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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 {02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

inventor 1

Given Name Middle Name Family Name City State Country j
Uochn Thomas Rogers (Garland X us
All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention -
AMPENER

Attorney Docket Number (if applicable) PERF04-00062

Correspondence Address

Direct all correspondence to (select one):

(®) The address corresponding to Customer Number (O Firm or Individual Name

Customer Number P3990

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

e No.

Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is:

Yes, the invention was under a contract with an agency of the United States Government. The name of the U.S.
Government agency and Government contract number are:

EFS - Web 1.0.2



Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 {02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

® Applicant asserts small entity status under 37 CFR 1.27

() Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.

() No
Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization formm PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents befare
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published applicatiocn or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature Daniel E. Venglarik / Date (YYYY-MM-DD) |pP019-06-25
First Name Daniel E. Last Name Venglarik Reglstratlo_n Number 39409
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USFTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USFTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.0.2



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : {1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 532a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency’s responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.



PTO/AIA/4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PERF04-00062

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.786.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El ohn |Thomas Rogers | El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | fGarland State/Province | [TX Country of Residencd | S

Mailing Address of Inventor:

Address 1 1214 Creekwood Drive

Address 2

City [Sarland State/Province | rrx
Postal Code | [r5044 Countryi ‘ |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P3990

Email Address patents@munckwilson.com | AddEmail | [Remove Email
Application Information:

Title of the Invention INI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Attorney Docket Number| PERF04-00062 Small Entity Status Claimed

Application Type Provisional -

Subject Matter Utility -

Total Number of Drawing Sheets (if any) 15 Suggested Figure for Publication (if any)

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PERF04-00062

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section{s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b)}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:

[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number P3990

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S5.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119{e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

4

Continuation in part of 16/404248 r019-05-06

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

PERF04-00062

Application Number

Title of Invention

MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16/404248 Continuation in part of ~] 16/157952 2018-10-11
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[16/157952 [Claims benefit of provisional ~| 621577567 R017-10-26
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16/157952 Claims benefit of provisional ~| 62/635374 r018-02-26
Additional Domestic Benefit/National Stage Data may be generated within this form A

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Cou ntryi

Filing Date (YYYY-MM-DD)

Remove

Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | PERF04-00062
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signhed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or bath in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PERF04-00062

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant (1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

Assignee Legal Representative under 35 U.S.C. 117 Jeint Inventor

# Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Parformance Pulsation Control, Inc.

Mailing Address Information For Applicant:

Address 1 3309 Essex Drive, Suite 200

Address 2

City Richardson State/Province TX
Country | IS Postal Code 75082
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PERF04-00062

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by v

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors whao are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [/Daniel E. Venglarik / Date (YYYY-MM-DD)| [2019-06-25
First Name | Paniel E. Last Name | Menglarik Registration Number | [39,409
Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.12
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number

PERF04-00062

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION DAMPENER

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.12



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant tc the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b){2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to precess and/or examine your submission, which may result in termination of proceedings or abandenment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information cn this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the informaticn in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperaticnTreaty.

A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2604 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.
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MINI-DAMPENERS AT PUMP COMBINED WITH SYSTEM PULSATION
DAMPENER
PRIORITY CLAIM
[0001] This application is a continuation-in-part of U.S. Non-Provisional Patent Application No.
16/404,248 filed May 6, 2019 and entitled SYSTEM PULSATION DAMPENER DEVICE(S)
SUBSTITUTING FOR PULSATION DAMPENERS UTILIZING COMPRESSION
MATERIAL THEREIN and a continuation-in-part of U S. Non-Provisional Patent Application
No. 16/157,952 filed October 11, 2018 and entitled SYSTEM PULSATION DAMPENER
DEVICE(S), published as U.S. Patent Application Publication No. 2019/0128462, and claims
priority to U.S. Provisional Patent Application No. 62/577,567 filed October 26, 2017 and entitled
COMBINATION STANDPIPE MANIFOLD AND PULSATION DAMPENER DEVICE and
U S. Provisional Patent Application No. 62/635,374 filed February 26, 2018 and entitled SYSTEM
PULSATION DAMPENER DEVICE(S). The content of the above-identified patent documents

is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present application relates generally to the operation of reciprocating fluid transfer
systems and, more specifically, to providing one or more pulsation control products and/or devices
before and after fluid flow aggregation structures, such as after multi-flow fluid stream

consolidation.
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BACKGROUND
[0003] Pulsation control in fluid transfer systems is in constant need of improvement. Among the
improvements desirable are reducing pulsation amplitudes from pumps to the downstream system
and increasing flexibility in integration of pulsation dampeners with other elements of an overall
pump system while optimizing performance of pulsation dampening and efficiently utilizing

available space within the region of the pump system.
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SUMMARY

[0004] A multi-flow fluid delivery system includes a system pulsation dampener coupled before
or after multi-flow fluid stream consolidation for a piping network fed by multiple pumps, together
with mini-dampeners at the outlet of at least one of the pumps. The system and “mini” pulsation
dampener device(s) may each provide a fluid volume for maintenance-free dampening of fluid
pressure pulses. Each of the system pulsation dampener device and the mini-dampener devices is
sized so that the collective pressure dampening performance, including existing appendance
dampeners, is aligned with the characteristics of the particular pump network.

[0005] Before undertaking the DETAILED DESCRIPTION below, it may be advantageous to set
forth definitions of certain words and phrases used throughout this patent document: the terms
“include” and “comprise,” as well as derivatives thereof, mean inclusion without limitation; the
term “or,” 1is inclusive, meaning and/or; and the phrases “associated with” and “associated
therewith,” as well as derivatives thereof, may mean to include, be included within, interconnect
with, contain, be contained within, connect to or with, couple to or with, be communicable with,
cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have, have a property
of, or the like. Definitions for certain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand that in many, if not most instances,

such definitions apply to prior, as well as future uses of such defined words and phrases.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] For a more complete understanding of the present disclosure and its advantages, reference
is now made to the following description taken in conjunction with the accompanying drawings,
in which like reference numerals represent like parts:
[0007] FIG. 1 illustrates a diagrammatic view of a drilling system including a pulsation dampener
installed between a standpipe manifold and a standpipe according to various embodiments of the
present disclosure;
[0008] FIG. 2 illustrates a diagrammatic view of a portion of a system for fluid delivery, drilling,
or both that includes a plurality of mud pumps according to various embodiments of the present
disclosure, which may be used in embodiments of a drilling system that include a system pulsation
dampener installed between a standpipe manifold and a standpipe as depicted in FIG. 1;
[0009] FIG. 3 illustrates a diagrammatic view of a portion of a system fluid delivery, drilling, or
both including a combination standpipe manifold and pulsation dampener in one system device,
the standpipe manifold system dampener according to various embodiments of the present
disclosure, which may also be used in embodiments of a drilling system that include a system
pulsation dampener installed between the mud pump(s) and a standpipe as depicted in FIG. 1;
[0010] FIG. 4 illustrates one combination standpipe manifold and system pulsation dampener
according to various embodiments of the present disclosure;
[0011] FIG. 5 is a diagrammatic view of a drilling system including an alternative pulsation
dampener mechanism that may be installed in, proximate to, or downstream of a standpipe

according to various embodiments of the present disclosure;
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[0012] FIGS. 6A through 6E are enlarged diagrammatic views of various designs for system
pulsation dampener device(s) implementing the pulsation dampening orifice assembly portion(s)
of FIG. 5, used as system pulsation dampening device(s);

[0013] FIG. 7 is a diagrammatic view of an alternate design, with redundancy, for system pulsation
dampener device(s) that may be installed in, proximate to, or downstream of a standpipe according
to various embodiments of the present disclosure to implement the pulsation dampening orifice
assembly portion(s) of FIG. 5;

[0014] FIG. 8 illustrates a diagrammatic view of a fluid delivery or drilling system including
fittings combining multiple fluid flow streams according to various embodiments of the present
disclosure, which may also be used in embodiments of a drilling system that include a system
pulsation dampener installed after the fittings combining multiple fluid flow streams;

[0015] FIG. 9 is a high level flowchart of a fluid delivery and pulsation dampening process of a
fluid delivery system according to various embodiments of the present disclosure;

[0016] FIGS. 10A through 10C depict a gas-charged pulsation dampener;

[0017] FIGS. 11A and 11B depict components of a commercially-available charge-free pulsation
dampener;

[0018] FIGS. 12A and 12B are cutaway and diagrammatic illustrations, respectively, of a
maintenance free, reactive system pulsation dampener in accordance with embodiments of the
present disclosure;

[0019] FIG. 13 illustrates installation of a system pulsation dampener in accordance with

embodiments of the present disclosure; and
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[0020] FIGS. 14A and 14B depict embodiments of a piping network within which a system
pulsation dampener and two or more “mini” outlet pulsation dampeners are installed in accordance

with embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0021] FIGS. 1 through 14B, discussed below, and the various embodiments used to describe the
principles of the present disclosure in this patent document are by way of illustration only and
should not be construed in any way to limit the scope of the disclosure. Those skilled in the art
will understand that the principles of the present disclosure may be implemented in any suitably
arranged standpipe manifold dampener or system dampener that can be used to control or partially
control pulsation amplitudes.

[0022] Reciprocating systems, such as reciprocating pump systems and similar equipment, operate
in many types of cyclic hydraulic applications. For example, reciprocating mud pump systems are
used to circulate the mud or drilling fluid on a drilling rig. Pressure peaks within the pumped fluid
accelerate, with each pulsation, the deterioration of the pump, the pump’s fluid end expendable
parts, and equipment downstream from the pump, such as measurement equipment used to
determine drilling parameters, and washpipe and washpipe packing. Failure to control such
pressure peaks inevitably affect the operating performance and operational life of the pump, pump
fluid end expendable parts and all upstream or downstream components. Pressure peaks may also
interfere with instrument signal detection, such that failure to control pressure peaks may also
affect the signal detection and/or quality of the signal detection in (for example) measurement
while drilling operations.

[0023] Pulsation control equipment is typically placed immediately upstream or downstream from
a reciprocating pump, often with a relative size and configuration proportional to the volume of
desired fluid displacement per stroke of the pump and the maximum allotted magnitude of the
pressure peaks that may be experienced by the pump system during each pulsation. Pulsation

control equipment thus aids in reducing pump loads and minimizing pulsation amplitudes to the
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pump, the pump’s fluid end expendable parts and to equipment upstream or downstream. As a
result, pulsation control equipment increases the relative operating performance and life of the
pump, the pump’s fluid end expendable parts and any equipment upstream or downstream from
the pump.

[0024] However, pulsations may be experienced further downstream from the mud pumps as well,
as fluid travels through piping towards the intended destination. These pulsations may be
exacerbated when the fluid need to be diverted down a different path, or when multiple streams of
fluid need to be combined and redirected into a single stream. Most systems do not account for
these downstream pulsations. These downstream pulsations can cause damage to downstream
components and increased noise for downstream measurement instruments and sensors.

[0025] As used herein, “system pulsation dampener” refers to a pulsation dampener installed
between a standpipe manifold and a standpipe as illustrated by FIGS. 1 and 2; a combination
standpipe manifold and pulsation dampener device as illustrated by FIG. 3; a pulse dampener
manifold illustrated by FIG. 4; the orifice assembly pulsation dampening device(s) illustrated in
FIGS. 5, 6 and 7; and the system pulsation control dampener located after the location at which
outputs from multiple pumps are consolidated into one flow stream as shown in FIGS. 8 and 13.
[0026] FIG. 1 illustrates a diagrammatic view of a drilling system 100 including a pulsation
dampener 102 installed between a standpipe manifold 104 and a standpipe 106 according to
various embodiments of the present disclosure. The embodiment of the drilling system 100
illustrated in FIG. 1 is for illustration only. FIG. 1 does not limit the scope of this disclosure to
any particular implementation of a drilling system.

[0027] Referring now to FIG. 1, the drilling system 100 includes at least one pulsation dampener

102, at least one standpipe manifold 104, at least one standpipe 106, at least one mud pump 108,
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at least one mud pit 110, at least one discharge line 112, a conventionally located pulsation
dampener 113 at the outlet of the mud pump 108, and at least one drilling rig 114. The drilling
system 100 operates to pump mud or other fluids down a well currently being drilled to keep a
drill bit 128 from overheating, provide lubrication to the drill bit, and remove rock cuttings to the
surface.

[0028] A fluid pump or mud pump 108 may pump fluid or mud from a mud pit 110 through a
discharge line 112 in the direction of a drilling rig 114. More than one mud pump 108 can be
utilized in a drilling system 100 to continue drilling upon the failure of a single mud pump 108. A
pulsation dampener 102 can also be installed on the discharge line 112 for each mud pump 108 to
further reduce pulsations. The mud pit 110 can also reference a fluid reservoir, where the fluid
reservoir stores a fluid used during a drilling process.

[0029] Conventionally, a pulsation dampener 113 is located along the discharge line 112, at the
outlet of the mud pump 108 and before the standpipe manifold 104. The standpipe manifold 104
may be installed down the discharge line 112 and is attached to and/or coupled in fluid
communication with the drilling rig 114. The standpipe manifold 104 may receive a plurality of
different fluid streams from a plurality of mud pumps 108. The standpipe manifold 104 may then
combine all of the fluid streams together to send a single fluid stream up the standpipe 106. Other
functions traditionally performed by the standpipe manifold are to provide an auxiliary connection
for a supplementary pump and, in systems with multiple standpipes providing operational
redundancy in case of failure of one standpipe, to switch fluid flow paths from one standpipe to
another. However, those skilled in the art understand that some systems dispense with the

standpipe manifold, and simply bring the outlet flows of multiple mud pumps together in a single
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line somewhere near the mud pumps or downstream, with the combined flow then traveling in a
single line to the substructure and upwards toward the standpipe,

[0030] When the fluid streams from multiple mud pumps are combined (in a standpipe manifold
or without one), the pulsations in the resulting combined fluid flow can be enlarged based on the
different pulsations of the mud pumps 108 being used. For example, the different types or sizes
of mud pumps 108 can be used in a single drilling system 100, which would cause variations or
pulsations in the fluid flow through the pipe. The mud pumps 108 could also be located at different
distances from the standpipe manifold 104. The mud pumps 108 could begin at different times,
operating off cycle from other mud pumps 108, or simply be operating at different stroke lengths.
Any of the previous operating parameters would affect the flow of fluids or mud into the standpipe
manifold 104 causing pulsations at the well.

[0031] The standpipe 106 may be installed on the drilling rig 114 and travel up the drilling rig 114
to provide the fluid stream through a rotary hose 116 connected to a swivel 118, the swivel 118
coupled to a rotary hook 120. The standpipe 106 receives discharge from the standpipe manifold,
which includes the system pulsation dampener 102. The standpipe manifold 104 can include
multiple discharges to the standpipe 106 in case of failure in part of the standpipe manifold 104 or
associated pipeline.

[0032] The swivel 118 may serve as a passageway for the fluid stream into a kelly drive 122 (or
just “kelly”). The kelly 122 connects to a drill string 124. The fluid passes through the kelly 122
and the drill string 124 down a bore hole 126 to a drill bit 128 disposed at a far end of the drill
string 124. The kelly 122 is typically rotated by a rotary table 130. More recent systems may
include a top drive to rotate the drill string 124 as an alternative to the rotary table and kelly drive,

and the present disclosure is applicable to such top drive configurations as well.

10



DOCKET NO. PERF04-00062 PATENT

[0033] In drilling systems, pulsation dampeners 113 can be installed near the mud pump 108 to
reduce pump loads and minimize pulsation amplitudes from the mud pumps 108. However, as
fluid is combined at the standpipe manifold 104 into a single stream and sent to the standpipe 106,
significant energy and pulsation amplitudes may be created by the combining of the streams from
the mud pumps 108 or transferred directly to the standpipe 106, which is then transferred to the
rest of the system downstream described herein. The pulsation amplitudes produced may be
greater as more mud pumps 108 are used to provide fluid reaching the standpipe manifold 104, as
pulsations from multiple pipes receiving fluid from multiple mud pumps 108 come together and
accumulate at the standpipe manifold, which are then transferred to the standpipe 106. These
pulsations can cause wear and damage to components, including the connections near the swivel
118, kelly 122, and other components such as a wash pipe and wash pipe packing (seals) (both not
shown) that serves as a conduit for fluid through the swivel 118. Instruments used for monitoring
and measuring operations while drilling can also be affected by the residual pulsations from the
mud pump 108. Even the smallest pulsations from the standpipe manifold can affect the
measurement readings.

[0034] An additional, system pulsation dampener 102 is thus installed between the standpipe
manifold 104 and the standpipe 106 to reduce residual pulsations from the mud pump 108 and to
reduce pulsations from combining of fluid streams at the standpipe manifold 104. System
pulsation dampener 102 reduces the pulsations and, like the conventional pulsation dampener 113
and all other system pulsation dampener device(s) described herein, may produce an internal or
external pressure drop within the passing fluid in order to further reduced higher frequency
pulsations and enhance the overall dampening performance. In some embodiments, the system

pulsation dampener 102 may be a gas charged dampener. The system pulsation dampener 102,
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like the conventional pulsation dampener 113 and all other system pulsation dampener device(s)
described herein, may a hydro-pneumatic or gas-charged pressure vessel containing compressed
air or nitrogen and a bladder (or bellows) that separates the process fluid from the gas charge. In
some embodiments, the system pulsation dampener 102, like the conventional pulsation dampener
113 and all other system pulsation dampener device(s) described herein, may be a ball-type or
cylindrical-type flow-through dampener. In some embodiments, reactive dampeners may be used
that rely on compressibility of the process fluid contained within dampener enclosure and a
resistance device fitted with or into the pulsation dampener to dampen pump pulsations.

[0035] The system pulsation dampener 102 may be installed to the standpipe manifold 104 via a
hose connection. The system pulsation dampener 102 may have a flanged outlet connection, and
a flange to hammer union adapter may be used to connect the pulsation dampener 102 to the
standpipe manifold 104. The system pulsation dampener 102 may also connect to the standpipe
106 via a hosed connection.

[0036] The system pulsations dampener 102 installed before the standpipe 106 reduces both low
and high frequency pulsation magnitudes to allow the wash pipe and packing, as well as other
component, to last longer. In addition, the system pulsation dampener 102 reduces noise and
pulsation levels to allow for easier signal detection by the Measurements While Drilling (MWD)
and Logging While Drilling (LWD) contractor located on the drilling rig 114. The system
pulsation dampener 102 also assists with reduced interference with downhole instruments that may
pick up the residual pulsations and that skew detections and generated data from the downhole
instruments.

[0037] FIG. 2 illustrates a diagrammatic view of a fluid delivery or drilling system 200 including

a plurality of mud pumps 208 according to various embodiments of the present disclosure, which
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may be used in embodiments of a drilling system 100 that include a system pulsation dampener
102 installed between a standpipe manifold 104 and a standpipe 106 as depicted in FIG. 1. That
is, except for replacement of the components in FIG. 1 with their counterparts, depicted in FIG. 2,
the remainder of the drilling system for embodiments in accordance with FIG. 2 may conform to
the additional structures depicted in FIG. 1. The embodiment of the drilling system 200 illustrated
in FIG. 2 is for illustration only. FIG. 2 does not limit the scope of this disclosure to any particular
implementation of a drilling system.

[0038] Referring now to FIG. 2, the drilling and/or fluid delivery system portion 200 for fluid
delivery, drilling, or both that includes at least one system pulsation dampener 202, at least one
standpipe manifold 204, at least one standpipe 206, and a plurality of mud pumps 208. The
components of drilling system portion 200 can be used in place of the similar components of
drilling system 100 illustrated in FIG. 1.

[0039] A system pulsation dampener 202 is installed between a standpipe manifold 204 and a
standpipe 206. A plurality of mud pumps 208 may transfer fluid to a standpipe manifold 204
simultaneously, creating vibrations at the standpipe manifold 204. The pulsation dampener 202
may be installed in a similar manner as that described herein with respect to pulsation dampener
102, serving to alleviate pulsations generated by the plurality of mud pumps 208 as fluid enters
and intersects within the standpipe manifold 204 and is combined into a single outlet stream.
[0040] FIG. 3 illustrates a diagrammatic view of a portion 300 of a system for fluid delivery,
drilling, or both including a combination standpipe manifold and pulsation dampener device 302
according to various embodiments of the present disclosure, which may also be used in
embodiments of a drilling system 100 that include a pulsation dampener 102 installed between the

mud pump(s) and a standpipe as depicted in FIG. 1. That is, except for replacement of the
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components in FIG. 1 with their counterparts, depicted in FIG. 3, the remainder of the drilling
system for embodiments in accordance with FIG. 3 may conform to the additional structures
depicted in FIG. 1. The embodiment of the drilling system 300 illustrated in FIG. 3 is for
illustration only. FIG. 3 does not limit the scope of this disclosure to any particular implementation
of a drilling system.

[0041] Referring now to FIG. 3, the drilling and/or fluid delivery system portion 300 includes at
least one combination standpipe manifold and pulsation dampener device 302, a plurality of mud
pumps 304, at least one standpipe 306.

[0042] Standpipe manifolds may increase pulsations experienced by a drilling system due to
standpipe manifolds typically having connections or piping that receives fluid from multiple
directions from different mud pumps. Standpipe manifolds often have angled turns that each fluid
stream must travel through before the standpipe manifold combines the disparate streams into a
single stream. As the fluid enters the manifold and is transferred through the turns of the standpipe
manifold, additional vibrations may be created.

[0043] The combination standpipe manifold and pulsation dampener device 302 can be used
instead of a standpipe manifold. Instead of diverting the separate fluid streams into a single stream
with hard turns, the fluids can be received and manipulated within the body of the combination
standpipe manifold and pulsation dampener device 302. Pulsation dampeners often have a volume
of space, or reservoir, within the dampener where a certain amount of fluid may accumulate and
pulsations are reduced before moving out of the pulsation dampener. The combination standpipe
manifold and pulsation dampener device 302 may receive separate fluid streams from a plurality
of mud pumps 304. The combination standpipe manifold and pulsation dampener device 302 may

have piping mounted on the exterior of surface of the combination standpipe manifold and
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pulsation dampener device 302. In the case of a ball-type or cylindrical-type pulsation dampener,
the piping may be mounted at select place on the spherical or cylindrical body of the pulsation
dampener. Fluid received by the combination standpipe manifold and pulsation dampener device
302 may be deposited into the interior volume of the combination standpipe manifold and pulsation
dampener device 302 and fluid within the interior volume of the combination standpipe manifold
and pulsation dampener device 302 would exit the combination standpipe manifold and pulsation
dampener device 302 to travel to the standpipe 306. The combination standpipe manifold and
pulsation dampener device 302 can align the different received fluids to control the pulsations to
be reduced in the combination, such as by creating a rotation within a chamber.

[0044] Since the combination standpipe manifold and pulsation dampener device 302 includes an
interior volume, the problems of using a standpipe manifold can be avoided. The combination
standpipe manifold and pulsation dampener device 302 does not have turns like a standpipe
manifold, reducing the vibrations created as the separate streams intersect, and the combination
standpipe manifold and pulsation dampener device 302 also provides pulsation dampening effects
as it receives the separate fluid streams. The separate fluid streams can thus be combined within
the volume of the combination standpipe manifold and pulsation dampener device 302 and then
the single combined stream may exit the combination standpipe manifold and system pulsation
dampener device 302 to travel to the standpipe 306 with a reduced or minimal energy being
transferred to the standpipe 306 and to the rest of the downstream components.

[0045] FIG. 4 illustrates a combination standpipe manifold and pulsation dampener device 400
according to various embodiments of the present disclosure, which may be used in embodiments
of a drilling system 100 that include a pulsation dampener 102 installed between the mud pump(s)

and a standpipe as depicted in FIGS. 1 through 3 or in embodiments of a drilling system 100 that
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include a pulsation dampener 302 installed after fittings combining multiple fluid flow streams as
depicted in FIG. 8 The embodiment of the combination standpipe manifold and pulsation
dampener device 400 illustrated in FIG. 4 is for illustration only. FIG. 4 does not limit the scope
of this disclosure to any particular implementation of a pulsation dampener or pulsation dampening
method.

[0046] Referring now to FIG. 4, the combination standpipe manifold and pulsation dampener
device 400 may be used in the systems 100, 200, and 300 described herein. The pulse dampener
manifold includes a body 402. The body 402 illustrated in FIG. 4 is a spherical or cylindrical body
according to various pulse dampeners having a ball-type or cylindrical-type body. However,
different body shapes may be used to allow for different pulsation dampener body shapes, such as
that shown in FIGS. 1-3.

[0047] The pulsation dampener manifold 400 may also include a reservoir 404 within an interior
of the body 402. The reservoir 404 may collect a volume of fluid 406 from mud or fluid pumps
residing upstream, through a plurality of upstream connections 408, in a fluid delivery or drilling
system, such as those described with respect to FIGS. 1-3. The fluid received from each of the
upstream connections 408 are combined as the volume of fluid 406. At least a portion of the
volume of fluid 406 may then exit the pulse dampener manifold 400 as single fluid stream through
a downstream connection 410. The combination standpipe manifold and pulsation dampener
device 400 thus may fully replace a standpipe manifold, reducing the vibrations created from
multiple fluid streams traveling through a standpipe manifold, and providing pulsation dampening
for all streams entering the combination standpipe manifold and pulsation dampener device 400.
[0048] FIG. S is a diagrammatic view of a drilling system including an alternative system pulsation

dampener mechanism(s) that may be installed in, proximate to, or downstream of a standpipe
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according to various embodiments of the present disclosure. The embodiment of the drilling
system 500 illustrated in FIG. 5 is for illustration only. FIG. 5 does not limit the scope of this
disclosure to any particular implementation of a drilling system. Although FIG. 5 does not depict
a conventional pulsation dampener located at the output of the mud pump(s) or a system pulsation
dampener between the standpipe manifold and the standpipe, those skilled in the art will recognize
that one or more of the system pulsation dampener(s) diagrammatically depicted in FIG. 5 may be
used either without such pulsation dampeners, with either of the conventional or system pulsation
dampeners described above, or with both such conventional and system pulsation dampeners.

[0049] In the system of FIG. 5, pulsation dampening is either provided or enhanced by one of
several different types of orifice designs positioned at one or multiple locations in or near the
standpipe 506 or in the fluid flow path after the standpipe. The one or more orifice assemblies
502a, 502b, 502¢, 502d, . . ., 502n that each comprises system pulsation dampening device(s) may
be located at different points within the fluid flow path. The pulsation dampening orifice assembly
may be located within or connected to the entry pipe for the top drive or swivel (depending on the
type used by any given rig) as illustrated by orifice assembly 502a. The pulsation dampening
orifice assembly may be located in between the hose 516 and the end of the entry pipe for the top
drive or swivel as illustrated by orifice assembly 502b. The pulsation dampening orifice assembly
may be located at a point just past the standpipe 506, in between the end of the standpipe 506 and
the beginning of the hose 516 that connects the standpipe 506 to the top drive or swivel (depending
on the type used by any given rig) as illustrated by orifice assembly 502c. Alternatively, the
pulsation dampening orifice assembly may be located further along the hose/piping system, as
illustrated by orifice assembly 502d. In still another alternative, the pulsation dampening orifice

assembly may be located in the standpipe 506 located on the side of the derrick, possibly at or near
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one end of the standpipe 506 (although it may be positioned anywhere along the length of the
standpipe 506), as illustrated by orifice assembly 502n. A single pulsation dampening orifice
assembly may be employed, or multiple pulsation dampening orifice assemblies may be used at
different locations along the fluid flow path, including one in each of the locations depicted in FIG.
5 or multiple pulsation dampening orifice assemblies within the top drive or swivel entry pipe (in
the region of orifice assembly 502a), between the hose and the top drive or swivel entry pipe (in
the region of orifice assembly 502b), between the standpipe 506 and the hose 516 (in the region
of orifice assembly 502¢), multiple pulsation dampening orifice assemblies in the hose 516 (in the
region of orifice assembly 502d), and/or multiple pulsation dampening orifice assemblies in the
standpipe 506 (in the region of orifice assembly 502n). Those skilled in the art will recognize that
various permutations of the number and location of pulsation dampening orifice assemblies may
be suited to different applications. Pulsation dampening orifice assemblies may also be positioned
at other locations than those shown in FIG. 5, such as at the end (outlet) of the standpipe or at the
connection to the swivel or top drive for the hose connected to the standpipe. As noted above,
each pulsation dampening orifice assembly may produce an internal or external pressure drop in
fluid passed, to enhance dampening of higher frequency pulsations. These orifice assemblies may
or may not include liquid volumes to further enhance performance.

[0050] In one advantageous embodiment, the system pulsation dampener obviates the need to
recharge a gas-charged pulsation dampener or replace the compression material within
commercially available, charge-free pulsation dampeners. The system 500 retains at least the
housing 1001 and cover 1002 of a gas-charged pulsation dampener 501 of the type depicted in
FIGS. 10A through 10C. Notably, gas-charged pulsation dampeners typically are positioned above

the piping through which pumped fluid passes using a cross, although not shown that way for
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system pulsation dampener 501 in FIG. 5. Cross-sections of a gas-charged pulsation dampener
are depicted in FIGS. 10A through 10C. As depicted in FIG. 10A, the gas-charged pulsation
dampener 1000 includes a housing body 1001 having an upper opening receiving and sealed by a
cover 1002, which combine to form an internal cavity 1003 connected to pump system fluid piping
(not shown) via a lower opening 1004. A flexible internal bladder 1005 within the internal cavity
1003 is filled with a compressible gas. Fluid from the connected piping enters and/or leaves the
cavity 2003 via the lower opening 1004. The pressure of that fluid and the pressure of the
compressible gas within the bladder 1005 will cause the lower surface of the bladder 1005, which
is in contact with the pump system fluid, to shift and the volume occupied by the gas within the
bladder 1005 to change. High pump fluid pressure will cause the bladder 1005 and the gas therein
to be substantially compressed into a smaller volume, while mid-range pressure, or transition from
high pressure to low pressure, will cause the bladder and its gas to expand into a larger volume
and low fluid pressure will allow the bladder 1005 and its gas to expand essentially to a maximum
volume allowed by the internal cavity 1003 of the housing body 1001 and cover 1002. The
compressed gas within the bladder 1005 thus acts to absorb pressure pulses within the pump fluid
and reduce the peak pressure that may occur. However, the compressed gas must be periodically
(e.g., monthly, bi-monthly, quarterly or semi-annually) recharged. Referring back to FIG. 5,
instead of re-charging the bladder 1005, the bladder 1005 is simply removed. One or more system
pulsation dampener(s) are installed at the location(s) and in the manner discussed above, obviating
the need for the gas-charged pulsation dampener 501 and further maintenance thereof. In many if
not most instances, pulsation dampening performance can be improved by that substitution.

[0051] Alternatively, the system 500 retains at least the housing 1001 of the commercially-

available, charge-free pulsation dampener 501 of the type depicted in FIGS. 11A and 11B. Again,
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charge-free pulsation dampeners typically are positioned above the tflow line through which
pumped fluid passes, although not shown that way for system pulsation dampener 501 in FIG. 5.
Charge-free pulsation dampeners are often not as effective at attenuating pressure pulsations as
gas-charged pulsation dampeners. The components for commercially available charge-free
pulsation dampeners are depicted in FIGS. 11A and 11B. The pulsation dampener depicted in
FIGS. 11A and 11B does not use a gas-charged bladder. As depicted in FIG. 11A, the charge-free
pulsation dampener includes a housing 1100. The housing has a removable top portion with inlets
and outlets for fluid passage into and out of the housing. A cage 1101 depicted (twice) in FIG.
11B is suspended within the housing and has an upper lip that is sealed against an interior of the
housing 1100. The cage 1101 includes an open top together with openings through the sidewall
and bottom surfaces thereof (hence forming a “cage” or basket). The cage 1101 holds compression
material 1102 within an interior of the cage. The compression material in the example shown
comprises a layered system of compression disks each segmented into four quarter-round wedges.
As fluid enters the pulsation dampener housing 1100 and passes through the open top and/or the
openings in the sidewall and bottom surface of the cage 1101, the fluid is distributed through the
compression material with the pump system operating pressure applied across the various surfaces
of the compression material, causing the compression material to compress under pressure and
thereby attenuate pressure spikes.

[0052] Although charge-free (that is, not requiring recharge of a gas medium as is necessary with
of gas-filled bladders), the pulsation dampener of FIGS. 11A and 11B is not maintenance free.
After some time in operation (e.g., 12 months), the compression material 1002 may become
clogged with and/or deformed by mud and will typically require replacement due to lose of

elasticity and/or accumulation of particulate matter within the pulsation dampener, necessitating
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shut-down of the pump system. In addition, the compression material(s) are typically fabricated
and selected for operation within a specified or pre-determined pressure range. Changes to the
nominal system operating pressure, whether intentional or resulting from a change in operating
conditions, can necessitate change of the compression material, likewise requiring that the pump
system be shut down. Referring back to FIG. 5, when maintenance of the commercially-available,
charge-free pulsation dampener 501 becomes necessary, instead of replacing the compression
material 1102, the seal can be replaced with a gasket and the compression material 1102 (and
optionally also the cage 1101) is simply removed. One or more true maintenance-free system
pulsation dampener(s) are installed at the location(s) and in the manner discussed above, obviating
the need for the commercially-available, charge-free pulsation dampener 501 and further
maintenance thereof. In many if not most instances, pulsation dampening performance can be
improved by that substitution.

[0053] FIGS. 6A through 6E are side sectional and cross sectional views, respectively, of a
pulsation dampening orifice assembly 502x that may be used as any one of orifice assemblies
502a, 502b, 502¢, 502d, and/or 502n to implement one or more system pulsation dampening
device(s). As illustrated in FIG. 6A, one exemplary pulsation dampening orifice assembly 502x
includes a small enlarged volume, which may be formed (for example) by inserting a pipe segment
622 having a larger inner diameter (as little as 1-2 inches larger) that the pipe for the fluid flow
path before and after the pulsation dampening orifice assembly. At the end of the enlarged volume
is a fluid flow resistance or pressure drop feature such as an orifice plate or a drop tube. In the
example depicted in FIGS. 6A and 6B, an orifice plate 624 or 626 (see FIG. 6E) is provided.
However, those skilled in the art will recognize that a drop tube may be used instead. In accordance

with the known art, the aggregate area of the openings through the orifice plate 624 or 626 is
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selected, in combination with the enlarged volume, to dampen pulsations within the fluid flow
through the standpipe 506 and hose 516. As shown in FIG. 6C, the orifice plate 624 or 626 may
be located at the opposite end (relative to the direction of fluid flow) of the enlarged volume formed
by the pipe segment 622. Alternatively, the orifice plate 624 or 626 may be located in the middle
of the enlarged volume, or anywhere in between. Multiple orifice plates may be disposed within
a single enlarged volume. As illustrated in FIG. 6D, in a simple form, the pulsation dampening
orifice assembly 502x simply comprises an orifice plate 6724 or 626 without any fluid-flow
resistance produced by an adjoining or surrounding enlarged volume of the fluid flow path. As
illustrated in FIG. 6D, the orifice plate 624 may have a plurality of orifices. As illustrated in FIG.
6E, the pulsation dampening orifice assembly 502x may comprise an orifice plate 626 with a single
orifice. As noted above, orifice assemblies may or may not include liquid volumes to further
enhance performance. FIGS. 6A and 6C show an expanded section 622 within which a liquid
volume may be contained.

[0054] FIG. 7 is a diagrammatic view of an alternate design, with redundancy, for system pulsation
dampener device(s) that may be installed in, proximate to, or downstream of a standpipe according
to various embodiments of the present disclosure to implement the pulsation dampening orifice
assembly portion(s) of FIG. 5. In the embodiment of FIG. 7, a pulsation dampening orifice
assembly 502x includes a first assembly 701 and a second assembly 702 each including an
enlarged volume and orifice plate, which are provided within each of two parallel fluid flow paths
with control valves 703, 704, 705 and 706 (manually controlled, or under automated control)
controlling which of the two flow paths is being used. This design provides redundancy in case
of failure of a pulsation dampening orifice assembly, and in some high flow applications may be

used as a low flow device.
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[0055] FIG. 8 illustrates a diagrammatic view of a fluid delivery or drilling system 800 including
fittings combining multiple fluid flow streams according to various embodiments of the present
disclosure, which may also be used in embodiments of a drilling system 100 that include a
pulsation dampener 102 installed after the fittings combining multiple fluid flow streams. The
embodiment of the drilling system 800 illustrated in FIG. 8 is for illustration only. FIG. 8 does
not limit the scope of this disclosure to any particular implementation of a drilling system.

[0056] There is not always a standpipe manifold within the fluid flow streams of a drilling rig.
Some rigs bring the various mud pump discharge fluid streams together by simple fittings that join
multiple fluid streams together into one stream. Referring now to FIG. 8, the drilling system 800
includes at least one fitting 802 and/or 804, a plurality of mud pumps 304, and piping 806 receiving
the combined fluid flow streams.

[0057] The system pulsation dampener device 102, 202, 302, 402 or 502x (system pulsation
dampener device 302 depicted in FIG. 6) can be used within piping 806 after the fittings 802 and/or
804. Pulsation dampeners such as system pulsation dampener device 102, 202, 302, 402 or 502x
often have a volume of space, or reservoir, within the dampener where a certain amount of fluid
may accumulate and pulsations are reduced before moving out of the pulsation dampener. The
system pulsation dampener device 102, 202, 302, 402 or 502x may receive the combined mud
pump discharge fluid streams. The fluid received by the system pulsation dampener device 102,
202, 302, 402 or 502x may be deposited into the interior volume of the pulsation dampener 102 or
202, combination standpipe manifold and pulsation dampener device 302, a pulsation dampener
manifold 400, or orifice assembly pulsation dampener device(s) 502x. Fluid within the interior

volume of the system pulsation dampener device would exit the system pulsation dampener device
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to travel to the drilling rig 114 via piping 806. The system pulsation dampener device can control
the pulsations to be reduced in the combination, such as by creating a rotation within a chamber.
[0058] Since the system pulsation dampener device includes an interior volume, the problems of
using a standpipe manifold can be avoided. The system pulsation dampener device does not have
turns like a standpipe manifold, reducing the vibrations created as the separate streams intersect,
and the system pulsation dampener device also provides pulsation dampening effects as it receives
the combined fluid streams. The combined fluid streams may thus exit the system pulsation
dampener device to travel to the drilling rig 114 with reduced or minimal energy being transferred
to the rest of the downstream components.

[0059] FIG. 9 illustrates a flowchart of a fluid delivery and pulsation dampening process 900 of a
fluid delivery system 100 or 500 according to various embodiments of the present disclosure. For
example, the process 900 of FIG. 9 may be performed by a system 100 illustrated in FIG. 1 or a
system 500 illustrated in FIG. 5, or those systems as modified according to FIG. 2, 3 or 4 (without,
as appropriate, the steps relating to a manifold).

[0060] Referring now to FIG. 9, the process begins at step 902. At step 902, one or more pumps
receive fluid from one or more fluid reservoirs, such as the mud pit 110 described herein. At step
904, the one or more fluid pumps send one or more streams of fluid downstream through the fluid
delivery system. At step 906, a manifold receives the one or more streams of fluid and combines
the one or more streams of fluid into a single stream of fluid. At step 908, the pulsation dampener
receives the single stream of fluid from the manifold.

[0061] At step 910, the installed system pulsation dampener dampens the residual pulsations
produced by the manifold. In some embodiments, the system pulsation dampener may perform

the dampening operations when the one or more streams are received at the pulsation dampener,
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such as if the pulsation dampener is a combination standpipe manifold and pulsation dampener
device replacing a standpipe manifold in the fluid delivery system. At step 912, piping receives
fluid output from the system pulsation dampener. The piping may in some embodiments be a
standpipe, such as the standpipe 106. At step 914, the piping transfers the fluid downstream. At
step 916, one or more additional installed system pulsation dampener(s) dampen any residual
pulsations within the fluid flow.

[0062] FIGS. 12A and 12B are cutaway and diagrammatic illustrations, respectively, of a
maintenance free, reactive system pulsation dampener in accordance with embodiments of the
present disclosure. Only a few, long-wear and simple components are utilized, enabling easy
refurbishment and long duty cycles without adjustment. Gas-charging (i.e., bladder and
valves/gauges) or use of compression materials are eliminated, such that maintenance is minimal
(e.g., periodic inspection), with no cover removal required. The maintenance free, reactive system
pulsation dampener 1200 has no moving parts, using the pumped fluid for pulsation dampening.
Fluid 1201 with high magnitude pump pulsations is received via the inlet and fluid 1202 with low
magnitude pump pulsations is discharged via the outlet, with fluid 1203 within the body reactively
dampening the pump pulsation magnitude—that is, the pumped media reacts with the system fluid
mass for pulsation reduction. An optional, removable pressure drop assembly 1204 may contribute
to attenuation of pump fluid pressure pulsations.

[0063] FIG. 13 illustrates installation of a system pulsation dampener in accordance with
embodiments of the present disclosure. In the example illustrated, two three-cylinder pumps
having connected outputs each include a suction stabilizer 1301 connected to the inlet and a gas-
charged (or charge-free) pulsation dampener 1302 at the outlet. In such configurations, space and

support are key and in/out flow-through piping is required. For such appendage-mounted gas units
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1301, 1302, pump skids and piping must be modified and space within the pump room is required.
The space and cost of such requirements may be eliminated by using a single, suitably installed
system pulsation dampener 501.

[0064] To retrofit the system of FIG. 13, any gas cartridges within the vessels of the suction
stabilizers 1301 are removed and (optionally) replaced with an enhanced cellular tube for charge-
free operation, with no piping changes necessary. Similarly, any gas-charged bladders within the
appendage-mounted gas dampeners 1302 are removed and the vessels allowed to fill with fluid
during operation, to provide initial dampening control (again, with no piping changes). Optionally,
orifice plates or similar devices may be installed within the flow path after the vessels of the
existing appendage-mounted gas dampeners 1302. A stand-alone reactive system pulsation
dampener 501 is added into the pump system discharge line, connected using a simple connection
using high-pressure discharge connectors, to remove lingering pulsations. The system pulsation
dampener 501 is sized through design analysis and located downstream of the pumps and legacy
dampening equipment. The system pulsation dampener 501 is preferably located where pressure
pulsations are accumulated (e.g., within a network flow after the individual pump outputs are
aggregated), and preferably as close to the pump(s) as possible.

[0065] FIGS. 14A and 14B depict embodiments of a piping network within which a system
pulsation dampener and two or more mini outlet pulsation dampeners are installed in accordance
with embodiments of the present disclosure. As depicted in FIG. 14A, a portion of a pump system
1400 includes at least two pumps 1401 and 1402 each pumping fluids, and optionally additional
pumps (not shown). Pump system 1400 may be described as a “multi-pump” system in that the
fluid streams from pumps 1401 and 1402 are combined at some point downstream from at least

one of the two pumps to form a single fluid stream within piping, other pumps or functional fluid
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handling components (e.g., strainer or standpipe manifold), and/or pulsation dampeners, as distinct
from pump installations that merely accumulate separate fluid flows from multiple pumps within
a storage tank or the like.

[0066] Consistent with the embodiment described in connection with FIGS. 11A-11B, 12A-12B
and 13, the use of a system pulsation dampener and two or more mini outlet pulsation dampeners
(“mini-dampeners”) may optionally be employed to retrofit a pump system having existing
appendage pulsation dampeners requiring regular or sporadic maintenance. The pumps 1401 and
1402 may optionally be equipped at outlets thereof with ephemeral pulsation dampeners 1403 and
1404, respectively, typically of types utilizing appendance rather than flow-through attachment to
a fluid flow stream. Pulsation dampeners 1403 and 1404 are “ephemeral” in that each requires
periodic or sporadic maintenance over the lifetime of the pump system 1400 within which pumps
1401 and 1402 are installed. That is, the maintenance-free operating cycle of the ephemeral
pulsation dampeners 1403 and 1404 is shorter than the expected operating period for the pump
system 1400. For example, gas charged pulsation dampeners must be periodically recharged, and
charge-free, compression material pulsation dampeners normally require sporadic or intermittent
replacement of the compression material therein due to accumulation of particulate matter,
deformation, and/or degradation in elasticity (and therefore of pulsation dampening performance).
As described above, pump system 1400 may be retrofitted by simply removing portions of the
ephemeral pulsation dampeners 1403 and 1404 (the bladder in a gas-charged pulsation dampener
or the compression material in a charge-free design) and leaving the vessel (body or housing) of
the pulsation dampener to fill with liquid. Modeling of the fluid behavior for the pump system

1400 may take into account the modified ephemeral pulsation dampeners 1403 and 1404.
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[0067] More generally, and independent of any need to retrofit a pump system including existing
pulsation dampeners, pulsation dampening performance in multi-pump pump system 1400 may be
improved by use of a system pulsation dampener 1405 (which may be positioned off the pump
skid) and a plurality of mini pulsation dampeners 1406 and 1407. As shown in the example of
FIG. 14A, mini-dampener 1406 is coupled between the outlet of pump 1401 and a header pipe
1408, while mini-dampener 1407 is coupled between the outlet of pump 1407 and the header pipe
1408. The header pipe 1408 may optionally receive fluid output from other pumps (not shown).
The header pipe 1408 feeds fluid into the system pulsation dampener 1405. The fluid stream 1410
from the outlet of the system pulsation dampener 1405 may flow into a standpipe as described
above. Pumps 1401 and 1402 receive fluid streams from separate inlet pipes 1411 and 1412,
respectively.

[0068] FIG. 14B is a variant of FIG. 14A, and depicts a portion of a multi-pump pump system
1420 that includes a plurality of pumps 1401 and 1402 each pumping fluids and, optionally. A
principle difference between FIGS. 14A and 14B is that the system pulsation dampener 1425 of
FIG. 14B (corresponding generally to the system pulsation dampener 1405 in FIG. 14A) receives
fluid streams from mini-dampeners 1426 and 1427 of FIG. 14B (corresponding generally to the
mini-dampeners 1406 and 1407 in FIG. 14A) through separate header pipes 1428a and 1428b
rather than through a single header pipe 1408 as in FIG. 14A. Similar to pump system 1400,
alternative embodiments of the pump system 1420 in FIG. 14B may include other pumps (not
shown) in addition to pumps 1401 and 1402, either with separate header pipes (also not shown)
feeding into the system pulsation dampener 1425 or with outlets thereof coupled to one of header

pipes 1428a or 1428b.
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[0069] The complete structure of pump systems 1400 and 1420 are not depicted in FIGS. 14A and
14B. For example, although not depicted in either of FIGS. 14A or 14B, a suction stabilizer may
be coupled to the inlet of one or both of pumps 1401 and 1402, and may use enhanced cellular
technology of the type available from Performance Pulsation Control, Inc. (www.performance-
pulsation.com/products/vertical -cellular-stabilizer-retrofit and www.performancepulsation.com/
products/suction-stabilizers). Alternatively, in a retrofit application of the type described above,
the gas cartridge or cellular compression material may be removed from existing suction stabilizers
and either replaced with enhanced cellular material or simply left empty. In addition, a standpipe
manifold may be coupled between the pumps 1401 and 1402 and the system pulsation dampener
1405 as described above. Instead of depicting and describing the complete structure and all
possible variants, for simplicity and clarity only so much of the pump systems 1400, 1420 as is
necessary for an understanding of the principles of the embodiments contemplated by FIGS . 14A-
14B are shown and described, together with meaningful variants.

[0070] One variant of the pump systems 1400, 1420 that will be apparent from the discussion
below is that each pump 1401 and 1402 need not necessarily be fitted with a mini-dampener
1406/1426 or 1407/1427. Instead, multi-pump pump system embodiments including a system
pulsation dampener 1405/1425 and a mini-dampener 1406/1426 or 1407/1427 coupled to the outlet
of at least one of pumps 1401 and 1402, with no mini-dampener coupled between the outlet of the
other of pumps 1401 and 1402 and the header pipe 1408/1428a/1428b, are contemplated by the
present disclosure.

[0071] Each of system pulsation dampener 1405/1425 and mini-dampeners 1406/1426 and
1407/1427 are preferably reactive dampeners employing a volume and optionally a flow resistance

device as described above. For multi-pump systems, a single system pulsation dampener
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1405/1425 may not provide acceptable dampening performance due to the piping complexity and
the resulting complexity of fluid flow and pressure variations therein. In addition, customizing the
size and specific flow resistance devices for a system pulsation dampener 1405/1425 for a
particular multi-pump application may be a process with, beyond a certain level, diminishing
returns. As a result, it is potentially more cost-effective to develop certain standard sizes of the
vessel for system pulsation dampener 1405/1425, together with different configurations of flow
resistance device for each size, to allow permutations of size and flow resistance device
configuration to approximate the optimal dampening performance for the specific application.
Even with the range of solutions available through such permutations, however, the desired or
acceptable dampening performance may not be achieved with a single system pulsation dampener
1405/1425. Accordingly, at least one and optionally both pumps 1401 and 1402 are coupled to
mini-dampeners 1406/1426 and 1407/1427.

[0072] Dampeners 1406/1426 and 1407/1427 are “mini” (or equivalently “small”’) in that they are,
taken alone, undersized and/or otherwise under-configured (e.g., in the flow resistance device(s))
to provide acceptable pulsation dampening for the respective pump 1401 and 1402. However,
when combined with system pulsation dampener 1405/1425, mini-dampeners 1406/1426 and
1407/1427 reduce pulsations and system pulsation dampener 1405/1425 removes any lingering
pulsations. Pulsation dampening performance need not be perfectly optimized by the combination
of system pulsation dampener 1405/1425 and mini-dampeners 1406/1426 and 1407/1427.
However, mini-dampener 1406/1426 and/or mini-dampener 1407/1427 improves pulsation
dampening performance over the performance provided by system pulsation dampener 1405/1425
alone. Each of system pulsation dampener 1405/1425 and mini-dampeners 1406/1426 and

1407/1427 are individually sized and configured, and are collectively sized and configured, to
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dampen the magnitude of fluid pressure pulsations within the respective pump system 1400 or
1420 to an acceptable level.

[0073] Although the present disclosure has been described with exemplary embodiments, various
changes and modifications may be suggested to one skilled in the art. It is intended that the present
disclosure encompass such changes and modifications as fall within the scope of the appended

claims.
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WHAT IS CLAIMED IS:

1. A pump system, comprising;

at least two pumps each having an outlet;

a system pulsation dampener sized and configured to reduce a magnitude of pressure
pulsations within a combined flow pumped by the at least two pumps;

at least one header pipe receiving flow pumped by the at least two pumps and feeding the
pumped flow into the system pulsation dampener; and

at least one mini-dampener coupled between the outlet of one of the pumps and the at least
one header pipe, the at least one mini-dampener sized and configured to reduce the magnitude of

pressure pulsations over the system pulsation dampener.

2. The pump system according to Claim 1, wherein the at least one mini-dampener
comprises a first mini-dampener coupled between a first of the two pumps and the at least one
header pipe and a second mini-dampener coupled between a second of the two pumps and the at

least one header pipe.

3. The pump system according to Claim 1, wherein the at least one header pipe

comprises a single header pipe carrying a combined flow from the at least two pumps into the

system pulsation dampener.
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4. The pump system according to Claim 1, wherein the at least one header pipe
comprises a first header pipe carrying a flow from a first of the at least two pumps into the system
pulsation dampener and a second header pipe carrying a flow from a second of the at least two

pumps into the system pulsation dampener.
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ABSTRACT

A multi-pump pump system includes at least two pumps and a system pulsation dampener
sized and configured to reduce a magnitude of pressure pulsations within a combined flow output
by the at least two pumps, together with at least one mini-dampener coupled between the outlet of
one of the pumps and header pipe(s) carrying flow from one of the pumps into the system pulsation
dampener, the at least one mini-dampener sized and configured to reduce the magnitude of
pressure pulsations over the system pulsation dampener alone. Optionally, a mini-dampener may
be coupled between each pump and the system pulsation dampener. A single header pipe may
carry combined flow from the at least two pumps into the system pulsation dampener, or separate

header pipes may carry individual flows from the pumps into the system pulsation dampener.
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