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Doc Code: PA..

Document Description: Power of Attorney
PTO/AIA/82A (07-13)
Approved for use through 03/31/2021. OMB 0651-0035
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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attomey is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attomey by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attomey will not be recognized in the application.

Application Number Not Yet Assigned

Filing Date Concurrently Herewith

First Named Inventor

Title PUMP MONITORING AND CONTROL NETWORK
Art Unit N/A
Examiner Name Not Yet Assigned

Attorney Docket Number | 5016715-US-1/047079-628P01US
SIGNATURE of Applicant or Patent Practitioner

Signature AWilliam F. Allison/ Date (Optional) 05-23-2019
Name . . Registration
William Allison Number 71,181

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of 1 forms are submitted.




Joc Code: PA.
Document Description: Powser of Attormey
PTG/AIABZR (07-13)
Approved for use through 01/31/2018. OMB 0851-0038
U.5. Patent and Trademark Office; ULS. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required 1o respond (o a coliection of information uniess ¥ displavs a valid OVB control number

POWER OF ATTORNEY BY APPLICANT

F hersby revoke all previous powers of altormay givan in the application idendified in gither the atlached fransmitial letter or
the boxas balow,

Application Number Fiting Date

{Note: The boxes above may be laft Blank i information is provided on form PTO/AIAR2AL)
' { haraby sppoint the Paleni Practitioner(s} associated with the following Customer Number as myfour attomey(s) or agent(s),
- and to fransact aif business i the United States Patert and Trademark Office connected therewdth for the application
referenced in the altached transmittal letter {Jorm PTO/AIABZA) or identified above: 144487

OR

t heraby appoint Practiioner(s} namead in the attached list (form PTO/AIASRC) as myfour atiornay(s) or agent(s), and o transact
------- ail business iy the United States Patent and Trademark Office connacted therewith for the patent application referenced in the
attached ransmitial letter (form PTQ/AIAGZA) or identified above. (Note: Complets forn PTO/AINE2C.)

Please recognizs or change the correspondence address for the application ideniified in the attached transmitiad
fatler or the hoxes above to!

The address associatad with the above-mentionad Customer Number
OR
I:E The address associated with Customer Number:

—} Individual Name

Address

City | State | | zip |

Counidry

Telephong i Emait E

Earn the Applicant {if the Applicant is g juristic entity, list the Applicant name in the box):

BAKER HUGHES GILFIELD OPERATIONS LLG

trvenior or Joint invenior {tille not required halow)
D Legal Representative of a Deceased or Legally Incapacitated inventor (title not required below)
( X 1 Agsignee or Person to Whom the Iventor is Under an Obligation to Assign {provids signers title if applicant is a juristic entity}

[ ““““ ] Person Who Otherwise Shows Sufficient Propristary Interest {e.g., a pefition under 37 OFR 1.48(0)32) was granted in
-------- the application or is concurrently baing filed with this docurnent} {provide signers ke i applicant is a juristic antity)

SIGNATURE of Applicant for Patent

The undersigned {whose tille 1§ supplied below) is authorized o act on behalf of the applicant (a.g., where the applicant is 2 juristic entity).

&3 -
& § e
&8 o N
§ &
§ &

w

Signaturs S S \ Data (Optional) Fobruary 8, 2018
N AN

Mama X ABenRiddie

Title Vice President

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. Ses 37 CFR 1.4 for signature requirements
and certifications. if more than one applisant, use multiphe forms.

[ Total of 1 forms are submitiad.

B83247500v.1



Electronic Acknowledgement Receipt

EFS ID: 36094052
Application Number: 62851750
International Application Number:
Confirmation Number: 7281
Title of Invention: PUMP MONITORING AND CONTROL NETWORK
First Named Inventor/Applicant Name: Rawshan Monier Abdeldaim
Customer Number: 144467
Filer: William F. Allison lll/Kerrie Jones
Filer Authorized By: William F. Allison Il
Attorney Docket Number: 5016715/ 047079-628P01US
Receipt Date: 23-MAY-2019
Filing Date:
Time Stamp: 11:35:10
Application Type: Provisional
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $280
RAM confirmation Number 052319INTEFSW00011725500311
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
2032092
1 Provisional Cover Sheet {SB16) 047079—628P01ClijS_Transm|ttaI. no 3
p 33a887bfc67348f9be375778d7c67110d1d
bd513
Warnings:
Information:
1255737
2 Application Data Sheet 047079-628P01US_ADS.pdf no 8
9ac0fSbeeadb56944a5bb4c1dd2b156053d]|
a4276
Warnings:
Information:
22567027
3 047079-628P01US_Spec.pdf yes 25
203481f69f4e9b7fbfce420928557eeaS57bf|
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 22
Claims 23 24
Abstract 25 25
Warnings:
Information:
95364
4 Drawings-only black and white line 047079-628P01US_FIGURESFO o 4
drawings RFILING.PDF
71f12cc89ec69c68416990430d cf91699609
Warnings:
Information:

1131647

5 Power of Attorney 047079-628poa.PDF no 2

9192427d04f8fc4f13be26212e876e01dd 32
f26c




Warnings:

Information:

30189
6 Fee Worksheet (SB06) fee-info.pdf no 2
8f52956049a74162680c615c227766b1a60)
cb9ds
Warnings:
Information:
Total Files Size (in bytes): 27112056

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




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 Cffice: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, 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
Rawshan Monier Abdeldaim Salmiya City KW
All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention PUMP MONITORING AND CONTROL NETWORK

Attorney Docket Number (if applicable) 5016715/ 047079-628P01US

Correspondence Address

Direct all correspondence to (select one):

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

Customer Number 144467

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 Cffice: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, 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 1.28

O Applicant asserts small entity status under 37 CFR 1.27

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

(® 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 form 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 before
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 application 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 fWilliam F. Allison/ Date (YYYY-MM-DD) |P019-05-23
First Name William Last Name hllison Reglstrathn Number 1181
(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 USPTO 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 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. 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.5.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. 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 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.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.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 violation of law or regulation.



PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. 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 CMB control number.

Attorney Docket Number | 5016715 /047079-628P01US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PUMP MONITORING AND CONTROL NETWORK

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 1.76.

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

| Rawshan Monier I(\bdeldaim |
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

city |Falmiya City ||country of Residence | Kw |

Mailing Address of Inventor:

Address 1 Block 3, Alkhnsaa Street, Building 295

Address 2

City | Salmiya City State/Province | |
Postal Code 20003 Countryi | |KW

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 |144467

Email Address ||PDocketingBOS@mintz_com | Add Email | |Remove Email

Application Information:

Title of the Invention PUMP MONITORING AND CONTROL NETWORK

Attorney Docket Number| 5016715/ 047079-628P01US Small Entity Status Claimed [ |

Application Type Provisional v
Subject Matter tility v
Total Number of Drawing Sheets (if any) 4 Suggested Figure for Publication (if any)

EFS Web 2.2.13



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. 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 | 5016715 /047079-628P01US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PUMP MONITORING AND CONTROL NETWORK

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.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 previcusly 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: ¢ Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number 144467

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.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 v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

-

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

EFS Web 2.2.13




PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. 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 | 5016715 /047079-628P01US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PUMP MONITORING AND CONTROL NETWORK

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.8.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(1){(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).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

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

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 2.2.13



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. 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 | 5016715 /047079-628P01US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PUMP MONITORING AND CONTROL NETWORK

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed 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 both 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 (SIPQO)}, 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 2.2.13



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. 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 | 5016715 /047079-628P01US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PUMP MONITORING AND CONTROL NETWORK

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, person 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.5.C. 117 Joint 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
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PUMEP MONITORING AND CONTROL NETWORK

BACKGROUND
{0001} An oil production environment can inclode mudtiple well sites, each configared with one
o1 more pumping systems that are used to collect oil for further processing and distritaion, The
pumping systewns can include @ variety of machivery used in the production process. The
machinery can be configured 1o include sexnsors capable of transmitting sensor data that can be

used to monitor and control the machinery,

[0002] Supervisory control and data acquisition (SCADIAY systems can include monitoring and
control systems, which employ computers, communication devices, and networked data
commanications to monior and control machinery or systems of machinery based on received
sensor data. As computing devices, telecommunications equipment, and networking
technologies change, legacy portions of the monitoring and conirol system can require retro-
fitting or upgrades necessary 1o enswwe continned operation of the oviginally designed systera ot

desired performance levels and costs,
SUMMARY

(00031 In one aspect, mwethods for implewenting a parallel network for purap monitoring and
control inan oil production environment are alse provided herein. I one embodiment, the
methed can include configuring a fivst network between a first computing device and a sccond
computing device. The method can further include receiving pump zensor data by a fiest
computing device including a processor and a first wireless transeeiver, The pump sensor data
can be genergted by one or more sensors atfixed o a pomp withio an oil production
environment, The one or more sensors can be coupled 0 the fivst computing device, The
method can also include transmitting, by the fivst wireless transceiver of the fivst computing
device, the pump sensor data to a second computing device via the frst network, The second
wmpvtmg device can include a processor a remote fleld controller, a second wireless
tranacetver, and a third wireless transceiver. The method can further inclnde transmitting, by the
third wireless transcetver of the second computing device, the purap sensor data recelved by the

second wireless transceiver of the second computing device, o a server via a second network
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different than the first network, The server can include a processor, a central field controller, and
a memory. The method ean alse include processing, by the contral ficld controller, the pump
sensor data received from the third wireless transceiver of the second computing deviee, The

method can further inchude outputting the processed pump sensor data,

00041 In another aspect, a system for implementiog a parallel network for pump monitoring and
control in an oil production environment is provided herein. In one embodiment, the system can
include a plurality of Hrst computing devices. Each computing device of the plurality of first
computing devices can inchude a processor and a first wireless transceiver. The fiest wireless
transeeiver can be configured to fransmit purnp sepsor data veceived by one or ore sensors
affixed to s pump within an ol production environment, The one or more pump seasors can be
coupled to at Ieast one of the Hrst coroputing devices, The system can also inelude g plurality of
second computing devives. Each computing device of the phurality of second ecomputing devices
can include a processor, a remote field controller, a second wireless transceiver, and a third
wireless transeeiver, The second wireless transceiver can be configured 1o receive the pump
sensor data transmsitted from the first wireless transeeiver of at least one of the first computing
devices via a first network configured between the al feast ove ol the frst computing device and
the second computing device. The third wireless transcetver can be configured to transmnil the
pump sensor data to a server via @ second network different than the Hrst network, The system
can further inchude a server, The server can inelude a central fleld controller, a memory storing
instructions and one or move processors. The ong or more processors can be configured to
execute the instructions, which, when executed can cause the one or more processors (o perform
operations including configuring the fivst petwork between the first computing device and the
second computing device. The one or more processors further can further perform operations
including receiving the pump sensor data transmitted from the third wireless transcetver of the
second computing device via the second network, The one or more processors turther can
further perform operations including processing, by the centrad field controller, the received

pump sensor data and outputting the processed pump sensor data.

[0G03] In another aspect, a nop-transitory maching readable storage medinm containing program
instructions for tmplementing a paraliel network for pump monitoring and vontrol s also

provided. In one ewabodirnent, the prograre instructions contained on the machine readable
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storage medinm can perform the method {ncluding configuring a first network between a first
computing device and a second computing device, The program instructions contained on the
machine readable storage ywedium can further perform the wethod including receiving pump
sensor data by g first computing device including g processor and a first wireless transcetver.
The pump sensor data can be generated by one or more sensors affixed to a purap within an oit
production environment. The one or more sensors can be coupled to the first computing device.
The program instructions contained on the muachine readable storage medium can fuether perform
the method wcluding transmitting, by the fisst wireless transceiver of the first compuling device,
the pump sensor data to a second computing device via the fisst network, The second computing
device can include a processor a remote field controller, a second wireless transceiver, and a
third wireless transeeiver. The program instructions contained on the machine readable storage
medivm can further perform the method including transmitting, by the third wireless transceiver
of the second computing devive, the punip sensor data received by the second wireloas
transceiver of the second coroputing device, to a server via a second network different than the
firat network. The server can include a processor, a central field controller, and a memory. The
program instructions comtained on the machine readable storage mediwm can further perform the
method including processing, by the central fleld controller, the pump sensor data veceived from
the third wireless transceiver of the second computing device. The program instructions
contained on the machine readable storage voedivm can further perform the method tncluding

outptting the processed panap sensor data.
DESCRIPTION OF DRAWINGS

[0006] These and other foatures will be more readily understood from the following detailed

description taken fn conjunction with the sccompanying drawings, in which:

fOR07] FIG. 1 is a diagram iHlustrating an example architeeture for a parallel network for a pavap

monitoring and control system configured with respect to an oil production environment;

[OOU8] FIG, 2 is a diagravy ilustrating an exemplary embodiment of a pump montoring and
comirol system in operation with respect to a pump configured within the oil production

onvironment;

e
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[0009] FIG. 3 is a diagram iHustrating one exemplary embodiment of a method of operation of a
pump voonitoring and control system configured within an oil production enviromnent using the

exemplary parallel network of FIG. 1; and

[0001] FIG. 4 18 a block diagram of an exemplary computing systent in accordance with an

tustrative implementation of the sensor reset system of FI1G. 1

{00107 It is noted that the drawings are not necessarily 1o scale. The drawings are intended to
depict only typical aspects of the subject watier disclosed herein, and theretore should not be

considered as Hmiting the scope of the disclosure,
DETAILED DESCRIPTION

(OO0 LE] Improving well production in an ol production environment can be an umportant goal for
environment operators. Maintaining sud operating refinery equipment, such as well pumps,
motors, and valves, at optimal operating conditions can be used to achiove maximal otl
production from a particnlar ofl well site. Ol production environments can be configured with a
large variety of machinery used to collect, process, and distribute 0il. The machinery is
frequently interfaced 1o sensors that are configured to collect sensor data pertaining to a
particular operating paramster or measurement vagiable associated with the machinery.
Typically, such sensor data can provide environment operators with insight about the production
rate, cquipment operating parameters, and immediate or historical performance of the well.

Often sensor data is limited 1o data that is associated with the present or past operating conditions

and provides limited insight wnto the future or potential capabilities of a well.

[0012] The SCADA system ean include computing devives that are networked to the machinery,
sensors, and other computing devices so that a mouitoring and control system can collect and
process the sensor data associated with an operational stafe of the wachinery being roounitored.
ln some sttuations, changes in the confignration of the networked computing devices carn cause
disruptions in the monitoring and control data and can further lead to lower overall productivity
or evers hazardoas conditions at well sites in the oil production environment, Legacy equipment
may become ehsolete, too costly to upgrade or replace, may become otherwise ingcompatible

with other networked coraputing devices due to changes in communication standards or data



PROVISIONAL PATENT APPLICATION
F016T1S-US-1/047079-628P01US

formats. Consider a deployraent of well sites thai are configured with networked computing
devives that are conngcted to a pump monitoring and control server, In some situations, a
ielevommunications interface or equipment may become damaged or may become obsolete dog
Lo site operators fmplementing new communication devices which may vequive new
communication protocols which are not backward compliant with legacy conmuumication devices
andfor protocols, As a rosult, the computing device coupled to sensors at g well site that is
configured with legacy equipment is not able to directly transmit the pump sensor and/or control
data to the pump monitoring and control server at g new well site via the previously configured
fegacy network due to the unavailability of legacy telecom units at the new well site, In such
situations, a new, parallel or back-up network needs to be deployed and configured so that the
sensor data from each well site can continue to be received by the pump monitoring and control
server, Because the computing device configured each well site 1o receive and transnit sensor
data is no longer suitably configured to communicate divectly with a field controller located at
the pump menitoring and control server, a new conliguration of networked computing devices is

required.

FO0131 An improved pump monitoring and control system is provided herein including sysiems,
methods, and computer-readable medihnms for monitoring and controlling poamps in an ot}
production environment using one or more networks, Scnsor data identifying operational data
associated with the machinery to which the sensors are coupled can be received by g first
computing devics including u {irst wireless transceiver. The first wirelesy transceiver can enable
the first compuiting device to transmit the seusor data over a first network to a second computing
device that can be similarly confignred with a corresponding first wiveless trapscetver, The
aecond computing device can also inelude a second, different wireless transcetver which can ba
configured to transmit the sensor data to the purap monitoring and control server via a second
network that 1s ditferent than the first network, The second computing device can forther include
a remote Held controller (RFC) that can be coupled to the pump monitoring and control server 1o
form a parallel or back-up network with a scheduler which is already instatled on the pump
moniforing and condrol server and configured to process data received directly from the RFC.

By configuring the RFC within the second computing deviee, the pump monitoring and control

server can divectly communicate with the first computing device, via the firgt network
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catablished by the wireless transceivers configured on the first and second computing deviess.
Communication with the Hrst computing device would be otherwise anattainable due to changes
in the network configuration or the telecommunication equipment and/or imterfaces associgted

with the first computing device,

[0014] In thiz way, the improved pump monitforing aud control system deseribed herein can
provide a back-up network for heterogeneously configured computing devices within an ol
production envivonment. By configuring the computing devices with wircless transceivers as
deseribed heretn to form a first network, as well as configuring select computing devices with
remote instantiations of ficld controller functionality, a robust, affordable, and scalable network
of computing devices associated with sensors deployed in a geographically diverse arrangement
can be achieved. This network can implement a slave-host network model (o ensure that a
legacy deplovment of computing devices and telecommuuication cguipment can remain
functional within an ol prodection environment without requiring expensive, customized

upgrades to cach and every individual computing device.

(0015} Embodiments of systeras and corresponding wethods for providing a network for pump
control and monitoring are diseussed herein, However, enbodiments of the disclosure can be
cmployed for montoring and controlling other types of achinery incan oil production

environment without Himit.

[0016] FIG. 1 s a diagram Qlustrating an example architectore for a parallel network for a pump
monitoring and control system 100 configured with respect to an ¢il production environment,
The architecture ineludes an oil prodaction envivonment 103, a plurality of telecormmunication
baze stations 135, a telecommunication main station 144, a pump monitoring and control server
1435, and a client device 170, The components of the oil preduction environment 105 and the
pump monitoring and control server 143 can be wcluded in a supervisory control and data
acquisition {SCADAY systems that can be configured by the operators of the oil production

environment 105,

[OG17] The oil production environment 103 includes a plurality of wells 110, such as wells
FHOA-11002, The wells may be configured to generate oil and can be configured with one or

more pumps that are operable to pump the oil from sub-sorface formations into processing

)
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systerns configured to collection, process and distribute the oil fiwther. Each of the wells 110
and the machinery agsociated therewith can be conlignred with one or more sensors to monitor
various aspects of the operation of the well machinery and the well as a whole, The sensors can

be coupled via a network to the pump monitoring and control server 1435,

[0018] The sensors that ave configured fu relation to each well 110 can be coupled to a remeote
terminal unit (RTLH 115, The RTU 115 can be configured as an interface conneeting the sensor-
coupled machinery to the pump montioring and control server 148, In some emabodiments, the
RTU 113 can be configured to apply parameter settings 1o contrel the machinery, such s the
pump, at ong or more well sites, The RTU 115 1y a data communication module that is
configured o performn senal commumeations using the MODBUS protocol, The RTU eads
the data from multiple sensors affixed to the pump or configured at the well site n real-time or
near real-time and writes to some parameters if the RTU 115 receives g write command from the

REC 120 and/or the central ficld controller 156,

[0019] As shown in FIG, 1, the pump monitoring and control systen 100 can inclode different
configurations of RTUs 115, In a first configuration, as shown by RTU 1134, the RTU can
selude & frst wireless transcsiver 125 and a second wireless transceiver 130, In this first
configuration, the RTU 115 can also include a RFC 120, In a second configuration, as shown by
RTU 1158, the RTU 115 can include a fivst wireless transceiver, such as wircless {ranseeiver
125, and can exclude a RFC, such as RFC 120, These different configurations can allow the
RTUs 115 fo communicate in a slave-host conmumanication model and can operate to provide o
parallel or back~up network to transmit and receive pump sensor or control data in situations
where a particalar RTU HES may not includde a teleconuwuunications device sutigble for
communicating pump sensor data to a RTU 115 which inchades a REC 120, As shown 1n dashed
Hoes, RTU 1158 or RTU 11312 can be slave RTUs that can be conligured to transmit pump
sensor or control data via g first wircless {ransceiver 125 to a host RTU, such ag RTU 11SA or

RTU 115C,

{00201 An RTU 115 gan, i some embodiments, imclude a REC 120, The RFC 120 s similar to
the central field coutroller 150 that can be configured on the pump monitoring and control server

145, When implersented within an RTU 115 that is configured with a Qrst wireless transeeiver
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125 and a second wireless transeeiver 130, the RFC 120 can operate to collect data from the
RTUs 115 to which is it coupled, either locally, such as RTU T13A, or remotely, such ag RTU
TIAB, and transmit the data, via the second wireless transceiver 130 to the pump monitoring and
control server 143, For example, as shown in dashed lines, pump sensor daty or control data
recetved at a host RTU (e, RTU HSA or RTU 1150) via the first wireless transcetver 125 s
processed by the REC 120 that can be ¢ Qnﬁgured within the host RTU 115A or RTU 1SC. The
punap sensor and/or control data can then be provided from the RFC 120 to the second wireless
transeeiver 130, As shown via the dashed lines, the pump sensor and/or control data can be then
directly transmitied to the scheduler 155 via base stations 135 and/or main stations 140, The
REC 120 acts to direct sensor data and/or command instructions between the pump monitoring
and control server 145 and a particular RTU 115, Deploying the RFC 120 on RTUs 113 with &
first wireless transceiver 125 and a second wireless transcelver 130 enables the central field
controtler 150 to direct data transmisstons or receipt of data fo/from a particular RTU 115 even
though the RTU 115 is otherwise unreachable from the central field controller 150, For
example, as shown via the dashed lines o FIG. 1, RTU 158 can be configured to communicate
sensor and/or pump control data with the RFC 120 that can be tostalled on RTU 115C in the
event the RFC 120 configured on RTU HISA s unable to establish direct commumication with
REULISB. As further shown by dashed lines, RTU 115C can then transmitt sgasor and/or pump
control data directiv to the scheduler 133 that is configured on the pump monitoring and control
server scheduler 14, Because the pumyp sensor and/or control data associated with RTU 1158 or
RTU 11512 has already been processed by g RFC 120 configured on a RTU 1S, such as RTU
H13A or RTU 115D, respectively, the pump sensor andfor control data can be forwarded directly

to the schedaler 155 withowt initial processing by the central field controller 150,

[0021] RTUs 115 can include a fivst wireless transceiver 135 andfor a second wireless
wrapsceiver 130, The RTUs 113 can alse be connected o cach other via a parallel or back-up
nctwork formed between the first wireless transceivers 123, The parallel network can be a
privaie network that facililates near-field or local network data sharing, The paralle]l network can
be implemented using the first wireless transeeivers 125 and one of the existing Ethernet ports
availabde on the RTU 113 which 1s separate from the ports used for the configuration of the

second wireless transcetver 130, The second wireless fravsceivers 130 can therefore act as a hab
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or a host to RTUs 115 which do not inclode a RFC 120, For example, RTU H5A, can serve as a
host or hub to RTU 1158, When deployed, the first wireless transcetver 125 of one RTU 115,
such as RTU 11512 can vommunicate pumyp sensor data and/or controd information with a first
wireless transceiver 125 configured on a second RTU 115, such as RTU 115C. The second RTU
115 {e.g., RTU 118C) caw then further transmit the pump sensor data and/or control information
via the RFC 120 and using the second wireless transceiver 130 that is configured on the pump
monitoring and control server 145, In some embodiments, the RTU 1 can directly transmit
purap sensor data and/or control information o the scheduler 155 via the second wiveless
transceiver 130, In this example, RTU 1150 can be configured as a slave device to
cormmunicate data with RTU 115C which can be configured as a host device and inchudes a REC

120,

00221 The pump monitoring and control systern 100 also inchudes a second computing device,
such as the pump mewitoring and control server 145 connected to bost RTUs 115 via a network
implemented over one or more base stations 135 {¢.g., sach as base stations 135A and 135) and
one oF rwore main stations, sach as maln station 140, The network can igelade, for example, any
one or mors of a campus area network (CAN), & metropolitan area network (MAN), a wide area
network {WAN), a broadband network (BBN), the Infernet, a WiMAX network, or the like.
Farther, the network can nclude, but is not Umited to, any one or more of the following network
topologies, including a bus network, a star network, a ring network, a mesh network, a star-bus

network, tree or hierarchical network, and the like,

{00231 In certain aspeets, the pump monttoring and conirol server 145 can be a clond computing
server of an infrastrmceture-as-a~service (laaS) and can support a platform-as-a-service (PaaS) and
softwarg-as-a-service (Saas) services. The pump monitoring and control server 145 can be
implemented remotely from the RTUs 1135 and can be conligured by the client device 170, As
shown in FIG. 1 the pump montioring aud control sevver 1435 inchudes a central feld controller
150, a scheduler 155, a gateway 160, and 2 memory 163, In broad terms, the pump mouitoring
and control server 145 can be configured to receive the sensor data from the RTUs 113 and to
process the reeeived sensor data, The central field controller 130 can collect the data from the
RTUs 115 and veriftes the validity of the collected data. The central field controller 150 then

fravsmits the scheduler 135, The schednler 155 organizes the data info & data sequences,

g
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packages, or tasks that can provided as inputs to the gateway 160. The gateway 160 can write
the data into a memory or database, such as the memory 165, In addition, the central field
controller 150 can receive sensor control commands which can be transmaitted from the client
device 170, The field controller 150 can further execute instructions to transmit the sensor
control commands to a particular RTU 115 who, in turn, may {ransmit the sensor control
commands to the correspondent device (e.g. the pamp control drive or any of the motor valves

assoeiated with a pump at a specific well 110 for which the particular RTU 115 is co-located).

00241 As shown in FIG, 1, the pump monitoring and control server 145 includes a memory
165. The memory 163 can include a database or similar data structure that can be configured to
store operating conditions, advisory statements, optimization action plans, sensor conirol
commands, received sensor data, RTU 115 configuration data, wireless transceiver 125 or 130
configuration data, as well as telecommunication network data associated with the
telecommurdcations base stations 135 and telecommunication main stations 140. The memory
150 can include execuiable instructions which cause the eentral field controller 150 to determine
a particular slave-host configuration to be applied to an RTU 115 (e.g., RTU 115B as a slave
device) and an RTU 115 configured with a RFC 120 (e.g., RTU 115A as a host device). In this
ay, the central ffeld controller 150 can determine and implement a back-up or parallel network

for the pump monitoring and control data generated and managed within the system 100.

[0025] As further shown in FIG. 1, the pump monitoring and control system 100 includes a
client device 170. The client device 170 to which the pumyp wonitoring and ceontrol server 145 is
connected over a network can be, for example, desktop computers, mobile computers, tablet
computers, mobile devices (e.g., a smartphone or FDA), or any other deviees having appropriate
processor, memory, and communications capabilitics. The client device 170 includes a display
175. The client device 170 can include a client device that is used to configure one or more
aspects of the SCADA system including the functionality associated with the RTUs 113, the
RECs 120, the central field controller 150, as well as the pumyp monitoring and coutrol server
145, The client device 170 can be any computing device that is appropriately configured to
receive user inputs and to display data or executable content associated with the pump
monitoring and control system 100, For example, the client device 170 can be utilized to input

configuration data associated with a RFC 120 that may be deployed on a particular RTU 115 ina

10
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host mode to enable communications with a RTU 113 that has been configured In a slave mode,
such as RTU 115A serving as a commundeation host to RTU THSB. In some embodiments, the
client device 170 can be used o receive oputs associated with coutiguring one or more of the
wireless transceivers that way be configured on a particular RTU 113, such as a fivst wireless
transceiver 125 that can be configured on RTU T15A or 1158, as well as a second wireless
transcetver 130 that can be configured on an RTU 118 that i configured as a host and can
include a REFC 120, such as RTU 1158, 1o some embodiments, the client device 170 can be
utilized to fnput desired operating conditions for an oil well or eil-production machinery that 1s

configured within the oil production envirorunent 105,

10026] Additionally, the client device 170 can display, via display 175, the current operating
conditions, historical trends associated with the operating conditions, as well as advisory
statements, optimization action plans, sensor datae, configuration data associated with the wireless
transceivers 123 and/or 130, as well as sensor control tustructions or commangds, The clieot
deviee 170 can provide SCATIA system data andfor data associated with the network of wireless
transceiver dovices that are configured within the pump monitoring and control system 100 via
the display 175, SCADA gystem data and pump monitoring and control system data can be
provided in graphical and textual formats. The graphical formats can include a variety of time-
hased graphs plotting the operating conditions and the application wntervals nsed for a particolar
optimization action plan to make the data more easily futerpretable to a nser. The graphical
formats can also include network diagrams and/or terrain-based maps of deployed
communication devices ingluding wireless transeeivers 125 and 130, telecommunication base
stations 133, and telecommunications main stations 140, In some embodiments, the client
device 170 can include a mobile computing device, such as a smart-phone, tablet, ¢r laptop
computer that is connected to the pump monttoring and control sevver 145 via wireless or wired

communication means,

[00271 FIG. 2 15 a diagram illusteating an exeroplary embodiment of a pump wonitoring and
control system 200 in operation with respect to a praap configured within the oif production

environment. The RTU 115, the pump monttoring and contro] server 143, and the client device
170 are similar in strocture and funetion as those shown and described i relation to FIG. 1,

exeept where noted otherwise.

11
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[0028] As shown in FIG. 2, the exemplary pump monitoring and control systern 200 includes a
well 205, The well 205 can be a well that is configured for oil production. The well 205
includes a pump 210, The pump 210 can include an electric submersible pump, a progressive
cavity pump, a sucker rod pump, and/or the like. A number of pump components are also
included in the pump monitoring and control system 200. For example, the system includes a
number of sensors that are configured to collect and provide sensor data about one or more
aspects of the pump or the pump distribution systern such as a well head prossure sensor (WHPS)
215, a flow line pressure sensor (FLPS) 220, a casing pressure sensor (CPS) 225, and a
downhole sensor (DHS) 230. Additionally, the pump monitoring and control system 200 can
include a variable speed drive that controls the speed of the pump motor and the operation pump
motor, for example turning the pump motor on or off. Additional sensors may also be
configured in relation to the well or the pump and can be configured to operate with the pump
monitoring and confrol system 200. For example, the downhole sensor 230 can include sensors
configured to measure the intake pressure and temperature, the discharge pressure and
temperature, as well as the vibration characteristics of the pump 210 as it operates in the well

205,

[0029] As further shown in FIG. 2, the pump monitoring and control system 200 includes a
number of pump motors and one or ore motor valves. For example, a well head pressure motor
valve (WHP-MV) 235 is configured atop the well, for example, as part of the well head
configuration. The well head pressure motor valve 235 can be controlled in order to adjust the
amount of pressure in the well bead, The well head configuration shown in FIG. 2 also inclades
a variable speed drive (VSI3) 240, The variable speed drive 240 is a physical drive device that
can be coufigured to operate the pump at a variety of different speeds or frequencies, such as 50
or 3600 revolutions-per-minute. The pump monitoring and control system 200 can also include
a flow line pressure motor valve (FLP-MV) 2435, a casing pressure motor valve (CPMV) 250 and
a distribution manifold (DMV) 235, The punmp mouitoring and control system 200 further
inclhades a RTU 115 that is coupled via a network 260 to the pump monitoring and control server
145. The RTU 115 includes a first wireless transceiver 125 and in some embodiments, can also

nclude a second wireless transceiver 130 shown in dashed lines. In some embodiments, the
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RTU 115 can also include a RFC 120 shown in dashed Hines. The pump monitoring and control

server 145 is coupled to the chient device 170 via a network 268,

[00307] In operation, the pamp monitoring and control system 200 shown in FIG. 2, generates
sensor data from ong or more sensors, such as the well head pressure sensor 218, the fow hine
pressure sensor 220, the casing pressure sensor 223, aud the downbiole sensor 230, Additionally,
sensor data can be provided by the variable speed drive 240 to indicate the current speed of
rotation of the pump moter, amperage of the pump motor, and the voltage rates applied to the
pump motor. Tu some embodiments, the sensor data can be received by a RTU 115 whict
excludes a RFC 120, Once received, the sensor data can be transmitted 260 to the central field
pontroller 150 contigured nn the pump moenitoring and control server 148 using the second
wirveless transeeiver 130, The sensor data ie received by the pump monitoring and contro] system
145 where it is processed by the central field controller 150 betore being passed to the scheduler
155 and the gateway 160 fo be written into the mernory 165 or stored in a database of sensor data

configured withio the memory 1635,

{00311 Additionally, or alternatively, the pump wonitoring and control syster 200 shown o
FIG. 2 ean operation to reccive the pump sensor andéor contred data via frony a slave RTU 1S
via a {irst wireless transeeiver 125 that is configured on a host RTU 115 which can include a
RFC 120 (shown in dashed lines) and a second wireless transceiver 130 (shown in dashed Hnes
on RTU 115). Onee received data is processed by the RFC 120 and can be tranamitted 265 via
the second wircless transeeiver 130 divectly to the scheduler 155, The pump sensor and/or
control data is received by the scheduler 155 and provided to the gateway 160 to be writien into

the memory 163 or stored in a database of sensor data contigured within the memory 1635,

[0032] The purp monitoring and control server 145 receives the sensor data from the RFC 120
configured within g RTU 115 and processes the received sensor data. The recetved seusor data
can be formatied by the RFC 120 in a compressed, archivable file format, such as a ZIP file. The
ZIP files received from the RFC 120 can be approximately 2 kB cach and can be received at a
rate of ong ZIP file every minute. The ZIF file contains sensor data after i was polled or
recetved from the various sensors deseribed tn relation to FIG. 2, such as the VSD 240, the

WHES 215, the DHS 230, or the like.

Py
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{0033] The received sensor data is further processed by the central field controlter 150, The
central ficld controller 130 coordinates receipt of sensor data and transmission of control
instructions to and from the RFCs 120, The central field controller has direct communication {o
the RFCs configured within the RTUs 118§ via the network connection enabled by the wircless
transeeivers 130, The sensor data can be written to @ database of sensor data that is configured
within the memory 163, In some embodiments, the pump monitoring and control server 145 can
transeit 270 pump sensor and/or control data to the chient device 170, for output, such as

providing the data for display via the display 175,

{00341 FIG. 3 13 a diagram (Hustrating one oxemplary embodinent of a method for implementing
a back-up network for pump contrel and monitoring within an ol production eavivonment 103
using the exemplary puvap monttoring and control system 100 shown and described in relation to
FIGS 1 and 2. In certain aspects, embodiments of the method 300 can include greater or fower
operations than tlustrated in FIG. 3 and the operations can be performed in a different order thay

tlustrated in FIG. 3.

[0035] For example, i operation 303, the pump monitoring and control server 145 configores a
first network between ong or more RTUs 115, The first network can be implemented as a bagk-
up network for use when one or more RTUs 113 are not configured with an RFC 120 and lack a
second wireless transcetver 130, The network can be buplemented by configuring the first
wireless transcetvers 125 of an BT 115, such as RTU 1158, to exchange data with a first
wireless transceiver 125 of an RTU 115 that is configured with an RFC 1290, such as RTU HISD.
The frst network can be configured to ideutify individual RTUs 115 as slave devices or host
devices. In some embodiments, pairs of slave RTUs 115 and their corresponding host RTUs 115

can be configured as RTL groups. RTU groups can be mavaged based on diffevent attributes or
policies by the central field controller 150, Additionally, the pump monitoring and control server
148 can configure the first network based on one or more network nmanagement applications

configured on the purap mouitoring and control server 145 and/or the chent device 170,

{00361 In operation 310, the first computing deviee, such as RTU TSR or RTU 15D, receive
pamp sensor data, The punp seusor data can include sensor data from a well head pressure



PROVISIONAL P f&'}i‘}“\"‘(‘ APPLICATION
SOI6715-US-1 7/ 047079-628P01 LN

sepsor, & Hlow Hoe pressure sensor, a casing pressure sensor, a downhole sensor, and a pump

motor speed sensor such gs a variable speed drive sensor as deseribed in relation to FIG. 2.

[O037) In operation 315, the first computing device, e.g.. RTU 1158, transmits the pump sensor
data to a second computing device, such as RTU HSA as shown o FIG, 1. Alteroatively, as

shown by a dashed hoe in FIG. 1, the RTU 115A can alternatively transmit the pump sensor data
tera different RTU 1135, such as RTU HISC, The RTU 115 can transmit the pump sensor data as
a slave device to any host RTU 113 that includes a second wireless transceiver 130 and for

which the stave RTU 115 13 configured within the RFC 120 of the second RTU 115,

[0038] In operation 320, the second computing device, e.g., the second RTU 1135, such as RTU
ISA, transmits the pump sensor data received fron the fist RTU 115, e.g., RTU 115B vig ¢
second network. The second network can be a client-provided network that Is different thay the
first network established between the sensing RTUs 115 and the RTUs 1185 that are configured
with an BFC 120 and a second wireless transeetver 130, The second network can include one or
more base stations 135 and oue or more main stations 140 which are operable to provide data
transnrissions between the RTU 115 configured with the RFC 120 and the pump monttoring and

comtrol server 145,

[0039] In operation 323, the pump monitoring and control server 145 can process the received
pump sensor data. The pump monitoring and control sevver 145 can perfonn a vaciety of
processing on the sensor dafa ineluding monttoring the sensor data for anomalous operating
condifions, generating reports, alarms or notifications in regard to the pump sensor data, as well
a8 processing sensor or pump control data,  Additionally, the pump wonitoring and control server
145 can process the sensor data according 1o one or more sensor wanagement applications

configured on the pump monitoring and control server 145 and/or the client device 170,

{00407 In operation 330, the pump monitoring and control server 145 outputs the processed
pump sensor data. In some embodiments, outputting can include providing pump sensor dala fo
a ehient computing device that 1s coupled to the server 1485, such as client deviee 170 where the
pomyp sensor daja can be displayed via display 175 In some embodiments, the server 145 can
output the processed pump sensor data to a memory or database, such as a database that is

configured within the roemory 163, In some embodiments, the processed pump sensor data can

15
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inchude executable data requiring additional or subsequent inputs o execute functionality

associated with the sensor data.

[0041] In operation 335, the pump monitoring and control server 143 can perform operations
305-330 iteratively based a predetermined event, such as a change in one or more RTUs
available or otherwise configured within the first network. For example, based on RTU 115SA
tosing power or a failure of the second wireless transceiver 130 of RTU 1154, the pump
monitoring and control 148 can re-initiate operations 305-330 such that sensor data from RTU
T15RB is no longer ransmitied via the first network to RTU 1134, but instead can be trammitied
o RTU 11SC as a resull of reconfiguring the first network. I some embodiments, the pump
monitoring and control server 145 can reinttiate operations 305-330 based on a user-configured
time fnterval since previously performing operation 308, Thme intervals can inchude intervals of
minutes, such Intervals that are 5-15, 15-30, 30-60, or 60-180 minutes in duration, Time
intervals can forther include intervals of days, such as intervals that are 5-1, 1-3, or 3-5 days in

duration or longer.

[0042] FIG, 4 ts a block diagran 400 of a computing system 410 suitable for use in
implementing the computerized components deseribed herein. In broad overview, the computing
system 410 includes at least one processor 450 for performing actions 1 accordance with
instructions, and one or wwore merory devices 400 and/or 470 for storing instructions and data,
The Bhutrated example computing system 410 inclades one or more processors 430 in
communication, via @ bus 415, with memory 470 and with at least one network interface
controller 420 with a network interface 425 for connecting to external devices 430, e.g, 8
computing device (such as a WHPS sensor 213, an RTU 115 conligured with or without g REC
120, a client device 170, or a pump monitoring and condrol server 145). The oue or more
processors 450 arve also in communication, via the bus 413, with each other and with any /0
devives at one or wore O interfaces 440, and any other devices 480, The processor 450
illustrated incorporates, or 1s divecily connected 1o, cache mersory 460. Generally, a processor
will execnte instructions received from memory, In some embodiments, the coraputing sysiem
410 can be confignred within a cloud computing envirenment, a virtual or containerized

computing environment, and/or a web-based microservices environment.
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{00431 In more detail, the processor 450 ¢an be any logie clreuitey that processes instroctions,
.2, instructions fetched from the memory 470 or cache 460, fn many embodiments, the
processor 450 15 an embedded processor, a microprocessor untt or special purpose processor,
The computing system 410 can be based on any processor, ¢.i., suitable digital signal processor
{IISP), or set of processors, capable of operating as deseribed herein. o some corbodimaents, the
processor 450 caa be a single core or multi-core processor. In some erabodiments, the processor

450 can be composed of multiple processors.

{00441 The memaory 470 can be any device suitable for storing computer readable data. The
memory 470 can be a device with fixed storage or a device for reading removable storage media.
Examples inclade all forms of non-volatile memory, media and memory devices, semiconductoy
memory devices (e.0., EPROM, EEPROM, SDRAM, flash memory devices, and all types of
solid state memory), magnetic disks, and magnete optical disks, A computing device 410 can

have any number of memory devices 470.

[0045] The cache memory 400 ts generally a form ol high-speed computer memory placed in
close proximity to the processor 450 for fast read/write thmes. In some bnplementations, the

cache memory 460 is part of, or on the same chip as, the processor 450,

{ )(346} The network interface controller 420 manages data exchanges via the network interface
. The network intertace controller 420 handles the physical, media access control, and data

link layers of the Open Systems Interconnect (OSD model for uetwork communication. In some
implementations, some of the network interface controtler’s tasks are handled by the processor
450, I some implementations, the network interface controller 420 Is part of the processor 450.

u some raplementations, a computing device 410 bas multiple network interface controllers
420, I sone fraplementations, the network interface 425 is a connection point for a physical
network link, ¢.0., an RY 45 connector. In some implementations, the network interface
controller 420 sapports wireless network connections and an interface port 425 is g wireless
transceiver such as wireless transeeiver 125 and 130, lu some huplementations, wireless
transeeiver 125 can be a nano-device configured to support data communications over multiple
bandwidths ranges from 5-50Hz for devices positioned up to S ki apart, The nano-device

wireless ravseeiver 123 can teansrmt data at 24GHz up to 150 MB/see, In some
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puplementations, the wiveless tragscetver 130 can include a wireless transcetver configured to
transmit and veceive data using the WiMAX broadband communication standard, Generally, a
computing device 410 exchanges data with other network devices 430, such as computing device
430, via physical or wireless Huoks to a network interface 425, In some implementations, the
network interface controller 420 implements a network protocol such as LTE, TCIIP Etharnet,

IEEE 80211, [EEE 802,10, ov ithe like,

[0047] The other computing devices 430 are connected to the computing device 410 viaa
network inferface port 425, The other compuling device 430 can be a peer compuiing devics, a
network device, or any other computing device with network functionality. For example, a
somputing device 430 can be a WHPS sensor 2135, a RTU 1135, g client device 170, and/or a
pump monitoring and control system which may be configured within the pump monitoring and
control server 145 tustrated in PHG. 1, 1o some embodiments, the computing devics 430 can be
a network device such as a hub, @ bridge, a switeh, or a router, connecting the computing device

410 to a dala network such as the Infernet.

{0048] In some uses, the VO interface 440 supports an inpot device and/or an output device (not
shown), In some uses, the input device and the output device are integrated into the same
hardware, ¢.g., as in a tonch sereen. In some uses, such as i a server context, there is no /O
fnterface 440 or the O interface 440 i5 not gsed. Ty some uses, addittonal other conmponents 480
are in communication with the computer system 410, 2.g., external devices connected via 8

universal serial bus (USH).

[0049] The other devices 480 can inchude an /O intertace 440, external sertal devics ports, and
any additional co~processors. For exaraple, 8 computing system 410 can include an interface
{e.g.,  universal serial bus (USRY interface, or the like) for connecting input devices {c.g., a
keybeard, microphone, mounse, or other pointing device), output deviges (.., video display,
speaker, refreshable Braille terminal, or priuter), or additional memory devices {(e.g., portable
flash drive or external media drive). In some implementations an VO device is incorporated into
the computing system 410, e.g., a touch screen on a tablet device, In some implementations, a
computing device 410 ineludes an additional device 480 such as a co-processor, ¢.¢., a math co-

processor that can assist the processor 450 with high precision or comaplex calenlations,
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[00S0] Exemplary technical effects of the methods, systems, and non-transitory maching
readable storage mediums described herein include, by way of non-limiting example,
configuring a network {o transmit sensor data and control data within an oif production
euvivonment. By configuring a plurality of computing devices with one or more wirgless
transceivers, a slave-host networking model can be tmplemented to allow a central field
controller o receive sensor data and transnut controd data to a RTU 113 that does not have direct
connection with the central field controller. In this way, the central ficld controller can receive
and process sensor datg recetved frora a larger nwruber of RTUs which do not have direct
cormections to the server on which the central field controller is configured. This provides for a
pump monitering and control systeny 100 that can efficiently support upgrade or retro-fit
aperations of legacy computing devices which may o longer be able to transmit or receive
sensor data or control data via the legacy network previously wsed to couple the legacy
computing devices, Thus the svstem represents an iaprovement of computer functionality within
a SCADA systenm that monitors and controls well machinery based on the sensor data, In this
way, the tmproved pump monitoring and control syatem 100 can provide faster, more reliable
wstructions to a larger nuniber of coupled computing devices in order to maintain machinery

operation and/or pump prodoction as close as possible to desived operating couditions.

[0051] Certain exemplary embodients have been deseribed to provide an overall nnderstanding
of the principles of the structare, function, manufacturs, and use of the systems, devices, and
methods disclosed herein, One or more examples of these embodiments have been tHustrated in
the accompanyving drawings, Those skilled in the art will understand that the systoms, devices,
and methods specifically deseribed berein and ilustrated in the accompanying drawings are non-
Hositing exemplary embodiments and that the scope of the present mvention is defined solely by
the claims, The features tHhustrated or deseribed in connection with one exemiplary embodiment
may be combined with the featores of other embodiments. Such modifications and variations are
intended to be included within the scope of the present invention. Further, in the prosont
disclosure, like-named components of the ermbodivaents generally have sivotlar teatures, and thas
within a particular embediment each feature of each lke-named component is not necessarily

tully elaborated upon.
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{00527 The subject matter deseribed herein can be implemented in analog electrounic cireuitry,
digital electronic eivcuitry, and/or in computer software, finnware, or hardware, including the
structural means disclosed in this specification and structural equivatents thereof, or in
combinations of them. The subject matter desertbed herein can be implemented as ong or more
computer program products, sueh as one or more compuler programs tangibly embodied in an
information carrier (e.g., in a machine-readable storage device), or emibodied in a propagated
signal, for execution by, or to control the operation of, data progessing apparatus (¢.g., a
programmable processor, a computer, or multiple computers). A corputer program (also koown
a8 a program, sofiware, software application, or code} can be written in any form of
programming language, including compiled or interpreted languages, and it can be deploved in
anty form, ineluding as a stand-alone program or as a wodule, coraponent, subroutine, or other
unit suitable for use in a computing environmert, A computer program does not necessarily
correspond to a file. A program can be stored in a portion of a file that holds other programs or
data, in a single file dedicated 1o the program in question, or in wdtiple coordinated files (g,
filey that store one or more madules, sub-programs, or portions of code). A computer program
can be deployed to be executed on one computer or on multiple computers at one site or

distribated across mudtiple sttes and nterconmected by a communication network.

[0033] The processes and logie flows desceribed in this specification, inelnding the method steps
of the subject matter deseribed herein, can be performed by ong or more programmable
PrOCESBOrS ereculing one or raore compuier programs to perform functions of the subject matier
described herein by operating on inpuot data and generating output. The proecesses and logic
flows can also be porformed by, and apparatus of the subjeet matter desertbed herain can be

implemented as, special purpose logic cirenitry, e.g., an FPGA (field programmable gate array)

or an ASIC (application-specific integrated eirouit).

{00547 Processors suitable for the execution of a computer program inclode, by way of example,
both general and special purpose microprocessors, and any ong or more processor of any kind of
digital computer. Generally, 8 processor will receive instruetions and data from a read-only
mwemory ot a tandom access memaory or both. The essential elemenis of a computer are a
processor Tor executing instructions and one or maore mewory devices for storing instructions and

data. Generally, a computer will also inelude, or be operatively coupled o receive data from or
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trausfer data to, or both, one or more mass storage devices for storing dala, e.g., maguetic,
magneto-optival disks, or optical disks. Information carriers sultable for embodying computer
program instructions and data include all forms of non~-volatile memory, including by way of
example sermconductor remory devices, (e.g., EPROM, EEPROM, and flash memory devices)
magnetic disks, (¢.g., internal hard disks or removable disks); magneto-optical disks; and optical

disks {e.g., CD and DVD disks). The processor and the memory can be sapplemented by, or

i1‘1.{:0rpm#a”{fzd in, special purpose logic cireuitry.

{00551 To provide for interaction with a user, the subject matter described hervein can be
implemented on a computer having a display device, e.g., a CRT {cathode ray tubg) or LCD
(liquid crystal display) mouitor, for displaying information to the vser and a kevboard and a
pointing device, (e.g., 8 roouse or a trackball), by which the user can provide input to the
computer, Other kinds of devices can be used to provide for interaction with a user as well, For
example, feedback provided to the user can be any form of sensory feedback, {e.g., visual
feedback, auditory feedback, or tactile feedback), and {uput from the user can be veceived o any

form, including acoustic, speech, or tactile tnput,

{00S6] The technigues desceribed heredn can be implomented using one or move modules, As
used heretn, the term “module™ refers to computing soltware, firmware, hardware, and/or various
combinations thereof. Al a rminimun, however, modules are not to be futerpreted as softwars
that is not implemented on bardware, firmware, or reeorded oy a non-fransitory processor
readable recordable storage medium (1o, modules are not software per se). Indeed “module™ 13
{0 be interpreted to always include at least some physical, non-transitory bardware such as a part
of a processor or computer. Two different modules can share the same physical bardware (e.g.
two different modules can use the same processor and vetwork wterface). The wodules
deseribed herein can be combined, integrated, separated, and/or duplicated to support varions
applications, Also, a function described herein as being performed at a particular module can be
performed at one or more other modules and/or by one or more other devices fnstead of orin
addition to the function performed at the pacticular wodule, Further, the modules can be
fnaplemented across multiple devices and/or other components locad or remote to one another.
Additionally, the modules can be moved from one device and added to another device, and/or

wan be included in both devices,

i
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J0057] The subject matier described herein can be huplemented in a computing system that
inchules a back-end component {e.g., a data server), a middleware component (2.g., an
applivation server), or a frontend component (e.g., a client computer having a graphical user
interface or 4 web browser through which g user can interact with an implementation of the
subject matter described hereind, or any combination of such back-end, middleware, and
front-end components. The components of the systent can be inderconnected by any form or
medivm of digital data communieation, e.g., a communication network. Examples of
communication networks include a local area network (CLAN™) and 4 wide area network

{("WAN™), ¢.g., the Internet.

[0058] Approximating language, as used herein throughout the specitication and claims, may be
applied to modify any quaniitative representation that could permissibly vary without resuliing in
a change in the basie function to which it is related, Accordingly, a value modified by a teom or
terms, such as “about,” “approximately,” and “substantially,” are not to be lHmited to the precise
value specified. T at least some instances, the approximating language may correspond to the
precision of an Tnstrument for measuring the value., Here and throughout the specification and
clatms, range Himitations may be combined and/or interchanged, such ranges ave identified and

inelude all the sub-ranges contained therein unless context or language indicates otherwise,

00597 One skilled in the art will appreciate firther features and advantages of the invention
based on the above-deseribed embodiments, Accordingly, the present application ix not 1o be
Himited by what has been particalarly shown and deseribed, except as indicated by the appended
claims. All publications and references oited herein are expressly corporated by reference in

their entirety.
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CLAIMS

i A method comprising:

configuring a fivsi network between a first computing device and a second compuiing
device:

receiving pump sensor data, by the first computing device including a processor and a
fivst wireless transceiver, the pump sensor data generated by one or more sensors affixed {o a
pomp within ag oil production envivonment and coupled to the first computing deviee;

transmitting, by the first wireless transcetver of the first computing device, the pump
sensor data to the second computing device via the first network, the second computing device
including a processor, a remote feld controller, a second wireless transcedver, and a thivd
wircless transeeiver;

ransmitting, by the thivd wireless transcetver of the second computing deviee, the purup
sensor data received by the second wircless transeeiver of the second compriting device, to a
server via a speond network different than the fivst seiwork, the server including a processor, 8
central field controller, and a memory;

proeessing, by the central field coniroller, the pamp sensor date reeeived from the third
witeless transcetver of the second computing device; aund,

outputting the processed pump sensor data.

?\J

A system comprising:
a plorality of fivst compating devices, gach of the firat computing devices inchuding a
processor and a first wireless transcetver configured (o transmit pump sensor data received by
one or more seasors affixed to g pump within an otl production environmend and coupled o at
Ipast one of the first computing devices;

a plurality of second computing devices, each of the second computing devices ineluding
a processor, a remote field controller, a second wireless transeeiver and a thisd wireless
transceiver, the second wireless transceiver configured to rereive the pump sensor data
frausmitted from the frst wireless transceiver of at least oue of the first computing devices vig a
fivst network configured between the at least ove of the fivst computing device and the second

computing deviee, and the thivd wireless transeetver configured to transmii the purap sensor data
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to a server via a sccond network difterent than the {first network, and,

a server, including a central field controller, a memory storing instructions and one or
more processors configured to execute the instructions, which, when executed, cause the one or
more processors to perform operations comprising:

configuring the first network between the first computing device and the second
computing device;

receiving the pump sensor data transmitted from the third wireless transceiver of
the second computing device via the second network,

processing, by the central field controller, the received pump sensor data; and,

outpetting the processed pump sensor data.

3. A non-transitory machine readable storage medivm containing program instructions,
which when executed by a processor cause the processor to perform operations comprising:

configuring a first network between a first compuiing device and a second computing
device:

receiving pump sensor data, by the first computing device including a processor and a
first wireless transceiver, the pump sensor data generated by one or more sensors affixed to a
pump within an oil production environment and coupled to the first computing devices

fransmitting, by the first wireless transceiver of the first computing device via the first
network, the pump sensor data to the second computing device via the first network, the second
computing device including a processor, a remote field controller, a second wireless transceiver,
and a thied wireless transceiver;

transmitting, by the third wireless transeeiver of the second coraputing device, the pump
sensor data received by the second wireless transceiver of the second computing device, to a
server via a second network different than the first network, the server including a processor, a
central field controller, and a memory;

processing, by the central field controller, the pump sensor data received from the third
wireless transceiver of the second computing device; and,

outputting the processed pumyp sensor data.

24
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ABSTRACT

Systems, methods, and a computer readable medium are provided for sonfiguring a
network for a pump rwonitoring and control systenm in an ol production environment. A network
can be configured between two or more computing devices configured to receive pump sensor
data. A first computing deviee can receive the pump sersor data to be transmittod via g first
wireless tramsceiver 10 a second comaputing device configured with the first wireless transceiver,
a second wireless transcelver, and a remote field controller. The second computing device can
further transmit the seusor data to a pump mouitoring and control server, including a central field
confroller, via a second network using the second wireless franseeiver. The server can process

and output the sensor data,

R72IBI9Iv
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