizontal orientation and raised to a vertically

oriented operating position at a work site;

a distribution conveyor assembly comprising:

a distribution frame with an input end and an output end, the distribution
frame pivotally attachcd at the input end of the distribution frame to an

upper portion of the surge bin;

a distribution frame actuator operative to pivot the distribution frame from
a transport position extending downward along a wall of the surge bin to
an operating position extending laterally from the upper portion of the
surge bin, and operative, when the distribution trame 15 in the operating
position, to pivot the distribution frame about a substantially vertical

frame pivot axis and about a substantially horizontal frame pivot axis;

first and second distribution conveyors mounted on the distribution frame
such that corresponding first and second distribution conveyor inputs are

adjacent to the input end of the distribution frame and corresponding first

16
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and second distribution conveyor outputs are adjacent to the output end of

the distribution frame and adjacent to each other;

an elevating conveyor assembly comprising:

a first elevating conveyor operative to receive granular material at a first
elevating input and discharge the received granular material selectively
into any one of the first top input opening, the second top input opening,
the first distribution conveyor input, and the second distribution conveyor

input,

a second elevating conveyor operative to receive granular material at a
second elevating input and discharge the received granular material
selectively into any one of the first top input opening, the second top input
opening, the first distribution conveyor input, and the second distribution

conveyor input;

the elevating conveyor assembly configured to be transported in a
horizontal orientation and raised to an operating position attached to a side
of the surge bin opposite the distribution conveyor assembly and

supported on a base of the surge bin,

a recelving conveyor assembly comprising:

a first receiving station configured to receive granular material from a

discharge of a first transport vehicle,

a second receiving station configured to receive granular material from a

discharge of a second transport vehicle at the same time the first receiving

17
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station is receiving granular material from the discharge of the first

transport vehicle;

a first receiving conveyor operative to transfer granular material from the
first receiving station selectively into either one of the first and second

elevating inputs;

a second receiving conveyor operative to transfer granular material from
the second receiving station selectively into either one of the first and

second elevating inputs,

the receiving conveyor assembly configured to be transported to the work
site on wheels and attached to the elevating conveyor assembly in an

operating position;

a surge bin output diverter assembly operative to selectively receive granular
matcrial from cither onc of the first and sccond bottom output opcnings of the
surge bin and direct the received granular material into either one of the first and

second elevating inputs.

2. The system of claim 1 comprising first and second power sources, each power
source operative to power the distribution frame actuator, at least one of the first
and second distribution conveyors, at least one of the first and second elevating
conveyors, and at least one of the first and second receiving conveyors at the

same fime.

The system of claim 2 configured such that the each power source is connectable

(W]

to power the distribution frame actuator, both of the distribution conveyors, both

of the elevating conveyors, and both of the receiving conveyors.
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4. The system of any one of claims 1 — 3 wherein the first and second elevating
conveyors of the elevating conveyor assembly comprise right and left bucket

elevators oriented substantially vertically when in the operating position.

5. The system of claim 4 wherein the right and left bucket elevators are mounted
side by side in an elevator housing and comprise upward moving buckets facing
away from the surge bin, and wherein the elevator housing is supported on the
base of the surge bin and an upper portion of the elevator housing is attached to
the surge bin by an adjustable attachment mechanism such that the upper portion
of the elevator housing is adjustable right and left to ensure that right and left

sides of the buckets are at the same vertical level.

6. The system of claim 5 wherein the elevating input of each bucket elevator
comprises a rear opening in a bottom portion of the elevator housing connected to
the surge bin output diverter assembly and a front opening in the bottom portion
of the elevator housing connectable to receive gramular material from a first
discharge of the first receiving conveyor and connectable to receive granular

material from a second discharge of the second receiving conveyor.

7. The system of any one of claims 5 and 6 comprising an elevating discharge

diverter assembly comprising:

a right diverter portion with an input end of the right diverter portion connected to
receive granular material from a nght discharge of the right bucket elevator, and a
left diverter portion with an input end of the left diverter portion connected to

receive granular material from a left discharge of the left bucket elevator,

cach of the right and left diverter portions comprising;

a first bin diverter output oriented to discharge into the first top input

opening of the surge bin;
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a second bin diverter output oriented to discharge into the second top input

opening of the surge bin;

a first convevor diverter output oriented to discharge into the first

distribution conveyor input;

a second conveyor diverter output oriented to discharge into the second

distribution conveyor input; and

a valve mechanism operative to direct granular material from the input end
of the diverter portion to a selected one of the first bin diverter output, the
second bin diverter output, the first conveyor diverter output, and the

second conveyor diverter cutput.

8 The system of claim 7 wherein at least one of the right and left diverter portions

COMPIiscs:

a discharge conduit connected at an input end of the discharge conduit to the

discharge of the corresponding bucket elevator,

a main bin conduit and a main conveyor conduit, wherein an 1nput end of the
main bin conduit and an input end of the main conveyor conduit are connected to
an output end of the discharge conduit through a main valve, and a main valve
control operative to move the main valve from a bin position, where granular
material flows from the discharge conduit inte the main bin conduit, to a conveyor
position where granular material flows from the discharge conduit into the main

conveyor conduit;

20
2568293 1v1

Date Regue/Date Received 2021-07-22



first and second bin conduits, wherein an input end of the first bin conduit and an
input end of the second bin conduit are connected to an output end of the main bin
conduit through a bin valve, and a bin valve control operative to move the bin
valve from a first position, where granular material flows from the main bin
conduit through the first bin conduit to the first bin diverter output, to a second
position where granular material flows from the main bin conduit through the

second bin conduit to the second bin diverter output;

first and second convevor conduits, wherein an input end of the first conveyor
conduit and an input end of the second conveyor conduit are connected to an
output end of the main conveyor conduit through a conveyor valve, and a
conveyor valve control operative to move the conveyor valve from a first
position, where granular material flows from the main conveyor conduit through
the first conveyor conduit to the first conveyor diverter output, to a second
position where granular material flows from the main conveyor conduit through

the second conveyor conduit to the second conveyor diverter output.

9. The system of any one of claims 1 — 8 wherein the first and second receiving
conveyors extend outward from the elevating conveyor assembly in a direction
opposite to the surge bin and wherein the first and second receiving conveyors
each comprise, when the receiving conveyor assembly is in the operating position,
a substantially horizontal outer portion and an inner inclined portion sloping

upward from an inner end of the outer portion,

10. The system of claim 9 wherein the horizontal outer portions of the first and
second recetving conveyors are mounted side by side in a receiver housing that 1s
supported on a ground surface when in the operating position, and comprising
ramps on each side of the receiver housing, the ramps configured to enable the
first and second transport vehicles to drive over the receiver housing in a direction

substantially perpendicular to a longitudinal axis of the receiver housing,
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11. The system of claim 10 wherein the first receiver housing defines a first opening
above the first receiving conveyor , and the second receiving station comprises a
second opening in the receiver housing above the second receiving conveyor, the
first and second receiving stations spaced along the receiver housing such that the
first and second transport vehicles discharge into the corresponding first and

second receiver stations at the same time,

12, The system of claim 11 wherein the inclined inner portions of the first and second
receiving conveyors are mounted in the receiver housing, and wherein the
receiving conveyor assembly comprises a plurality of wheels rotatably mounted
thereto under the inclined inner portions of the receiving conveyors the wheels
oriented to roll in a direction substantially aligned with the longitudinal axis of the
receiver housing, and a hitch assembly on an outer end of the receiver housing
adapted for attachment to a towing vehicle to tow the receiving conveyor

assembly in a forward direction.

13. The system of claim 12 whercin the recciving conveyor asscmbly compriscs a
connection bar rearward of the wheels, the connection bar configured to engage
recesses in a base of the elevating conveyor assembly when the receiving
conveyor assembly 1s in the operating position, and wherein when the receiving
conveyor assembly is in the operating position, a rear portion of the receiving
conveyor assembly is supported on the connection bar and the base of the

elevating conveyor assembly.

14. The system of any one of claims 1 — 13 further comprising stabilizer legs
connected to the surge bin and movable from a stored position in proximity to the

surge bin to an extended position extending outward from the surge bin,

15. The system of claim 14 further comprising stabilizer legs connected to the

clevating conveyor assembly and movable from a stored position in proximity to
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18.

20.

the elevating conveyor assembly to an extended position extending outward from

the elevating conveyor assembly.

The system of any one of claims 1 — 15 wherein the distribution conveyor
assembly 1s extendable such that the distribution conveyor outputs are movable

from an inner location, closest to the surge bin, to an outer location.

The system of claim 16 further comprising first and second storage bins, and
wherein in the distribution conveyor assembly 1s movable from a first storage bin
loading position, where the output end of the distribution frame rests on the first
bin with the first and second distribution conveyor outputs oriented to discharge
granular material into the first storage bin, to a second storage bin loading
position, where the output end of the distribution frame rests on the second bin
with the first and second distribution conveyor outputs oriented to discharge

granular material into the second storage bin.

The system of claim 17 wherein when the distribution conveyor assembly is in the
first storage bin loading position the output end of the distribution frame engages
a lock mechanism on the first storage bin, the lock mechanism operative to

prevent movement of the distribution frame with respect to the first storage bin.

The system of any one of claims | — 18 wherein when in the transport position the

distribution conveyor assembly is located in a recess in the wall of the surge bin.

A system for receiving, storing, and distributing granular material, the system

comprising:

a surge bin comprising an internal storage compartment, a top input opening, and

a bottom ocutput opening;

a distribution conveyor assembly comprising:
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a distribution frame with an input end and an output end; and
a distribution conveyor mounted on the distribution frame with a
distribution conveyor input adjacent to the input end of the distribution tframe
and a distribution conveyor output adjacent to the output end of the distribution
frame;
an elevating conveyor assembly comprising;
an elevating convevor configured to receive granular material at an
elevating input and discharge the received granular material selectively to the
top input opening of the surge bin or to the distribution conveyor input;, and
a receiving conveyor assembly comprising;
a receiving station configured to receive granular material from a
discharge of a transport vehicle; and
a receiving conveyor operative to transfer the reccived granular matcerial

from the receiving station into the elevating input.

21. The system of claim 20, further comprising:
a surge bin output diverter assembly operative to receive granular material from
the bottom output opening of the surge bin and direct the received granular material into

the elevating conveyor assembly.

22, The system of claim 20, wherein the surge bin 15 configured to be transported in a
horizontal orientation with the distribution frame in the transport position and configured

to be raised to a vertically oriented operating position at a work site,
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wherein the elevating conveyor assembly is configured to be transported in a

horizontal orientation and raised to a vertically oriented operating position at a work site.

23 The system of claim 20, wherein the receiving conveyor assembly is attached to a
side of the surge bin opposite the distribution conveyor assembly, and supported on a

base of the surge bin.

24, The system of claim 20, wherein the distribution conveyor assembly further
comprises:

a distribution frame actuator operative to pivot the distribution frame between a
first position extending downward along a wall of the surge bin and a second position

extending laterally from an upper portion of the surge bin,

25. The system of claim 24, wherein the distribution frame actuator is further
operative such that, when the distribution frame is in an operating position, the
distribution frame actuator causes the distribution frame to pivot about a substantially

vertical frame pivot axis and/or about a substantially horizontal frame pivot axis.

26, The system of claim 24, further comprising:
a power source operative to power the distribution frame actuator, the distribution

conveyor, the elevating conveyor, the receiving conveyor.
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27. The system of claim 20, wherein the elevating conveyor of the elevating conveyor
assembly comprises:

an ¢levator housing; and

a bucket elevator oriented substantially vertically when in a vertically oriented
operating position,

wherein the bucket elevator is inside the elevator housing, and operable such that

upward moving buckets of the bucket elevator face away from the surge bin.

28. The system of claim 27, wherein the elevator housing and the surge bin are
configured such that the elevator housing is supported on a base of the surge bin and is

attached at an upper portion of the elevator housing to the surge bin.

29. The system of claim 28, wherein the elevating input of the elevating conveyor
comprises:

a first opening in a bottom portion of the elevator housing, wherein the first
opening in the bottom portion of the elevator housing is configurable to receive granular

material from a discharge of the receiving conveyor.

30. The system of claim 20, further comprising:
an elevating discharge diverter assembly comprising;
a diverter portion with an input end of the diverter portion_connected to

receive granular material from a discharge of the elevating conveyor assembly,
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wherein the diverter portion comprises:
a bin diverter output oriented to discharge into the top input
opening of the surge bin; and
a conveyor diverter output oriented to discharge into the

distribution conveyor input.

31 The system of claim 30, wherein the diverter portion further comprises:
a valve configuration operative to direct granular material from the input end of
the diverter portion toward a selected one of the bin diverter output, and the conveyor

diverter output.

32, The system of claim 31, wherein the diverter portion further comprises:

a discharge conduit connecting a discharge of the bucket clevator to an input cnd
of the diverter portion,

a bin conduit and a conveyor conduit, with an input end of the bin conduit and an
input end of the conveyor conduit connected to an output end of the discharge conduit
through a valve arrangement, and

a valve control operative to switch the valve arrangement between a first
configuration, where the valve arrangement directs granular material to flow from the
discharge conduit toward the bin conduit, and a second configuration where the valve
arrangement directs the granular material to flow from the discharge conduit toward the

main conveyor conduit.
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33. The system of claim 20, wherein the receiving conveyor extends outward from
the elevating conveyor assembly, and

wherein the receiving conveyor comprises, when in the operating position, a
substantially horizontal outer portion and an inner inclined portion sloping upward from

an inner end of the outer portion.

34. The system of claim 33, wherein the horizontal outer portion of the receiving
conveyor is in a receiver housing that is supported on a ground surface when in the

operating position.

35, The system of claim 34, wherein the receiver housing defines an opening above
the recciving conveyor to form a recciving station, the recciving station located such that

the transport vehicle discharges into the receiver station when unloading.

36. The system of claim 35, wherein the inclined inner portion of the conveyor is

mounted in the receiver housing.

37 The system of claim 36, wherein the receiving conveyor assembly comprises:
a connection bar configured to engage recesses in a base of the elevating
conveyor assembly in the operating position, and
wherein when in the operating position, a portion of the receiving conveyor

assembly is supported on the connection bar and the base of the elevating conveyor
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assembly.

38. The system of claim 20, further comprising:
stabilizer legs movable from a stored position in proximity to the surge bin to an

extended position.

39 The system of claim 20, wherein the distribution conveyor assembly is extendable
such that the distribution conveyor outputs are movable between:

a retracted position, wherein a distal end of the distribution conveyor assembly is
a first distance from the surge bin, and

an extended position, wherein a distal end of the distribution conveyor assembly
is second distance from the surge bin,

wherein the second distance is greater than the first distance.

40. The system of claim 39, further comprising;
first and second storage bins,
wherein the distribution conveyor assembly is movable between:
a first storage bin loading position with the distribution conveyor output
oriented to discharge granular material into the first storage bin, and
a second storage bin loading position where the output end of the
distribution frame rests on the second storage bin with the distribution

conveyor output oriented to discharge granular material into the second storage

bin.
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41. The system of claim 20, wherein the distribution frame is attached at the input end

of the distribution frame to an upper portion of the surge bin.

42 The system of claim 20, wherein the elevating conveyor assembly is attached to a
side of the surge bin opposite the distribution conveyor assembly and supported on a base

of the surge bin.

43. The system of claim 20, further comprising:
an adjustable leveling device configured to facilitate leveling of the surge bin and

a bucket elevator of the elevating conveyor.

44. The systcm of claim 20, wherein an clevator housing of the clevating conveyor is
supported on a base of the surge bin and is attached at an upper portion of the elevator
housing_to the surge bin by an adjustable attachment mechanism such that the upper
portion of the elevator housing is adjusted right and left to ensure that right and left sides

of the buckets are at the same vertical level.

45. A system comprising:
a receiving conveyor assembly comprising:
a receiver housing; and

a receiving conveyor in the receiver housing,
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wherein the receiving conveyor is configured to transfer granular material
from a receiving station to an elevating conveyor assembly;,
the elevating conveyor assembly, wherein the elevating conveyor assembly
comprises:
an elevator housing;
a first opening in a bottom portion of the elevator housing configured to
receive granular material from the receiving conveyor assembly;
a second opening in the bottom portion of the elevator housing configured
to receive granular material from a surge bin; and
an elevating conveyor inside the elevator housing, wherein the elevating
conveyor is configured to lift granular material from a first elevation to a
second elevation that 1s higher than the first elevation, and discharge granular
matcrial, at the sccond clevation, into an clevating discharge diverter assembly;
the elevating discharge diverter assembly, wherein the elevating discharge
diverter assembly is configured to selective direct granular material to the surge bin, or a
distribution conveyor assembly;
the surge bin, wherein the surge bin comprises:
an internal storage compartment;
a top input opening configured to receive granular material from the
elevating discharge diverter assembly; and
a bottom output opening configured to deliver granular material to the
second opening in the bottom portion of the elevator housing; and

the distribution conveyor assembly comprising:
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a distribution conveyor frame; and

a distribution conveyor mounted on the distribution conveyor frame.

46. The system of claim 45, wherein the distribution conveyor assembly further
comprises:

a distribution frame actuator,

wherein the distribution frame actuator is operative to pivot the distribution frame
between a first position extending downward along a wall of the surge bin and a second
position extending laterally from the upper portion of the surge bin, and

wherein the distribution frame actuator is further operative such that, when the
distribution frame 1s in an operating position, the distribution frame actuator is operative
to pivot the distribution frame about a substantially vertical frame pivot axis and/or about

a substantially horizontal frame pivot axis.

47. A system comprising;
a distribution conveyor assembly comprising;
a distribution frame with an input end and an output end; and
a distribution conveyor mounted on the distribution frame with a
distribution conveyor input adjacent to the input end of the distribution frame
and a distribution conveyor output adjacent to the output end of the distribution

frame,
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an elevating conveyor assembly comprising an elevating conveyor configured to
discharge granular material selectively to a top input opening of a surge bin or to the

distribution conveyor input.

48. The system of claim 47, further comprising;
the surge bin, wherein the surge bin comprises an internal storage compartment,

the top input opening, and a bottom output opening.

49. The system of claim 47, wherein the surge bin is configured to be transported in a
horizontal orientation with the distribution frame in a transport position and is configured
to be raised to a vertically oriented operating position at a work site,

wherein the elevating conveyor assembly is configured to be transported in a

horizontal oricntation and raiscd to a vertically oricnted operating position at a work sitc.

50. The system of claim 48, further comprising:
a surge bin output diverter assembly operative to receive granular material from
the bottom output opening of the surge bin and direct the received granular material into

the elevating conveyor assembly.

51 The system of claim 47, wherein the elevating conveyor comprises an elevating
conveyor input, wherein the elevating conveyor is configured to receive granular material

at the elevating conveyor input.
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52 The system of claim 51, wherein the system further comprises:
a receiving conveyor assembly comprising a receiving conveyor operative to
transter the received granular material from a receiving station into the elevating

conveyor input.

53. The system of claim 52, wherein the receiving conveyor assembly is attached to a
side of the surge bin opposite the distribution conveyor assembly, and supported on a

base of the surge bin.

54, The system of claim 52, wherein the receiving station is configured to receive

granular material from a discharge of a transport vehicle.

55. The system of claim 47, wherein the distribution conveyor asscmbly further
comprises:

a distribution frame actuator operative to pivot the distribution frame between a
first position extending along a wall of the surge bin and a second position extending

from an upper portion of the surge bin.

56. The system of claim 55, wherein the distribution frame actuator is further
operative such that, when the distribution frame is in an operating position, the
distribution frame actuator causes the distribution frame to pivot about a substantially

vertical frame pivot axis and/or about a substantially horizontal frame pivot axis.
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57. The system of claim 55, further comprising:
a power source operative to power the distribution frame actuator, the distribution

conveyor, the elevating conveyor, and a receiving conveyor.

58. The system of claim 47, wherein the elevating conveyor of the elevating conveyor
assembly comprises;

an elevator housing; and

a bucket elevator oriented substantially vertically when in an operating position,

wherein the bucket elevator 1s inside the elevator housing, and operable such that
upward moving buckets of the bucket elevator are at a side of the elevator housing away

from the surge bin.

59. The system of claim 47, wherein the clevator housing and the surge bin arc
configured such that the elevator housing is supported on a base of the surge bin and is

attached at an upper portion of the elevator housing to the surge bin.

60. The system of claim 59, wherein an input of the elevating conveyor comprises:
a first opening in a bottom portion of the elevator housing, wherein the first
opening in the bottom portion of the elevator housing is configurable to receive granular

material from a discharge of a receiving conveyor.

61 The system of claim 47, further comprising:

an ¢levating discharge diverter assembly comprising:
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a diverter portion with an input end connected to receive granular material
from a discharge of the elevating conveyor assembly,
wherein the diverter portion comprises:
a bin diverter output oriented to discharge into the top input
opening of the surge bin; and
a conveyor diverter output oriented to discharge into the

distribution conveyor input.

62. The system of claim 51, wherein the diverter portion further comprises:
a valve configuration operative to direct granular material from the input end of
the diverter portion toward a selected one of the bin diverter output, and the conveyor

diverter output.

03. The system of claim 62, wherein the diverter portion further comprises:

a discharge conduit connecting a discharge of a bucket elevator to the input end of
the diverter portion,

a bin conduit and a conveyor conduit, wherein an input end of the bin conduit and
an 1nput end of the conveyor conduit are connected to an output end of the discharge
conduit through a valve arrangement, and

a valve control operative to switch the valve arrangement between a first
configuration, where the valve arrangement directs granular material to flow from the

discharge conduit toward the bin conduit, and a second configuration where the valve
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arrangement directs the granular material to flow from the discharge conduit toward the

main conveyor conduit.

o4, The system of claim 47, further comprising:

a receiving conveyor,

wherein the receiving conveyor extends outward from the elevating conveyor
assembly, and

wherein the receiving conveyor comprises, when in an operating position, a
substantially horizontal outer portion and an inner inclined portion sloping upward from

an inner end of the outer portion.

65.  The system of claim 64, further comprising:

a rcceiver housing supported on a ground surface when the receiving conveyor is
in the operating position,

wherein the horizontal outer portion of the receiving conveyor is in the receiver

housing,

66. The system of claim 65, wherein the receiver housing defines an opening above
the receiving conveyor to form a receiving station, the receiving station located such that

a transport vehicle discharges into the receiving station when unleading.

67. The system of claim 66, wherein the inner inclined portion of the receiving

conveyor is mounted in the receiver housing.
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08. The system of claim 67, wherein the receiving conveyor assembly comprises:
a connection bar configured to engage recesses in a base of the elevating
convevor assembly, and
wherein, when the connection engages the recesses in the base of the elevating
conveyor assembly, a portion of the receiving conveyor assembly is supported on the

connection bar and the base of the elevating conveyor assembly.

69. The system of claim 47, further comprising:
stabilizer legs movable from a stored position in proximity to the surge bin to an

extended position.

70. The system of claim 47, wherein the distribution conveyor assecmbly is extendable
such that the distribution conveyor output is movable between:

a retracted position where a distal end of the distribution conveyor assembly is a
first distance from the surge bin, and

an extended position where the distal end of the distribution conveyor assembly is
a second distance from the surge bin,

wherein the second distance is greater than the first distance.

71.  The system of claim 70, further comprising:
first and second storage bins,

wherein the distribution conveyor assembly is movable between:
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a first storage bin loading position with the distribution conveyor output
oriented to discharge granular material into the first storage bin, and
a second storage bin loading position with the distribution conveyor output

oriented to discharge granular material into the second storage bin.

72, The system of claim 47, wherein the distribution frame is attached at the input end

of the distribution frame to an upper portion of the surge bin.

73. The system of claim 47, wherein the elevating conveyor assembly is attached to a
side of the surge bin opposite the distribution conveyor assembly and supported on a base

of the surge bin.

74. The system of claim 47, further comprising:
an adjustable leveling device configured to facilitate leveling of the surge bin and

a bucket elevator of the elevating conveyor.

75. The system of claim 47, wherein an elevator housing of the elevating conveyor
assembly 1s supported on a base of the surge bin and is attached at an upper portion of the
clevator housing to the surge bin by an adjustable attachment mechanism such that the
upper portion of the elevator housing is adjustable from right to left to ensure that right

and left sides of buckets in the elevating conveyor assembly are at the same vertical level.

76. A system comprising:
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an elevating conveyor assembly comprising an elevating conveyor configured to
discharge granular material, at an upper end of the elevating conveyor assembly,
selectively to a top input opening of a surge bin or to an input of a distribution conveyor
assembly,

wherein the distribution conveyor assembly comprises a distribution conveyor

that extends outwardly from the upper end of the elevating conveyor assembly,
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