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MANIFOLD ASSEMBLY

Cross-Reference to Related Application

This application claims the benefit of the filing date of, and priority to, U.S. patent application

number 61/841,753, filed July 1, 2013, the entire disclosure of which is hereby incorporated herein by

reference.

Technical Field

This disclosure relates in general to manifold assemblies and, in particular, a manifold assembly

that includes a low pressure manifold and a high pressure manifold.

Background of the Disclosure

A manifold assembly may include a low pressure manifold and a high pressure manifold. Such a

manifold assembly may be used to hydraulically fracture (or "frac") a subterranean formation by

conveying pressurized fluid to a wellbore that extends within the subterranean formation, thereby

facilitating oil and gas exploration and production operations. In some cases, the high and/or low

pressure manifolds may vibrate or otherwise experience dynamic loading, which dynamic loading may

ultimately affect the integrity, or operation, of the manifold(s). This dynamic loading may be caused by,

for example, a blender in fluid communication with the low pressure manifold. For another example, this

vibration or dynamic loading may be caused by one or more pumps, each of which is in fluid

communication with one, or both, of the high and low pressure manifolds and is used to pressurize the

fluid to be conveyed to the wellbore. In addition to, or instead of, issues related to dynamic loading, it is

sometimes difficult to inspect, service or repair the manifold assembly, or to inspect, service, repair or

replace components of the manifold assembly. Still further, if the manifold assembly is mounted on a

trailer, height restrictions may limit or constrain the structural arrangement of the manifold assembly.

Therefore, what is needed is an assembly, apparatus or method that addresses one or more of the

foregoing issues, among others.

Summary

In a first aspect, there is provided a manifold assembly that includes a skid; a low pressure

manifold connected to the skid, the low pressure manifold including one or more flow lines through

which fluid is adapted to flow, and a plurality of ports connected to the one or more flow lines and via

which respective portions of the fluid are adapted to flow to corresponding pumps in a plurality of pumps;

a high pressure manifold connected to the skid, the high pressure manifold including a plurality of

fittings, each of the respective portions of the fluid being adapted to flow through at least one of the

fittings in the plurality of fittings after exiting the corresponding pump; and a plurality of vibration



isolators to dampen dynamic loading, the plurality of vibration isolators being disposed between the

fittings and the one or more flow lines.

In an exemplary embodiment, at least one of the vibration isolators includes at least one of the

following: a helical cable isolator; and a two-piece mount.

In another exemplary embodiment, the manifold assembly includes another plurality of vibration

isolators to dampen dynamic loading, the another plurality of vibration isolators being disposed between

the skid and the one or more flow lines.

In yet another exemplary embodiment, the high pressure manifold further includes a first

mounting bracket connected to the skid; and a second mounting bracket to which one or more of the

fittings in the plurality of fittings is connected; and wherein at least one of the vibration isolators is

disposed between the first and second mounting brackets.

In certain exemplary embodiments, the first mounting bracket is disposed above the one or more

flow lines and the plurality of ports of the low pressure manifold; wherein the at least one of the vibration

isolators is disposed above the first mounting bracket; wherein the second mounting bracket is disposed

above the at least one of the vibration isolators; and wherein the one or more of the fittings are disposed

above the second mounting bracket.

In an exemplary embodiment, the high pressure manifold further includes at least one post

extending downward from the first mounting bracket and connected to the skid.

In another exemplary embodiment, the manifold assembly further includes a carrier bracket

adapted to support a swivel and connected to the at least one post.

In a second aspect, there is provided a manifold assembly that includes a skid; a low pressure

manifold connected to the skid; and a high pressure manifold connected to the skid; wherein the high

pressure manifold has a modular configuration so that the high pressure manifold is disconnectable in

whole or in part from the skid, and reconnectable in whole or in part to the skid.

In an exemplary embodiment, the high pressure manifold includes a plurality of high pressure

modules; wherein the high pressure manifold is disconnected in whole from the skid by at least moving in

whole the plurality of high pressure modules relative to the skid; wherein the high pressure manifold is

disconnected in part from the skid by at least moving at least one of the high pressure modules relative to

the skid; wherein the high pressure manifold is reconnected in whole to the skid by at least moving in

whole the plurality of high pressure modules relative to the skid; and wherein the high pressure manifold

is reconnected in part to the skid by at least moving the at least one of the high pressure modules relative

to the skid.



In another exemplary embodiment, at least one of the high pressure modules includes a port

adapted to be in fluid communication with the corresponding at least one pump; and a fitting in fluid

communication with the port.

In yet another exemplary embodiment, at least one of the high pressure modules provides a

vertical offset between the fitting of the high pressure module and each of the low pressure manifold and

the skid when the high pressure module is connected to the skid; and a horizontal surface upon which the

high pressure module is adapted to rest when the high pressure module is disconnected from the skid; and

wherein the vertical offset facilitates serviceability of the fitting regardless of whether the high pressure

module is connected to the skid.

In certain exemplary embodiments, the vertical offset is adjustable.

In an exemplary embodiment, each of the high pressure modules further includes a first mounting

bracket connected to the skid; at least one vibration isolator connected to the first mounting bracket; and a

second mounting bracket connected to the at least one vibration isolator so that the vibration isolator is

disposed between the first and second mounting brackets; wherein the fitting and the port are mounted to

the second mounting bracket.

In another exemplary embodiment, each of the high pressure modules further includes a carrier

bracket adapted to support a swivel.

In yet another exemplary embodiment, the manifold assembly includes another low pressure

manifold disposed above the high pressure manifold; and another high pressure manifold disposed above

the another low pressure manifold.

In certain exemplary embodiments, the manifold assembly includes another low pressure

manifold that is generally coplanar with the low pressure manifold; and another high pressure manifold

disposed above the high pressure manifold.

In an exemplary embodiment, the manifold assembly includes another low pressure manifold that

is generally coplanar with the low pressure manifold; and another high pressure manifold disposed above

the another low pressure manifold and generally coplanar with the high pressure manifold.

In a third aspect, there is provided a high pressure module adapted to form part of a high pressure

manifold used to hydraulically fracture a subterranean formation within which a wellbore extends, the

high pressure module including a fitting adapted to receive pressurized fluid from a pump and convey the

pressurized fluid to the wellbore; a first mounting bracket to which the fitting is connected; and a plurality

of posts extending downwardly from the first mounting bracket and adapted to be connected to a skid, the

plurality of posts providing a vertical offset between the fitting and the skid when the posts are connected

to the skid; wherein the high pressure module is adapted to be connected to, and in fluid communication

with, another high pressure module.



In an exemplary embodiment, the high pressure module includes a second mounting bracket on

which the fitting is disposed; and a vibration isolator disposed between the first and second mounting

brackets; wherein the first mounting bracket is disposed above the skid; wherein the vibration isolator is

disposed above the first mounting bracket; wherein the second mounting bracket is disposed above the

vibration isolator; wherein the fitting is disposed above the second mounting bracket.

In yet another exemplary embodiment, the high pressure module includes a carrier bracket

adapted to support a swivel and connected to one post in the plurality of posts.

In certain exemplary embodiments, the vertical offset is between the fitting and a horizontal

surface when the posts are not connected to the skid and instead engage the horizontal surface so that the

high pressure module is supported by the horizontal surface.

In a fourth aspect, there is provided a module adapted to form part of a manifold used to

hydraulically fracture a subterranean formation within which a wellbore extends, and the module

includes: a first mounting bracket; a first port connected to the first mounting bracket and adapted to be in

fluid communication with a first pump, wherein the first pump is adapted to pressurize fluid to be

conveyed to the wellbore to hydraulically fracture the subterranean formation within which the wellbore

extends; a second port connected to the first mounting bracket and adapted to be in fluid communication

with a second pump that is different from the first pump, wherein the second pump is adapted to

pressurize fluid to be conveyed to the wellbore to hydraulically fracture the subterranean formation within

which the wellbore extends; and a first fitting connected to the first mounting bracket and in fluid

communication with at least one of the first and second ports. The module is adapted to be connected to,

and in fluid communication with, another module used to hydraulically fracture the subterranean

formation within which the wellbore extends.

In an exemplary embodiment, the first fitting is adapted to receive pressurized fluid from at least

one of the first and second pumps and convey the pressurized fluid to the wellbore.

In another exemplary embodiment, the module includes a second fitting connected to the first

mounting bracket and in fluid communication with the other of the first and second ports.

In yet another exemplary embodiment, the first fitting is in fluid communication with the first

port and is adapted to be in fluid communication with the first pump, the second fitting is in fluid

communication with the second port and is adapted to be in fluid communication with the second pump,

and the first and second fittings are adapted to receive pressurized fluid from the first and second pumps,

respectively, and convey the pressurized fluid to the wellbore.

In certain exemplary embodiments, the module includes at least one post extending from the first

mounting bracket and adapted to engage either a skid or another horizontal surface to provide a vertical



offset between the first fitting and either the skid or the horizontal surface, the vertical offset facilitating

serviceability of the fitting.

In an exemplary embodiment, the module includes a second mounting bracket connected to the

first mounting bracket and on which the first fitting and the first and second ports are mounted.

In another exemplary embodiment, the module includes at least one vibration isolator connecting,

and disposed between, the first and second mounting brackets.

In yet another exemplary embodiment, the first mounting bracket defines first and second sides

spaced in a parallel relation, the first fitting and the first and second ports are mounted on the first side of

the first mounting bracket, and the module includes: at least one vibration isolator connected to the first

mounting bracket on the second side thereof; and a second mounting bracket connected to the at least one

vibration isolator so that the vibration isolator is disposed between the first and second mounting

brackets.

In certain exemplary embodiments, the module includes first and second isolation valves

mounted on the first mounting bracket and in fluid communication with the first and second ports,

respectively; wherein the first fitting is in fluid communication with at least the first isolation valve.

In an exemplary embodiment, the module includes a second fitting in fluid communication with

the second isolation valve.

In a fifth aspect, there is provided a module adapted to connect to a skid and form part of a

manifold used to hydraulically fracture a subterranean formation within which a wellbore extends, and the

module includes: a first mounting bracket; a first port connected to the first mounting bracket and adapted

to be in fluid communication with a first pump, wherein the first pump is adapted to pressurize fluid to be

conveyed to the wellbore to hydraulically fracture the subterranean formation within which the wellbore

extends; a first fitting connected to the first mounting bracket and in fluid communication with the first

port; and at least one post extending from the first mounting bracket and adapted to engage the skid when

the module is connected to the skid, the at least one post being disconnectable from, and reconnectable to,

the skid. At least the first mounting bracket, the first port, the first fitting, and the at least one post are all

disconnectable together from, and all reconnectable together to, the skid. The module is adapted to be

connected to, and in fluid communication with, another module used to hydraulically fracture the

subterranean formation within which the wellbore extends.

In an exemplary embodiment, when the at least one post engages either the skid or another

horizontal surface, the at least one post provides a vertical offset between the first fitting and either the

skid or the horizontal surface to facilitate serviceability of the first fitting.

In another exemplary embodiment, the at least one post permits the vertical offset to be adjustable

with respect to at least the skid.



In yet another exemplary embodiment, the first fitting is adapted to receive pressurized fluid from

the first pump and convey the pressurized fluid to the wellbore.

In certain exemplary embodiments, the module includes a second port connected to the first

mounting bracket and adapted to be in fluid communication with a second pump that is different from the

first pump, wherein the second pump is adapted to pressurize fluid to be conveyed to the wellbore to

hydraulically fracture the subterranean formation within which the wellbore extends; and a second fitting

connected to the first mounting bracket and in fluid communication with the second port; wherein at least

the first mounting bracket, the first and second ports, the first and second fittings, and the at least one post

are all disconnectable together from, and all reconnectable together to, the skid.

In an exemplary embodiment, the first and second fittings are adapted to receive pressurized fluid

from the first and second pumps, respectively, and convey the pressurized fluid to the wellbore.

In another exemplary embodiment, the module includes first and second isolation valves

connected to the first mounting bracket and in fluid communication with the first and second ports,

respectively; wherein the first and second fittings are in fluid communication with the first and second

isolation valves, respectively; and wherein at least the first mounting bracket, the first and second ports,

the first and second fittings, the at least one post, and the first and second isolation valves are all

disconnectable together from, and all reconnectable together to, the skid.

In yet another exemplary embodiment, the module includes at least one vibration isolator

connected to the first mounting bracket; wherein at least the first mounting bracket, the first port, the first

fitting, the at least one post, and the at least one vibration isolator are all disconnectable together from,

and all reconnectable together to, the skid.

In certain exemplary embodiments, the module includes a second mounting bracket connected to

the at least one vibration isolator so that the at least one vibration isolator is disposed between the first

and second mounting brackets; wherein the first fitting and the first port are mounted on the second

mounting bracket; and wherein at least the first and second mounting brackets, the first port, the first

fitting, the at least one post, and the at least one vibration isolator are all disconnectable together from,

and all reconnectable together to, the skid.

In a sixth aspect, there is provided a module adapted to form part of a manifold used to

hydraulically fracture a subterranean formation within which a wellbore extends, and the module

includes: a first mounting bracket; a second mounting bracket spaced in a parallel relation from the

first mounting bracket; a first fitting mounted on the second mounting bracket; a first isolation valve

mounted on the second mounting bracket and in fluid communication with the first fitting, wherein the

first isolation valve is adapted to be in fluid communication with a first pump, wherein the first pump is

adapted to pressurize fluid to be conveyed to the wellbore to hydraulically fracture the subterranean



formation within which the wellbore extends; a first vibration isolator disposed between the first and

second mounting brackets and proximate the first fitting; and a second vibration isolator disposed

between the first and second mounting brackets and proximate the first isolation valve; wherein at least

one of the first and second vibration isolators includes at least one of a helical cable isolator and a two-

piece mount; and wherein the module is disconnectable from, and reconnectable to, another module used

to hydraulically fracture the subterranean formation within which the wellbore extends.

In an exemplary embodiment, the first fitting is adapted to receive pressurized fluid from the first

pump and convey the pressurized fluid to the wellbore.

In another exemplary embodiment, the module includes a second isolation valve mounted on the

second mounting bracket and adapted to be in fluid communication with a second pump that is different

from the first pump, wherein the second pump is adapted to pressurize fluid to be conveyed to the

wellbore to hydraulically fracture the subterranean formation within which the wellbore extends; and a

third vibration isolator disposed between the first and second mounting brackets and proximate the second

isolation valve, the third vibration isolator including at least one of a helical cable isolator and a two-piece

mount.

In yet another exemplary embodiment, the module includes a second fitting mounted on the

second mounting bracket and in fluid communication with the second isolation valve; and a fourth

vibration isolator disposed between the first and second mounting brackets and proximate the second

fitting, the fourth vibration isolator including at least one of a helical cable isolator and a two-piece

mount.

In certain exemplary embodiments, the first and second fittings are adapted to receive pressurized

fluid from the first and second pumps, respectively, and convey the pressurized fluid to the wellbore.

In an exemplary embodiment, the module is adapted to be connected to a skid, the module

includes at least one post extending from the first mounting bracket and adapted to engage the skid when

the module is connected to the skid, the at least one post being disconnectable from, and reconnectable to,

the skid, and at least the first and second mounting brackets, the first isolation valve, the first fitting, the

first and second vibration isolators, and the at least one post are all disconnectable together from, and all

reconnectable together to, the skid.

In another exemplary embodiment, when the at least one post engages either the skid or another

horizontal surface, the at least one post provides a vertical offset between the first fitting and either the

skid or the horizontal surface to facilitate serviceability of the first fitting.

In yet another exemplary embodiment, the at least one post permits the vertical offset to be

adjustable with respect to at least the skid.



In a seventh aspect, there is provided a method including at least one step according to one or

more aspects of the present disclosure.

Other aspects, features, and advantages will become apparent from the following detailed

description when taken in conjunction with the accompanying drawings, which are a part of this

disclosure and which illustrate, by way of example, principles of the inventions disclosed.

Description of Figures

The accompanying drawings facilitate an understanding of the various embodiments.

Figure 1 is a diagrammatic view of a system according to an exemplary embodiment, the system

including a manifold assembly.

Figure 2 is a diagrammatic view of the manifold assembly of Figure 1 according to an exemplary

embodiment, the manifold assembly including a skid, a low pressure manifold, and a high pressure

manifold, the high pressure manifold including a plurality of high pressure modules.

Figure 3 is a perspective view of the manifold assembly of Figure 2, according to an exemplary

embodiment.

Figure 4 is an exploded perspective view of the manifold assembly of Figure 3, according to an

exemplary embodiment.

Figure 5 is a perspective view of the skid and the low pressure manifold of the manifold assembly

of Figure 3, according to an exemplary embodiment.

Figure 6 is a perspective view of one of the high pressure modules of the manifold assembly of

Figure 3, according to an exemplary embodiment.

Figure 7 is a perspective view of the high pressure manifold of the manifold assembly of Figure

3, according to another exemplary embodiment.

Figure 8 is a top plan view of the manifold assembly of Figure 3, according to an exemplary

embodiment.

Figure 9 is an elevational view of the manifold assembly of Figure 3, according to an exemplary

embodiment.

Figures 10, 11, 12 and 13 are diagrammatic views of manifold assemblies, according to

respective exemplary embodiments.

Figure 14 is a top plan view of a manifold assembly, according to another exemplary

embodiment.

Detailed Description

In an exemplary embodiment, as illustrated in Figure 1, a system is generally referred to by the

reference numeral 10 and includes a manifold assembly 12. Pumps 14a-14h, a blender 16, and a wellhead

18 are in fluid communication with the manifold assembly 12. One or more fluid sources 20 are in fluid



communication with the blender 16. The wellhead 18 is the surface termination of a wellbore (not

shown). In an exemplary embodiment, the one or more fluid sources 20 include one or more fluid storage

tanks, other types of fluid sources, natural water features, or any combination thereof. In an exemplary

embodiment, the system 10 is part of a hydraulic fracturing (or "frac") system, which may be used to

facilitate oil and gas exploration and production operations. The exemplary embodiments provided herein

are not limited to a hydraulic fracturing system as the exemplary embodiments may be used with, or

adapted to, a mud pump system, a well treatment system, other pumping systems, one or more systems at

the wellhead 18, one or more systems in the wellbore of which the wellhead 18 is the surface termination,

one or more systems downstream of the wellhead 18, or one or more other systems associated with the

wellhead 18.

In an exemplary embodiment, as illustrated in Figure 2 with continuing reference to Figure 1, the

manifold assembly 12 includes a low pressure manifold 22 and a high pressure manifold 24, both of

which are mounted on, and connected to, a skid 26. The high pressure manifold 24 includes high pressure

modules 28a, 28b, 28c and 28d, all of which are in fluid communication with each other. Each of the

pumps 14a and 14e is in fluid communication with each of the low pressure manifold 22 and the high

pressure module 28a. Each of the pumps 14b and 14f is in fluid communication with each of the low

pressure manifold 22 and the high pressure module 28b. Each of the pumps 14c and 14g is in fluid

communication with each of the low pressure manifold 22 and the high pressure module 28c. Each of the

pumps 14d and 14h is in fluid communication with each of the low pressure manifold 22 and the high

pressure module 28d. In several exemplary embodiments, each of the pumps 14a-14h is, includes, or is

part of, a positive displacement pump, a reciprocating pump assembly, a frac pump, a pump truck, a

truck, a trailer, or any combination thereof.

In an exemplary embodiment, as illustrated in Figures 3 and 4 with continuing reference to

Figures 1 and 2, the skid 26 includes longitudinally-extending structural members 26a, 26b and 26c,

which are spaced in a parallel relation. Transversely-extending end members 26d and 26e are spaced in a

parallel relation, and are respectively connected to opposing end portions of the longitudinally-extending

structural members 26a, 26b and 26c. Transversely-extending structural members 26f, 26g, 26h, 26i, 26j

and 26k extend between the longitudinally- extending structural members 26a and 26b, and also between

the longitudinally-extending structural members 26b and 26c. Vertically- extending center posts 261, 26m,

26n and 26o extend upwards from the longitudinally-extending structural member 26b.

In an exemplary embodiment, as illustrated in Figure 5 with continuing reference to Figures 1-4,

the low pressure manifold 22 includes a transversely-extending tubular member, or rear header 30, which

is in fluid communication with the blender 16 via inlet ports 32a-32f. The inlet ports 32a-32f are

connected to the rear header 30, and are positioned above the end member 26d. A bracket (not shown) to



support the rear header 30 is disposed between the rear header 30 and the transversely-extending

structural member 26f, and also between the longitudinally-extending structural members 26a and 26b.

Another bracket (not shown) to support the rear header 30 is disposed between the rear header 30 and the

transversely-extending structural member 26f, and also between the longitudinally-extending structural

members 26b and 26c.

Longitudinally-extending tubular members, or flow lines 33a and 33b, are in fluid communication

with the rear header 30, and extend therefrom in a direction towards the end member 26e. The flow lines

33a and 33b are spaced in a parallel relation, and include front end caps 34a and 34b, respectively, which

are opposite the rear header 30.

The pumps 14a, 14b, 14c and 14d (not shown in Figure 5) are in fluid communication with the

flow line 33b via one of outlet ports 36a and 36b, one of outlet ports 38a and 38b, one of outlet ports 40a

and 40b, and one of outlet ports 42a and 42b, respectively; such fluid communication may be effected

with one or more hoses, piping, flowline components, other components, or any combination thereof.

The outlet ports 36a, 36b, 38a, 38b, 40a, 40b, 42a and 42b are connected to the flow line 33b. In an

exemplary embodiment, the pumps 14a, 14b, 14c and 14d (not shown in Figure 5) are in fluid

communication with the flow line 33b via both of the outlet ports 36a and 36b, both of the outlet ports

38a and 38b, both of the outlet ports 40a and 40b, and both of the outlet ports 42a and 42b, respectively;

such fluid communication may be effected with one or more hoses, piping, flowline components, other

components, or any combination thereof.

Similarly, the pumps 14e, 14f, 14g and 14h (not shown in Figure 5) are in fluid communication

with the flow line 33a via one of outlet ports 44a and 44b, one of outlet ports 46a and 46b, one of outlet

ports 48a and 48b, and one of outlet ports 50a and 50b, respectively; such fluid communication may be

effected with one or more hoses, piping, flowline components, or any combination thereof. The outlet

ports 44a, 44b, 46a, 46b, 48a, 48b, 50a and 50b are connected to the flow line 33a. In an exemplary

embodiment, the pumps 14e, 14f, 14g and 14h (not shown in Figure 5) are in fluid communication with

the flow line 33a via both of the outlet ports 44a and 44b, both of the outlet ports 46a and 46b, both of the

outlet ports 48a and 48b, and both of the outlet ports 50a and 50b, respectively; such fluid communication

may be effected with one or more hoses, piping, flowline components, or any combination thereof.

The flow line 33a is mounted to the skid 26 via low pressure mounts 52a, 52b, 52c, and 52d,

which are connected to the transversely-extending structural members 26g, 26h, 26i and 26j, respectively.

Similarly, the flow line 33b is mounted to the skid 26 via low pressure mounts 52e, 52f, 52g and 52h,

which are connected to the transversely-extending structural members 26g, 26h, 26i and 26j, respectively.

In an exemplary embodiment, the low pressure manifold 22 is connected to the skid 26 by lowering the

low pressure manifold 22 down and then ensuring that respective upside-down-u-shaped brackets extend



about the flow lines 33a and 33b and engage the low pressure mounts 52a-52h; the clamps are then

connected to the low pressure mounts 52a-52h, thereby connecting the low pressure manifold 22 to the

skid 26.

As shown in Figure 5, the manifold assembly 12 may include an optional tool box 54, which may

be mounted above and across the flow lines 33a and 33b. Alternatively, in an exemplary embodiment, the

tool box 54 may be mounted on at least the longitudinally-extending structural member 26b so that it is

positioned below the flow lines 33a and 33b (see Figures 8 and 9). In several exemplary embodiments,

the tool box 54 may be omitted from the manifold assembly 12.

In an exemplary embodiment, as illustrated in Figure 6 with continuing reference to Figures 1-5,

the high pressure module 28a includes a lower wing mounting bracket 56 and an upper wing mounting

bracket 58 vertically spaced therefrom in a parallel relation. In several exemplary embodiments, instead

of having a wing shape, one or both of the mounting brackets 56 and 58 may have another shape, such as

a rectangular, square, oval, or circular shape.

A center tubular post 60 extends vertically downward from about the center of the lower wing

mounting bracket 56. A side tubular post 62a extends vertically downward from one side portion of the

lower wing mounting bracket 56; a side tubular post 62b (shown in Figure 9), which is identical to the

side tubular post 62a, extends vertically downward from the other side portion of the lower wing

mounting bracket 56. Carrier brackets 64a and 64b are connected to the side tubular posts 62a and 62b,

respectively. Under conditions to be described below, the carrier brackets 64a and 64b are adapted to

support swivels 66a and 66b, respectively, as needed or desired. As shown in Figure 6, the swivel 66a is

not supported by the carrier bracket 64a, but the swivel 66b is supported by the carrier bracket 64b.

Lateral y-fittings 68a and 68b are connected to the upper wing mounting bracket 58. In an

exemplary embodiment, as shown in Figure 6, upside-down-u-shaped brackets 70 connect the lateral y-

fittings 68a and 68b to the upper wing mounting bracket 58. Isolation valves 72a and 72b are connected

to, and are in fluid communication with, the lateral y-fittings 68a and 68b, respectively. The isolation

valves 72a and 72b are in fluid communication with ports 74a and 74b, which are adapted to be connected

to, and in fluid communication with, the swivels 66a and 66b, respectively. The port 74b is shown in

Figure 8. The ports 74a and 74b are connected to the upper wing mounting bracket 58. The ports 74a

and 74b are in fluid communication with the lateral y-fittings 68a and 68b, respectively. The port 74a,

and thus the lateral y-fitting 68a in fluid communication therewith, are adapted to be in fluid

communication with one of the pumps 14e, 14f, 14g, and 14h. The port 74b, and thus the lateral y-fitting

68b in fluid communication therewith, are adapted to be in fluid communication with one of the pumps

14a, 14b, 14c, and 14d. The lateral y-fittings 68a and 68b, the isolation valves 72a and 72b, and the ports

74a and 74b are mounted on the upper side of the upper wing mounting bracket 58.



In several exemplary embodiments, instead of being y-shaped, the fittings 68a and 68b may be t-

shaped or cross-shaped, or may have other shapes. In several exemplary embodiments, the lateral y-

fittings 68a and 68b are combined into one fitting, which may be cross-shaped or t-shaped, or may have

other shapes; in several exemplary embodiments, such a combined fitting may be in fluid communication

with each of the isolation valves 72a and 72b and thus with each of the ports 74a and 74b.

A plurality of vibration isolators 76 are connected to, and disposed between, the wing mounting

brackets 56 and 58. The plurality of vibration isolators 76 are connected to the lower side of the upper

wing mounting bracket 58 and the upper side of the lower wing mounting bracket 56. As shown in

Figure 6, a vibration isolator 76a is positioned above and proximate the side tubular post 62a, and below

and proximate the isolation valve 72a and the port 74a. A vibration isolator 76b is positioned below and

proximate the isolation valve 72a and, in particular, the connection between the lateral y-fitting 68a and

the isolation valve 72a. Vibration isolators 76c and 76d are positioned below and proximate the lateral y-

fitting 68a. Vibration isolators 76e and 76f are positioned below and proximate the lateral y-fitting 68b.

A vibration isolator 76g (shown in Figure 9) is positioned below and proximate the isolation valve 72b

and, in particular, the connection between the lateral y-fitting 68b and the isolation valve 72b. A

vibration isolator 76h (shown in Figure 9) is positioned above and proximate the side tubular post 62b,

and below and proximate the isolation valve 72b and the port 74b.

In an exemplary embodiment, each of the vibration isolators 76a, 76b, 76c, 76d, 76e, 76f, 76g and

76h is, includes, or is part of, one or more helical cable isolators. In an exemplary embodiment, each of

the vibration isolators 76a, 76b, 76c, 76d, 76e, 76f, 76g and 76h is, includes, or is part of, one or more M

Series helical cable isolators, one or more SM Series helical cable isolators, one or more SB Series helical

cable isolators, or any combination thereof, all of which are commercially available from Isolation

Dynamics Corp. (IDC), West Babylon, New York.

In an exemplary embodiment, instead of, or in addition to a helical cable isolator, each of the

vibration isolators 76a, 76b, 76c, 76d, 76e, 76f, 76g and 76h is, includes, or is part of, one or more two-

piece mounts. In an exemplary embodiment, instead of, or in addition to a helical cable isolator, each of

the vibration isolators 76a, 76b, 76c, 76d, 76e, 76f, 76g and 76h is, includes, or is part of, one or more

CBB Series two-piece mounts, one or more CBC Series two-piece mounts, one or more SSB Series two-

piece mounts, one or more CB-2200 Series two-piece mounts, or any combination thereof, all of which

are commercially available from LORD Corporation, Cary, North Carolina.

In an exemplary embodiment, the lower wing mounting bracket 56 includes two or more

similarly-shaped and generally planar brackets or plates stacked on top of each other, all of which are

connected together by, for example, fasteners. The lowermost bracket of the lower wing mounting

bracket 56 is connected to the center tubular post 60 and the side tubular posts 62a and 62b, and the



uppermost bracket of the lower wing mounting bracket 56 is connected to the vibration isolators 76a-76h;

in an exemplary embodiment, the uppermost bracket to which the vibration isolators 76a-76h are

connected is disconnected from at least the lowermost bracket to which the center tubular posts 60 and the

side tubular posts 62a and 62b are connected, and thus at least the upper wing mounting bracket 58, the

vibration isolators 76a-76h, and the uppermost bracket of the lower wing mounting bracket 56 can be

easily disconnected from the high pressure manifold 24. Such an easy disconnection facilitates the

inspection, repair, replacement, installation or other maintenance of, for example, one or more of the

vibration isolators 76a-76h.

In an exemplary embodiment, each of the high pressure modules 28b, 28c and 28d are identical to

the high pressure module 28a and therefore will not be described in further detail. Components of each of

the high pressure modules 28b, 28c and 28d that are identical to corresponding components of the high

pressure module 28a will be given the same reference numerals as that of the high pressure module 28a.

In an exemplary embodiment, as illustrated in Figure 7 with continuing reference to Figures 1-6,

when the high pressure manifold 24 is in its assembled configuration, the high pressure module 28a is

connected to the high pressure model 28b, the high pressure module 28b is connected to the high pressure

module 28c, and the high pressure module 28c is connected to the high pressure module 28d. All of the

high pressure modules 28a, 28b, 28c and 28d are in fluid communication with each other.

More particularly, the high pressure module 28a is connected to the high pressure module 28b via

straight fittings 78a and 78b. The straight fitting 78a extends between the respective lateral y-fittings 68a

of the high pressure modules 28a and 28b. Likewise, the straight fitting 78b extends between the

respective lateral y-fittings 68b of the high pressure modules 28a and 28b. The high pressure module 28b

is connected to the high pressure module 28c via straight fittings 80a and 80b. The straight fitting 80a

extends between the respective lateral y-fittings 68a of the high pressure modules 28b and 28c. Likewise,

the straight fitting 80b extends between the respective lateral y-fittings 68b of the high pressure modules

28b and 28c. The high pressure module 28c is connected to the high pressure module 28d via straight

fittings 82a and 82b. The straight fitting 82a extends between the respective lateral y-fittings 68a of the

high pressure modules 28c and 28d. Likewise, the straight fitting 82b extends between the respective

lateral y-fittings 68b of the high pressure modules 28c and 28d. Moreover, in an exemplary embodiment,

in addition to the foregoing connections, parallel-spaced and longitudinally-extending supports 84a and

84b are connected to the respective lower wing mounting brackets 56 of the high pressure modules 28a,

28b, 28c and 28d, thereby providing additional points of connection between the high pressure modules

28a and 28b, between the high pressure modules 28b and 28c, and between the high pressure modules 28c

and 28d. In several exemplary embodiments, the supports 84a and 84b may be omitted, as shown in

Figures 8 and 9.



As shown in Figure 7, when the high pressure manifold 24 is in its assembled configuration, a

right-angle fitting 86a is connected to the lateral y-fitting 68a of the high pressure module 28a at the end

thereof opposite the end at which the straight fitting 78a is connected. A right-angle fitting 86b is

connected to the lateral y-fitting 68b of the high pressure module 28a at the end thereof opposite the end

at which the straight fitting 78b is connected. The right-angle fittings 86a and 86b are connected together

so that the lateral y-fittings 68a and 68b of the high pressure module 28a are in fluid communication with

each other.

The lateral y-fittings 68a and 68b of the high pressure module 28d are adapted to be in fluid

communication with the wellhead 18; such fluid communication may be effected with one or more hoses,

piping, flowline components, other components, or any combination thereof.

Each of the respective carrier brackets 64a of the high pressure modules 28a-28d is adapted to

support the corresponding swivel 66a, as needed or desired. And each of the respective carrier brackets

64b of the high pressure modules 28a-28d is adapted to support the corresponding swivel 66b, as needed

or desired. As shown in Figure 7, the respective swivels 66a of the high pressure modules 28c and 28d

are supported by the corresponding carrier brackets 64a. The respective swivels 66a of the high pressure

modules 28a and 28b are connected to the corresponding ports 74a. The respective swivels 66b of the

high pressure modules 28a-28d are supported by the corresponding carrier brackets 64b. In several

exemplary embodiments, one or more of the respective swivels 66a and 66b may be supported in

accordance with the foregoing during the transportation, installation, adjustment, or other movement of

the high pressure manifold 24. In several exemplary embodiments, one or more of the respective swivels

66a and 66b may be supported in accordance with the foregoing when the corresponding high pressure

module 28a-28d is not in use.

In an exemplary embodiment, with continuing reference to Figures 1-7, when the manifold

assembly 12 is in its assembled condition as shown in Figures 1-3, the low pressure manifold 22 is

connected to the skid 26 as discussed above, and the high pressure manifold 24 is connected to the skid

26. In particular, as shown in Figure 3, when the high pressure manifold 24 is connected to the skid 26,

the vertically-extending center posts 261-26o are received by and thus extend up into, and are connected

to, the respective center tubular posts 60 of the high pressure modules 28a-28d. The respective side

tubular posts 62a and 62b of the high pressure modules 28a-28d are connected to respective ones of the

transversely-extending structural members 26f, 26g, 26h, 26i, 26j and 26k. Due to the respective

combinations of the center tubular post 60 and the side tubular posts 62a and 62b of each of the high

pressure modules 28a-28d, the majority of the high pressure manifold 24 is disposed above the low

pressure manifold 22, except for the respective center tubular posts 60, the respective side tubular posts

62a and 62b, the respective carrier brackets 64a and 64b, and the respective swivels 66a and 66b of the



high pressure modules 28a-28d. Except for the respective swivels 66a and 66b, all components of the

high pressure manifold 24 through which fluid is adapted to flow (as will be described in further detail

below) are vertically offset from, and disposed above, the low pressure manifold 22 and the skid 26. This

vertical offset, as indicated by arrow 88 in Figure 3, facilitates assembly and maintenance of the high

pressure manifold 24, providing better serviceability and a more ergonomically correct design for

personnel. This vertical offset indicated by the arrow 88, and the serviceability and ergonomically

beneficial aspects that flow therefrom, are present when: the manifold assembly 12 is in its assembled

condition as shown in Figure 3; the high pressure manifold 24 is disconnected in whole from the

remainder of the manifold assembly 12 (including the low pressure manifold 22 and the skid 26) and

engages or rests on another horizontal surface, such as the ground, as shown in Figures 4 and 7; and the

high pressure manifold 24 is disconnected in part from the remainder of the manifold assembly 12 (i.e.,

one or more of the high pressure modules 28a-28d is or are removed from the remainder of the manifold

assembly 12) and rest(s) on another horizontal surface, such as the ground, as shown in Figure 6.

In several exemplary embodiments, the vertical offset indicated by the arrow 88 may be

adjustable by providing different locations along each of the center tubular posts 60 at which the center

tubular posts 60 may be pinned or otherwise fastened to the respective vertically-extending center posts

261-26o, and/or by providing different locations along each of the vertically- extending center posts 261-

26o at which the respective center tubular posts 60 may be pinned or otherwise fastened. Moreover, in

several exemplary embodiments, the side tubular posts 62a and 62b may include respective sets of

telescoping members to further provide adjustability to the vertical offset indicated by the arrow 88.

Moreover, side posts may be connected to the skid 26; these side posts may be received by and thus

extend up into, and be connected to, respective ones of the side tubular posts 62a and 62b; the respective

locations of these connections may be adjustable to provide adjustability of the vertical offset indicated by

the arrow 88.

In several exemplary embodiments, due to the modular configuration of the high pressure

manifold 24 of the manifold assembly 12, the manifold assembly 12 may be assembled in different

manners. For example, in one embodiment, the low pressure manifold 22 may be connected to the skid

26, and the high pressure manifold 24 may be connected (or reconnected) in whole to the skid 26. In

another exemplary embodiment, the low pressure manifold 22 may be connected to the skid 26, and the

high pressure manifold 24 may be connected (or reconnected) in part to the skid 26 by connecting one or

more of the high pressure modules 28a-28d to the skid 26, and connecting one or more other of the high

pressure modules 28a-28d to the skid 26.

In operation, in an exemplary embodiment, as illustrated in Figures 8 and 9 with continuing

reference to Figures 1-7, the system 10 is used to hydraulically fracture (or "frac") a subterranean



formation, thereby facilitating oil and gas exploration and production operations. The wellhead 18 may

be the surface termination of a wellbore (not shown) that traverses such a subterranean formation. The

system 10 operates to inject fluid under high pressure into the wellbore of which the wellhead 18 is the

surface termination.

More particularly, fluid flows from the fluid source(s) 20 to the blender 16. In the blender 16, the

fluid supplied from the fluid source(s) 20 is mixed with proppant, sand, other materials such as additives,

or any combination thereof. As indicated by arrows 90 in Figures 8 and 9, the mixed fluid then flows

from the blender 16 and into the rear header 30 of the low pressure manifold 22 via the inlet ports 32a-

32f. A portion of the mixed fluid flows from the rear header 30 and into the flow line 33b, and then to the

pumps 14a, 14b, 14c and 14d via at least one of outlet ports 36a and 36b, at least one of outlet ports 38a

and 38b, at least one of outlet ports 40a and 40b, and at least one of outlet ports 42a and 42b, respectively.

Another portion of the mixed fluid flows from the rear header 30 and into the flow line 33a, and then to

the pumps 14e, 14f, 14g and 14h via at least one of outlet ports 44a and 44b, at least one of outlet ports

46a and 46b, at least one of outlet ports 48a and 48b, and at least one of outlet ports 50a and 50b,

respectively. Fluid flows from the foregoing outlet ports to the respective pumps 14a-14h via one or more

hoses, piping, flowline components, other components, or any combination thereof; an example of such a

hose is a hose 91, a portion of which is shown to be connected to the outlet port 50a in Figures 3 and 8.

The pumps 14a-14d pressurize the fluid flowing therethrough, pumping the fluid into the high

pressure manifold 24 via the respective swivels 66b. Likewise, the pumps 14e-14h pressurize the fluid

flowing therethrough, pumping the fluid into the high pressure manifold 24 via the respective swivels

66a. Although in Figures 8 and 9 not all of the swivels 66a and 66b are shown as respectively connected

to the corresponding ports 74a and 74b, it is understood that, during the operation of all of the pumps 14a-

14h, all of the swivels 66a and 66b are respectively connected to the corresponding ports 74a and 74b.

Respective portions of the pressurized fluid flow through the respective ports 74a and 74b, the

isolation valves 72a and 72b, and lateral y-fittings 68a and 68b, of the high pressure modules 28a-28d.

Some portions of the pressurized fluid flow through one or more of the respective lateral y-fittings 68a

and 68b, the right-angle fittings 86a and 86b, and the straight fittings 78a, 78b, 80a, 80b, 82a and 82b.

All of the pressurized fluid generally flows in the direction indicated by arrows 92a and 92b, and out

either of the respective ends of the lateral y-fittings 68a and 68b located opposite the straight fittings 82a

and 82b. The pressurized fluid ultimately exits the high pressure manifold 24. After exiting the high

pressure manifold 24, the pressurized fluid flows towards the wellhead 18, and is injected under high

pressure into the wellbore of which the wellhead 18 is the surface termination.

Before, during and after the above-described operation of the system 10, in several exemplary

embodiments, the respective sets of vibration isolators 76a-76h dampen dynamic loading by, for example,



isolating vibration and/or absorbing shock. In an exemplary embodiment, the respective sets of vibration

isolators 76a-76h dampen dynamic loading experienced by the great majority of the high pressure

manifold 24 including, for example, the lateral y-fittings 68a and 68b, the straight fittings 82a and 82b,

etc. This dynamic loading may be caused by, for example, the operation of the pumps 14a-14h. For

another example, this dynamic loading may be caused by the operation of the blender 16. This dynamic

loading may be caused by a wide variety of factors, or combinations thereof. In several exemplary

embodiments, the vibration isolators 76a-76h dampen the dynamics that occur during the above-described

operation of the system 10.

In several exemplary embodiments, with continuing reference to Figures 1-9, the manifold

assembly 12 may be disassembled for repair and maintenance, and/or replacement of one or more

components, and then reassembled. In several exemplary embodiments, due to the modular configuration

of the high pressure manifold 24 of the manifold assembly 12, the manifold assembly 12 may be

disassembled and reassembled in different manners. For example, in one embodiment, the high pressure

manifold 24 may be disconnected in whole from the remainder of the manifold assembly 12 by

disconnecting the center tubular posts 60 and the side tubular posts 62a and 62b from the skid 26, and

moving in whole the plurality of high pressure modules 28a-28d relative to the skid 26 (e.g., lifting in

whole the plurality of high pressure modules 28a-28d up and off of the skid 26, and/or sliding in whole

the plurality of high pressure modules 28a-28d off of the skid 26). The high pressure manifold 24 may

then be reconnected in whole to the remainder of the manifold assembly 12 by moving (lowering, sliding,

etc.) in whole the plurality of high pressure modules 28a-28d relative to and towards the skid 26, and

reconnecting the posts 60, 62a and 62b to the skid 26. In another exemplary embodiment, the high

pressure manifold 24 may be disconnected in part from the remainder of the manifold assembly 12 by

disconnecting one or more of the high pressure modules 28a-28d. In several exemplary embodiments,

such a disconnect may be made by disconnecting the center tubular post 60 and the side tubular posts 62a

and 62b of the one of the high pressure modules 28a-28d to be removed from the skid 26, disconnecting

the corresponding lateral y-fittings 68a and 68b from: the right-angle fittings 86a and 86b and the straight

fittings 78a and 78b, from the straight fittings 78a and 78b and the straight fittings 80a and 80b, from the

straight fittings 80a and 80b and the straight fittings 82a and 82b, or from the straight fittings 82a and

82b. In several exemplary embodiments, each pair of the straight fittings 78a and 78b, 80a and 80b, and

82a and 82b may be considered to be part of at least one of the high pressure modules 28a-28d and thus

remains connected to the at least one of the pressures modules 28a-28d when the module is removed from

the remainder of the manifold assembly 12. In several exemplary embodiments, the right-angle fittings

86a and 86b may be considered to be part of the high pressure module 28a and thus remain connected

thereto when the high pressure module 28a is removed from the remainder of the manifold assembly 12.



As discussed above, the vertical offset indicated by the arrow 88, and the serviceability and

ergonomically beneficial aspects that flow therefrom, are present when: the high pressure manifold 24 is

disconnected in whole from the remainder of the manifold assembly 12 (including the low pressure

manifold 22 and the skid 26) and engages or rests on another horizontal surface, such as the ground, as

shown in Figures 4 and 7; and the high pressure manifold 24 is disconnected in part from the remainder of

the manifold assembly 12 (i.e., one or more of the high pressure modules 28a-28d is or are removed from

the remainder of the manifold assembly 12) and rest(s) on another horizontal surface, such as the ground,

as shown in Figure 6. The one of the high pressure modules 28a-28d may then be moved (lifted, slid,

etc.) relative to the skid 26 to complete the disconnection in part. The high pressure manifold 24 may

then be reconnected in part to the remainder of the manifold assembly 12 by moving, relative to the skid

26, one or more of the high pressure modules 28a-28d and reconnecting the one or more of the high

pressure modules 28a-28d to the skid 26. In several exemplary embodiments, such a reconnect may be

made by reconnecting the center tubular post 60 and the side tubular posts 62a and 62b of the one of the

high pressure modules 28a-28d to be reconnected to the skid 26, and reconnecting the corresponding

lateral y-fittings 68a and 68b to: the right-angle fittings 86a and 86b and the straight fittings 78a and 78b;

the straight fittings 78a and 78b and the straight fittings 80a and 80b; the straight fittings 80a and 80b and

the straight fittings 82a and 82b; or the straight fittings 82a and 82b. In one embodiment, each of the high

pressure modules 28a-28d, at least the corresponding mounting brackets 56 and 58, the lateral y-fittings

68a and 68b, the isolation valves 72a and 72b, the ports 74a and 74b, the plurality of vibration isolators

76, and the posts 60, 62a, and 62b, are all disconnectable together from, and all reconnectable together to,

the skid 26.

In several exemplary embodiments, the high pressure manifold 24 of the manifold assembly 10

can be lifted in whole off of the skid 26 and set to the side of the skid 26, and then can be disassembled,

repaired, maintained, assembled, have one or more components thereof replaced, or any combination

thereof.

In several exemplary embodiments, any of the high pressure modules 28a-28d can be removed

from the manifold assembly 12 and then repaired or replaced with another module that is substantially

similar to the removed one of the high pressure modules 28a-28d.

In several exemplary embodiments, one or more of the high pressure modules 28a-28d may be

removed from the high pressure manifold 24. In several exemplary embodiments, one or more high

pressure modules, each of which is substantially identical to any one of the high pressure modules 28a-

28d, may be added to the high pressure manifold 24. In several exemplary embodiments, one or more of

the outlet ports 36a, 36b, 38a, 38b, 40a, 40b, 42a, 42b, 44a, 44b, 46a, 46b, 48a, 48b, 50a and 50b may be

removed from the low pressure manifold 22. In several exemplary embodiments, one or more outlet



ports, each of which is substantially identical to any one of the outlet ports 36a, 36b, 38a, 38b, 40a, 40b,

42a, 42b, 44a, 44b, 46a, 46b, 48a, 48b, 50a and 50b, may be added to the low pressure manifold 22.

In an exemplary embodiment, as illustrated in Figure 10 with continuing reference to Figures 1-9,

a manifold is generally referred to by the reference numeral 94 and includes the skid 26, the low pressure

manifold 22, and the high pressure manifold 24. In several exemplary embodiments, each of the low

pressure manifold 22 and the high pressure manifold 24 is connected to the skid 26 in the manifold

assembly 94 in the same manner in which it is connected to the skid 26 in the manifold assembly 12. The

manifold assembly 94 further includes a low pressure manifold 96 and a high pressure manifold 98. In an

exemplary embodiment, the low pressure manifold 96 is substantially similar to the low pressure

manifold 22, and is connected to the skid 26 in a manner similar to the manner in which the low pressure

manifold 22 is connected to the skid 26 in the manifold assembly 12. In an exemplary embodiment, the

low pressure manifold 96 is substantially similar to the low pressure manifold 22, and is connected to one

or more of the high pressure manifold 24, the low pressure manifold 22, and the skid 26. In an exemplary

embodiment, the high pressure manifold 98 is substantially similar to the high pressure manifold 24, and

is connected to the skid 26 in a manner similar to the manner in which the high pressure manifold 24 is

connected to the skid 26 in the manifold assembly 12. In an exemplary embodiment, the high pressure

manifold 98 is substantially similar to the high pressure manifold 24, and is connected to one or more of

the low pressure manifold 96, the high pressure manifold 24, the low pressure manifold 22, and the skid

26. In an exemplary embodiment: the low pressure manifold 96 is substantially similar to the low

pressure manifold 22; the low pressure manifold 96 is mounted to a skid (not shown) that is substantially

similar to the skid 26; the similar skid is connected to the skid 26 using vertically-extending supports; the

high pressure manifold 98 is substantially similar to the high pressure manifold 24; and the high pressure

manifold 98 is connected to the similar skid.

In several exemplary embodiments, the manifold assembly 94 may include one or more pairs of

manifolds, each of which is disposed above the high pressure manifold 98 and includes a high pressure

manifold disposed above a low pressure manifold; in an exemplary embodiment, each pair of manifolds

includes a high pressure manifold that is substantially similar to the high pressure manifold 24 and is

disposed above a low pressure manifold that is substantially similar to the low pressure manifold 22.

In several exemplary embodiments, the operation of the manifold assembly 94 is similar to the

operation of the manifold assembly 12, with the drilling fluid flowing towards the wellhead 18 in a

direction indicated by arrow 99.

In an exemplary embodiment, as illustrated in Figure 11 with continuing reference to Figures 1-

10, a manifold assembly is generally referred to by the reference numeral 100 and includes a skid 26', the

low pressure manifold 22, the high pressure manifold 24, a low pressure manifold 102, and a high



pressure manifold 104. In an exemplary embodiment, the skid 26' includes the skid 26. In an exemplary

embodiment, the skid 26' includes the skid 26 and another skid connected to one end portion thereof, the

other skid being similar to the skid 26. In an exemplary embodiment, the skid 26' is similar to the skid

26, but is two times the size, lengthwise, of the skid 26. In an exemplary embodiment: the low pressure

manifold 102 is substantially similar to, generally coplanar with, and connected to one end portion of, the

low pressure manifold 22; the low pressure manifolds 22 and 102 are connected to the skid 26'; the high

pressure manifold 24 is connected to the skid 26' and disposed above the low pressure manifolds 22 and

102; the high pressure manifold 104 is substantially similar to the high pressure manifold 24; and the high

pressure manifold 104 is connected to the skid 26' and disposed above the high pressure manifold 24.

In several exemplary embodiments, the manifold assembly 100 includes one or more additional

low pressure manifolds, each of which is substantially similar to, and generally coplanar with, the low

pressure manifold 22, and further includes one or more additional high pressure manifolds, each of which

is substantially similar to the high pressure manifold 24 and is disposed above the high pressure manifold

104.

In several exemplary embodiments, the operation of the manifold assembly 100 is similar to the

operation of the manifold assembly 12, with the drilling fluid flowing towards the wellhead 18 in a

direction indicated by arrow 105.

In an exemplary embodiment, as illustrated in Figure 12 with continuing reference to Figures 1-

11, a manifold assembly is generally referred to by the reference numeral 106 and includes the skid 26'.

The manifold assembly 106 further includes the low pressure manifold 22, the high pressure manifold 24,

the low pressure manifold 102, and the high pressure manifold 104, each of which is connected to the skid

26'. The high pressure manifold 24 is disposed above the low pressure manifold 22. The low pressure

manifold 102 is coplanar with, and connected to one end portion of, the low pressure manifold 22. The

high pressure manifold 104 is disposed above the low pressure manifold 102. The high pressure manifold

104 is coplanar with, and connected to one end portion of, the high pressure manifold 24.

In several exemplary embodiments, the manifold assembly 106 may include one or more pairs of

manifolds, each of which includes a low pressure manifold that is: substantially similar to the low

pressure manifold 22, connected to the skid 26', and coplanar with the low pressure manifolds 22 and

102; each of the one or more pairs of manifolds further includes a high pressure manifold that is:

substantially similar to the high pressure manifold 22, connected to the skid 26', and coplanar with the

high pressure manifolds 24 and 104.

In several exemplary embodiments, the operation of the manifold assembly 106 is similar to the

operation of the manifold assembly 12, with the drilling fluid flowing towards the wellhead 18 in a

direction indicated by arrow 108.



In an exemplary embodiment, as illustrated in Figure 13 with continuing reference to Figures 1-

12, a manifold assembly is generally referred to by the reference numeral 110 and includes the skid 26,

the low pressure manifold 22, and the high pressure manifold 24. The high pressure manifold 24 is

connected to the skid 26 in the manifold assembly 110 in a manner similar to the manner in which the

high pressure manifold 24 is connected to the skid 26 in the manifold assembly 12. The manifold

assembly 110 further includes vibration isolators 112a, 112b, 112c and 112d, which are disposed between

the low pressure manifold 22 and the skid 26.

In several exemplary embodiments, each of the vibration isolators 112a- 112d includes one or

more vibration isolators, each of which is identical, or at least similar, to one of the vibration isolators

76a-76h. In several exemplary embodiments, each of the vibration isolators 112a- 112d includes one or

more vibration isolators, each of which is identical, or at least similar, to one of the vibration isolators

76a-76h, and each of the vibration isolators 112a-l 12d also includes lower and upper mounting brackets

between which the one or more vibration isolators are disposed and to which the one or more vibration

isolators are connected; the lower and upper mounting brackets may be identical, or at least similar, to the

wing mounting brackets 56 and 58, respectively, with at least a portion of the high pressure manifold 24

being connected to the upper mounting bracket and the lower mounting bracket being connected to the

skid 26.

In several exemplary embodiments, the operation of the manifold assembly 110 is similar to the

operation of the manifold assembly 12, with the drilling fluid flowing towards the wellhead 18 in a

direction indicated by arrow 114. Before, during and after the operation of the manifold assembly 110, in

several exemplary embodiments, the vibration isolators 112a- 112d dampen dynamic loading by, for

example, isolating vibration and/or absorbing shock. In an exemplary embodiment, the vibration isolators

112a-l 12d dampen dynamic loading experienced by the great majority of the low pressure manifold 22

including, for example, the flow lines 33a and 33b. This dynamic loading may be caused by, for

example, the operation of the pumps 14a-14h. For another example, this dynamic loading may be caused

by the operation of the blender 16. This dynamic loading may be caused by a wide variety of factors, or

combinations thereof. In several exemplary embodiments, the vibration isolators 112a-l 12d dampen the

dynamics that occur during the operation of the manifold assembly 110.

In an exemplary embodiment, as illustrated in Figure 14 with continuing reference to Figures 1-

13, a manifold assembly is generally referred to by the reference numeral 116 and includes several

components that are identical to corresponding components of the manifold assembly 12, which identical

components are given the same reference numerals. The manifold assembly 116 includes the high

pressure manifold 24 illustrated in Figures 2-4 and 6-9; however, for the purpose of clarity some of the

components of the high pressure manifold 24 are not shown in Figure 14 (e.g., not all of the upper wing



mounting brackets 58 are shown in Figure 14). The center tubular posts 60 are omitted from the high

pressure manifold 24 when the high pressure manifold 24 is part of the manifold assembly 116.

Correspondingly, the manifold assembly 116 includes the skid 26, but the vertically-extending center

posts 261-26o are omitted from the skid 26 when the skid 26 is part of the manifold assembly 116.

Moreover, the skid 26 further includes longitudinally- extending structural members 26d and 26e. The

respective isolation valves 72a are in fluid communication with the corresponding lateral y-fittings 68a

via respective fittings 117a. The respective isolation valves 72b are in fluid communication with the

corresponding lateral y-fittings 68b via respective fittings 117b.

As shown in Figure 14, the manifold assembly 116 includes a low pressure manifold 118. The

low pressure manifold 118 includes several components that are identical to corresponding components of

the low pressure manifold 22, which identical components are given the same reference numerals.

Instead of two flow lines, i.e., the flow lines 33a and 33b, the low pressure manifold 118 includes one

flow line, namely flow line 120, which is connected to the rear header 30. The outlet ports 36a, 36b, 38a,

38b, 40a, 40b, 42a and 42b are connected to the flow line 120 via respective ones of a plurality of straight

fittings 121a. The outlet ports 44a, 44b, 46a, 46b, 48a, 48b, 50a and 50b are connected to the flow line

120 via respective ones of a plurality of straight fittings 121b. The longitudinally-extending structural

member 26e facilitates the support of the fittings 121a. Similarly, the longitudinally-extending structural

member 26d facilitates the support of the fittings 121b. A right-angle fitting 122 is connected to the

lateral y-fitting 68b of the high pressure module 28d. A t-fitting 124 is connected to each of the right-

angle fitting 122 and the lateral y-fitting 68a of the high pressure module 28d.

In several exemplary embodiments, the operation of the manifold assembly 116 is similar to the

operation of the manifold assembly 12, with the drilling fluid flowing towards the wellhead 18 in a

direction indicated by arrow 126. The drilling fluid exits the high pressure manifold 24 via the t-fitting

124.

In several exemplary embodiments, the use of the skid 26 in each of the manifold assemblies 12,

94, 100, 106, 110 and 116 eliminates the need for a trailer during the operation thereof. As a result, more

flexibility with respect to the overall height of each of the manifold assemblies 12, 94, 100, 106, 110 and

116 is provided.

In the foregoing description of certain embodiments, specific terminology has been resorted to for

the sake of clarity. However, the disclosure is not intended to be limited to the specific terms so selected,

and it is to be understood that each specific term includes other technical equivalents which operate in a

similar manner to accomplish a similar technical purpose. Terms such as "left" and right", "front" and

"rear", "above" and "below" and the like are used as words of convenience to provide reference points

and are not to be construed as limiting terms.



In this specification, the word "comprising" is to be understood in its "open" sense, that is, in the

sense of "including", and thus not limited to its "closed" sense, that is the sense of "consisting only of.

A corresponding meaning is to be attributed to the corresponding words "comprise", "comprised" and

"comprises" where they appear.

In addition, the foregoing describes only some embodiments of the invention(s), and alterations,

modifications, additions and/or changes can be made thereto without departing from the scope and spirit

of the disclosed embodiments, the embodiments being illustrative and not restrictive.

Furthermore, invention(s) have described in connection with what are presently considered to be

the most practical and preferred embodiments, it is to be understood that the invention is not to be limited

to the disclosed embodiments, but on the contrary, is intended to cover various modifications and

equivalent arrangements included within the spirit and scope of the invention(s). Also, the various

embodiments described above may be implemented in conjunction with other embodiments, e.g., aspects

of one embodiment may be combined with aspects of another embodiment to realize yet other

embodiments. Further, each independent feature or component of any given assembly may constitute an

additional embodiment.



WHAT IS CLAIMED IS:

1. A manifold assembly, comprising:

a skid;

a low pressure manifold connected to the skid, the low pressure manifold comprising:

one or more flow lines through which fluid is adapted to flow, and

a plurality of ports connected to the one or more flow lines and via which respective

portions of the fluid are adapted to flow to corresponding pumps in a plurality of

pumps;

a high pressure manifold connected to the skid, the high pressure manifold comprising a plurality

of fittings, each of the respective portions of the fluid being adapted to flow through at

least one of the fittings in the plurality of fittings after exiting the corresponding pump;

and

a plurality of vibration isolators to dampen dynamic loading, the plurality of vibration isolators

being disposed between the fittings and the one or more flow lines.

2. The manifold assembly of claim 1, wherein at least one of the vibration isolators comprises at

least one of the following:

a helical cable isolator; and

a two-piece mount.

3. The manifold assembly of claim 1, further comprising another plurality of vibration isolators to

dampen dynamic loading, the another plurality of vibration isolators being disposed between the

skid and the one or more flow lines.

4. The manifold assembly of claim 1, wherein the high pressure manifold further comprises:

a first mounting bracket connected to the skid; and

a second mounting bracket to which one or more of the fittings in the plurality of fittings

is connected;

and

wherein at least one of the vibration isolators is disposed between the first and second mounting

brackets.

5. The manifold assembly of claim 4, wherein the first mounting bracket is disposed above the one

or more flow lines and the plurality of ports of the low pressure manifold;

wherein the at least one of the vibration isolators is disposed above the first mounting bracket;

wherein the second mounting bracket is disposed above the at least one of the vibration isolators;

and

wherein the one or more of the fittings are disposed above the second mounting bracket.



The manifold assembly of claim 5, wherein the high pressure manifold further comprises at least

one post extending downward from the first mounting bracket and connected to the skid.

The manifold assembly of claim 6, wherein the manifold assembly further comprises a carrier

bracket adapted to support a swivel and connected to the at least one post.

A manifold assembly, comprising:

a skid;

a low pressure manifold connected to the skid; and

a high pressure manifold connected to the skid;

wherein the high pressure manifold has a modular configuration so that the high pressure

manifold is disconnectable in whole or in part from the skid, and reconnectable in whole

or in part to the skid.

The manifold assembly of claim 8, wherein the high pressure manifold comprises a plurality of

high pressure modules;

wherein the high pressure manifold is disconnected in whole from the skid by at least moving in

whole the plurality of high pressure modules relative to the skid;

wherein the high pressure manifold is disconnected in part from the skid by at least moving at

least one of the high pressure modules relative to the skid;

wherein the high pressure manifold is reconnected in whole to the skid by at least moving in

whole the plurality of high pressure modules relative to the skid; and

wherein the high pressure manifold is reconnected in part to the skid by at least moving the at

least one of the high pressure modules relative to the skid.

The manifold assembly of claim 9, wherein at least one of the high pressure modules comprises a

port adapted to be in fluid communication with the corresponding at least one pump; and a fitting

in fluid communication with the port.

The manifold assembly of claim 10, wherein at least one of the high pressure modules provides a

vertical offset between the fitting of the high pressure module and:

each of the low pressure manifold and the skid when the high pressure module is

connected to the skid; and

a horizontal surface upon which the high pressure module is adapted to rest when the

high pressure module is disconnected from the skid;

and

wherein the vertical offset facilitates serviceability of the fitting regardless of whether the high

pressure module is connected to the skid.

The manifold assembly of claim 11, wherein the vertical offset is adjustable.



The manifold assembly of claim 10, wherein each of the high pressure modules further

comprises:

a first mounting bracket connected to the skid;

at least one vibration isolator connected to the first mounting bracket; and

a second mounting bracket connected to the at least one vibration isolator so that the vibration

isolator is disposed between the first and second mounting brackets;

wherein the fitting and the port are mounted to the second mounting bracket.

The manifold assembly of claim 10, wherein each of the high pressure modules further comprises

a carrier bracket adapted to support a swivel.

The manifold assembly of claim 8, further comprising:

another low pressure manifold disposed above the high pressure manifold; and

another high pressure manifold disposed above the another low pressure manifold.

The manifold assembly of claim 8, further comprising another low pressure manifold that is

generally coplanar with the low pressure manifold; and another high pressure manifold disposed

above the high pressure manifold.

The manifold assembly of claim 8, further comprising another low pressure manifold that is

generally coplanar with the low pressure manifold; and another high pressure manifold disposed

above the another low pressure manifold and generally coplanar with the high pressure manifold.

A module adapted to form part of a manifold used to hydraulically fracture a subterranean

formation within which a wellbore extends, the module comprising:

a first mounting bracket;

a first port connected to the first mounting bracket and adapted to be in fluid communication with

a first pump, wherein the first pump is adapted to pressurize fluid to be conveyed to the

wellbore to hydraulically fracture the subterranean formation within which the wellbore

extends;

a second port connected to the first mounting bracket and adapted to be in fluid communication

with a second pump that is different from the first pump, wherein the second pump is

adapted to pressurize fluid to be conveyed to the wellbore to hydraulically fracture the

subterranean formation within which the wellbore extends; and

a first fitting connected to the first mounting bracket and in fluid communication with at least one

of the first and second ports;

wherein the module is adapted to be connected to, and in fluid communication with, another

module used to hydraulically fracture the subterranean formation within which the

wellbore extends.



The module of claim 18, wherein the first fitting is adapted to receive pressurized fluid from at

least one of the first and second pumps and convey the pressurized fluid to the wellbore.

The module of claim 18, further comprising a second fitting connected to the first mounting

bracket and in fluid communication with the other of the first and second ports.

The module of claim 20, wherein the first fitting is in fluid communication with the first port and

is adapted to be in fluid communication with the first pump;

wherein the second fitting is in fluid communication with the second port and is adapted to be in

fluid communication with the second pump; and

wherein the first and second fittings are adapted to receive pressurized fluid from the first and

second pumps, respectively, and convey the pressurized fluid to the wellbore.

The module of claim 18, further comprising at least one post extending from the first mounting

bracket and adapted to engage either a skid or another horizontal surface to provide a vertical

offset between the first fitting and either the skid or the horizontal surface, the vertical offset

facilitating serviceability of the fitting.

The module of claim 22, further comprising a second mounting bracket connected to the first

mounting bracket and on which the first fitting and the first and second ports are mounted.

The module of claim 23, further comprising at least one vibration isolator connecting, and

disposed between, the first and second mounting brackets.

The module of claim 18, wherein the first mounting bracket defines first and second sides spaced

in a parallel relation;

wherein the first fitting and the first and second ports are mounted on the first side of the first

mounting bracket;

and

wherein the module further comprises:

at least one vibration isolator connected to the first mounting bracket on the second side thereof;

and

a second mounting bracket connected to the at least one vibration isolator so that the vibration

isolator is disposed between the first and second mounting brackets.

The module of claim 18, further comprising:

first and second isolation valves mounted on the first mounting bracket and in fluid

communication with the first and second ports, respectively;

wherein the first fitting is in fluid communication with at least the first isolation valve.

The module of claim 26, further comprising a second fitting in fluid communication with the

second isolation valve.



A module adapted to connect to a skid and form part of a manifold used to hydraulically fracture

a subterranean formation within which a wellbore extends, the module comprising:

a first mounting bracket;

a first port connected to the first mounting bracket and adapted to be in fluid communication with

a first pump, wherein the first pump is adapted to pressurize fluid to be conveyed to the

wellbore to hydraulically fracture the subterranean formation within which the wellbore

extends;

a first fitting connected to the first mounting bracket and in fluid communication with the first

port; and

at least one post extending from the first mounting bracket and adapted to engage the skid when

the module is connected to the skid, the at least one post being disconnectable from, and

reconnectable to, the skid;

wherein at least the first mounting bracket, the first port, the first fitting, and the at least one post

are all disconnectable together from, and all reconnectable together to, the skid; and

wherein the module is adapted to be connected to, and in fluid communication with, another

module used to hydraulically fracture the subterranean formation within which the

wellbore extends.

The module of claim 28, wherein, when the at least one post engages either the skid or another

horizontal surface, the at least one post provides a vertical offset between the first fitting and

either the skid or the horizontal surface to facilitate serviceability of the first fitting.

The module of claim 29, wherein the at least one post permits the vertical offset to be adjustable

with respect to at least the skid.

The module of claim 28, wherein the first fitting is adapted to receive pressurized fluid from the

first pump and convey the pressurized fluid to the wellbore.

The module of claim 28, further comprising:

a second port connected to the first mounting bracket and adapted to be in fluid communication

with a second pump that is different from the first pump, wherein the second pump is

adapted to pressurize fluid to be conveyed to the wellbore to hydraulically fracture the

subterranean formation within which the wellbore extends; and

a second fitting connected to the first mounting bracket and in fluid communication with the

second port;

wherein at least the first mounting bracket, the first and second ports, the first and second fittings,

and the at least one post are all disconnectable together from, and all reconnectable

together to, the skid.



The module of claim 32, wherein the first and second fittings are adapted to receive pressurized

fluid from the first and second pumps, respectively, and convey the pressurized fluid to the

wellbore.

The module of claim 32, further comprising first and second isolation valves connected to the

first mounting bracket and in fluid communication with the first and second ports, respectively;

wherein the first and second fittings are in fluid communication with the first and second isolation

valves, respectively; and

wherein at least the first mounting bracket, the first and second ports, the first and second fittings,

the at least one post, and the first and second isolation valves are all disconnectable

together from, and all reconnectable together to, the skid.

The module of claim 28, further comprising at least one vibration isolator connected to the first

mounting bracket;

wherein at least the first mounting bracket, the first port, the first fitting, the at least one post, and

the at least one vibration isolator are all disconnectable together from, and all

reconnectable together to, the skid.

The module of claim 35, further comprising a second mounting bracket connected to the at least

one vibration isolator so that the at least one vibration isolator is disposed between the first and

second mounting brackets;

wherein the first fitting and the first port are mounted on the second mounting bracket;

and

wherein at least the first and second mounting brackets, the first port, the first fitting, the at least

one post, and the at least one vibration isolator are all disconnectable together from, and

all reconnectable together to, the skid.

A module adapted to form part of a manifold used to hydraulically fracture a subterranean

formation within which a wellbore extends, the module comprising:

a first mounting bracket;

a second mounting bracket spaced in a parallel relation from the first mounting bracket;

a first fitting mounted on the second mounting bracket;

a first isolation valve mounted on the second mounting bracket and in fluid communication with

the first fitting, wherein the first isolation valve is adapted to be in fluid communication

with a first pump, wherein the first pump is adapted to pressurize fluid to be conveyed to

the wellbore to hydraulically fracture the subterranean formation within which the

wellbore extends;



a first vibration isolator disposed between the first and second mounting brackets and proximate

the first fitting; and

a second vibration isolator disposed between the first and second mounting brackets and

proximate the first isolation valve;

wherein at least one of the first and second vibration isolators comprises at least one of a helical

cable isolator and a two-piece mount; and

wherein the module is disconnectable from, and reconnectable to, another module used to

hydraulically fracture the subterranean formation within which the wellbore extends.

The module of claim 37, wherein the first fitting is adapted to receive pressurized fluid from the

first pump and convey the pressurized fluid to the wellbore.

The module of claim 37, further comprising a second isolation valve mounted on the second

mounting bracket and adapted to be in fluid communication with a second pump that is different

from the first pump, wherein the second pump is adapted to pressurize fluid to be conveyed to the

wellbore to hydraulically fracture the subterranean formation within which the wellbore extends;

and

a third vibration isolator disposed between the first and second mounting brackets and proximate

the second isolation valve, the third vibration isolator comprising at least one of a helical

cable isolator and a two-piece mount.

The module of claim 39, further comprising:

a second fitting mounted on the second mounting bracket and in fluid communication with the

second isolation valve; and

a fourth vibration isolator disposed between the first and second mounting brackets and

proximate the second fitting, the fourth vibration isolator comprising at least one of a

helical cable isolator and a two-piece mount.

The module of claim 40, wherein the first and second fittings are adapted to receive pressurized

fluid from the first and second pumps, respectively, and convey the pressurized fluid to the

wellbore.

The module of claim 37, wherein the module is adapted to be connected to a skid;

wherein the module further comprises at least one post extending from the first mounting bracket

and adapted to engage the skid when the module is connected to the skid, the at least one

post being disconnectable from, and reconnectable to, the skid;

and



wherein at least the first and second mounting brackets, the first isolation valve, the first fitting,

the first and second vibration isolators, and the at least one post are all disconnectable

together from, and all reconnectable together to, the skid.

43. The module of claim 42, wherein, when the at least one post engages either the skid or another

horizontal surface, the at least one post provides a vertical offset between the first fitting and

either the skid or the horizontal surface to facilitate serviceability of the first fitting.

44. The module of claim 43, wherein the at least one post permits the vertical offset to be adjustable

with respect to at least the skid.
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of vibration isolators.

These common technical features are obvious over US 2009/0120635 A 1 (NEAL) in view of US 3,194,589 A (KAHLBAU). Neal
discloses a skid (185); a plurality of ports (138); a plurality of pumps (142); a plurality of fittings (146). Neal does not disclose a plurality
of vibration isolators. Kahlbau discloses a plurality of vibration isolators (vibration-isolating coupling decouples longitudinal vibration in
pipes or tubes; figure 1; column 1, lines 10-15). In order to extend the life of the assembly (Neal, paragraph [0014]), it would have been
obvious to one of ordinary skill in the art at the time of the invention to modify Neal's manifold assembly to include Kahlbau's vibration
isolators because, as Kahlbau discloses, the vibration isolators are suited for high pressure fluid systems to balance off-thrust forces that
would otherwise act detrimentally to the assembly (Kahlbau, column 1, line 65 to column 2, line 10).

Because the common technical features are obvious over Neal in view of Kahlbrau, the inventions are not so linked as to form a single
general inventive concept. Therefore, Groups l-ll lack unity.

Form PCT/ISA/210 (extra sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

