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IN THE UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION

SAFOCO, INC.

PLAINTIFF,
V. CASE NO. 2:22-cv-00437
KLX ENERGY SERVICES, LLC
JURY TRIAL REQUESTED
DEFENDANT.

wn W W W W W W LN N

PLAINTIFE’S ORIGINAL COMPLAINT

Plaintiff, Safoco, Inc. (“Safoco” or “Plaintiff”) files this Original Complaint against
Defendant KLX Energy Services, LLC (“KLX Energy” or “Defendant”) for infringement of U.S.
Patent No. 9,671,794 (“the ‘794 Patent”) and U.S. Patent No. 9,890,609 (“the ‘609 Patent”)
(collectively, the “Safoco Patents™) and for false advertising and unfair competition under Section
43(a) of the Lanham Act. Safoco would show the Court the following:

PARTIES

1. Plaintiff Safoco, Inc., is a Texas corporation with its principal place of business at
9901 Regal Row, Houston, Texas 77040. All pleadings may be served on Safoco through its
attorney-in-charge, David K. Anderson, Anderson & Cunningham, P.C., Four Houston Center,
1221 Lamar, Suite 1115, Houston, Texas 77010.

2. Defendant KLX Energy Services, LLC is a Delaware limited liability company
with its principal place of business and corporate headquarters at 3040 Post Oak Blvd., 15" Floor,
Houston, Texas 77056. Defendant may be served with process through its registered agent, Capitol

Corporate Services, Inc., 1501 S. Mopac Expy., Suite 220, Austin, Texas 78746. Defendant
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maintains a physical office in this judicial district, and Defendant’s office is a regular and
established place of business.

JURISDICTION AND VENUE

3. This Court has subject matter jurisdiction pursuant to 28 U.S.C. 88§ 1331, 1338(a)
and 1367 because this is an action for (1) patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. 88 271, et seq., and (2) false advertising and unfair competition under the
Lanham Act, 15 U.S.C. 88 1051 et seq.

4, The Court has specific and general personal jurisdiction over Defendant, pursuant
to due process and the Texas Long Arm Statute for the following reasons: Defendant is present
within or has minimum contacts within the State of Texas and the Eastern District of Texas;
Defendant has purposefully availed itself of the privileges of conducting business in the State of
Texas and the Eastern District of Texas; Defendant has sought protection and benefit from the
laws of the State of Texas; Defendant regularly conducts and/or solicits business and engages in
other persistent courses of conduct within the State of Texas and within the Eastern District of
Texas; Defendant maintains a regular and established place of business within the Eastern District
of Texas; and Defendant has derived substantial revenues from its business activities, including its
infringing acts, occurring within the State of Texas and the Eastern District of Texas.

5. Defendant directly and/or through authorized intermediaries, ships, distributes,
offers for sale, sells, leases, markets, and/or advertises products and services in the United States,
the State of Texas, and the Eastern District of Texas, including but not limited to the accused frac
relief valve systems. Defendant solicits customers in the State of Texas and in the Eastern District

of Texas.
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6. Venue is proper in this judicial district pursuant to 28 U.S.C. 88 1391(b), 1391(c),
and 1400(b). Defendant has transacted business in this judicial district and has directly and
indirectly committed and/or induced acts of patent infringement in this district. Defendant has its
physical regular and established place of business in this district located at 5104 Estes Parkway,
Longview, Texas 75603.

PATENTS IN SUIT

7. Safoco and Defendant are direct competitors in the oil and gas equipment industry
for fracturing relief safety valves. Safoco sells/leases the “Safoco FRV.” Defendant sells/leases
its “KLX Frac Relief VValve System”, which is marketed as and called the “FRV” or “FRVS.” The
Defendant’s “FRV” is strikingly similar in appearance, layout, and operation to the Safoco FRV.

8. Safoco has spent considerable resources researching, developing, and
commercializing innovations in the oil and gas equipment industry. As a result of these efforts,
Safoco has a substantial patent portfolio, including the ‘794 Patent and the ‘609 Patent.
Specifically, Safoco has spent considerable resources researching, developing, and
commercializing innovations regarding its FRV.

0. On June 6, 2017, the *794 Patent, entitled “Safety Valve Control System and
Method of Use”, was issued by the United States Patent and Trademark Office. Safoco is the
owner of the ‘794 Patent.! A true and correct copy of the ‘794 Patent is attached as Exhibit A and

incorporated herein by reference. The ‘794 Patent covers a safety valve control system for oil and

! The ‘794 Patent is a continuation of Application No. 15/262,642, filed on September 20, 2017, which is a
continuation of Application No. 13/480,704, filed on May 25, 2012, now U.S. Patent No. 9,441,453, a continuation
in part of Application No. 13/195,662, filed on August, 1, 2011, following Provisional Application No. 61/551,319,
filed on October 25, 2011, Provisional Application No. 61/415,238, filed on November 18, 2010, and Provisional
Application No. 71,370,721, filed on August 4, 2010.
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gas wells, particularly systems and methods of an emergency shut down control system for surface
and subsurface safety valves.

10. On February 13, 2018, the ‘609 Patent, entitled “Safety Valve Control System and
Method of Use”, was issued by the United States Patent and Trademark Office.? Safoco is the
owner of the ‘609 Patent. A true and correct copy of the ‘609 Patent is attached as Exhibit B and
incorporated herein by reference. The ‘609 Patent covers a safety valve control system for oil and
gas wells, particularly systems and methods of an emergency shut down control system for surface
and subsurface safety valves.

11. Safoco is the valid owner of all rights, title, and interest in the ‘794 Patent and the
‘609 Patent, including all rights to enforce and prosecute actions for infringement and to collect
damages for all relevant times against infringers of the ‘794 Patent and the ‘609 Patent.
Accordingly, Safoco possesses the exclusive right and standing to prosecute the present action for
Defendant’s infringement of these Safoco Patents.

12. At all times relevant to this litigation, KLX Energy had actual and constructive
notice of the Safoco Patents.

13. Defendant KLX Energy now makes, manufactures, distributes, sells and/or leases
a safety valve control system for oil and gas wells — the “KLX Energy Frac Relief VValve System”
- in direct competition with Safoco (“Infringing Product”).

14. Defendant KLX Energy, without authority, consent, or license from Safoco, has
infringed and is still infringing the Safoco Patents by making, using, importing, leasing, selling, or

offering to sell or lease the Infringing Product.

2 The ‘609 Patent is a continuation of Application No. 13/480,704, filed on May 25, 2012, now U.S. Patent No.
9,441,453, a continuation in part of Application No. 13/195,662, filed on August 1, 2011, following Provisional
Application No. 61/551,319, filed on October 25, 2011, Provisional Application No. 61/415,238, filed on November
18, 2010, and Provisional Application No. 71,370,721, filed on August 4, 2010.
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BACKGROUND INFORMATION

15. Since 1993, Plaintiff Safoco has been in the business of developing, manufacturing,
and selling oilfield equipment, particularly safety equipment for use in oilfield applications.
Several years ago, Plaintiff Safoco embarked on a costly and time-consuming effort to develop a
safety control system. This design and development led to Safoco’s Safety Automated Monitoring
Instrument — a Safoco product that is identified by the acronym “SAMI.” Safoco’s SAMI product
has enjoyed considerable market acceptance and success. Plaintiff Safoco’s SAMI is a cost-
effective, custom solution for fully automated and remotely controlled surface safety valves. With
this technology and its existing valve technology, Plaintiff later developed the Safoco FRV - a
cutting edge product that has brought technological advancements to pressure monitoring and
relief valve systems for hydraulic fracturing applications. The design effort associated with the
FRV was also costly, and it took approximately a year of intense engineering and design effort to
take the project to a testable product. The Safoco FRV was not only a new product in the Safoco
line of products, the Safoco FRV was a new product in the oil and gas market. Prior to the Safoco
FRV, the industry relied on mechanical products, such as burst disks and explosion panels.

16. The Safoco FRV is a safety device that senses defined pressure parameters,
evaluates those readings, and when required, opens a valve(s) with incredible speed and efficiency,
usually within milliseconds (1 millisecond = 0.001 or 10~ of a second). The Safoco FRYV is used
to relieve over pressurization events during well fracturing operations when the pressure
parameters exceed predetermined limits. In hydraulic fracturing operations, a mixture of primarily
water and sand is pumped through the well into the underground formation at extremely high
pressures. If the pressure exceeds maximum allowable pressure parameters, it can cause damage

to well equipment, and in extreme cases, it can cause the piping and other well equipment to
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rupture, seriously damaging wellhead equipment and posing extreme risk of harm to onsite
personnel. Pressure pumping companies have long required a mechanism to relieve over pressure
events to ensure the safety of on-site workers and prevent damage to the pumping system and the
well formation.

17. Plaintiff Safoco’s innovative FRV monitors pressures electronically, records that
data, analyzes that data, and when the pressures exceed the programmed safety criteria, the FRV
trips its “fail open” hydraulic actuator, which opens a gate valve, and thereby instantaneously
brings the pressure down to safe levels. The FRV can be reset, and the valves can be opened
remotely and automatically if desired. The pumping pressure is sensed by pressure transducers
that are components of the FRV. The acceptable pressure parameters can be programmed into the
FRV’s microprocessor in the field via a keypad interface. The valve is held in the closed position
by hydraulic fluid until a pressure event or series of events causes the FRV to trigger the hydraulic
actuator, releasing the hydraulic fluid in the actuator and opening the gate valve. The electronic
control system reads and records the pressure, and it will trip the hydraulic actuator when the
pressure parameters exceed programmed limits. The valve is forced into the open position
immediately by the line pressure in the valve and an internal spring within the actuator. The system
is completely self-contained, requiring no external power source. The line pressures are monitored
and controlled by the system, and the system records all pressure readings, settings, and trip events.
The Safoco FRV helps frac companies maximize frac site safety and yield; it mitigates potential
liabilities; and reduces non-production time. The FRV allows for much more precise and
sophisticated safety control. The FRV continuously monitors and analyzes pressure conditions at
the frac site; whereas the existing mechanical devices simply rupture when the pressure exceeds

that device’s mechanical limits.
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18. In 2017, Safoco attended and exhibited its FRV at an industry trade show in San
Antonio, Texas. During the trade show, a group of Safoco employees were approached by a
former KLX Energy employee who informed them that KLX Energy had intentionally copied the
Safoco FRV when developing its Infringing Product. The former employee stated that “KLX is
infringing on [Safoco’s patents]. 1’m the engineer who designed it, so | know.”

19. During that industry trade show, Safoco representatives went to the Defendant’s
booth to look at the Defendant’s Infringing Product. The KLX Energy booth was located near the
Safoco booth, and KLX had its “FRV” unit displayed. The Safoco representatives noted that the
Defendant’s Infringing Product was virtually identical, a “mirror image” or “replica” of the Safoco
FRV. The representatives also noted that KLX was referring to the device as the “FRV” or
“FRVS” and that KLX Energy was using those terms in its marketing and promotional materials.
While the valves used by the Defendant were double-acting, the valves utilized on the Infringing
Product were gate valves.

20. Dave Lymberopoulos, the CEO of Safoco, introduced himself to the on-site KLX
Energy representatives, which included an employee identified as a company Vice-President. Mr.
Lymberopoulos informed the Defendant’s representatives that the Defendant’s “FRV” was a copy
of the “Safoco FRV”. One of the Defendant’s representatives responded by asking, “Well, do you
have any recommendations how to make [the KLX Energy] unit better?” Mr. Lymberopoulos
responded by requesting that KLX Energy remove the copied KLX Product from the market.

21. Defendant advertises its FRV as “proprietary technology,” and represents that KLX
Energy was the developer of that frac relief valve technology. For example, on the company’s

website, Defendant advertises that the KLX Energy FRV utilizes “proprietary “fail-open’ design
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and self-reporting diagnostic alert to ensure total field safety.”® Similarly, Defendant KLX Energy
advertises that the company offers “[p]roprietary technologies such as the KLX Automated Frac
Relief VValve System — an automated alternative to conventional pop-off valves. This new solution
brings more assurance, reliability, and redundancy to pressure control.” These statements falsely
represent that Defendant KLX Energy was the developer of this frac relief technology, including
the “fail open” design and “self-reporting diagnostic alert”, when in fact Safoco was the developer
of this proprietary frac relief technology.

22. Defendant’s promotional materials for the KLX Energy FRV described the system
as an “innovative alternative to the standard popoff valve that offers more control over pressure
during hydraulic fracturing operations.” Defendant further represented that KLX Energy was “the
only company that rents the Frac Relief VValve System.”

23. In advertising and marketing materials for the KLX Energy FRV, Defendant has
represented that the Defendant’s “system was designed to offer ZERO reduction of the unit’s
inside diameter running from the 1502 iron to the primary relief valve itself. This means that the
system’s pressure dump is almost instantaneous once it reaches the unit’s pre-programmed
parameters. Pressure release takes less than a quarter of a second.” and that the “system was
designed to eliminate the possibility of catastrophic pressure buildup during normal operation. It
comes equipped with a secondary back-up valve that can be engaged to ensure zero downtime.”

24. In advertising and marketing materials for the KLX Energy FRV, Defendant has
represented that:

a. “Many oilfield service processes haven’t changed much in the last 50 years. At KLX
Energy Services, we’re re-examining the way everyday operations are performed

3 https://www.kIxenergy.com/ProductsServices/FracRelief (last accessed November 10, 2022).
4 https://www.kIxenergy.com/ProductsServices/PressureControlServices (last accessed November 11, 2022).
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across the lifecycle of a well—looking for new value-added technology”® [Emphasis
added];® and

b. Our experienced field engineers understand what needs to happen in the field and can
approach new innovations with an eye for practical, real-world perspective. The real
key to KLX Energy Services’ most value-added field innovations is our customers. We
listen carefully to the needs of operators in the field, and their various challenges in
eliminating avoidable NPT across every phase of the well’s operation. As a result, we
can arm our crews with exclusive, proprietary tools and technology not available
through any other oilfield service partner. From new levels of pressure control
automation to downhole tools that help better manage operational risk, we’re dedicated
to pushing what’s possible in oilfield service efficiency. Market downturns don’t affect
our commitment to developing these new innovations. In fact, leaner times are when
the industry most needs every operational and financial advantage possible.”
[Emphasis added].’

25. Defendant KLX Energy has further represented to the market, including customers,
potential customers, end-users, and shareholders:

“We have enhanced our hydraulic fracturing valve fleet line through the internal
development of next generation technology, including our proprietary, patent
pending hydraulic fracturing relief valve (“FRV”). Introduced in 2016, the FRV
was built and designed to replace older ‘pop-off’ systems. When tied into a
hydraulic fracturing core (pumps), the FRV gives customers a safer and more
reliable method for relieving surface pressure in the event of an unforeseen pressure
event. By doing this, we believe we minimize operational risk, as well as greatly
reduce health, safety and environmental (“HSE”) concerns that are associated with
hydraulic fracturing operations.”®

26. The information provided on Defendant’s website and promotional and marketing
materials is for commercial purposes. Defendant’s statements are intended to influence customer
and end-user leasing and/or purchasing decisions. Defendant’s statements are false and/or
misleading. Plaintiff Safoco’s FRV was available in the market prior to the Defendant’s

development and introduction of the KLX Energy FRV. Defendant KLX Energy was aware when

5 See “KLX Frac Relief Valve System, Engineered Product,” KLX Energy Services, a copy of which is attached as
Exhibit C.

& Exhibit C.

T Exhibit C.

8 See KLX Energy Services Holdings, Inc., Form 10-K, for fiscal year ending January 31, 2019, at p. 7; KLX Energy
Services Holdings, Inc., Form 10-K, for fiscal year ending January 31, 2021 at p. 10.
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they introduced the KLX Energy FRV to the oil and gas industry that the Defendant’s frac relief
valve device was not the first frac relief device on the market.

27. From its introduction to the oil and gas industry in 2013 to the present, Safoco has
advertised, promoted, and marketed the Safoco frac relief valve technology as the Safoco “FRV.”
Defendant intentionally chose to advertise, promote, and market its virtually identical frac relief
device as the “FRV”, to cause confusion among customers and potential customers and trade off
the goodwill in the Safoco FRV.

28. The Safoco FRV and the KLX Energy Infringing Device are very similar, if not
identical in layout, components, appearance, and function:

KLX Energy FRV Safoco FRV

10
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KLX Energy FRV Safoco FRV

29. In 2020, KLX Energy filed a design patent application seeking to patent the

“ornamental design for pressure relief valve apparatus” as shown and described in the application:

11
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30. Through its patent application, which is now a public record, KLX Energy claims
and represents that it designed and invented the layout of the FRV skid unit, which allows the
device to be easily moved and set-up on location, despite the fact that the claimed skid layout is
virtually identical to the layout of the Safoco FRV, which had been introduced to the oil and gas

industry several years prior to the KLX device:

12
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COUNT I: INFRINGEMENT OF THE ‘794 PATENT

31.  Safoco refers to and incorporates herein the allegations of Paragraphs 1 through 30
above.

32. Defendant directly or through intermediaries distributes, provides, supplies, offers
for sale, sells, leases, markets, advertises, and otherwise provides frac relief valve products and
systems that infringe one or more claims of the ‘794 Patent.

33. Defendant has directly infringed, and is directly infringing, one or more claims of
the *794 Patent in this judicial district, in the State of Texas, and elsewhere in the United States.

For example, Defendant’s System infringes Claim 1 of the ‘794 Patent:

13
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34.

Defendant has directly infringed, and is directly infringing, one or more claims of

the *794 Patent in this judicial district, in the State of Texas, and elsewhere in the United States.

For example, Defendant’s Infringing Product infringes Claim 1 of the ‘794 Patent:

CLAIM 1 OF THE ‘794 PATENT

DEFENDANT’S INFRINGING PRODUCT

A control system for controlling fluid flow
through a flow line at a well site, the control
system comprising:

Defendant’s Infringing Product is a “control
system for controlling fluid flow through a
flow line at a well site, the control system”, as
recited in Claim 1 of the ‘794 Patent.

a fluid supply;

Defendant’s Infringing Product has “a fluid
supply”, as recited in Claim 1 of the ‘794
Patent. Defendant’s Infringing Products
satisfy the “fluid supply” element recited in
Claim 1 of the 794 Patent.

a first fluid line in fluid communication with
the fluid supply;

Defendant’s Infringing Product has a “a first
fluid line in fluid communication with the fluid
supply,” as recited in Claim 1 of the ‘794
Patent. Defendant’s Infringing Product
satisfies the “first fluid line in fluid
communication with the fluid supply” element
recited in Claim 1 of the ‘794 Patent.

a pump in fluid communication with the first
fluid line and configured to pump fluid from
the fluid supply to one or more wellheads
through the first fluid line;

Defendant’s Infringing Product has “a pump in
fluid communication with the first fluid line
and configured to pump fluid from the fluid
supply to one or more wellheads through the
first fluid line”, as recited in Claim 1 of the
‘794 Patent. Defendant’s Infringing Product
satisfies the “pump in fluid communication
with the first fluid line and configured to pump
fluid from the fluid supply to one or more
wellheads through the first fluid line” element
recited in Claim 1 of the ‘794 Patent.

a second fluid line in fluid communication
with the first fluid line at a location
downstream of the pump and configured to
return fluid from the first fluid line to the fluid
supply or another reservoir;

Defendant’s Infringing Product has *“a second
fluid line in fluid communication with the first
fluid line at a location downstream of the pump
and configured to return fluid from the first
fluid line to the fluid supply or another
reservoir as recited in Claim 1 of the ‘794
Patent. Defendant’s Infringing Product this
element, as recited in Claim 1 of the ‘794
Patent.

14
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a safety valve in-line and having a gate
normally maintained in a closed position to
close fluid flow through the second fluid line;

Defendant’s Infringing Product includes a
“safety valve in-line and having a gate
normally maintained in a closed position to
close fluid flow through the second fluid line”,
as recited in Claim 1 of the ‘794 Patent.
Defendant’s Infringing Product satisfies the
“safety valve in-line and having a gate
normally maintained in a closed position to
close fluid flow through the second fluid line,”
element recited in Claim 1 of the ‘794 Patent.

a valve actuator configured to move the gate
into the closed position by fluid supplied into
the valve actuator and configured to move the
gate into an open position by a biasing
member disposed in the valve actuator;

Defendant’s Infringing Product has “a valve
actuator configured to move the gate into the
closed position by fluid supplied into the valve
actuator and configured to move the gate into
an open position by a biasing member disposed
in the valve actuator”, as recited in Claim 1 of
the ‘794 Patent. Defendant’s Infringing
Product satisfies the “a valve actuator
configured to move the gate into the closed
position by fluid supplied into the valve
actuator and configured to move the gate into
an open position by a biasing member disposed
in the valve actuator” element recited in Claim
1 of the ‘794 Patent.

an electronic controller assembly
programmed with a predetermined condition
and configured to receive a signal from a
transducer connected to the first fluid line,

Defendant’s Infringing Product has *an
electronic controller assembly programmed
with a predetermined condition and configured
to receive a signal from a transducer connected
to the first fluid line,” as recited in Claim 1 of
the ‘794 Patent. Defendant’s Infringing
Product satisfies the “electronic controller
assembly programmed with a predetermined
condition and configured to receive a signal
from a transducer connected to the first fluid
line,” element recited in Claim 1 of the’794
Patent.

wherein the signal corresponds to a measured
physical property;

Defendant’s Infringing Product includes the
element of “wherein the signal corresponds to
a measured physical property,” as recited in
Claim 1 of the ‘794 Patent. The measured
property here is pressure. Defendant’s
Infringing Product satisfies the “wherein the
signal corresponds to a measured physical
property,” element recited in Claim 1 of the
794 Patent.

15
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a valve assembly in communication with the
controller assembly; and

Defendant’s Infringing Product has “a valve
assembly in communication with the controller
assembly,” as recited in Claim 1 of the ‘794
Patent. The valve assembly is how the
pressure is vented in an over pressurization
event.

a fluid drive assembly in communication with
the controller assembly, wherein the
controller assembly is operable to actuate the
fluid drive assembly to supply fluid into the
valve actuator to move the gate into the
closed position, and wherein the controller
assembly is operable to actuate the valve
assembly in response to a comparison of the
measured physical property to the
predetermined condition to release the fluid
from the valve actuator so that the biasing
member moves the gate into the open
position, forces the fluid out of the valve
actuator, and thereby opens fluid flow through
the second fluid line to return fluid in the first
fluid line back to the fluid supply or another
reservoir.

Defendant’s Infringing Product has ” a fluid
drive assembly in communication with the
controller assembly, wherein the controller
assembly is operable to actuate the fluid drive
assembly to supply fluid into the valve actuator
to move the gate into the closed position, and
wherein the controller assembly is operable to
actuate the valve assembly in response to a
comparison of the measured physical property
to the predetermined condition to release the
fluid from the valve actuator so that the
biasing member moves the gate into the open
position, forces the fluid out of the valve
actuator, and thereby opens fluid flow through
the second fluid line to return fluid in the first
fluid line back to the fluid supply or another
reservoir,” as recited in Claim 1 of the ‘794
Patent. Defendant’s Infringing Product
satisfies the *a fluid drive assembly in
communication with the controller assembly,
wherein the controller assembly is operable to
actuate the fluid drive assembly to supply fluid
into the valve actuator to move the gate into the
closed position, and wherein the controller
assembly is operable to actuate the valve
assembly in response to a comparison of the
measured  physical  property to the
predetermined condition to release the fluid
from the valve actuator so that the biasing
member moves the gate into the open position,
forces the fluid out of the valve actuator, and
thereby opens fluid flow through the second
fluid line to return fluid in the first fluid line
back to the fluid supply or another reservoir,”
element recited in Claim 1 of the ‘794 Patent.
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35. Defendant’s Infringing Product satisfies each element of Claim 1 of the ‘794 Patent;
and therefore, directly and literally infringes the ‘794 Patent. Defendant’s Infringing Products
also similarly infringe other claims of the ‘794 Patent.

36. Defendant has infringed, and is infringing the ‘794 Patent, either literally or under
the doctrine of equivalents, without the consent or authorization of Plaintiff Safoco, by making,
using, offering for sale, selling, and /or leasing the accused device. Defendant has engaged in
these activities within this judicial district, the State of Texas, and elsewhere in the United States,
without the consent of Plaintiff Safoco.

37. Defendant also infringes under 35 U.S.C. § 271(b) and (c) by inducing and/or
contributing to infringement of the ‘794 Patent in this judicial district, the State of Texas, and
elsewhere in the United States, literally or under the doctrine of equivalents, by, among other
things, performing certain elements of the methods and systems claimed by the ‘794 Patent, and
advising, encouraging, contributing, or otherwise inducing others to perform the remaining
elements claimed by the 794 Patent to the injury of Plaintiff Safoco .

38. Defendant has had both actual and constructive notice of the ‘794 Patent.
Defendant knew of the 794 Patent and specifically intended to infringe the ‘794 Patent. Defendant
intentionally copied Safoco’s patented product. Accordingly, Defendant has and is willfully and
intentionally infringing the ‘794 Patent.

39. Plaintiff Safoco is entitled to recover from Defendant the damages sustained by
Safoco from the Defendant’s infringing conduct, which, by law, cannot be less than a reasonable
royalty, together with interest and costs as fixed by this Court under 35 U.S.C. § 284. Plaintiff

Safoco requests compensation for Defendant’s past infringement and for any future infringement.
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40. Plaintiff Safoco and Defendant are direct competitors. Defendant’s unlawful
infringement of the ‘794 Patent has caused immediate and irreparable injury, and unless it is
enjoined, its continued infringement will cause Safoco injury for which there is no adequate
remedy at law.

COUNT II: INFRINGEMENT OF THE ‘609 PATENT

41. Safoco refers to and incorporates herein the allegations of Paragraphs 1 through 40
above.

42. Defendant directly or through intermediaries distributes, provides, supplies, offers
for sale, sells, leases, markets, advertises, and otherwise provides frac relief valve products and
systems that infringe the ‘609 Patent.

43. Defendant has directly infringed, and is directly infringing, one or more claims of
the *794 Patent in this judicial district, in the State of Texas, and elsewhere in the United States.
For example, Defendant’s System Infringing Product infringes Claim 1 of the ‘609 Patent.

Representative Claim 1 of the *609 Patent is recited as follows:

CLAIM 1 OF THE ‘609 PATENT DEFENDANT’S INFRINGING PRODUCT

A control system for controlling fluid flow | Defendant’s Infringing Product is a “control
through a flow line at a well site, the control | system for controlling fluid flow through a
system comprising: flow line at a well site,” as recited in Claim 1
of the ‘609 Patent. Defendant’s Infringing
Product satisfies the preamble of Claim 1 of
the ‘609 Patent.

a fluid supply; Defendant’s Infringing Product has “a fluid
supply”, as recited in Claim 1 of the ‘609
Patent. Defendant’s Infringing Products
satisfy the “fluid supply” element recited in
Claim 1 of the 609 Patent.

a first fluid line in fluid communication with | Defendant’s Safety has a “first fluid line in
the fluid supply; fluid communication with the fluid supply,” as
recited in Claim 1 of the ‘609 Patent.
Defendant’s Infringing Product satisfies the
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“first fluid line in fluid communication with
the fluid supply” element recited in Claim 1 of
the ‘609 Patent.

a pump in fluid communication with the first
fluid line and configured to pump fluid from
the fluid supply to one or more wellheads
through the first fluid line;

Defendant’s Infringing Product has “a pump in
fluid communication with the first fluid line
and configured to pump fluid from the fluid
supply to one or more wellheads through the
first fluid line,” as recited in Claim 1 of the
‘609 Patent. Defendant’s Infringing Product
satisfies the “a pump in fluid communication
with the first fluid line and configured to pump
fluid from the fluid supply to one or more
wellheads through the first fluid line” element
recited in Claim 1 of the ‘609 Patent.

a second fluid line in fluid communication
with the first fluid line at a location
downstream of the pump and configured to
return fluid from the first fluid line back to the
fluid supply or direct fluid from the first fluid
line to a different reservoir;

Defendant’s Infringing Product has a “second
fluid line in fluid communication with the first
fluid line at a location downstream of the pump
and configured to return fluid from the first
fluid line back to the fluid supply or direct fluid
from the first fluid line to a different reservoir”,
as recited in Claim 1 of the ‘609 Patent.
Defendant’s Infringing Product satisfies the “a
second fluid line in fluid communication with
the first fluid line at a location downstream of
the pump and configured to return fluid from
the first fluid line back to the fluid supply or
direct fluid from the first fluid line to a
different reservoir,” element recited in Claim 1
of the ‘609 Patent.

a safety valve in-line with second fluid line and
moveable into a closed position to an open
position to pen fluid flow through the second
fluid line;

Defendant’s Infringing Product has “a safety
valve in-line with second fluid line and
moveable into a closed position to an open
position to open fluid flow through the second
fluid line”, as recited in Claim 1 of the ‘609
Patent. Defendant’s Infringing Product
satisfies the “safety valve in-line with second
fluid line and moveable into a closed position
to an open position to open fluid flow through
the second fluid line” element recited in Claim
1 of the ‘609 Patent.

a valve actuator configured to actuate the
safety valve from the closed position to an
open position to open fluid flow through the
second fluid line;

Defendant’s Infringing Product has “a valve
actuator configured to actuate the safety valve
from the closed position to an open position to
open fluid flow through the second fluid line,”
as recited in Claim 1 of the ‘609 Patent.
Defendant’s Infringing Product satisfies the
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“valve actuator configured to actuate the safety
valve from the closed position to an open
position to open fluid flow through the second
fluid line,” element recited in Claim 1 of
the’609 Patent.

an electronic controller assembly programmed
with a predetermined condition and configured
to receive a signal from a transducer connected
to the first fluid line, wherein the signal
corresponds to a measured physical property;

Defendant’s Infringing Product has *an
electronic controller assembly programmed
with a predetermined condition and configured
to receive a signal from a transducer connected
to the first fluid line, wherein the signal
corresponds to a measured physical property,”
as recited in Claim 1 of the ‘609 Patent.
Defendant’s Infringing Product satisfies the
“an electronic controller assembly
programmed with a predetermined condition
and configured to receive a signal from a
transducer connected to the first fluid line,
wherein the signal corresponds to a measured
physical property,” element recited in Claim 1
of the ‘609 Patent.

a valve assembly in communication with the
controller assembly; and

Defendant’s Infringing Product has “a valve
assembly in communication with the controller
assembly,” as recited in Claim 1 of the ‘609
Patent. Defendant’s Infringing Product
satisfies  the  “valve  assembly in
communication with the controller assembly”
element recited in Claim 1 of the ‘609 Patent.

a fluid drive assembly in communication with
the controller assembly, wherein the controller
assembly is operable to actuate the fluid drive
assembly to supply fluid to the valve actuator
to move the safety valve into the closed
position, and wherein the controller assembly
is operable to actuate the valve assembly in
response to a comparison of the measured
physical property to the predetermined
condition to release the fluid from the valve
actuator to move the safety valve into the open
position, and thereby open fluid flow through
the second fluid line to return fluid in the first
fluid line back to the fluid supply or direct fluid
in the first fluid line to the different reservoir.

Defendant’s Infringing Product has “a fluid
drive assembly in communication with the
controller assembly, wherein the controller
assembly is operable to actuate the fluid drive
assembly to supply fluid to the valve actuator
to move the safety valve into the closed
position, and wherein the controller assembly
is operable to actuate the valve assembly in
response to a comparison of the measured
physical property to the predetermined
condition to release the fluid from the valve
actuator to move the safety valve into the open
position, and thereby open fluid flow through
the second fluid line to return fluid in the first
fluid line back to the fluid supply or direct fluid
in the first fluid line to the different reservoir,”
as recited in Claim 1 of the ‘609 Patent.
Defendant’s Infringing Product satisfies the “a
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fluid drive assembly in communication with
the controller assembly, wherein the controller
assembly is operable to actuate the fluid drive
assembly to supply fluid to the valve actuator
to move the safety valve into the closed
position, and wherein the controller assembly
is operable to actuate the valve assembly in
response to a comparison of the measured
physical property to the predetermined
condition to release the fluid from the valve
actuator to move the safety valve into the open
position, and thereby open fluid flow through
the second fluid line to return fluid in the first
fluid line back to the fluid supply or direct fluid
in the first fluid line to the different reservoir,”
element recited in Claim 1 of the ‘609 Patent.

44, Defendant’s Infringing Product satisfies each and every element of at least Claim
1 of the ‘609 Patent; and therefore, directly and literally infringes Claim 1 of the ‘609 Patent.

45, Defendant has infringed, and is infringing the ‘609 Patent, either literally or under
the doctrine of equivalents, without the consent or authorization of Plaintiff Safoco, by making,
using, offering for sale, selling, and /or leasing the Defendants’ products. Defendant has engaged
in these activities within this judicial district, the State of Texas, and elsewhere in the United States,
without the consent of Plaintiff Safoco.

46. Defendant also infringes under 35 U.S.C. § 271(b) and (c) by inducing and/or
contributing to infringement of the ‘609 Patent in this judicial district, the State of Texas, and
elsewhere in the United States, literally or under the doctrine of equivalents, by, among other
things, performing certain elements of the methods and systems claimed by the ‘609 Patent, and
advising, encouraging, contributing, or otherwise inducing others to perform the remaining

elements claimed by the ‘609 Patent to the injury of Plaintiff Safoco.
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47. Defendant has always had actual and constructive notice of the ‘609 Patent.
Defendant intentionally copied Safoco’s patented FRV system. As a result, Defendant is and has
been willfully and intentionally infringing the ‘609 Patent.

48. Plaintiff Safoco is entitled to recover from Defendant the damages sustained by
Safoco as a result of Defendant’s infringing conduct, which, by law, cannot be less than a
reasonable royalty, together with interest and costs as fixed by this Court under 35 U.S.C. § 284.
Plaintiff Safoco requests compensation for Defendant’s past infringement and for any future
infringement.

49. Defendant’s unlawful infringement of the ‘609 Patent has caused immediate and
irreparable injury, and unless it is enjoined, its continued infringement will cause Safoco injury for
which there is no adequate remedy at law.

CoUNT Il1: EALSE ADVERTISING —15 U.S.C. § 1125(A)(1), LANHAM ACT 843(A)(1)

50.  Safoco refers to and incorporates herein the allegations of Paragraphs 1 through 49
above.

51. Defendant have engaged in commercial advertising and/or promotional activities
relating to the Infringing Products; and during these commercial activities, Defendant have
engaged in false advertising by false description of fact and/or false representation of fact in
violation of 15 U.S.C. § 1125(a).

52. Defendant made false and misleading statements regarding the Infringing Device,
about Defendant KLX Energy, and about Defendant KLX Energy’s activities. Such false and

misleading statements include, but are not limited to the following:
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Defendant advertising and representing that the KLX Energy FRV utilizes a
“proprietary ““fail-open’ design and self-reporting diagnostic alert to ensure total field
safety.”

Defendant advertising and representing that the company offers “[p]roprietary
technologies such as the KLX Automated Frac Relief VValve System — an automated
alternative to conventional pop-off valves. This new solution brings more assurance,
reliability and redundancy to pressure control.”

Defendant representing that “[w]e have enhanced our hydraulic fracturing valve fleet
line through the internal development of next generation technology, including our
proprietary, patent pending hydraulic fracturing relief valve (“FRV”). Introduced in
2016, the FRV was built and designed to replace older ‘pop-off’ systems. When tied
into a hydraulic fracturing core (pumps), the FRV gives customers a safer and more
reliable method for relieving surface pressure in the event of an unforeseen pressure
event. By doing this, we believe we minimize operational risk, as well as greatly reduce
health, safety and environmental (“HSE”) concerns that are associated with hydraulic
fracturing operations.”*!

Defendant describing the KLX Energy FRV as an “innovative alternative to the
standard popoff valve that offers more control over pressure during hydraulic fracturing
operations.”

Defendant advertising and representing that the “system was designed to offer ZERO
reduction of the unit’s inside diameter running from the 1502 iron to the primary relief
valve itself. This means that the system’s pressure dump is almost instantaneous once
it reaches the unit’s pre-programmed parameters. Pressure release takes less than a
quarter of a second.”*?

Defendant advertising and representing that the “system was designed to eliminate the
possibility of catastrophic pressure buildup during normal operation. It comes equipped
with a secondary back-up valve that can be engaged to ensure zero downtime.”*3

“Many oilfield service processes haven’t changed much in the last 50 years. At KLX
Energy Services, we’re re-examining the way everyday operations are performed
across the lifecycle of a well—looking for new value-added technology” [Emphasis
added];** and

% https://www.kIxenergy.com/ProductsServices/FracRelief (last accessed November 10, 2022).

10 https://www.klIxenergy.com/ProductsServices/PressureControlServices (last accessed November 10, 2022).

11 See KLX Energy Services Holdings, Inc., Form 10-K, for fiscal year ending January 31, 2019, at p. 7; KLX
Energy Services Holdings, Inc., Form 10-K, for fiscal year ending January 31, 2021 at p. 10.

12 See “KLX Frac Relief Valve System, Engineered Product,” KLX Energy Services, a copy of which is attached as

Exhibit C.
13 Exhibit C.
14 Exhibit C.
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h. *“Our experienced field engineers understand what needs to happen in the field, and can
approach new innovations with an eye for practical, real-world perspective. The real
key to KLX Energy Services’ most value-added field innovations is our customers. We
listen carefully to the needs of operators in the field, and their various challenges in
eliminating avoidable NPT across every phase of the well’s operation. As a result, we
can arm our crews with exclusive, proprietary tools and technology not available
through any other oilfield service partner. From new levels of pressure control
automation to downhole tools that help better manage operational risk, we’re dedicated
to pushing what’s possible in oilfield service efficiency. Market downturns don’t affect
our commitment to developing these new innovations. In fact, leaner times are when
the industry most needs every operational and financial advantage possible.”
[Emphasis added].®

53. These statements state or imply falsely and misleadingly that Defendant KLX
Energy was the developer and owner of the frac relief technology, including the “fail open” design
and “self-reporting diagnostic alert”, when in fact Safoco was the developer and owner of the
proprietary frac relief technology. Defendant’s statements are false because Plaintiff Safoco’s
FRV was available in the market prior to the Defendant’s development and introduction of the
KLX Energy FRV to the market. Defendant KLX Energy was aware when they introduced the
KLX Energy FRV to the oil and gas industry and market that the Defendant’s frac relief valve
device was not the first frac relief device on the market.

54. These statements state or imply falsely and misleadingly that Defendant KLX
Energy there is a risk in using technology of parties other than KLX Energy, including Safoco and
others. As detailed herein, the facts are contrary to Defendant’s false and misleading statements
that Defendant or its “FRV” product or technology was first or expressly or impliedly superior for

that reason. Defendant’s false and misleading statements omit facts that demonstrate the falsity

and misleading nature of the statements.

15 Exhibit C.
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55. These false and misleading statements in materials on Defendant’s website and in
promotional, advertising, and other materials are available to Safoco’s customers and potential
customers.

56. Defendant intended for customers and potential customers to rely on Defendants’
statements.

57. Defendant’s statements are likely to deceive customers and potential customers or
have a tendency to deceive at least a substantial portion of the intended audience, into believing
that Defendant invented, designed, and/or developed the FRV, that Defendant was the first to offer
the FRV device to the oil and gas industry and market, and that the Defendant’s frac relief valve
device was superior for that reason.

58. Defendant markets, promotes, sells and/or leases the Infringing Products in
interstate commerce.

59.  These statements in commerce and in commercial advertising constitute a false and
misleading description of fact and a false and misleading representation of fact, which in
commercial advertising or promotion, misrepresents the nature, characteristics, and qualities of
goods, services, and commercial activities.

60.  As aresult of its wrongful conduct, Defendant is liable to Safoco for violation of
15 U.S.C. § 1225(a), which provides in relevant part that a “person who, or in connection with any
goods or services. .. uses in commerce any . . . false or misleading description of fact or misleading
representation of fact, which . . . in commercial advertising or promotion, misrepresents the nature,
characteristics, qualities, or geographic origin of his or her or another person’s goods, services, or
commercial activities, shall be liable to a civil action by any person who believes that he or she is

likely to be damaged by such act.”
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61.  As a direct and proximate result of Defendant’s false and misleading statements,
Defendant has been unjustly enriched. Defendant made profits to which it is not entitled in law
or in equity.

62.  As a direct and proximate result of Defendant’s false and misleading statements,
Plaintiff Safoco has sustained, and continues to suffer, competitive harm in its business, reputation,
and goodwill as a result of Defendant’s false and/or misleading statements.

63. Defendant’s acts are willful, wanton and calculated to deceive, and are undertaken
in bad faith, making this an exceptional case entitling Safoco to recover additional damages and
reasonable attorneys’ fees pursuant to 15 U.S.C. § 1117.

JURY TRIAL
64. Pursuant to Fed. R. Civ. P. 38 and 39, Safoco hereby demands a trial by jury.
PRAYER

WHEREFORE, Plaintiff Safoco, Inc., prays that the Court grant the following relief against
Defendant KLX Energy Services, LLC:

A. Judgment in favor of Plaintiff Safoco, Inc., and against KLX Energy Services, LLC
for infringement of the Safoco Patents;

B. Preliminary and permanent injunctions, enjoining KLX Energy Services, LLC, and
those in privity with or acting in concert with it from further infringement of the ‘794 Patent and
the ‘609 Patent during the remaining the term of the Safoco Patents;

C. Declaring that KLX Energy Services, LLC ‘s infringement of the ‘794 Patent and
the ‘609 Patent is willful;

D. Damages against KL X Energy Services, LLC adequate to compensate Safoco, Inc.,

for such acts of patent infringement;
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E. Declaring this case exceptional and awarding Safoco, Inc., its reasonable attorneys’
fees in accordance with 35 U.S.C. § 285;

F. Damages and other remedies as a result of KLX Energy Services, LLC’s false and
misleading claim in advertising, including without limitation, Safoco, Inc.’s lost profits,
disgorgement of KLX Energy Services, LLC’s profits;

G. Declaring this case exceptional as a result of KLX Energy Services, LLC’s false
and misleading claim in advertising and awarding Safoco, Inc., its reasonable attorneys’ fees;

H. Award of Interest and costs; and

l. Such other and further relief as is just and proper.

Respectfully submitted
ANDERSON & CUNNINGHAM, P.C.

/s/David K. Anderson

David K. Anderson
david@andersonlawfirm.com
SBT No. 01174100

SDT No. 7405
ATTORNEY-IN-CHARGE
Julie B. Cunningham
julie@andersonlawfirm.com
SBT No. 05240700

SDT No. 15051

Four Houston Center

1221 Lamar, Suite 1115
Houston, Texas 77010
Telephone: 713.655.8400
FAX: 713.655.0260

ATTORNEYS FOR PLAINTIFF SAFOCO, INC.
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SAFETY VALVE CONTROL SYSTEM AND
METHOD OF USE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/262,642, filed Sep. 12, 2016, which claims
benefit of U.S. patent application Ser. No. 13/480,704, filed
May 25, 2012, now U.S. Pat. No. 9,441,453, which claims
benefit of U.S. Provisional Patent Application Ser. No.
61/551,319, filed Oct. 25, 2011 and is a continuation-in-part
of U.S. patent application Ser. No. 13/195,662, filed Aug. 1,
2011, which claims benefit of U.S. Provisional Patent Appli-
cation Ser. No. 61/415,238, filed Nov. 18, 2010, and U.S.
Provisional Patent Application Ser. No. 61/370,721, filed
Aug. 4, 2010, the disclosures of which are herein incorpo-
rated by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of the invention relate to a wellhead control
system for oil and gas wells. In particular, embodiments of
the invention relate to systems and methods of an emergency
shut down control system for surface and subsurface safety
valves. Embodiments of the invention further relate to
systems and methods of a relief valve control system.

Description of the Related Art

A wellhead system may be used to control the flow of
fluids recovered from an oil and gas well in a safe and
efficient manner. The wellhead system may include a variety
of flow control devices, such as valves, which are operable
direct fluid flow through a tubing system connected to the
wellhead system. Fluids can be directed downstream of the
wellhead system via the tubing system for further processing
and/or storage.

The wellhead system may include surface and subsurface
safety valves that are connected to the tubing system and are
operable to shut off fluid flow through the tubing system in
the event of an emergency in the well or at a location
downstream of the wellhead system. Prior art safety valves
are generally in fluid communication with the tubing system,
and utilize the fluids therein for operation. For example, the
pressure in the tubing system may be directly tied into the
safety valves to actuate the valves into an open position,
thereby allowing fluid flow through the system. In the event
of an emergency, such as a rupture in the tubing system
downstream of the safety valve or a drop in pressure in the
well, as the pressure in the tubing system drops, so does the
pressure in the safety valves. The safety valves are config-
ured to move into a closed position after the pressure therein
falls below a minimum pressure, thereby closing fluid flow
through the tubing system and shutting in the wellhead
system. Some safety valves may also be equipped with relief
valves that are operable to block pressure from entering the
valve and exhaust the pressure in the valve, thereby allowing
the valve to move into a closed position.

There are numerous drawbacks to the prior art safety
valve systems. One drawback includes the reliance of the
safety valves on fluid pressure in the tubing system. These
safety valves cannot be unilaterally operated as desired.
Another drawback includes regular, manual maintenance of
the safety valves to ensure that they are fully operational.
Another drawback includes the potential pollution to the
environment when fluid in the safety valves are exhausted
into the atmosphere.
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In some wellbore operations, such as when conducting a
fracking operation, a high volume pressurized fluid is
pumped to a manifold, which directs the fluid to one or more
wells for fracturing the formation below. In the event that
flow through the flow or fluid lines to the manifold and/or in
the wells experience an interruption or become plugged, the
highly pressurized fluid volume can cause catastrophic fail-
ure of the fluid lines, the wells, and any other equipment
surrounding the wellsite, which can even potentially harm
workers at the wellsite. Conventional relief valve systems
are inefficient at detecting a failure, have slow response
times, and/or are only one-time use, which require complete
replacement in the event of operation.

Therefore, there is a need for a new and improved safety
control valve system that is self reliant, can be remotely
operated and monitored real-time, and can automatically
shut in and/or relieve a wellhead system in the event of an
emergency or when desired.

SUMMARY OF THE INVENTION

In one embodiment, a control system for controlling a
safety valve attached to a flow line at a wellsite is provided.
The control system includes a housing. The control system
further includes a controller assembly disposed within the
housing. The controller assembly is configured to receive a
signal from a transducer connected to the flow line, wherein
the signal corresponds to a measured physical property.
Further, the control system includes a valve assembly dis-
posed within the housing and in communication with the
controller assembly. The control system further includes a
compressor assembly disposed within the housing and in
communication with the controller assembly. Additionally,
the control system includes a power source disposed within
the housing. The power source is configured to supply power
to the controller assembly, the valve assembly, and the
compressor assembly. The controller assembly is operable to
cause the compressor assembly to supply pneumatic fluid to
the safety valve to actuate the safety valve to an open
position, wherein the controller assembly is operable to
cause the valve assembly to actuate the safety valve to a
closed position.

In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite is provided. The
method includes the step of positioning a control system
adjacent the safety valve. The control system has a controller
assembly, a compressor assembly, and a power source
disposed within a housing of the control system. The method
further includes the step of supplying pneumatic fluid from
the compressor assembly to the safety valve to open the
safety valve. The method also includes the step of receiving
a signal in the controller assembly corresponding to a sensed
physical property in the flow line. Additionally, the method
includes the step of closing the safety valve in response to
a comparison of the sensed physical property to a pre-set
condition.

In one embodiment, a control system for controlling a
safety valve attached to a flow line at a wellsite may
comprise a controller assembly configured to receive a
signal from a transducer connected to the flow line, wherein
the signal corresponds to a measured physical property; a
valve assembly in communication with the controller assem-
bly; and a fluid drive assembly in communication with the
controller assembly, wherein the controller assembly is
operable to actuate the fluid drive assembly to supply fluid
to the safety valve to actuate the safety valve to a first
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position, and wherein the controller assembly is operable to
actuate the valve assembly to actuate the safety valve to a
second position.

In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite may comprise
providing a control system for positioning adjacent to the
safety valve, wherein the control system includes a housing,
a controller assembly, a fluid drive assembly, and a valve
assembly; supplying fluid to the safety valve using the fluid
drive assembly to actuate the safety valve into a first
position; monitoring a physical property in the flow line
using the controller assembly; and actuating the valve
assembly using the controller assembly to actuate the safety
valve into a second position based upon a comparison of the
monitored physical property to a predetermined condition.

In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite may comprise
providing a remotely operable control system for positioning
adjacent to the safety valve; actuating the safety valve into
a closed position using the control system; monitoring fluid
pressure in the flow line using a transducer in communica-
tion with the control system while maintaining the safety
valve in the closed position; and actuating the safety valve
into an open position using the control system when the
monitored fluid pressure reaches or exceeds a predetermined
fluid pressure to relieve fluid pressure in the flow line.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the invention can be understood in detail, a more particular
description of the invention, briefly summarized above, may
be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit
to other equally effective embodiments.

FIG. 1 illustrates a wellhead control system according to
one embodiment.

FIG. 2 illustrates a safety valve control system according
to one embodiment.

FIG. 3 illustrates a surface safety valve according to one
embodiment.

FIG. 4 is a sectional view of a gate valve, an actuator, a
mechanical override, and a safe mode indicator.

FIG. 5 is a sectional view of the gate valve in an open
position after a manual operation of the mechanical override.

FIG. 6 is a sectional view of the gate valve in the open
position after an automatic operation of the actuator and
with the safe mode indicator indicating that the gate valve is
operating in a safe mode.

FIG. 7 is a sectional view of the gate valve in the open
position after the automatic operation of the actuator, the
mechanical override having been partially actuated, and the
safe mode indicator indicating that the gate valve is not
operating in the safe mode.

FIG. 8 is a cross-sectional view of the mechanical over-
ride along section line 8-8 in FIG. 4.

FIG. 9 is a sectional view of the gate valve in an open
position after an automatic operation of the actuator.

FIGS. 10A-10H and 11-11D illustrate a valve assembly
according to one embodiment.

FIG. 12 is a sectional view of a valve in a fail-safe opened
position.

FIG. 13 illustrates a safety valve control system according
to one embodiment.
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FIG. 14 illustrates a well control system according to one
embodiment.

FIG. 15 illustrates the well control system according to
one embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a wellhead control system 100 of an
oil/gas well according to one embodiment. The wellhead
control system 100 is configured to control the recovery of
fluids, such as hydrocarbons, from a reservoir through a
primary wellbore 105. The wellhead control system 100
includes a tree 110 having a series of valve and flow control
devices, a surface safety valve 120 in communication with
the tree 100 via tubing 115, and a subsurface safety valve
130 in communication with the tree 100 via tubing 125. The
subsurface safety valve 130 may also be in communication
with a well production flow line 145 used to recover oil
and/or gas from the oil/gas well. The surface safety valve
120 may also be in communication with a surface produc-
tion flow line 135 used to direct any recovered fluids to one
or more locations downstream of the wellhead control
system 100 for further processing and/or storage. In one
embodiment, the safety valves 120, 130 may include pneu-
matically or hydraulically actuated valves. In one embodi-
ment, the safety valves 120, 130 may include pneumatic
valves that are operated using hydraulic fluid. Each of the
safety valves 120, 130 may include a self contained emer-
gency shut down (“ESD”) control system, identified as items
200, 300, and 700, respectively, that (1) may be operable to
automatically close the safety valves 120, 130; (2) may be
operable to be continuously monitored and/or operated
(opened and closed) in real-time from a remote location; and
(3) may be operable to verify at all times the operating
condition/characteristics of the safety valves 120, 130, and
various other components of the control system.

The ESD control systems 200, 300 may be “self-con-
tained,” which means that they do not depend on any
external pneumatic, hydraulic, mechanical, or electrical
sources for their operation to shut down the oil/gas well. For
example, if there is a rupture of a production flow line
downstream from the surface safety valve 120, and/or if
there is a loss of well pressure at the subsurface safety valve
130, the ESD control systems 200, 300 are operable to
effectively close the safety valves 120, 130, thereby shutting
in the oil/gas well, and alert the appropriate personnel that
a shut-in has occurred without the assistance of any addi-
tional external pneumatic, hydraulic, mechanical, or electri-
cal power sources. All of the operating fluids and mecha-
nisms necessary to operate the safety valves 120, 130 are
maintained within the ESD control systems 200, 300 so that
there is no pollution of the environment, and so that any
fluids and/or gases from the oil/gas well may be effectively
contained therein without any additional external dependen-
cies.

FIG. 2 illustrates the ESD control system 200 according
to one embodiment. Embodiments of the ESD control sys-
tem 200 described herein are equally applicable to the ESD
control system 300 (and vice versa). The ESD control
system 200 may include a housing 210 for supporting a
controller assembly 220, a power source 230, a pump
assembly 240, a fluid reservoir 250, a valve assembly 260,
and a solar panel assembly 270. The ESD control system 200
may also include one or more transducers/devices 280, 282,
284, 286, and 288 for monitoring and/or measuring one or
more physical properties (further described below). In
embodiment, the ESD control system 200 may be config-
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ured to control one or more valves, such as flow control
valves or choke valves, that are in communication with the
flow lines of the valves 120, 130 to control fluid flow
through the wellhead control system 100

The housing 210 may include any structural support
member, such as an explosion-proof container, for protect-
ing the components stored therein from damage and envi-
ronmental elements. Appropriate ventilation of the housing
210 may be provided by ventilation holes and/or an inde-
pendent solar powered fan mounted in or through the
housing 210. The housing 210 may further include an access
panel or door for ease of access to the housing’s interior, and
may be configured for attachment to the tree 110 or the
respective surface and subsurface safety valve 120, 130. One
or more manifold assembles 212, 214, 216 may be provided
on the housing 210 for fluid and/or electrical connections
between the housing 210 (and the components within the
housing 210) and the safety valves 120, 130, the solar panel
assembly 270, and the transducer 280. In one embodiment,
the manifold assembly 216 includes a solar converting
charger device. In one embodiment, the structural compo-
nents of the ESD control systems 200, 300, to the extent
possible, may be made from stainless steel.

The controller assembly 220 may be disposed in the
housing 210 and may include a microprocessor unit 222, a
display screen 224, and a keypad 226. In one embodiment,
the controller assembly 220 may be weather-proof, and may
be intrinsically safe to provide power as necessary to one or
more components of the ESD control systems 200, 300. In
one embodiment, the controller assembly 220 may be posi-
tioned external to and/or adjacent to the housing 210. The
microprocessor unit 222 may include a programmable logic
controller, including a supervisory control and data acqui-
sition system (SCADA) that is in communication with the
one or more transducers/devices 280, 282, 284, 286, and
288, as well as the pump and valve assemblies 240, 260. The
microprocessor unit 222 may include a current regulator to
provide low current transmission between the controller
assembly 220 and the various components of the control
system. A watchdog sensor 228 may be used to monitor the
operation of the microprocessor unit 222 and provide an
alarm in the event of a failure. The controller assembly 220
may be operable to send and receive signals with a computer
system 150 (such as a desktop computer, laptop computer, or
personal digital assistant (PDA)) at a remote location from
the wellhead control system 100. In one embodiment, the
signals may be sent and/or received between the controller
assembly 220 and the computer system 150 via wired and/or
wireless telemetry means, including but not limited to elec-
trical wires, fiber optical cables, radio frequency, infrared,
microwave, satellite, and/or laser light communication. In
this manner, the ESD control systems 200, 300, 700 can be
monitored and operated remotely from one or more loca-
tions on-site or off-site relative to the wellhead control
system 100. In one embodiment, the ESD control systems
200, 300, 700 may be configured for manual and/or remote
operation on-site at the wellhead control system 100. In one
embodiment, the controller assembly 220 may be pro-
grammed with one or more trigger points, such as upstream
and/or downstream high and/or lower pressure points, that
will automatically trigger operation of the ESD control
system 200, 700 upon sensing a pressure outside of the
trigger point ranges. In one embodiment, the controller
assembly 220 may be configured with a “master/slave”
polling protocol or a “master/master” polling protocol as
known in the art to retrieve and communicate information
regarding the ESD control system 200, 700 as desired.
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In one embodiment, the controller assembly 220 may be
in communication with a pressure transducer 280 that is
connected to the surface production flow line 135 as illus-
trated in FIG. 1. The pressure transducer 280 can measure
the pressure in the flow line 135 and communicate a signal
corresponding to the measured pressure to the controller
assembly 220. The pressure transducer 280 can be connected
at various other locations within the wellhead control system
100, such as at the tree 110 or the tubing 115, 125. In one
embodiment, the transducer 280 can be used to measure
fluid flow rate or detect hydrogen sulfide. In one embodi-
ment, one or more transducers 280 may be used to measure
and/or detect additional well characteristics at the wellhead
control system 100 and communicate the measured/detected
well characteristics to the controller assembly 220 via a
signal corresponding to the measurement or detection for
comparison to one or more predetermined conditions.

Regarding the pressure transducer 280, the signal may be
recorded and/or communicated to the computer system 150
via the controller assembly 220 to provide real-time moni-
toring of the pressure in the flow line 135. The measured
pressure may be displayed on the display screen 224 and/or
on a display screen of the computer system 150. In response
to the measured pressure, the controller assembly 220 may
be configured to operate the respective safety valve 120, 130
to which it is connected. For example, the controller assem-
bly 220 may be used to direct the pump assembly 240 and
the valve assembly 260 to supply fluid from the fluid
reservoir 250 to the surface safety valve 120 to open the
valve. Upon receiving the signal from the controller assem-
bly 220, the valve assembly 260 may be configured to open
a circuit defined by lines 211, 213, 215 between the surface
safety valve 120 and the fluid reservoir 250 to allow the
pump assembly 240 to direct pressurized fluid from the fluid
reservoir 250 to the surface safety valve 120, thereby
opening the surface safety valve 120. The surface safety
valve 120 may be maintained in the open position while the
pressure transducer 280 continuously monitors the pressure
in the flow line 135. The controller assembly 220 may be
programmed to close the surface safety valve 120 upon
receiving a signal from the pressure transducer 280 that
corresponds to a pressure measurement that is greater than
or less than a predetermined condition, such as a pre-set
pressure range. The pre-set pressure range may be input into
the controller assembly 220 by manual entry using the
keypad 226 and the display screen 224. The pre-set pressure
range may also be input into the controller assembly 220
remotely from the computer system 150. When the signal is
received from the pressure transducer 280 that the pressure
in the flow line 135 falls outside of the pre-set pressure range
stored in the microprocessor unit 222, the controller assem-
bly 220 may automatically direct the valve assembly 260
and/or the pump assembly 240 to return the fluid from the
surface safety valve 120 to the fluid reservoir 250. Upon
receiving the signal from the controller assembly 220, the
valve assembly 260 may be configured to open a circuit
defined by lines 211, 217 between the surface safety valve
120 and the fluid reservoir 250 to allow the pressurized fluid
to dump into the fluid reservoir 250, thereby closing the
surface safety valve 120. In one embodiment, a closing
pressure generated by the surface safety valve 120 may be
used to force the fluid into the fluid reservoir 250. Continu-
ous real-time monitoring of the pressure in the flow line 135
may be used to verify that the surface safety valve 120 has
been closed.

The ESD control systems 200, 300, 700 may be adjusted
at anytime and can be configured to shut in the wellhead
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control system 100 at anytime manually and/or remotely. In
particular, the microprocessor unit 222 can be programmed
with one or more pre-set conditions, manually using the
display screen 224 and keypad 226 and/or remotely via the
computer system 150. The pre-set conditions may be
changed at anytime. And when a signal is received from one
or more of the various transducers/devices and/or the com-
puter system 150 that conflicts with the pre-set conditions
when compared, the controller assembly 220 may be oper-
able to automatically close the safety valve 120, 130 to
which it is connected. The controller assembly 220 may be
operable when the signal is above the pre-set condition or
when the signal is below the pre-set condition. Continuous
real-time monitoring of the ESD control systems 200, 300,
700 may be used to verify the operating condition/charac-
teristics of the wellhead control system 100 components at
all times.

In one embodiment, the ESD control systems 200, 300,
700 may communicate an auditory, visual, or other similar
type of sensory signal that the wellhead control system 100
has been shut in. In one embodiment, the controller assem-
bly 220 may send a signal to the computer system 150 that
can be converted into an alarm to alert an operator of the
shut-in. In one embodiment, the controller assembly 220
may send a signal to trigger an indication device 282, such
as an auditory and/or visual alarm disposed interior or
exterior of the housing 120, to alert an operator within close
proximity of the wellhead control system 100 of the shut-in.

In one embodiment, the ESD control systems 200, 300,
700 may include an emergency shutdown device 284 manu-
ally and/or remotely operable to automatically give an alarm
and send a signal to the controller assembly 220 to shut in
the wellhead control system 100. In one embodiment, the
ESD control systems 200, 300, 700 may include a fire device
286 that senses heat, and automatically gives an alarm and
shuts in the wellhead control system 100 via the controller
assembly 220 when the measured heat exceeds a certain
temperature. In one embodiment, the ESD control systems
200, 300, 700 may include an anti-intrusion device 288 that
when activated automatically gives an alarm and shuts in the
wellhead control system 100 via the controller assembly
220, for example when a theft is attempted or the control
system sustains some type of structural damage. In one
embodiment, one or more of the transducers 282, 284, 286,
288 may be used to detect hydrogen sulfide (H2S), other
gases and vapors, and/or the level of fluid in one or more
storage tanks that are in fluid communication with the valves
120, 130. Each of the devices 284, 286, 288 may be
continuously monitored real-time using the controller
assembly 220 via the computer system 150 to verify oper-
ating conditions/characteristics of the wellhead control sys-
tem 100.

Power may be provided to the controller assembly 220
and the pump assembly 240 from the power source 230. The
power source 230 may be operable to provide a low current
(amp) stream to the controller assembly 220 and/or the
pump assembly 240. In one embodiment, the power source
230 may include an intrinsically-safe battery, such as a 12 or
24 volt, direct current, explosion-proof power supply. In one
embodiment, the power source 230 may include a watchdog
sensor 232 to communicate to the computer system 150 via
the controller assembly 220 a failure of the power source.
The watchdog sensor 232 may also give an auditory or
visual alarm to alert an operator onsite that the power source
230 is low and/or dead. The controller assembly 220 may be
configured to automatically shut in the wellhead control
system 100 upon receiving a signal from the sensor 232. In
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one embodiment, the power source 230 may be a (re-
chargeable) power supply that is supported by the solar
panel assembly 270. The solar panel assembly 270 may
include one or more solar panels 272 connected to the
exterior of the housing 210 to consume light energy from the
sun to generate electricity. The solar panels 272 may be
connected to the exterior of a housing 730 in the ESD
control system 700. An intrinsically safe voltage controller
274 may deliver electrical current at an appropriate voltage,
12 or 24 volts for example, to the power source 230, which
in turn supplies power to the controller assembly 220 and/or
pump assembly 240. In one embodiment, the solar panel
assembly 270 may be configured to provide enough power
to the ESD control systems 200, 300, 700 to open and close
the safety valves 120, 130 ten or more times from about two
hours of sunlight per day.

In one embodiment, the pump (or fluid drive) assembly
240 may include an intrinsically safe motor 242 and a pump
244, which may each be located in the explosion-proof
housing 210. The pump 244 may include a rotary piston
pump with about a 100 to 10,000 psi range. The pump
assembly 240 may pump pneumatic and/or hydraulic fluid
from the fluid reservoir 250 to actuate the safety valve 120,
130 to which it is connected.

In one embodiment, the fluid reservoir 250 may be
configured to store an amount of operating fluid sufficient to
actuate the safety valve 120, 130 to which it is connected.
The operating fluid may include air, water, propylene glycol,
and other valve operating fluids known in the art. In one
embodiment, the fluid reservoir 250 may include a level
gauge 252, such as a sight glass, to indicate the level of fluid
in the fluid reservoir 250. The fluid reservoir may also
include a level sensor 252 that is in communication with the
controller assembly 220 and is operable to monitor in
real-time the level of fluid in the fluid reservoir 250. In the
event that the level of fluid falls below a pre-set limit, due
to evaporation of the fluid for example, the level sensor 252
may provide an alarm to alert an operator on-site at the
wellhead control system 100 and/or at the remote location
via the controller assembly 220 and the computer system
150. The controller assembly 220 may automatically shut in
the wellhead control system 100 upon receiving a signal
from the level sensor 252.

In one embodiment, the valve assembly 260 may include
one or more (intrinsically safe) valves 262 to control and
direct communication between the pump assembly 240, the
fluid reservoir 250, and the safety valve 120, 130 to which
it is connected. The one or more valves 262 may include
solenoid valves, shuttle valves, and/or any other type of
valves operable to open and close the fluid circuits between
the pump assembly 240, the fluid reservoir 250, and the
safety valve 120, 130 to which it is connected. The valve
assembly 260 may include an internal relief valve and/or
circuit to rapidly expel the fluid from the safety valves 120,
130 to the fluid reservoir 250 to ensure quick closure of the
safety valves 120, 130. The valve assembly 260 may include
one or more gauges, such as pressure gauge 264, which can
be visually inspected to monitor the pressure in the valve
assembly 260 flow lines. In one embodiment, the pressure
gauge 264 may be configured to shut off the pump assembly
240 when the pressure in the actuator of the safety valves
120, 130 reaches a pre-determined pressure setting. The one
or more valves 262 may be controlled by the controller
assembly 220 as described above.

In one embodiment, the display screen 224 and/or one or
more gauges may be mounted through a front panel of the
housing 210, 730 to indicate pressure within the various
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valves and lines in fluid communication with the ESD
control systems 200, 300, 700 and the wellhead control
system 100.

FIG. 3 illustrates a surface safety valve 120 according to
one embodiment. The surface safety valve 120 may include
a valve actuator 122 for moving a gate valve 124 between an
open and closed position. Pressurized fluid from the fluid
reservoir 250 of the ESD control system 200 or pressurized
fluid from the ESD control system 700 may be supplied to
a chamber 123 of the valve actuator 122 via tubing 201 to
open the gate valve 124. A biasing member 127, such as a
spring disposed within the valve actuator 122 may be used
to close the gate valve 124 when the force of the biasing
member exceeds the fluid pressure in the valve actuator
chamber 123. The valve actuator 122 may also include a top
shaft 126 that can be used to manually actuate the valve
actuator 122 by rotation of a hand wheel 128 to open and
close the gate valve 124. The top shaft 126 may also be used
as a visual indication to determine whether the gate valve
120 is in an open or closed position. For example, when the
top shaft 126 is fully extended outward from the upper end
of the valve actuator 122, the gate valve 124 may be in a
closed position, and when the top shaft 126 is retracted into
the upper end of the valve actuator 122, the gate valve 124
may be in an open position.

In one embodiment, the ESD control systems 200, 300,
700 may include a position indication assembly 290 that is
operable to indicate whether the surface safety valve 120 is
in an open or closed position, including any partial open/
closed position therebetween, based on the location of the
top shaft 126. As illustrated in FIG. 3, when the top shaft 126
is in a fully extended position, the surface safety valve 120
is in the closed position. As the surface safety valve 120
begins to open and is moved either manually or automati-
cally to the open position, the top shaft 126 will retract into
the upper end of the valve actuator 122. The position
indication assembly 290 may include one or more sensors
292 operable to sense the extension and retraction of the top
shaft 126. The sensors 292 may communicate a signal to the
controller assembly 220 corresponding to the measured
position, which may then send a signal to the computer
system 150 and display the measured position on a display
screen. In this manner, an operator can continuously monitor
and verify the position of the surface safety valve 120 at all
times. The position indication assembly 290 can also be used
to verify that the surface safety valve 120 is closed in the
event that one of the other ESD control system 200, 700
components initiated a shut-in of the wellhead control
system 100. In one embodiment, the sensors 292 may
include magnetic sensors operable to sense a magnetic
material of the top shaft 126. For example, one or more
sensors 292 may be positioned at various locations along the
longitudinal stroke of the top shaft 160 during opening and
closing of the gate valve 124. When the top shaft 160 is fully
extended, all of the sensors 292 may sense the magnetic
material of the shaft, thereby indicating that the gate valve
124 is closed. However, when the top shaft 160 is fully
retracted, only the sensors 292 closest to the upper end of the
valve actuator 122 may sense the magnetic material of the
shaft, thereby indicating that the gate valve 124 is open. In
one embodiment, the sensors 292 may include other types of
position sensors known in the art to monitor and measure the
position of the top shaft 126.

In one embodiment, the ESD control system 200, 300,
700 can be used to partially stroke the safety valves 120,
130. In one embodiment, the controller assembly 220 may
be configured to direct the pump assembly 240 and valve
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assembly 260 to supply an amount of operating fluid to the
safety valves 120, 130 to partially open the safety valves. In
one embodiment, the controller assembly 220 may be con-
figured to direct the pump assembly 240 and valve assembly
260 to return an amount of operating fluid from the safety
valves 120, 130 to partially close the safety valves. The
controller assembly 220 may be programmed to automati-
cally conduct a partial stroke of the safety valves 120, 130
after a pre-set amount of time or other condition. The
controller assembly 220 may be manually and/or remotely
operable to conduct a partial stroking of the safety valve to
which it is connected when desired. The sensors 292 of the
position indication assembly 290 can be used to monitor and
verify the partial stroke of the safety valves 120, 130, based
on the position of the top shaft 126. The partial stroking of
the safety valves 120, 130 can assist in preventing/removing
build-up of debris within the valves from the fluids flowing
therethrough, which can potentially prevent complete open-
ing and/or closing of the valves when necessary.

In one embodiment, the ESD control systems 200, 300,
700 may be configured to perform a specific sequential
opening and closing of the safety valves 120, 130 when
starting up or shutting in the wellhead control system 100.
In one embodiment, either ESD control system 200, 300,
700 may initiate closure or opening of the surface safety
valve first 120, and then closure or opening of the subsurface
safety valve 130. In one embodiment, either ESD control
system 200, 300, 700 may initiate closure or opening of the
subsurface safety valve first 130, and then closure or open-
ing of the surface safety valve 120. In one embodiment, if
one of the ESD control system 200, 700 components initi-
ates a shut-in, the controller assembly 220 may automati-
cally send a signal to the computer system 150, which may
then automatically send a signal to the controller assembly
of the ESD system 300 to initiate closing of the subsurface
safety valve 130. After closure of the subsurface safety valve
130 is verified by the ESD control system 300 via the
computer system 150, another signal may be sent to the ESD
control system 200, 700 to then initiate closing of the surface
safety valve 120. The reverse process may be performed
beginning with the ESD control system 300 if closure of the
surface safety valve 120 is required prior to closure of the
subsurface safety valve 130.

In one embodiment, a method for controlling a wellhead
control system having a plurality of valves, including a
surface safety valve and a subsurface safety valve, may
include producing power with solar panel assembly and
delivering the produced power to a controller assembly and
to a pump assembly that supplies operating fluid to the
valves, the control assembly operable to monitor a variety of
conditions in an oil/gas well and at the wellhead control
system. The controller assembly may be used to control the
operation of the pump assembly and the valves manually,
remotely, automatically, and/or in response to one or more
pre-set conditions programmed in the controller assembly.
The solar panel assembly may provide to a power source or
directly to a pump assembly to operate a motor of the pump
assembly, which in turn operates a pump of the pump
assembly. The motor may be controlled by the controller
assembly. The controller assembly may include a micropro-
cessor and its related apparatuses, circuits, devices,
switches, etc. The power produced by the solar panel assem-
bly may be stored in a power source, such as in one or more
battery apparatuses for use on demand. The use and flow of
the stored power may be controlled and/or monitored by the
controller assembly. The pump assembly may supply oper-
ating fluid (hydraulic and/or pneumatic) at a low or high
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pressure to operate either of both of the safety valves as
directed by the controller assembly. The pre-set condition
may include a fluid flow parameter, a flow line condition, an
alarm, an emergency condition, and/or an intrusion of the
components of the wellhead control system, including the
valves and the controller assembly.

The voltages of power from the solar panel assembly may
be controlled with a voltage controller having a sensor
provide an alert signal, an alarm signal, and/or a shut-off
signal if a pre-set voltage is exceeded or is not provided. One
or more sensors may be provided to sense an amount and/or
pressure of available operating fluid in any or all of the flow
lines used and/or in a fluid reservoir, the sensor(s) providing
a signal to indicate fluid volume and/or fluid pressure to the
controller assembly. In response to the signal, the controller
assembly may operate one or more of the valves and/or shut
in the wellhead control system. The controller assembly may
signal other devices, such as the pump assembly or a valve
assembly to increase fluid pressure and/or fluid amount in
some or all of the flow lines. A sensor may signal the
controller assembly when a fire is detected and provide a fire
alarm. The controller assembly may provide a fire alarm
signal to a remote location and/or operate the valves to shut
in the wellhead control system. The signals of alarm, intru-
sion, etc. may be provided at the immediate area of the
wellhead control system and to a remote location via known
transmission methods.

The controller assembly may be operable to monitor the
various components of the wellhead control system and
employing intrinsically safe components. A single controller
assembly may be operable to control a surface safety valve,
a subsurface safety valve, as well as one or more additional
valves in communication with the wellhead control system.
The controller assembly may be operable to control the
subsurface safety valve with an electric submersible pump.
The controller assembly may be operable to remotely shut in
the wellhead control system using switches interconnected
therewith, telephone, radio, SCADA, DCS and/or satellite
signals. One or more sensors may be use to detect dangerous
gases in the oil/gas well and/or at the wellhead control
system and producing an alarm signal in response. A ther-
moelectric generator may be used instead of or in addition
to a solar panel assembly. The pre-set condition(s) may
include one or more of the following: the presence of fire or
dangerous gases, intrusion by unwanted humans or animals,
vandalism, damage, or destruction of equipment used in the
wellhead control system, or too low to too high fluid
pressures, fluid volumes, power amperages, or power volt-
ages. In one embodiment, that various components of the
control system may be weather proof and “intrinsically
safe,” i.e. that they require vastly reduced power levels and
therefore minimize the risk of sparks and explosions, e.g.
less than 100 milliamps.

FIG. 4 is a sectional view of a mechanical override 400,
an actuator 401, a gate valve 402, and a safe mode indicator
403. The actuator 401 couples to a valve body 404 of the
gate valve 402. A bonnet assembly can provide an interface
between the gate valve 402 and the actuator 401. During an
automatic operation of the gate valve 402, hydraulic or
pneumatic pressure enters a chamber 406 of the actuator 401
defined by a cover 408 of the actuator 401 and a diaphragm
410 positioned over an operator member 412. The operator
member 412 moves in response to the hydraulic or pneu-
matic pressure within the chamber 406 and against a biasing
force supplied by a spring 418. A valve stem 414 coupled to
a sliding gate 416 of the gate valve 402 moves in response
to the movement of the operator member 412. In this
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manner, the automatic operation of the actuator 401 moves
the sliding gate 416 of the gate valve 402 between a closed
position shown in FIG. 4 and an open position as shown in
FIG. 6.

In one embodiment, the actuator 401 may be selected
from the pneumatic and hydraulic actuators described in
detail in U.S. Pat. No. 6,450,477 which is herein incorpo-
rated by reference in its entirety. The actuator 401 may be
selected from any other actuator known in the industry for
moving the sliding gate 416 of the gate valve 402 between
the open and closed positions by automatic operation.

When using the automatic operation of the actuator 401,
the biasing force of the spring 418 is configured to act as a
fail-safe mechanism. When the pressure in the actuator 401
is removed, inadvertently or otherwise, the spring 418 will
move the gate valve 402 into a fail-safe closed position
illustrated in FIG. 4 or a fail-safe opened position illustrated
in FIG. 12. Although the mechanical override 400 may
provide an additional means to actuate the gate valve 402 in
the event of a failure, such as a loss of pressure, it may also
override the fail-safe mechanism. The mechanical override
400 may prevent the spring 418 from moving the gate valve
402 into the fail-safe closed position or the fail-safe opened
position. The gate valve 402 is operating in a safe mode
when the fail-safe mechanism has not been overridden by
the mechanical override and is not prevented or inhibited
from moving into the fail-safe closed position or the fail-safe
opened position. Therefore, the safe mode indicator 403 is
configured to provide a signal, such as a visual indication,
communicating to a valve operator that the valve is or is not
operating in the safe mode. The signal from the safe mode
indicator 403 may also communicate that (1) the valve will
move to the fail-safe closed position or the fail-safe opened
position in the event of a pressure loss in the actuator, (2) the
valve has been automatically actuated into the open position,
and/or (3) the mechanical override will not disable or
interfere with the fail-safe mechanism.

As illustrated in FIG. 4, the mechanical override 400 is
connected to the actuator 401 to provide a manual operation
for moving the sliding gate 416 between open and closed
positions. The mechanical override 400 includes a top shaft
460, a lever for manual rotation of the top shaft 460, such as
a handwheel 500, a housing 450 having a longitudinal bore
therethrough, a drive sleeve 504 rotationally locked to the
housing 450, and a top seal cartridge 550. The housing 450
passes through an aperture 452 in the cover 408 of the
actuator 401. A shoulder 454 formed by a portion of the
housing 450 with an increased outer diameter provides a
stop for positioning the housing 450 in the aperture 452 of
the cover 408. The housing 450 may be secured to the cover
408 by any known means such as a thread or by welding.

The housing 450 includes an upper bore 509, an inner
shoulder 511, a top bore 510, and a bottom bore 512. The
inner shoulder 511 is disposed below the upper bore 509, the
top bore 510 is disposed below the inner shoulder 511, and
the bottom bore 512 is disposed below the top bore 510. The
bottom bore 512 has an inner diameter greater than the top
bore 510. A tapered shoulder 515 is located at the interface
between the top bore 510 and the bottom bore 512.

The top seal cartridge 550 is disposed in the upper bore
509 and can be removed for replacement as a single unit
without disassembling the actuator 401 or the mechanical
override 400. The top seal cartridge 550 is preferably formed
of a plastic-like material such as Delrin and is held in place
by at least one retainer ring 552 which is preferably stainless
steel. Accessibility to the retainer ring 552 without disas-
sembly of the actuator 401 permits removal of the retainer
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ring 552 from the top of the housing 450, thereby allowing
removal and replacement of the top seal cartridge 550. The
top seal cartridge 550 contains dual reciprocating top shaft
seals 556 and dual static seals 558 to ensure seal integrity
and long life. The top seal cartridge 550 incorporates rod
wiper 554 to keep a shaft sealing region therebelow clean of
dirt, grease, and other contaminants for longer life of the top
shaft seals 556. The rod wiper 554 is preferably made from
Molythane 90. These and other seals may be T-seals or other
substantially elastomeric seals, such as O-ring seals.

The top shaft 460 extends through the longitudinal bore of
the housing 450, the top seal cartridge 550, and the drive
sleeve 504. The inner diameter of the inner shoulder 511 is
greater than the outer diameter of the top shaft 460, but
smaller than the outer diameter of the drive sleeve 504. The
inner shoulder 511 permits axial movement of the top shaft
460 therethrough while providing a backstop for the drive
sleeve 504. The top shaft 460 may also include a shoulder
configured to engage an upper shoulder of the drive sleeve
504 to prevent removal of the top shaft 460 from the upper
end of the drive sleeve 504.

The drive sleeve 504 is disposed in the housing 450 and
is movable within the top bore 510 and the bottom bore 512.
The drive sleeve 504 includes a threaded bore 516 that
corresponds with a drive thread 514 on an outside surface of
the top shaft 460. In one embodiment, the drive thread 514
is an Acme thread capable of functioning under loads and
includes a small number of threads per inch, such as five, in
order to decrease the work required to manually operate the
actuator 401. The drive thread 514 permits unassisted rota-
tion of the top shaft 460 with the handwheel 500. The
threaded engagement permits relative axial movement
between the top shaft 460 and the drive sleeve 504 within the
housing 450. The outer diameter of the upper portion of the
drive sleeve 504 is substantially the same as the inner
diameter of the top bore 510 of the housing 450. One or
more seals 518, such as o-rings, are provided on the outer
diameter of the upper portion of the drive sleeve 504 to form
a sealed engagement with the top bore 510 of the housing
450. One or more seals 519, such as o-rings, are provided on
the inner diameter of the upper portion of the drive sleeve
504 to form a sealed engagement with the top shaft 460.

In one embodiment, the lower end of the drive sleeve 504
is configured to move axially relative to the bottom bore 512
of the housing 450 while being rotationally locked relative
to the housing 450. Any known rotational locking assembly
that prevents rotation of the drive sleeve 504 while permit-
ting the drive sleeve 504 (and the top shaft 460) to move
axially within the housing 450 during the automatic opera-
tion of the actuator 401 may be used. FIG. 8 illustrates a new
rotational locking assembly by showing one embodiment of
a cross-section at sectional line 8-8 in FIG. 4. FIG. 8
illustrates the outer diameter of the lower end of the drive
sleeve 504 having an oval shape that corresponds to an oval
shape of the inner diameter of the housing 450. The oval
shaped diameters provide a physical interference that rota-
tionally locks the drive sleeve 504 to the housing 450
without inhibiting axial movement of the drive sleeve 504
relative to the housing 450. The outer diameter of the drive
sleeve 504 and the bore of the housing 450 may be formed
in a number of ways known by one of ordinary skill in the
art to prevent relative rotational movement while permitting
relative axial movement. In one embodiment, the lower
portion of the drive sleeve 504 may have one or more splines
that extend into one or more corresponding longitudinal
grooves formed in the bottom bore 512 of the housing 450
to permit relative axial movement but prevent relative
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rotational movement. In one embodiment, the lower portion
of the drive sleeve 504 may be keyed to the bottom bore 512
with a pin that extends through corresponding longitudinal
grooves in the drive sleeve 504 and the bottom bore 512.

A coupling assembly 458 prevents longitudinal separation
between a retaining nut 462 secured to the operator member
412 and the top shaft 460 while isolating rotational move-
ment of the top shaft 460 from the actuator 401 and the gate
valve 402. The coupling assembly 458 includes a female
coupler 464 and ball bearings 468. The lower end of the top
shaft 460 rotates around the upper end of the retaining nut
462 and against the ball bearings 468. A bottom shoulder
472 on the top shaft 460 is secured against the ball bearings
468, which are positioned on the upper end of the retaining
nut 462, by the female coupler 464. The female coupler 464
is connected to the upper end of the retaining nut 462 and
includes an upper shoulder that engages the bottom shoulder
472 of the top shaft 460 to prevent separation of the shaft
from the retaining nut 462 and thus the actuator 401 and the
gate valve 402. The top shaft 460 freely rotates relative to
the retaining nut 462 and climinates the transmission of
torque to the valve stem 414, the sliding gate 416, and/or
components of the actuator 401 when using the mechanical
override 400.

Embodiments of the invention do not require the coupling
assembly connecting the top shaft 460 with the operator
member 412. The top shaft 460 of the mechanical override
400 may contact and apply force directly to a portion of the
actuator 401, such as the retaining nut 462 or the operator
member 412 depending on the type of actuator used. For
example, the end of the top shaft 460 may directly contact
the upper end of the retaining nut 462. The solid retaining
nut 462 may include a separate locking device to prevent the
retaining nut 462 from unthreading from the operator mem-
ber 412 since the top shaft 460 rotates during the manual
operation of the mechanical override 400. Alternatively,
other known rotation isolation means may be provided to
prevent transference of the rotation of the top shaft 460 to
other components within the actuator 401 and the gate valve
402.

Referring to FIG. 6, a chamber 610 is formed within the
housing 450 between the top seal cartridge 550 and the drive
sleeve 504. The chamber 610 is sealed at an upper end by the
engagement between the top seal cartridge 550, the upper
bore 509, and the top shaft 460, and at a lower end by the
engagement between the drive sleeve 504, the top bore 510,
and the top shaft 460. Fluid communication may be estab-
lished between the chamber 610 and the actuator 401 when
the drive sleeve 504 is moved into the bottom bore 512, as
shown in FIG. 6. In particular, the seals 518 of the drive
sleeve 504 are moved across the tapered shoulder 515 into
the bottom bore 512, thereby releasing the sealed engage-
ment with the top bore 510. When the drive sleeve 504 is
located in the bottom bore 512 and fluid communication is
established between the chamber 610 and the actuator 401,
the gate valve 402 is operating in the safe mode. When the
gate valve 402 is operating in the safe mode, the valve may
be moved to the fail-safe closed position (shown in FIG. 4)
or the fail-safe opened position (shown in FIG. 12) by the
fail-safe mechanism without interference from the mechani-
cal override 400.

The safe mode indicator 403 communicates to a valve
operator when the valve is operating in the safe mode. The
safe mode indicator 403 includes an indication device 600,
such as a sensor, that is connected to the housing 450. The
indication device 600 is in fluid communication with the
chamber 610 via an orifice 615 located through the housing
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450. The pressure in the chamber 610 may be used to actuate
the indication device 600 to communicate a signal to the
valve operator.

In one embodiment, when the chamber 610 is at a first
pressure, the indication device 600 may communicate a first
signal to the valve operator to indicate that the valve is not
operating in the safe mode. When the chamber 610 is at a
second pressure that is different than the first pressure, the
indication device 600 may communicate a second signal that
is different than the first signal to the valve operator to
indicate that the valve is operating in the safe mode. The
pressure in the chamber 610 may be the pressure directed
into the actuator 401 when fluid communication is estab-
lished between the chamber 610 and the actuator 401, as
shown in FIG. 6. The pressure in the chamber 610 is
communicated to the indication device 600 through the
orifice 615 to actuate the indication device 600. In one
embodiment, the first and/or second pressures may be in a
range from about 0 PSI to about 80 PSI, 150 PS], or greater.
In one embodiment, the first and/or second signals may be
a visual indication, such as a colored light or marker, an
auditory indication, and any other type of signal known to
one of ordinary skill.

In one embodiment, the indication device 600 may be any
commercial sensor, such as a pressure sensor, that can be
used to indicate a pressure change in the chamber 610. In
one embodiment, the indication device 600 may be a Rotow-
ink Indicator, commercially available through Norgen Ltd.
The Rotowink Indicator is a spring-loaded device actuated
by air pressure for use in visual monitoring of pneumatic or
fluidic circuits. The device uses two contrasting colors (e.g.
black, red, yellow, green) on a rotating ball that can be
viewed from any angle to indicate the presence or absence
of pressure.

The operation of the invention illustrated in FIGS. 4, 5, 6,
7,12 will now be described. FIG. 4 illustrates the gate valve
402 in the fail-safe closed position. The spring 418 provides
a force configured to bias the valve stem 414, the operator
member 412, the top shaft 460, and the drive sleeve 504 in
an upward direction, thereby positioning the sliding gate 416
in the closed position. Seating of the sliding gate 416 in the
closed position limits the upward axial movement of the top
shaft 460 and the drive sleeve 504. The mechanical override
400 is in an un-actuated position and does not interfere with
the closing of the gate valve 402. The bias of the spring 418
raises the top shaft 460 to an extended position providing a
visual indication that the gate valve 402 is in the closed
position. The safe mode indicator 403 may provide a first
visual indication that the gate valve 402 is not automatically
actuated into the operating safe mode and/or the chamber
610 is not pressurized or has experienced a pressure change.

FIG. 12 illustrates the gate valve 402 in the fail-safe
opened position. The spring 418 provides a force configured
to bias the valve stem 414, the operator member 412, the top
shaft 460, and the drive sleeve 504 in an upward direction,
thereby positioning the sliding gate 416 in the opened
position. Seating of the sliding gate 416 in the opened
position limits the upward axial movement of the top shaft
460 and the drive sleeve 504. The mechanical override 400
is in an un-actuated position and does not interfere with the
opening of the gate valve 402. The bias of the spring 418
raises the top shaft 460 to an extended position providing a
visual indication that the gate valve 402 is in the opened
position. The safe mode indicator 403 may provide a first
visual indication that the gate valve 402 is not automatically
actuated into the operating safe mode and/or the chamber
610 is not pressurized or has experienced a pressure change.
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FIG. 5 illustrates the gate valve 402 in an open position
after a manual operation of the actuator 401 using the
mechanical override 400. To move the sliding gate 416 to the
open position using the mechanical override 400, the valve
operator manually turns the handwheel 500 to provide
rotation to the top shaft 460. Rotation of the handwheel 500
rotates the top shaft 460 to advance the top shaft 460 through
the drive sleeve 504 across the length of the drive thread
514. As the top shaft 460 rotates, the top shatt 460 advances
through the drive sleeve 504 until the upper portion of the
drive thread 514 is located at the lower portion of the
threaded bore 516 of the drive sleeve 504. During the
manual operation, the inner shoulder 511 provides the back-
stop that prevents the drive sleeve 504 from moving relative
to the housing 450. The manual rotation of the handwheel
500 mechanically advances the top shaft 460 through the
housing 450 to either directly or indirectly axially move the
valve stem 414 to place the gate valve 402 in the open
position. The top shaft 460 is mechanically driven against
the bias of the spring 418, thereby compressing the spring
418. The top shaft 460 lowers during the manual operation
to a retracted position and provides a visual indication that
the gate valve 402 is in the open position. The valve operator
may also check the safe mode indicator 403 to determine
whether the gate valve 402 is operating in the safe mode.
The pressure in the chamber 610 should not have signifi-
cantly changed between the operation of the gate valve 402
from the fail-safe closed position, shown in FIG. 4, to the
open position by manual operation, shown in FIG. 5. Thus,
the safe mode indicator 403 communicates the same first
visual indication to the valve operator, which has not
changed by the mechanical operation of the gate valve 402.
The safe mode indicator 403 may therefore indicate that the
gate valve 402 is not operating in the safe mode, has not
been automatically actuated, has been actuated (at least
partially) using the mechanical override 400, and/or may be
prevented from moving into the fail-safe closed position or
the fail-safe opened position.

FIG. 6 illustrates the gate valve 402 in the open position
after an automatic operation of the actuator 401. Pressure is
directed into the chamber 406 of the actuator 401 to over-
come the bias of spring 418 and advance the top shaft 460,
the drive sleeve 504, the operator member 412, and the valve
stem 414 in a downward direction to position the sliding gate
416 into the open position. The top shaft 460 and the drive
sleeve 504 are moved together axially within the bore of the
housing 450 until the seals 518 on the drive sleeve 504 are
moved across the tapered shoulder 515 and into the bottom
bore 512. Fluid communication is established between the
chamber 610 and the chamber 406. The pressure in the
chamber 406 is communicated to the indication device 600
via the orifice 615, thereby actuating the indication device
600. The pressure change in the chamber 610 actuates the
safe mode indicator 403 to communicate a second visual
indication that is different than the first visual indication.
Since the top shaft 460 also lowers during the automatic
operation to the retracted position and provides a visual
indication that the gate valve 402 is in the open position, the
valve operator may use the safe mode indicator 403 to
determine whether the gate valve 402 is operating in the safe
mode. The second visual indication may therefore indicate
that the gate valve 402 is operating in the safe mode, has not
been mechanically actuated, has been automatically actu-
ated, and/or will move into the fail-safe closed position or
the fail-safe opened position upon release of pressure in the
actuator 401. When operating in the safe mode, the upper
end of the drive sleeve 504 is located at least a distance X
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from the inner shoulder 511 of the housing 450. In this
position, the mechanical override 400 will not disable or
interfere with the fail safe mechanism. When the pressure in
the actuator 401 is released, the drive sleeve 504 is located
a sufficient distance from the inner shoulder 511 so as not to
limit upward axial movement of the top shaft 460 and thus
the valve stem 414 and the sliding gate 416. In this manner,
the sliding gate 416 may move into the fail-safe closed
position or the fail-safe opened position.

FIG. 7 illustrates the gate valve 402 in an open position
after an automatic operation of the actuator 401 and a partial
operation of the mechanical override 400. Before and/or
after automatic actuation of the gate valve 402, the mechani-
cal override 400 may be actuated at least partially, inadver-
tently or otherwise. If the handwheel 500 has been rotated
one or more times, the top shaft 460 and the drive sleeve 504
will move relative to each other in an offset position illus-
trated in FIG. 7. When in the offset position and if the valve
is automatically actuated, then the upper end of the drive
sleeve 504 may be positioned a distance Y from the inner
shoulder 511, which would prevent the gate valve 402 from
moving to the fail-safe closed position or the fail-safe
opened position. In one embodiment, the distance Y may be
any distance that is less than the distance X identified in FIG.
6. When the pressure in the actuator 401 is released, the
upper end of the drive sleeve 504 would backstop on the
inner shoulder 511 before the sliding gate 416 closes, and
limit the upward axial movement necessary to move the
sliding gate 416 into the fail-safe closed position or the
fail-safe opened position. Depending on the amount of offset
between the drive sleeve 504 and the top shaft 460, the
sliding gate 416 may be located in a partially open/closed
position. Also, when in the gate valve 402 is automatically
actuated and the drive sleeve 504 is located the distance Y
from the inner shoulder 511, the chamber 610 remains
isolated from fluid communication with the chamber 406 by
the seals 518 and 519. Any slight actuation of the mechani-
cal override 400 may offset the top shaft 460 and the drive
sleeve 504 enough to prevent the seals 518 from moving
across the tapered shoulder 515 during automatic actuation.

Since the top shaft 460 may still visually indicate that the
valve 402 is in the open position in FIG. 7, the valve operator
may also check the safe mode indicator 403 to determine
whether the gate valve 402 is operating in the safe mode.
The pressure in the chamber 610 should not have signifi-
cantly changed since it is isolated from the chamber 406 by
the seals 518 and 519. Thus, the safe mode indicator 403
communicates the same first visual indication to the valve
operator, which has not changed by the automatic actuation
of the gate valve 402. The safe mode indicator 403 may
therefore indicate that the gate valve 402 is not operating in
the safe mode, has been actuated (at least partially) using the
mechanical override 400, and/or may be prevented from
moving into the fail-safe closed position or the fail-safe
opened position. While the actuator 401 is pressurized, the
valve operator may rotate the handwheel 500 to advance the
drive sleeve 504 into the bottom bore 512 until the gate
valve 402 is operating in the safe mode. The valve operator
may rotate the handwheel 500 until the safe mode indicator
403 changes from the first visual indication to the second
visual indication, e.g. when fluid communication is estab-
lished between the chamber 406 and the chamber 610, to
ensure that the gate valve 402 is operating in the safe mode.
Alternatively, the valve operator may release the pressure in
the actuator 401 to permit the drive sleeve 504 to backstop
against the inner shoulder 511, and then rotate the hand-
wheel 500 to move the mechanical override 400 into the
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un-actuated position so that the top shaft 460 and the drive
sleeve 504 are not in an offset position as described above.
The actuator 401 may be re-actuated automatically so that
the safe mode indicator 403 indicates that the valve is
operating in the safe mode.

FIG. 9 illustrates the gate valve 402 in an open position
after an automatic operation of the actuator 401 according to
one embodiment. The gate valve 402, the actuator 401, and
the mechanical override 400 illustrated in FIG. 9 may each
include the embodiments described above with respect to
FIGS. 4-8. FIG. 9 further illustrates a bore 462 disposed
through the top shaft 460, a check valve 464 disposed in a
lower end of the top shaft 460 and in communication with
the bore 462, and a retaining member 466 coupled to the top
shaft 460 to support the check valve 464 in the lower end of
the top shaft 460. In one embodiment, the bore 462 may be
disposed through the top shaft 460 in any manner known by
one of ordinary skill in the art to allow fluid communication
between the chamber 610 and the chamber 406. In one
embodiment, the check valve 464 may be any type of valve
known by one of ordinary skill in the art, such as a one-way
valve, that is operable to control the flow of fluid through the
bore 462 in either direction. In one embodiment, the retain-
ing member 466 may be any type of member known by one
of ordinary skill in the art, such as a retainer ring, that is
operable to maintain the check valve 462 in engagement
with the top shaft 460 and/or the bore 462. The top shaft 460
illustrated in FIG. 9 may be used in any of the embodiments
described with respect to FIG. 4-8.

In operation, the bore 462 may be configured to relieve
any fluid pressure that is located in the chamber 610, which
may cause a pressure lock and prevent the fail-safe mecha-
nism from closing the gate valve 402. For example, when the
gate valve 402 is operating in the safe mode as illustrated in
FIG. 9, the chamber 610 is in fluid communication with the
chamber 406 of the actuator 401 and is filled with pressur-
ized fluid. As the pressure in the chamber 406 is reduced, the
spring 418 begins to move the gate valve 402 into the closed
position, as illustrated in FIG. 4, and the chamber 610 is
sealed upon engagement of the seals 518 with the inner
surface of the top bore 510. Any fluid that may be retained
in the chamber 610 is relieved through the bore 462 into the
chamber 460. In one embodiment, the fluid may be forced
through the bore 462 and the check valve 464 under its own
pressure and/or as it is pressurized as the volume of the
chamber 610 is reduced by movement of the drive sleeve
504 toward the shoulder 511 via the spring 418. The check
valve 464 may allow fluid to flow from the upper end of the
top shaft 460, through the bore 462 and into the chamber
406, and prevent fluid from flowing into the bore 462 and
thus into the chamber 610 from the lower end of the top shaft
460. In one embodiment, the top shaft 460 may include one
or more ports 468 located adjacent to the outlet of the check
valve 464 to assist with venting fluid pressure into the
chamber 406. In one embodiment, one or more seals 519
may be situated between the top shaft 460 and the drive
member 504 to prevent any unintended leak paths from
communicating fluid to the bore 462 during operation of the
gate valve 402.

In one embodiment, the ESD Control Systems 200, 300,
700 described herein with respect to FIGS. 1-3 and 13 may
be used in combination with the mechanical override 400,
the actuator 401, the gate valve 402, and/or the safe mode
indicator 403 as described herein with respect to FIGS. 4-9.
In one embodiment, the pressure transducer 280 illustrated
in FIG. 2 can be connected to the housing 450, similar to the
indication device 600 illustrated in FIGS. 6, 7, and 9. The
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pressure transducer 280 may be operable to measure the
pressure in the chamber 610 via the orifice 615 and send a
signal to the controller assembly 220 corresponding to the
measured pressure. The controller assembly 220 may then
send a signal to the computer system 150 via wired or
wireless telemetry for monitoring and display of the mea-
sured pressure in real time. In this manner, the ESD control
systems 200, 300, 700 can be used to remotely monitor and
verify whether the gate valve 402 is operating in the safe
mode as described above.

FIGS. 10A-10H and 11-11D illustrate a valve assembly
1000 according to one embodiment. FIGS. 10A-10H illus-
trate a top perspective view, a left side view, a bottom
perspective view, a front view, a top view, a right side view,
a bottom view, and a rear view, respectively, of the valve
assembly 1000. FIG. 11 illustrates a top view of the valve
assembly 1000, and FIGS. 11A-11D illustrate cross sec-
tional views A-A, B-B, C-C, and D-D, respectively, of the
valve assembly 1000. The valve assembly 1000 may be used
as the valve assembly 260 described above. The valve
assembly 1000 includes a first body portion 1010, a second
body portion 1015, a first seat 1020, and a second seat 1030.
The first and second body portions 1010, 1015 may be
formed from a single piece of material, or may include two
separate pieces of material that are connected together. The
first and/or second seats 1020, 1030 may be removably
secured to the first body portion 1010 for accessing a gate
1055 that is movably disposed in the first body portion 1010
to control fluid communication therethrough. The first and
second body portions 1010, 1015 may be provided with one
or more mounting holes 1011, 1012, 1013 for securing the
valve assembly 1000 within the housing 210 and/or to one
or more components of the ESD control systems 200, 300.
The first body portion 1010 may include a first fluid inlet
1040 for receiving fluid from the pump assembly 240. The
first fluid inlet 1040 may include a fluid path 1041 disposed
through the first body portion 1010 from a first end to a
second end, adjacent to the first seat 1020. Second and third
fluid inlets 1042, 1045 (the third fluid inlet 1045 being
disposed through the first seat 1020) may optionally be
provided to receive fluid from the pump assembly 240. As
illustrated, the optional second and third fluid inlets 1042,
1045 are plugged with one or more sealing members, but
include fluid paths that are in communication with the fluid
path 1041 of the first fluid inlet 1040. The first body portion
1010 may also include a first fluid outlet 1050 for directing
fluid to the actuator of the surface and/or subsurface safety
valves 120, 130 to actuate the valves. The first fluid outlet
1050 may also include a fluid path 1051 disposed through
the first body portion 1010 from a first end to a second end,
adjacent to the second seat 1030. The first body portion 1010
may further include a fluid path 1052 that extends from the
first seat 1020 to the second seat 1030 to provide fluid
communication between the first fluid inlet 1040 and the first
fluid outlet 1050. The gate 1055 may be disposed in the fluid
path 1052 between the first and second seats 1020, 1030 to
control fluid communication between the first fluid inlet
1040, the first fluid outlet 1050, and a first relief outlet 1060
of the second seat 1030 as described below. One or more
machining holes 1051, 1052 (illustrated as being plugged)
may be formed in the first body portion 1010 to form the
fluid paths disposed through the body as described herein.

During operation, fluid may flow through at least one of
the fluid inlets 1040, 1042, 1045 past the gate 1055 that is
disposed within the fluid path 1052 of the first body portion
1010 between the first and second seats 1020, 1030, and then
through the fluid outlet 1050. While fluid is flowing through
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the valve assembly 1000 to the actuators of the valves 120
and/or 130, the pressure in the first body portion 1010 forces
the gate 1055 to seal off communication with the first relief
outlet 1060. The first relief outlet 1060 provides fluid
communication to the fluid reservoir 250, to dump the fluid
in the first body portion 1010 and the valve actuators when
desired during operation. A second relief outlet 1070 may
also be provided to quickly release fluid from the first body
portion 1010 and the valve actuators. The second relief
outlet 1070 may include a fluid path 1071 that intersects the
fluid path 1041 of the first fluid inlet 1040, but which
includes an in-line relief valve to release fluid from the fluid
paths to the fluid reservoir 250 in the event that the pressure
in the first body portion 1010 exceeds a pre-determined
pressure. A pressure switch port 1019 may be disposed
through the first body portion 1010 that intersects the fluid
path 1051 of the first fluid outlet 1050. The pressure switch
port 1019 may be used as a means to communicate the
pressure in the first body portion 1010 to one or more
sensors/transducers that are in communication with the ESD
control systems 200, 300 and/or the controller assemblies
220, 320. Using the pressure measured by the sensors/
transducers via the pressure switch port 1019, the controller
assemblies 220, 320 may selectively control, e.g. turn on and
off, the pump assemblies 240, 340 to actuate the valves 120,
130 as described herein.

The second body portion 1015 may include a fluid control
outlet 1090 that directs flow from the fluid path 1041 of the
first fluid inlet 1040 via a fluid path 1091 to a control valve
assembly, such as a solenoid valve assembly. The solenoid
valve assembly may also be in communication with the
controller assemblies 220, 320 to control operation (e.g.
open and close) of the valve assembly 1000 to thereby
control actuation of the valves 120, 130 as desired. The
second body portion 1015 may further include a second fluid
control outlet 1080 to release fluid from the fluid paths in the
second body portion 1015 via a fluid path 1081 and the
control valve assembly to the fluid reservoir 250. When the
control valve assembly is actuated to dump fluid pressure to
the fluid reservoir 250, the pressure release in the fluid path
1041 of the first fluid inlet 1040 and the back pressure in the
fluid path 1051 of the first fluid outlet 1050 may move the
gate 1055 to a position within the first body portion 1010
where the fluid in the first body portion 1010 and the valve
actuators is quickly released to the fluid reservoir 250 via the
first relief outlet 1060, the second relief outlet 1070, and/or
the second fluid control outlet 1080. In this manner, the
valve assembly 1000 may be selectively used to supply and
maintain fluid in one or more valve actuators of the valves
120, 130, and to selectively release and dump fluid from the
valve actuators to the fluid reservoir 250.

FIG. 13 illustrates the ESD control system 700 according
to one embodiment. Embodiments of the ESD control sys-
tem 700 described herein may be applicable to the ESD
control system 300. For convenience, the components in the
ESD control system 700 that are similar to the components
in the ESD control system 200 will be labeled with the same
number indicator. The ESD control system 200 may include
the housing 730 for supporting the controller assembly 220,
the power source 230, a compressor (or fluid drive) assem-
bly 740, a check valve 715, a pressure switch 710, a
filter/dryer assembly 705, and the solar panel assembly 270.
In one embodiment, the controller assembly 220 and/or any
of the other components may be disposed external to and/or
adjacent to the housing 730.

The ESD control system 700 may be “self-contained” or
“stand-alone unit,” which means that the ESD control sys-
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tem 700 does not depend on any external pneumatic, hydrau-
lic, mechanical, or electrical sources for its operation to shut
down the oil/gas well. In other words, the power source 230,
the compressor assembly 740 and other components are
within the housing 730 and thus the ESD control unit 700 is
an integral portable unit. For example, if there is a rupture
of a production flow line downstream from the surface
safety valve 120, and/or if there is a loss of well pressure at
the subsurface safety valve 130, the ESD control system 700
is operable to effectively close the safety valves 120, 130,
thereby shutting in the oil/gas well, and alert the appropriate
personnel that a shut-in has occurred without the assistance
of any additional external power sources, such as external
COMPpressors or motors.

The ESD control system 700 may also include one or
more transducers/devices 280, 282, 284, 286, and 288 for
monitoring and/or measuring one or more physical proper-
ties as described herein. The ESD control system 700 may
be configured to control one or more valves, such as flow
control valves or choke valves that are in communication
with the flow lines of the valves 120, 130 to control fluid
flow through the wellhead control system 100. The ESD
control system 700 may also include a quick dump valve 725
in line 211. The quick dump valve 725 is a manual valve that
is configured to exhaust pneumatic fluid to an area outside
of the housing 730. Additionally, the check valve 715 may
be located in the line 211. The check valve 715 is a valve that
allows fluid flow in one direction, from the compressor
assembly 744 to the valve 120, and restricts fluid flow in the
opposite direction.

The housing 730 may include any structural support
member, such as an explosion-proof container, for protect-
ing the components stored therein from damage and envi-
ronmental elements. Appropriate ventilation of the housing
730 may be provided by ventilation holes and/or an inde-
pendent solar powered fan mounted in or through the
housing 730. The housing 730 may further include an access
panel or door for ease of access to the housing’s interior, and
may be configured for attachment to the tree 110 or the
respective surface and subsurface safety valve 120, 130. In
one embodiment, the structural components of the ESD
control system 700, to the extent possible, may be made
from stainless steel. The controller assembly 220 may be
disposed in the housing 730 and may include a micropro-
cessor unit 222, a display screen 224, and a keypad 226. In
one embodiment, the controller assembly 220 may be
weather-proof, and may be intrinsically safe to provide
power as necessary to one or more components of the ESD
control system 700. The microprocessor unit 222 may
include a programmable logic controller, including a super-
visory control and data acquisition system (SCADA) that is
in communication with the one or more transducers/devices
280, 282, 284, 286, and 288, as well as the compressor
assembly 740 and valve assemblies 710, 720.

In one embodiment, the compressor assembly 740 may
include an intrinsically safe motor 742 and a compressor
744, which may each be located in the explosion-proof
housing 730. As set forth herein, the compressor assembly
740 may supply pneumatic fluid from a location outside the
housing 730 to actuate the safety valve 120, 130 to which it
is connected. The pneumatic fluid may be ambient fluid,
such as air, outside the housing 730. In one embodiment, the
compressor assembly 740 may have multiple compressors
and/or motors in parallel.

In one embodiment, the pneumatic fluid may be supplied
from an optional reservoir 735 located outside of the hous-
ing 730. The reservoir 735 may be connected to the filter/
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dryer assembly 705 for supplying fluid to the compressor
assembly 740. The reservoir may also be connected to the
valve assembly 720 and/or valve 725 for receiving fluid
exhausted from the system. The reservoir 735 may include
a level gauge, such as a sight glass, to indicate the level of
fluid in the reservoir 735. The reservoir 735 may also include
a level sensor that is in communication with the controller
assembly 220 and is operable to monitor in real-time the
level of fluid in the reservoir 735. In the event that the level
of fluid falls below a predetermined limit (e.g. pre-set limit),
due to evaporation of the fluid for example, the level sensor
may provide an alarm to alert an operator on-site at the
wellhead control system 100 and/or at the remote location
via the controller assembly 220 and the computer system
150. The controller assembly 220 may automatically shut in
the wellhead control system 100 upon receiving a signal
from the level sensor.

As set forth herein, the signal from the pressure transducer
280 may be recorded and/or communicated to the computer
system 150 via the controller assembly 220 to provide
real-time monitoring of the pressure in the flow line 135. The
measured pressure may be displayed on the display screen
224 and/or on a display screen of the computer system 150.
In response to the comparison of the measured pressure to
one or more predetermined conditions, the controller assem-
bly 220 may be configured to operate the respective safety
valve 120, 130 to which it is connected. For example, the
controller assembly 220 may be used to direct the compres-
sor assembly 740 to supply pneumatic fluid, such as ambient
air, to the surface safety valve 120 to open the valve. Upon
receiving the signal from the controller assembly 220, the
valve assembly 720 may be configured to open a circuit
defined by lines 211, 215 between the surface safety valve
120 and the filter/dryer assembly 705 to allow the compres-
sor assembly 740 to direct fluid from the fluid entering the
filter/dryer assembly 705 to the surface safety valve 120,
thereby opening the surface safety valve 120. The surface
safety valve 120 may be maintained in the open position
while the pressure transducer 280 continuously monitors the
pressure in the flow line 135. The controller assembly 220
may be programmed to close the surface safety valve 120
upon receiving a signal from the pressure transducer 280
that corresponds to a pressure measurement that is greater
than or less than a pre-set pressure range. The pre-set
pressure range may be input into the controller assembly 220
by manual entry using the keypad 226 and the display screen
224. The pre-set pressure range may also be input into the
controller assembly 220 remotely from the computer system
150. When the signal is received from the pressure trans-
ducer 280 that the pressure in the flow line 135 falls outside
of the pre-set pressure range stored in the microprocessor
unit 222, the controller assembly 220 may automatically
direct the compressor assembly 740 to stop supplying pres-
surized fluid to the surface safety valve 120 and/or allowing
the valve assembly 720 to exhaust the pneumatic fluid,
thereby closing the surface safety valve 120. Continuous
real-time monitoring of the pressure in the flow line 135 may
be used to verify that the surface safety valve 120 has been
closed.

Power may be provided to the controller assembly 220
and the compressor assembly 740 from the power source
230. The power source 230 may be operable to provide a low
current (amp) stream to the controller assembly 220 and/or
the compressor assembly 740. The controller assembly 220
is configured to control the pressure switch 710, which can
be visually inspected to monitor the pressure in the line 211.
In one embodiment, the pressure switch 710 may be con-
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figured to shut off the compressor assembly 740 when the
pressure in the actuator of the safety valves 120, 130 reaches
a predetermined pressure setting.

FIG. 14 illustrates a well control system 800 at a wellsite
for conducting a wellbore operation, such as a fracturing
operation. The well control system 800 may be configured
with one or more of the control systems 200, 300, 700 as
described herein. The well control system 800 includes a
fluid supply 810, such as a reservoir or tank, or a vehicle
comprising a storage tank for storing fluid. A pump 820, or
other fluid drive assembly, is provided for pumping fluid
from the fluid supply 810 to a well. In particular, fluid from
the fluid supply 810 is pumped through flow or fluid line 811
to a manifold 830, which directs the pressurized fluid to one
or more wellheads 840, 841, 842, 843 via fluid lines 831,
832, 833, 834, respectively. As illustrated, the wellhead 840
may control the pressurized fluid flow into a well 850 that
intersects a formation 860 for conducting a fracturing opera-
tion as conventionally known in the art.

A fluid line 812 is in fluid communication with the fluid
line 811 at a location downstream of the pump 820. The fluid
line 812 may also be in fluid communication with the fluid
supply 810 or with any other fluid reservoir type assembly.
The safety valve 120 is in-line with the fluid line 812 for
controlling fluid flow from the fluid line 811 to the fluid
supply 810. The safety valve 120 may be configured as a
fail-safe open relief valve or a fail-safe close safety valve,
and is operable using one or more of the control systems
200, 300, 700. The safety valve 120 is operable using a
pneumatic/hydraulic working fluid, which may be supplied
from a fluid reservoir internal or external of the control
systems 200, 300, 700 (as described herein) and/or from the
fluid supply 812 directly or via one of the fluid lines. The
transducer 280, such as a pressure transducer, measures the
pressure in the fluid line 812 and communicates the mea-
sured characteristic to the controller assemblies of the con-
trol systems 200, 300, 700, which compare the measured
characteristic to one or more predetermined conditions. The
computer system 150 enables remote monitoring, control
and operation of the safety valve 120 using the control
systems 200, 300, 700 as described herein.

In one embodiment, one or more fluid lines 812 may be
provided for fluid communication between fluid lines 811,
831, 832, 833, 834 (including the manifold and/or well-
heads) and the fluid supply 810 or other fluid reservoir. In
one embodiment one or more safety valves 120 and/or
control systems 200, 300, 700 may provided in-line with one
or more of the fluid lines 811, 831, 832, 833, 834 (including
the manifold and/or wellheads). In one embodiment, one or
more transducers 280 may be provided for measuring physi-
cal properties (e.g. pressure, temperature, flow rate, flow
volume, etc.) of one or more of the fluid lines 811, 831, 832,
833, 834 (including the manifold and/or wellheads).

In operation, the pump 820 may be actuated to pump fluid
from the fluid supply 810 to the manifold 830 via fluid line
811. The safety valve 120 may be actuated into a closed
position using a working fluid as directed by the control
systems 200, 300, 700 to prevent or substantially restrict
fluid flow through fluid line 812. The pressurized fluid may
therefore be directed from the manifold 830 to the wellheads
840, 841 842, 843 via fluid lines 831, 832, 833, 834 for
conducting a fracturing operation, such as in well formation
860. The safety valve 120 may be continuously monitored
remotely using the computer system 150. The transducer
280 may also continuously monitor and measure physical
properties, such as fluid pressure, in fluid line 811 and
communicate the measured physical properties to the control
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system 200, 300, 700 for comparing to one or more prede-
termined conditions. In the event that the pressure in the
fluid line 811 exceeds a predetermined condition (as pro-
grammed into the controller assembly of the control sys-
tem), the control system is operable to release the working
fluid from maintaining the safety valve 120 in the closed
position, and the safety valve 120 is operable to automati-
cally move into the open position (such as by spring 418 or
other biasing member) to relieve the pressure in the fluid line
811 and dump the pressurized fluid back into the fluid supply
810 or other reservoir via fluid line 812. The well control
system 800 is therefore operable to prevent over pressur-
ization or other conditions of the fluid lines 811, 831, 832,
833, 834 (including the manifold and/or wellheads) that can
lead to failure.

After any remedial operations necessary to remove any
restriction to flow to the wellheads, the control system 200,
300, 700 may be operable to actuate the safety valve 120 into
the closed position to continue with one or more wellbore
operations. Advantages of the well control system 800
include the ability to relieve high fluid volume, flow, and
pressure quickly, efficiently, and repeatedly to prevent fail-
ure of the wellbore system. Additional advantages include
the ability to remotely monitor and control the system 800.

In one embodiment, the control system 200, 300, 700 may
be configured to actuate the safety valve 120 at a predeter-
mined condition, such as a set pressure, which is below the
rated working pressure of one or more of the fluid lines,
manifolds, and/or wellheads. In the event that the pressure in
the fluid lines reach or exceed the predetermined set pressure
(as measured by the transducer 280), the control system 200,
300, 700 will actuate the safety valve 120 into the open
position to relieve the excessive fluid pressure. In one
embodiment, the control system 200, 300, 700 may be
configured with a predetermined condition, such as a reset
pressure. For example, in the event of actuation of the safety
valve 120 due to a failure, the control system 200, 300, 700
may prevent operation of the safety valve 120 back into the
closed position until the transducer 280 measures the pre-
determined reset pressure in the fluid lines.

In one embodiment, the control system 200, 300, 700 may
be configured to actuate the safety valve 120 in anticipation
of a failure. For example, the control system 200, 300, 700
may include an electronic wave generator for generating a
wave signal that corresponds to fluid flow volume, rate,
pressure, etc., and which is monitored by the controller
assembly for any changes or fluctuations that indicate a
failure at one or more points in the well control system 800.
In the event of an indication of failure, the control system
200, 300, 700 can operate the safety valve 120 for actuation
into the open position.

In one embodiment, the control system 200, 300, 700 can
monitor, track, and record the operation of the safety valve
120 and/or the transducer 280 measurements. In one
embodiment, the control system 200, 300, 700 may be
configured with one or more mechanical and/or electrical
overrides for independent, manual, or direct operation of the
safety valve 120. In one embodiment, a transducer 280 may
be coupled to the safety valve 120 to monitor the working
pressure within the valve actuator, which can help determine
life of the valve, force required to actuate, and whether
maintenance is required.

In one embodiment, the control system 200, 300, 700 may
be configured to trigger or actuate one or more alarms or
alerts (audio/visual) to indicate a potential or actual failure;
that the safety valve 120 has been actuated; and/or one or
more other conditions have been detected, such as H2S (or
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other harmful gases), fire, and/or damage to the control
system. In one embodiment, the alarms or alerts may be
communicated through the computer system 150. In one
embodiment, the control system 200, 300, 700 may be
configured to prevent remote operation in the event that the
safety valve 120 has been actuated, and may require manual
re-setting of the system.

In one embodiment, the control system 200, 300, 700 may
include a geographical positioning system for tracking the

26

a fluid supply;

a first fluid line in fluid communication with the fluid
supply;

a pump in fluid communication with the first fluid line and
configured to pump fluid from the fluid supply to one
or more wellheads through the first fluid line;

a second fluid line in fluid communication with the first
fluid line at a location downstream of the pump and
configured to return fluid from the first fluid line to the

location of the control system and the safety valves, which 10 fluid supply or another reservoir;

may be displayed, monitored, and tracked using the com- a safety valve in-line with the second fluid line and having

puter system 100. In one embodiment, the control system a gate normally maintained in a closed position to close

200, 300, 700 may store information related to a particular fluid flow through the second fluid line;

wellbore operation, including maintenance and operational a valve actuator configured to move the gate into the

history, employee contact information, and/or status of the 15 closed position by fluid supplied into the valve actuator

safety valve. In one embodiment, the control system 200, and configured to move the gate into an open position

300, 700 may be configured to open and/or close the safety by a biasing member disposed in the valve actuator;

valve 120 within a predetermined time frame. In one an electronic controller assembly programmed with a

embodiment, the control system 200, 300, 700 may be predetermined condition and configured to receive a

configured to actuate the safety valve 120 at one or more 20 signal from a transducer connected to the first fluid line,

predetermined time intervals. wherein the signal corresponds to a measured physical
FIG. 15 illustrates the well control system 800 according property;

to one embodiment. The well control system 800 includes a a valve assembly in communication with the controller

gate valve 402 and a valve actuator 401, the operations of assembly; and

which are described above with respect to at least FIGS. 25 a fluid drive assembly in communication with the controller

4-12. A pilot valve 870 (or other functionally similar type of
mechanical, electrical, and/or hydraulic sensor) may be
coupled to the valve actuator 401, and may be operable to
control fluid communication between the valve actuator 401
and a fluid reservoir 875 via fluid line 872. A pump 876 may
be provided to pump actuator fluid from the reservoir 875 to
the valve actuator 401 to actuate the valve 402 into the
closed position.

Upon actuation of the pilot valve 870, the actuator fluid
may be released from the valve actuator 401 back to the
reservoir 875, such that the valve 402 may be automatically
biased into the open position. The pilot valve 870 may be
actuated by fluid pressure via fluid line 871, which is in
communication with fluid line 811. In the event that fluid

30

35

assembly, wherein the controller assembly is operable to
actuate the fluid drive assembly to supply fluid into the valve
actuator to move the gate into the closed position, and
wherein the controller assembly is operable to actuate the
valve assembly in response to a comparison of the measured
physical property to the predetermined condition to release
the fluid from the valve actuator so that the biasing member
moves the gate into the open position, forces the fluid out of
the valve actuator, and thereby opens fluid flow through the
second fluid line to return fluid in the first fluid line back to
the fluid supply or another reservoir.

2. A control system for controlling fluid flow through a
flow line at a wellsite, the control system comprising:

a fluid supply;

pressure directed to the wellheads 840-843 exceeds a pre- 40  a first fluid line in fluid communication with the fluid
determined amount, the fluid pressure will actuate the pilot supply;

valve 870 (via fluid line 871) to release the actuator fluid a pump in fluid communication with the first fluid line and
from the valve actuator 401 to the reservoir 875 (via fluid configured to pump fluid from the fluid supply to one
line 872), and thereby automatically bias the valve 402 into or more wellheads through the first fluid line;

the fail safe open position to release the excessive fluid 45  a second fluid line in fluid communication with the first
pressure back to the fluid supply 810 (via fluid line 812) as fluid line at a location downstream of the pump and
described above. configured to relieve fluid from the first fluid line;

In one embodiment, the pilot valve 870 may operate as a a safety valve in-line with the second fluid line and
check valve or one-way valve when in an un-actuated or first normally maintained in a closed position to close fluid
position, to allow actuator fluid to be pumped into the valve 50 flow through the second fluid line;
actuator 401 while preventing actuator fluid flow out of the a valve actuator configured to move the safety valve into
valve actuator 401. When the pilot valve 870 is in an the closed position by fluid supplied to the valve
actuated or second position, actuator fluid may flow out of actuator and configured to move the safety valve into
the valve actuator 401 to the reservoir 875. The pilot valve an open position by a biasing member disposed in the
870 may monitor and be in communication with the fluid 55 valve actuator;
pressure in any one of the flow lines 811 and 830-834. In one an electronic controller assembly programmed with a
embodiment, the actuator fluid may be forced into the predetermined condition and configured to receive a
reservoir 875 by the biasing member 418 acting on the signal from a transducer connected to the first fluid line,
operating member 412 as described above. wherein the signal corresponds to a measured physical

While the foregoing is directed to embodiments of the 60 property;
invention, other and further embodiments of the invention a valve assembly in communication with the controller
may be devised without departing from the basic scope assembly; and
thereof, and the scope thereof is determined by the claims a fluid drive assembly in communication with the con-
that follow. troller assembly, wherein the controller assembly is

The invention claimed is: 65 operable to actuate the fluid drive assembly to supply

1. A control system for controlling fluid flow through a
flow line at a wellsite, the control system comprising:

fluid to the valve actuator to move the safety valve into
the closed position, and wherein the controller assem-
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bly is operable to actuate the valve assembly in
response to a comparison of the measured physical
property to the predetermined condition to release fluid
from the valve actuator so that the biasing member
moves the safety valve into the open position, forces
fluid out of the valve actuator, and thereby opens fluid
flow through the second fluid line to relieve fluid from
the first fluid line.

3. The system of claim 2, further comprising a housing for

28

a valve actuator configured to actuate the safety valve,
an electronic controller assembly,
a fluid drive assembly, and
a valve assembly;

supplying fluid to the valve actuator using the fluid drive
assembly to actuate the valve actuator to move the
safety valve into a closed position;

maintaining the safety valve in the closed position to close
fluid flow through the second fluid line;

monitoring a physical property in the first fluid line using

ts}llls%ourit(iin(gir?\iz ng;;?élle; assembly, the valve assembly, and 10 the .controller assembly: and .

4. The system of claim 3, wherein the fluid supplied into actuating the valve e}ssembly using the controller assem-
the valve actuator by the fluid drive assembly is supplied bb’ .to release ﬂulfi from t.he valve actuator so that a
from a reservoir disposed outside of the housing. biasing member .dlsposed in the \./e.llve actuator moves

5. The system of claim 2, wherein the fluid drive assembly 15 the safety valve into an open position, forces fluid out
is a compressor and the fluid is a pneumatic fluid. of the valve actuator, agd thereby opens fluid ﬂow

6. The system of claim 2, wherein the fluid drive assembly through the. second ﬂu}d line based upon a comparison
is a pump and the fluid supplied into the valve actuator by Siég?ﬁl;flgorgis:}gggl fféi?igz Itiorsetl g;?geltif:lmed
the fluid drive assembly is a hydraulic fluid. 50  14. The method of claim 13, wherein the fluid suppli.ed to

7. The system of claim 2, further comprising a power
source for supplying power to the controller assembly, the
valve assembly, and the fluid drive assembly.

8. The system of claim 2, further comprising a housing for
supporting the fluid drive assembly, and a filter attached to
the housing for filtering fluid entering the housing by the
fluid drive assembly.

9. The system of claim 2, wherein the fluid supplied into
the valve actuator by the fluid drive assembly is ambient air.

10. The system of claim 2, wherein the controller assem-
bly is operable to communicate a signal corresponding to the
measured physical property to a remote computer system.

11. The system of claim 2, wherein the controller assem-
bly is a programmable logic controller.

12. The system of claim 2, wherein the measured physical
property is pressure in the first fluid line.

13. A method for controlling fluid flow through a flow line
at a wellsite, the method comprising:

providing a control system comprising:

a fluid supply;

a first fluid line in fluid communication with the fluid
supply;

a pump in fluid communication with the first fluid line
and configured to pump fluid from the fluid supply to
one or more wellheads through the first fluid line;

a second fluid line in fluid communication with the first
fluid line at a location downstream of the pump and
configured to relieve fluid from the first fluid line;

a safety valve in-line with the second fluid line,

25

30

35

40

45

the valve actuator by the fluid drive assembly is a pneumatic
fluid disposed external to the housing, and further compris-
ing filtering the pneumatic fluid as it enters the housing by
the fluid drive assembly.

15. The method of claim 13, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a hydraulic
fluid disposed in a reservoir within the housing that is in
fluid communication with the fluid drive assembly.

16. The method of claim 13, further comprising measur-
ing the physical property using a transducer configured to
communicate a signal corresponding to the measured physi-
cal property to the controller assembly.

17. The method of claim 13, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a pneumatic
fluid, and wherein the fluid drive assembly is a compressor.

18. The method of claim 13, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a hydraulic
fluid, and wherein the fluid drive assembly is a pump.

19. The method of claim 13, further comprising commu-
nicating a signal from the controller assembly to a remote
computer system, wherein the signal corresponds to an
operational characteristic of the safety valve.

20. The method of claim 13, further comprising actuating
the safety valve by communicating a signal from a remote
computer system to the controller assembly.

21. The method of claim 13, wherein the measured
physical property is pressure in the first fluid line.

ok ok k%
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SAFETY VALVE CONTROL SYSTEM AND
METHOD OF USE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/480,704, filed May 25, 2012, which claims
benefit of U.S. Provisional Patent Application Ser. No.
61/551,319, filed Oct. 25, 2011 and is a continuation-in-part
of co-pending U.S. patent application Ser. No. 13/195,662,
filed Aug. 1, 2011, which claims benefit of U.S. Provisional
Patent Application Ser. No. 61/370,721, filed Aug. 4, 2010,
and U.S. Provisional Patent Application Ser. No. 61/415,
238, filed Nov. 18, 2010, the disclosures of which are herein
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of the invention relate to a wellhead control
system for oil and gas wells. In particular, embodiments of
the invention relate to systems and methods of an emergency
shut down control system for surface and subsurface safety
valves. Embodiments of the invention further relate to
systems and methods of a relief valve control system.

Description of the Related Art

A wellhead system may be used to control the flow of
fluids recovered from an oil and gas well in a safe and
efficient manner. The wellhead system may include a variety
of flow control devices, such as valves, which are operable
direct fluid flow through a tubing system connected to the
wellhead system. Fluids can be directed downstream of the
wellhead system via the tubing system for further processing
and/or storage.

The wellhead system may include surface and subsurface
safety valves that are connected to the tubing system and are
operable to shut off fluid flow through the tubing system in
the event of an emergency in the well or at a location
downstream of the wellhead system. Prior art safety valves
are generally in fluid communication with the tubing system,
and utilize the fluids therein for operation. For example, the
pressure in the tubing system may be directly tied into the
safety valves to actuate the valves into an open position,
thereby allowing fluid flow through the system. In the event
of an emergency, such as a rupture in the tubing system
downstream of the safety valve or a drop in pressure in the
well, as the pressure in the tubing system drops, so does the
pressure in the safety valves. The safety valves are config-
ured to move into a closed position after the pressure therein
falls below a minimum pressure, thereby closing fluid flow
through the tubing system and shutting in the wellhead
system. Some safety valves may also be equipped with relief
valves that are operable to block pressure from entering the
valve and exhaust the pressure in the valve, thereby allowing
the valve to move into a closed position.

There are numerous drawbacks to the prior art safety
valve systems. One drawback includes the reliance of the
safety valves on fluid pressure in the tubing system. These
safety valves cannot be unilaterally operated as desired.
Another drawback includes regular, manual maintenance of
the safety valves to ensure that they are fully operational.
Another drawback includes the potential pollution to the
environment when fluid in the safety valves are exhausted
into the atmosphere.

In some wellbore operations, such as when conducting a
fracking operation, a high volume pressurized fluid is
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pumped to a manifold, which directs the fluid to one or more
wells for fracturing the formation below. In the event that
flow through the flow or fluid lines to the manifold and/or in
the wells experience an interruption or become plugged, the
highly pressurized fluid volume can cause catastrophic fail-
ure of the fluid lines, the wells, and any other equipment
surrounding the wellsite, which can even potentially harm
workers at the wellsite. Conventional relief valve systems
are inefficient at detecting a failure, have slow response
times, and/or are only one-time use, which require complete
replacement in the event of operation.

Therefore, there is a need for a new and improved safety
control valve system that is self reliant, can be remotely
operated and monitored real-time, and can automatically
shut in and/or relieve a wellhead system in the event of an
emergency or when desired.

SUMMARY OF THE INVENTION

In one embodiment, a control system for controlling a
safety valve attached to a flow line at a wellsite is provided.
The control system includes a housing. The control system
further includes a controller assembly disposed within the
housing. The controller assembly is configured to receive a
signal from a transducer connected to the flow line, wherein
the signal corresponds to a measured physical property.
Further, the control system includes a valve assembly dis-
posed within the housing and in communication with the
controller assembly. The control system further includes a
compressor assembly disposed within the housing and in
communication with the controller assembly. Additionally,
the control system includes a power source disposed within
the housing. The power source is configured to supply power
to the controller assembly, the valve assembly, and the
compressor assembly. The controller assembly is operable to
cause the compressor assembly to supply pneumatic fluid to
the safety valve to actuate the safety valve to an open
position, wherein the controller assembly is operable to
cause the valve assembly to actuate the safety valve to a
closed position.

In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite is provided. The
method includes the step of positioning a control system
adjacent the safety valve. The control system has a controller
assembly, a compressor assembly, and a power source
disposed within a housing of the control system. The method
further includes the step of supplying pneumatic fluid from
the compressor assembly to the safety valve to open the
safety valve. The method also includes the step of receiving
a signal in the controller assembly corresponding to a sensed
physical property in the flow line. Additionally, the method
includes the step of closing the safety valve in response to
a comparison of the sensed physical property to a pre-set
condition.

In one embodiment, a control system for controlling a
safety valve attached to a flow line at a wellsite may
comprise a controller assembly configured to receive a
signal from a transducer connected to the flow line, wherein
the signal corresponds to a measured physical property; a
valve assembly in communication with the controller assem-
bly; and a fluid drive assembly in communication with the
controller assembly, wherein the controller assembly is
operable to actuate the fluid drive assembly to supply fluid
to the safety valve to actuate the safety valve to a first
position, and wherein the controller assembly is operable to
actuate the valve assembly to actuate the safety valve to a
second position.
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In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite may comprise
providing a control system for positioning adjacent to the
safety valve, wherein the control system includes a housing,
a controller assembly, a fluid drive assembly, and a valve
assembly; supplying fluid to the safety valve using the fluid
drive assembly to actuate the safety valve into a first
position; monitoring a physical property in the flow line
using the controller assembly; and actuating the valve
assembly using the controller assembly to actuate the safety
valve into a second position based upon a comparison of the
monitored physical property to a predetermined condition.

In one embodiment, a method for controlling a safety
valve attached to a flow line at a wellsite may comprise
providing a remotely operable control system for positioning
adjacent to the safety valve; actuating the safety valve into
a closed position using the control system; monitoring fluid
pressure in the flow line using a transducer in communica-
tion with the control system while maintaining the safety
valve in the closed position; and actuating the safety valve
into an open position using the control system when the
monitored fluid pressure reaches or exceeds a predetermined
fluid pressure to relieve fluid pressure in the flow line.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the invention can be understood in detail, a more particular
description of the invention, briefly summarized above, may
be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit
to other equally effective embodiments.

FIG. 1 illustrates a wellhead control system according to
one embodiment.

FIG. 2 illustrates a safety valve control system according
to one embodiment.

FIG. 3 illustrates a surface safety valve according to one
embodiment.

FIG. 4 is a sectional view of a gate valve, an actuator, a
mechanical override, and a safe mode indicator.

FIG. 5 is a sectional view of the gate valve in an open
position after a manual operation of the mechanical override.

FIG. 6 is a sectional view of the gate valve in the open
position after an automatic operation of the actuator and
with the safe mode indicator indicating that the gate valve is
operating in a safe mode.

FIG. 7 is a sectional view of the gate valve in the open
position after the automatic operation of the actuator, the
mechanical override having been partially actuated, and the
safe mode indicator indicating that the gate valve is not
operating in the safe mode.

FIG. 8 is a cross-sectional view of the mechanical over-
ride along section line 8-8 in FIG. 4.

FIG. 9 is a sectional view of the gate valve in an open
position after an automatic operation of the actuator.

FIGS. 10A-10H and 11-11D illustrate a valve assembly
according to one embodiment.

FIG. 12 is a sectional view of a valve in a fail-safe opened
position.

FIG. 13 illustrates a safety valve control system according
to one embodiment.

FIG. 14 illustrates a well control system according to one
embodiment.
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FIG. 15 illustrates the well control system according to
one embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a wellhead control system 100 of an
oil/gas well according to one embodiment. The wellhead
control system 100 is configured to control the recovery of
fluids, such as hydrocarbons, from a reservoir through a
primary wellbore 105. The wellhead control system 100
includes a tree 110 having a series of valve and flow control
devices, a surface safety valve 120 in communication with
the tree 100 via tubing 115, and a subsurface safety valve
130 in communication with the tree 100 via tubing 125. The
subsurface safety valve 130 may also be in communication
with a well production flow line 145 used to recover oil
and/or gas from the oil/gas well. The surface safety valve
120 may also be in communication with a surface produc-
tion flow line 135 used to direct any recovered fluids to one
or more locations downstream of the wellhead control
system 100 for further processing and/or storage. In one
embodiment, the safety valves 120, 130 may include pneu-
matically or hydraulically actuated valves. In one embodi-
ment, the safety valves 120, 130 may include pneumatic
valves that are operated using hydraulic fluid. Each of the
safety valves 120, 130 may include a self contained emer-
gency shut down (“ESD”) control system, identified as items
200, 300, and 700, respectively, that (1) may be operable to
automatically close the safety valves 120, 130; (2) may be
operable to be continuously monitored and/or operated
(opened and closed) in real-time from a remote location; and
(3) may be operable to verify at all times the operating
condition/characteristics of the safety valves 120, 130, and
various other components of the control system.

The ESD control systems 200, 300 may be “self-con-
tained,” which means that they do not depend on any
external pneumatic, hydraulic, mechanical, or electrical
sources for their operation to shut down the oil/gas well. For
example, if there is a rupture of a production flow line
downstream from the surface safety valve 120, and/or if
there is a loss of well pressure at the subsurface safety valve
130, the ESD control systems 200, 300 are operable to
effectively close the safety valves 120, 130, thereby shutting
in the oil/gas well, and alert the appropriate personnel that
a shut-in has occurred without the assistance of any addi-
tional external pneumatic, hydraulic, mechanical, or electri-
cal power sources. All of the operating fluids and mecha-
nisms necessary to operate the safety valves 120, 130 are
maintained within the ESD control systems 200, 300 so that
there is no pollution of the environment, and so that any
fluids and/or gases from the oil/gas well may be effectively
contained therein without any additional external dependen-
cies.

FIG. 2 illustrates the ESD control system 200 according
to one embodiment. Embodiments of the ESD control sys-
tem 200 described herein are equally applicable to the ESD
control system 300 (and vice versa). The ESD control
system 200 may include a housing 210 for supporting a
controller assembly 220, a power source 230, a pump
assembly 240, a fluid reservoir 250, a valve assembly 260,
and a solar panel assembly 270. The ESD control system 200
may also include one or more transducers/devices 280, 282,
284, 286, and 288 for monitoring and/or measuring one or
more physical properties (further described below). In
embodiment, the ESD control system 200 may be config-
ured to control one or more valves, such as flow control
valves or choke valves, that are in communication with the
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flow lines of the valves 120, 130 to control fluid flow
through the wellhead control system 100

The housing 210 may include any structural support
member, such as an explosion-proof container, for protect-
ing the components stored therein from damage and envi-
ronmental elements. Appropriate ventilation of the housing
210 may be provided by ventilation holes and/or an inde-
pendent solar powered fan mounted in or through the
housing 210. The housing 210 may further include an access
panel or door for ease of access to the housing’s interior, and
may be configured for attachment to the tree 110 or the
respective surface and subsurface safety valve 120, 130. One
or more manifold assembles 212, 214, 216 may be provided
on the housing 210 for fluid and/or electrical connections
between the housing 210 (and the components within the
housing 210) and the safety valves 120, 130, the solar panel
assembly 270, and the transducer 280. In one embodiment,
the manifold assembly 216 includes a solar converting
charger device. In one embodiment, the structural compo-
nents of the ESD control systems 200, 300, to the extent
possible, may be made from stainless steel.

The controller assembly 220 may be disposed in the
housing 210 and may include a microprocessor unit 222, a
display screen 224, and a keypad 226. In one embodiment,
the controller assembly 220 may be weather-proof, and may
be intrinsically safe to provide power as necessary to one or
more components of the ESD control systems 200, 300. In
one embodiment, the controller assembly 220 may be posi-
tioned external to and/or adjacent to the housing 210. The
microprocessor unit 222 may include a programmable logic
controller, including a supervisory control and data acqui-
sition system (SCADA) that is in communication with the
one or more transducers/devices 280, 282, 284, 286, and
288, as well as the pump and valve assemblies 240, 260. The
microprocessor unit 222 may include a current regulator to
provide low current transmission between the controller
assembly 220 and the various components of the control
system. A watchdog sensor 228 may be used to monitor the
operation of the microprocessor unit 222 and provide an
alarm in the event of a failure. The controller assembly 220
may be operable to send and receive signals with a computer
system 150 (such as a desktop computer, laptop computer, or
personal digital assistant (PDA)) at a remote location from
the wellhead control system 100. In one embodiment, the
signals may be sent and/or received between the controller
assembly 220 and the computer system 150 via wired and/or
wireless telemetry means, including but not limited to elec-
trical wires, fiber optical cables, radio frequency, infrared,
microwave, satellite, and/or laser light communication. In
this manner, the ESD control systems 200, 300, 700 can be
monitored and operated remotely from one or more loca-
tions on-site or off-site relative to the wellhead control
system 100. In one embodiment, the ESD control systems
200, 300, 700 may be configured for manual and/or remote
operation on-site at the wellhead control system 100. In one
embodiment, the controller assembly 220 may be pro-
grammed with one or more trigger points, such as upstream
and/or downstream high and/or lower pressure points, that
will automatically trigger operation of the ESD control
system 200, 700 upon sensing a pressure outside of the
trigger point ranges. In one embodiment, the controller
assembly 220 may be configured with a “master/slave”
polling protocol or a “master/master” polling protocol as
known in the art to retrieve and communicate information
regarding the ESD control system 200, 700 as desired.

In one embodiment, the controller assembly 220 may be
in communication with a pressure transducer 280 that is
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connected to the surface production flow line 135 as illus-
trated in FIG. 1. The pressure transducer 280 can measure
the pressure in the flow line 135 and communicate a signal
corresponding to the measured pressure to the controller
assembly 220. The pressure transducer 280 can be connected
at various other locations within the wellhead control system
100, such as at the tree 110 or the tubing 115, 125. In one
embodiment, the transducer 280 can be used to measure
fluid flow rate or detect hydrogen sulfide. In one embodi-
ment, one or more transducers 280 may be used to measure
and/or detect additional well characteristics at the wellhead
control system 100 and communicate the measured/detected
well characteristics to the controller assembly 220 via a
signal corresponding to the measurement or detection for
comparison to one or more predetermined conditions.

Regarding the pressure transducer 280, the signal may be
recorded and/or communicated to the computer system 150
via the controller assembly 220 to provide real-time moni-
toring of the pressure in the flow line 135. The measured
pressure may be displayed on the display screen 224 and/or
on a display screen of the computer system 150. In response
to the measured pressure, the controller assembly 220 may
be configured to operate the respective safety valve 120, 130
to which it is connected. For example, the controller assem-
bly 220 may be used to direct the pump assembly 240 and
the valve assembly 260 to supply fluid from the fluid
reservoir 250 to the surface safety valve 120 to open the
valve. Upon receiving the signal from the controller assem-
bly 220, the valve assembly 260 may be configured to open
a circuit defined by lines 211, 213, 215 between the surface
safety valve 120 and the fluid reservoir 250 to allow the
pump assembly 240 to direct pressurized fluid from the fluid
reservoir 250 to the surface safety valve 120, thereby
opening the surface safety valve 120. The surface safety
valve 120 may be maintained in the open position while the
pressure transducer 280 continuously monitors the pressure
in the flow line 135. The controller assembly 220 may be
programmed to close the surface safety valve 120 upon
receiving a signal from the pressure transducer 280 that
corresponds to a pressure measurement that is greater than
or less than a predetermined condition, such as a pre-set
pressure range. The pre-set pressure range may be input into
the controller assembly 220 by manual entry using the
keypad 226 and the display screen 224. The pre-set pressure
range may also be input into the controller assembly 220
remotely from the computer system 150. When the signal is
received from the pressure transducer 280 that the pressure
in the flow line 135 falls outside of the pre-set pressure range
stored in the microprocessor unit 222, the controller assem-
bly 220 may automatically direct the valve assembly 260
and/or the pump assembly 240 to return the fluid from the
surface safety valve 120 to the fluid reservoir 250. Upon
receiving the signal from the controller assembly 220, the
valve assembly 260 may be configured to open a circuit
defined by lines 211, 217 between the surface safety valve
120 and the fluid reservoir 250 to allow the pressurized fluid
to dump into the fluid reservoir 250, thereby closing the
surface safety valve 120. In one embodiment, a closing
pressure generated by the surface safety valve 120 may be
used to force the fluid into the fluid reservoir 250. Continu-
ous real-time monitoring of the pressure in the flow line 135
may be used to verify that the surface safety valve 120 has
been closed.

The ESD control systems 200, 300, 700 may be adjusted
at anytime and can be configured to shut in the wellhead
control system 100 at anytime manually and/or remotely. In
particular, the microprocessor unit 222 can be programmed
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with one or more pre-set conditions, manually using the
display screen 224 and keypad 226 and/or remotely via the
computer system 150. The pre-set conditions may be
changed at anytime. And when a signal is received from one
or more of the various transducers/devices and/or the com-
puter system 150 that conflicts with the pre-set conditions
when compared, the controller assembly 220 may be oper-
able to automatically close the safety valve 120, 130 to
which it is connected. The controller assembly 220 may be
operable when the signal is above the pre-set condition or
when the signal is below the pre-set condition. Continuous
real-time monitoring of the ESD control systems 200, 300,
700 may be used to verify the operating condition/charac-
teristics of the wellhead control system 100 components at
all times.

In one embodiment, the ESD control systems 200, 300,
700 may communicate an auditory, visual, or other similar
type of sensory signal that the wellhead control system 100
has been shut in. In one embodiment, the controller assem-
bly 220 may send a signal to the computer system 150 that
can be converted into an alarm to alert an operator of the
shut-in. In one embodiment, the controller assembly 220
may send a signal to trigger an indication device 282, such
as an auditory and/or visual alarm disposed interior or
exterior of the housing 120, to alert an operator within close
proximity of the wellhead control system 100 of the shut-in.

In one embodiment, the ESD control systems 200, 300,
700 may include an emergency shutdown device 284 manu-
ally and/or remotely operable to automatically give an alarm
and send a signal to the controller assembly 220 to shut in
the wellhead control system 100. In one embodiment, the
ESD control systems 200, 300, 700 may include a fire device
286 that senses heat, and automatically gives an alarm and
shuts in the wellhead control system 100 via the controller
assembly 220 when the measured heat exceeds a certain
temperature. In one embodiment, the ESD control systems
200, 300, 700 may include an anti-intrusion device 288 that
when activated automatically gives an alarm and shuts in the
wellhead control system 100 via the controller assembly
220, for example when a theft is attempted or the control
system sustains some type of structural damage. In one
embodiment, one or more of the transducers 282, 284, 286,
288 may be used to detect hydrogen sulfide (H2S), other
gases and vapors, and/or the level of fluid in one or more
storage tanks that are in fluid communication with the valves
120, 130. Each of the devices 284, 286, 288 may be
continuously monitored real-time using the controller
assembly 220 via the computer system 150 to verify oper-
ating conditions/characteristics of the wellhead control sys-
tem 100.

Power may be provided to the controller assembly 220
and the pump assembly 240 from the power source 230. The
power source 230 may be operable to provide a low current
(amp) stream to the controller assembly 220 and/or the
pump assembly 240. In one embodiment, the power source
230 may include an intrinsically-safe battery, such as a 12 or
24 volt, direct current, explosion-proof power supply. In one
embodiment, the power source 230 may include a watchdog
sensor 232 to communicate to the computer system 150 via
the controller assembly 220 a failure of the power source.
The watchdog sensor 232 may also give an auditory or
visual alarm to alert an operator onsite that the power source
230 is low and/or dead. The controller assembly 220 may be
configured to automatically shut in the wellhead control
system 100 upon receiving a signal from the sensor 232. In
one embodiment, the power source 230 may be a (re-
chargeable) power supply that is supported by the solar
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panel assembly 270. The solar panel assembly 270 may
include one or more solar panels 272 connected to the
exterior of the housing 210 to consume light energy from the
sun to generate electricity. The solar panels 272 may be
connected to the exterior of a housing 730 in the ESD
control system 700. An intrinsically safe voltage controller
274 may deliver electrical current at an appropriate voltage,
12 or 24 volts for example, to the power source 230, which
in turn supplies power to the controller assembly 220 and/or
pump assembly 240. In one embodiment, the solar panel
assembly 270 may be configured to provide enough power
to the ESD control systems 200, 300, 700 to open and close
the safety valves 120, 130 ten or more times from about two
hours of sunlight per day.

In one embodiment, the pump (or fluid drive) assembly
240 may include an intrinsically safe motor 242 and a pump
244, which may each be located in the explosion-proof
housing 210. The pump 244 may include a rotary piston
pump with about a 100 to 10,000 psi range. The pump
assembly 240 may pump pneumatic and/or hydraulic fluid
from the fluid reservoir 250 to actuate the safety valve 120,
130 to which it is connected.

In one embodiment, the fluid reservoir 250 may be
configured to store an amount of operating fluid sufficient to
actuate the safety valve 120, 130 to which it is connected.
The operating fluid may include air, water, propylene glycol,
and other valve operating fluids known in the art. In one
embodiment, the fluid reservoir 250 may include a level
gauge 252, such as a sight glass, to indicate the level of fluid
in the fluid reservoir 250. The fluid reservoir may also
include a level sensor 252 that is in communication with the
controller assembly 220 and is operable to monitor in
real-time the level of fluid in the fluid reservoir 250. In the
event that the level of fluid falls below a pre-set limit, due
to evaporation of the fluid for example, the level sensor 252
may provide an alarm to alert an operator on-site at the
wellhead control system 100 and/or at the remote location
via the controller assembly 220 and the computer system
150. The controller assembly 220 may automatically shut in
the wellhead control system 100 upon receiving a signal
from the level sensor 252.

In one embodiment, the valve assembly 260 may include
one or more (intrinsically safe) valves 262 to control and
direct communication between the pump assembly 240, the
fluid reservoir 250, and the safety valve 120, 130 to which
it is connected. The one or more valves 262 may include
solenoid valves, shuttle valves, and/or any other type of
valves operable to open and close the fluid circuits between
the pump assembly 240, the fluid reservoir 250, and the
safety valve 120, 130 to which it is connected. The valve
assembly 260 may include an internal relief valve and/or
circuit to rapidly expel the fluid from the safety valves 120,
130 to the fluid reservoir 250 to ensure quick closure of the
safety valves 120, 130. The valve assembly 260 may include
one or more gauges, such as pressure gauge 264, which can
be visually inspected to monitor the pressure in the valve
assembly 260 flow lines. In one embodiment, the pressure
gauge 264 may be configured to shut off the pump assembly
240 when the pressure in the actuator of the safety valves
120, 130 reaches a pre-determined pressure setting. The one
or more valves 262 may be controlled by the controller
assembly 220 as described above.

In one embodiment, the display screen 224 and/or one or
more gauges may be mounted through a front panel of the
housing 210, 730 to indicate pressure within the various
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valves and lines in fluid communication with the ESD
control systems 200, 300, 700 and the wellhead control
system 100.

FIG. 3 illustrates a surface safety valve 120 according to
one embodiment. The surface safety valve 120 may include
a valve actuator 122 for moving a gate valve 124 between an
open and closed position. Pressurized fluid from the fluid
reservoir 250 of the ESD control system 200 or pressurized
fluid from the ESD control system 700 may be supplied to
a chamber 123 of the valve actuator 122 via tubing 201 to
open the gate valve 124. A biasing member 127, such as a
spring disposed within the valve actuator 122 may be used
to close the gate valve 124 when the force of the biasing
member exceeds the fluid pressure in the valve actuator
chamber 123. The valve actuator 122 may also include a top
shaft 126 that can be used to manually actuate the valve
actuator 122 by rotation of a hand wheel 128 to open and
close the gate valve 124. The top shaft 126 may also be used
as a visual indication to determine whether the gate valve
120 is in an open or closed position. For example, when the
top shaft 126 is fully extended outward from the upper end
of the valve actuator 122, the gate valve 124 may be in a
closed position, and when the top shaft 126 is retracted into
the upper end of the valve actuator 122, the gate valve 124
may be in an open position.

In one embodiment, the ESD control systems 200, 300,
700 may include a position indication assembly 290 that is
operable to indicate whether the surface safety valve 120 is
in an open or closed position, including any partial open/
closed position therebetween, based on the location of the
top shaft 126. As illustrated in FIG. 3, when the top shaft 126
is in a fully extended position, the surface safety valve 120
is in the closed position. As the surface safety valve 120
begins to open and is moved either manually or automati-
cally to the open position, the top shaft 126 will retract into
the upper end of the valve actuator 122. The position
indication assembly 290 may include one or more sensors
292 operable to sense the extension and retraction of the top
shaft 126. The sensors 292 may communicate a signal to the
controller assembly 220 corresponding to the measured
position, which may then send a signal to the computer
system 150 and display the measured position on a display
screen. In this manner, an operator can continuously monitor
and verify the position of the surface safety valve 120 at all
times. The position indication assembly 290 can also be used
to verify that the surface safety valve 120 is closed in the
event that one of the other ESD control system 200, 700
components initiated a shut-in of the wellhead control
system 100. In one embodiment, the sensors 292 may
include magnetic sensors operable to sense a magnetic
material of the top shaft 126. For example, one or more
sensors 292 may be positioned at various locations along the
longitudinal stroke of the top shaft 160 during opening and
closing of the gate valve 124. When the top shaft 160 is fully
extended, all of the sensors 292 may sense the magnetic
material of the shaft, thereby indicating that the gate valve
124 is closed. However, when the top shaft 160 is fully
retracted, only the sensors 292 closest to the upper end of the
valve actuator 122 may sense the magnetic material of the
shaft, thereby indicating that the gate valve 124 is open. In
one embodiment, the sensors 292 may include other types of
position sensors known in the art to monitor and measure the
position of the top shaft 126.

In one embodiment, the ESD control system 200, 300,
700 can be used to partially stroke the safety valves 120,
130. In one embodiment, the controller assembly 220 may
be configured to direct the pump assembly 240 and valve
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assembly 260 to supply an amount of operating fluid to the
safety valves 120, 130 to partially open the safety valves. In
one embodiment, the controller assembly 220 may be con-
figured to direct the pump assembly 240 and valve assembly
260 to return an amount of operating fluid from the safety
valves 120, 130 to partially close the safety valves. The
controller assembly 220 may be programmed to automati-
cally conduct a partial stroke of the safety valves 120, 130
after a pre-set amount of time or other condition. The
controller assembly 220 may be manually and/or remotely
operable to conduct a partial stroking of the safety valve to
which it is connected when desired. The sensors 292 of the
position indication assembly 290 can be used to monitor and
verify the partial stroke of the safety valves 120, 130, based
on the position of the top shaft 126. The partial stroking of
the safety valves 120, 130 can assist in preventing/removing
build-up of debris within the valves from the fluids flowing
therethrough, which can potentially prevent complete open-
ing and/or closing of the valves when necessary.

In one embodiment, the ESD control systems 200, 300,
700 may be configured to perform a specific sequential
opening and closing of the safety valves 120, 130 when
starting up or shutting in the wellhead control system 100.
In one embodiment, either ESD control system 200, 300,
700 may initiate closure or opening of the surface safety
valve first 120, and then closure or opening of the subsurface
safety valve 130. In one embodiment, either ESD control
system 200, 300, 700 may initiate closure or opening of the
subsurface safety valve first 130, and then closure or open-
ing of the surface safety valve 120. In one embodiment, if
one of the ESD control system 200, 700 components initi-
ates a shut-in, the controller assembly 220 may automati-
cally send a signal to the computer system 150, which may
then automatically send a signal to the controller assembly
of the ESD system 300 to initiate closing of the subsurface
safety valve 130. After closure of the subsurface safety valve
130 is verified by the ESD control system 300 via the
computer system 150, another signal may be sent to the ESD
control system 200, 700 to then initiate closing of the surface
safety valve 120. The reverse process may be performed
beginning with the ESD control system 300 if closure of the
surface safety valve 120 is required prior to closure of the
subsurface safety valve 130.

In one embodiment, a method for controlling a wellhead
control system having a plurality of valves, including a
surface safety valve and a subsurface safety valve, may
include producing power with solar panel assembly and
delivering the produced power to a controller assembly and
to a pump assembly that supplies operating fluid to the
valves, the control assembly operable to monitor a variety of
conditions in an oil/gas well and at the wellhead control
system. The controller assembly may be used to control the
operation of the pump assembly and the valves manually,
remotely, automatically, and/or in response to one or more
pre-set conditions programmed in the controller assembly.
The solar panel assembly may provide to a power source or
directly to a pump assembly to operate a motor of the pump
assembly, which in turn operates a pump of the pump
assembly. The motor may be controlled by the controller
assembly. The controller assembly may include a micropro-
cessor and its related apparatuses, circuits, devices,
switches, etc. The power produced by the solar panel assem-
bly may be stored in a power source, such as in one or more
battery apparatuses for use on demand. The use and flow of
the stored power may be controlled and/or monitored by the
controller assembly. The pump assembly may supply oper-
ating fluid (hydraulic and/or pneumatic) at a low or high
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pressure to operate either of both of the safety valves as
directed by the controller assembly. The pre-set condition
may include a fluid flow parameter, a flow line condition, an
alarm, an emergency condition, and/or an intrusion of the
components of the wellhead control system, including the
valves and the controller assembly.

The voltages of power from the solar panel assembly may
be controlled with a voltage controller having a sensor
provide an alert signal, an alarm signal, and/or a shut-off
signal if a pre-set voltage is exceeded or is not provided. One
or more sensors may be provided to sense an amount and/or
pressure of available operating fluid in any or all of the flow
lines used and/or in a fluid reservoir, the sensor(s) providing
a signal to indicate fluid volume and/or fluid pressure to the
controller assembly. In response to the signal, the controller
assembly may operate one or more of the valves and/or shut
in the wellhead control system. The controller assembly may
signal other devices, such as the pump assembly or a valve
assembly to increase fluid pressure and/or fluid amount in
some or all of the flow lines. A sensor may signal the
controller assembly when a fire is detected and provide a fire
alarm. The controller assembly may provide a fire alarm
signal to a remote location and/or operate the valves to shut
in the wellhead control system. The signals of alarm, intru-
sion, etc. may be provided at the immediate area of the
wellhead control system and to a remote location via known
transmission methods.

The controller assembly may be operable to monitor the
various components of the wellhead control system and
employing intrinsically safe components. A single controller
assembly may be operable to control a surface safety valve,
a subsurface safety valve, as well as one or more additional
valves in communication with the wellhead control system.
The controller assembly may be operable to control the
subsurface safety valve with an electric submersible pump.
The controller assembly may be operable to remotely shut in
the wellhead control system using switches interconnected
therewith, telephone, radio, SCADA, DCS and/or satellite
signals. One or more sensors may be use to detect dangerous
gases in the oil/gas well and/or at the wellhead control
system and producing an alarm signal in response. A ther-
moelectric generator may be used instead of or in addition
to a solar panel assembly. The pre-set condition(s) may
include one or more of the following: the presence of fire or
dangerous gases, intrusion by unwanted humans or animals,
vandalism, damage, or destruction of equipment used in the
wellhead control system, or too low to too high fluid
pressures, fluid volumes, power amperages, or power volt-
ages. In one embodiment, that various components of the
control system may be weather proof and “intrinsically
safe,” i.e. that they require vastly reduced power levels and
therefore minimize the risk of sparks and explosions, e.g.
less than 100 milliamps.

FIG. 4 is a sectional view of a mechanical override 400,
an actuator 401, a gate valve 402, and a safe mode indicator
403. The actuator 401 couples to a valve body 404 of the
gate valve 402. A bonnet assembly can provide an interface
between the gate valve 402 and the actuator 401. During an
automatic operation of the gate valve 402, hydraulic or
pneumatic pressure enters a chamber 406 of the actuator 401
defined by a cover 408 of the actuator 401 and a diaphragm
410 positioned over an operator member 412. The operator
member 412 moves in response to the hydraulic or pneu-
matic pressure within the chamber 406 and against a biasing
force supplied by a spring 418. A valve stem 414 coupled to
a sliding gate 416 of the gate valve 402 moves in response
to the movement of the operator member 412. In this
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manner, the automatic operation of the actuator 401 moves
the sliding gate 416 of the gate valve 402 between a closed
position shown in FIG. 4 and an open position as shown in
FIG. 6.

In one embodiment, the actuator 401 may be selected
from the pneumatic and hydraulic actuators described in
detail in U.S. Pat. No. 6,450,477 which is herein incorpo-
rated by reference in its entirety. The actuator 401 may be
selected from any other actuator known in the industry for
moving the sliding gate 416 of the gate valve 402 between
the open and closed positions by automatic operation.

When using the automatic operation of the actuator 401,
the biasing force of the spring 418 is configured to act as a
fail-safe mechanism. When the pressure in the actuator 401
is removed, inadvertently or otherwise, the spring 418 will
move the gate valve 402 into a fail-safe closed position
illustrated in FIG. 4 or a fail-safe opened position illustrated
in FIG. 12. Although the mechanical override 400 may
provide an additional means to actuate the gate valve 402 in
the event of a failure, such as a loss of pressure, it may also
override the fail-safe mechanism. The mechanical override
400 may prevent the spring 418 from moving the gate valve
402 into the fail-safe closed position or the fail-safe opened
position. The gate valve 402 is operating in a safe mode
when the fail-safe mechanism has not been overridden by
the mechanical override and is not prevented or inhibited
from moving into the fail-safe closed position or the fail-safe
opened position. Therefore, the safe mode indicator 403 is
configured to provide a signal, such as a visual indication,
communicating to a valve operator that the valve is or is not
operating in the safe mode. The signal from the safe mode
indicator 403 may also communicate that (1) the valve will
move to the fail-safe closed position or the fail-safe opened
position in the event of a pressure loss in the actuator, (2) the
valve has been automatically actuated into the open position,
and/or (3) the mechanical override will not disable or
interfere with the fail-safe mechanism.

As illustrated in FIG. 4, the mechanical override 400 is
connected to the actuator 401 to provide a manual operation
for moving the sliding gate 416 between open and closed
positions. The mechanical override 400 includes a top shaft
460, a lever for manual rotation of the top shaft 460, such as
a handwheel 500, a housing 450 having a longitudinal bore
therethrough, a drive sleeve 504 rotationally locked to the
housing 450, and a top seal cartridge 550. The housing 450
passes through an aperture 452 in the cover 408 of the
actuator 401. A shoulder 454 formed by a portion of the
housing 450 with an increased outer diameter provides a
stop for positioning the housing 450 in the aperture 452 of
the cover 408. The housing 450 may be secured to the cover
408 by any known means such as a thread or by welding.

The housing 450 includes an upper bore 509, an inner
shoulder 511, a top bore 510, and a bottom bore 512. The
inner shoulder 511 is disposed below the upper bore 509, the
top bore 510 is disposed below the inner shoulder 511, and
the bottom bore 512 is disposed below the top bore 510. The
bottom bore 512 has an inner diameter greater than the top
bore 510. A tapered shoulder 515 is located at the interface
between the top bore 510 and the bottom bore 512.

The top seal cartridge 550 is disposed in the upper bore
509 and can be removed for replacement as a single unit
without disassembling the actuator 401 or the mechanical
override 400. The top seal cartridge 550 is preferably formed
of a plastic-like material such as Delrin and is held in place
by at least one retainer ring 552 which is preferably stainless
steel. Accessibility to the retainer ring 552 without disas-
sembly of the actuator 401 permits removal of the retainer
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ring 552 from the top of the housing 450, thereby allowing
removal and replacement of the top seal cartridge 550. The
top seal cartridge 550 contains dual reciprocating top shaft
seals 556 and dual static seals 558 to ensure seal integrity
and long life. The top seal cartridge 550 incorporates rod
wiper 554 to keep a shaft sealing region therebelow clean of
dirt, grease, and other contaminants for longer life of the top
shaft seals 556. The rod wiper 554 is preferably made from
Molythane 90. These and other seals may be T-seals or other
substantially elastomeric seals, such as O-ring seals.

The top shaft 460 extends through the longitudinal bore of
the housing 450, the top seal cartridge 550, and the drive
sleeve 504. The inner diameter of the inner shoulder 511 is
greater than the outer diameter of the top shaft 460, but
smaller than the outer diameter of the drive sleeve 504. The
inner shoulder 511 permits axial movement of the top shaft
460 therethrough while providing a backstop for the drive
sleeve 504. The top shaft 460 may also include a shoulder
configured to engage an upper shoulder of the drive sleeve
504 to prevent removal of the top shaft 460 from the upper
end of the drive sleeve 504.

The drive sleeve 504 is disposed in the housing 450 and
is movable within the top bore 510 and the bottom bore 512.
The drive sleeve 504 includes a threaded bore 516 that
corresponds with a drive thread 514 on an outside surface of
the top shaft 460. In one embodiment, the drive thread 514
is an Acme thread capable of functioning under loads and
includes a small number of threads per inch, such as five, in
order to decrease the work required to manually operate the
actuator 401. The drive thread 514 permits unassisted rota-
tion of the top shaft 460 with the handwheel 500. The
threaded engagement permits relative axial movement
between the top shaft 460 and the drive sleeve 504 within the
housing 450. The outer diameter of the upper portion of the
drive sleeve 504 is substantially the same as the inner
diameter of the top bore 510 of the housing 450. One or
more seals 518, such as o-rings, are provided on the outer
diameter of the upper portion of the drive sleeve 504 to form
a sealed engagement with the top bore 510 of the housing
450. One or more seals 519, such as o-rings, are provided on
the inner diameter of the upper portion of the drive sleeve
504 to form a sealed engagement with the top shaft 460.

In one embodiment, the lower end of the drive sleeve 504
is configured to move axially relative to the bottom bore 512
of the housing 450 while being rotationally locked relative
to the housing 450. Any known rotational locking assembly
that prevents rotation of the drive sleeve 504 while permit-
ting the drive sleeve 504 (and the top shaft 460) to move
axially within the housing 450 during the automatic opera-
tion of the actuator 401 may be used. FIG. 8 illustrates a new
rotational locking assembly by showing one embodiment of
a cross-section at sectional line 8-8 in FIG. 4. FIG. 8
illustrates the outer diameter of the lower end of the drive
sleeve 504 having an oval shape that corresponds to an oval
shape of the inner diameter of the housing 450. The oval
shaped diameters provide a physical interference that rota-
tionally locks the drive sleeve 504 to the housing 450
without inhibiting axial movement of the drive sleeve 504
relative to the housing 450. The outer diameter of the drive
sleeve 504 and the bore of the housing 450 may be formed
in a number of ways known by one of ordinary skill in the
art to prevent relative rotational movement while permitting
relative axial movement. In one embodiment, the lower
portion of the drive sleeve 504 may have one or more splines
that extend into one or more corresponding longitudinal
grooves formed in the bottom bore 512 of the housing 450
to permit relative axial movement but prevent relative
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rotational movement. In one embodiment, the lower portion
of the drive sleeve 504 may be keyed to the bottom bore 512
with a pin that extends through corresponding longitudinal
grooves in the drive sleeve 504 and the bottom bore 512.

A coupling assembly 458 prevents longitudinal separation
between a retaining nut 462 secured to the operator member
412 and the top shaft 460 while isolating rotational move-
ment of the top shaft 460 from the actuator 401 and the gate
valve 402. The coupling assembly 458 includes a female
coupler 464 and ball bearings 468. The lower end of the top
shaft 460 rotates around the upper end of the retaining nut
462 and against the ball bearings 468. A bottom shoulder
472 on the top shaft 460 is secured against the ball bearings
468, which are positioned on the upper end of the retaining
nut 462, by the female coupler 464. The female coupler 464
is connected to the upper end of the retaining nut 462 and
includes an upper shoulder that engages the bottom shoulder
472 of the top shaft 460 to prevent separation of the shaft
from the retaining nut 462 and thus the actuator 401 and the
gate valve 402. The top shaft 460 freely rotates relative to
the retaining nut 462 and climinates the transmission of
torque to the valve stem 414, the sliding gate 416, and/or
components of the actuator 401 when using the mechanical
override 400.

Embodiments of the invention do not require the coupling
assembly connecting the top shaft 460 with the operator
member 412. The top shaft 460 of the mechanical override
400 may contact and apply force directly to a portion of the
actuator 401, such as the retaining nut 462 or the operator
member 412 depending on the type of actuator used. For
example, the end of the top shaft 460 may directly contact
the upper end of the retaining nut 462. The solid retaining
nut 462 may include a separate locking device to prevent the
retaining nut 462 from unthreading from the operator mem-
ber 412 since the top shaft 460 rotates during the manual
operation of the mechanical override 400. Alternatively,
other known rotation isolation means may be provided to
prevent transference of the rotation of the top shaft 460 to
other components within the actuator 401 and the gate valve
402.

Referring to FIG. 6, a chamber 610 is formed within the
housing 450 between the top seal cartridge 550 and the drive
sleeve 504. The chamber 610 is sealed at an upper end by the
engagement between the top seal cartridge 550, the upper
bore 509, and the top shaft 460, and at a lower end by the
engagement between the drive sleeve 504, the top bore 510,
and the top shaft 460. Fluid communication may be estab-
lished between the chamber 610 and the actuator 401 when
the drive sleeve 504 is moved into the bottom bore 512, as
shown in FIG. 6. In particular, the seals 518 of the drive
sleeve 504 are moved across the tapered shoulder 515 into
the bottom bore 512, thereby releasing the sealed engage-
ment with the top bore 510. When the drive sleeve 504 is
located in the bottom bore 512 and fluid communication is
established between the chamber 610 and the actuator 401,
the gate valve 402 is operating in the safe mode. When the
gate valve 402 is operating in the safe mode, the valve may
be moved to the fail-safe closed position (shown in FIG. 4)
or the fail-safe opened position (shown in FIG. 12) by the
fail-safe mechanism without interference from the mechani-
cal override 400.

The safe mode indicator 403 communicates to a valve
operator when the valve is operating in the safe mode. The
safe mode indicator 403 includes an indication device 600,
such as a sensor, that is connected to the housing 450. The
indication device 600 is in fluid communication with the
chamber 610 via an orifice 615 located through the housing
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450. The pressure in the chamber 610 may be used to actuate
the indication device 600 to communicate a signal to the
valve operator.

In one embodiment, when the chamber 610 is at a first
pressure, the indication device 600 may communicate a first
signal to the valve operator to indicate that the valve is not
operating in the safe mode. When the chamber 610 is at a
second pressure that is different than the first pressure, the
indication device 600 may communicate a second signal that
is different than the first signal to the valve operator to
indicate that the valve is operating in the safe mode. The
pressure in the chamber 610 may be the pressure directed
into the actuator 401 when fluid communication is estab-
lished between the chamber 610 and the actuator 401, as
shown in FIG. 6. The pressure in the chamber 610 is
communicated to the indication device 600 through the
orifice 615 to actuate the indication device 600. In one
embodiment, the first and/or second pressures may be in a
range from about 0 PSI to about 80 PSI, 150 PS], or greater.
In one embodiment, the first and/or second signals may be
a visual indication, such as a colored light or marker, an
auditory indication, and any other type of signal known to
one of ordinary skill.

In one embodiment, the indication device 600 may be any
commercial sensor, such as a pressure sensor, that can be
used to indicate a pressure change in the chamber 610. In
one embodiment, the indication device 600 may be a Rotow-
ink Indicator, commercially available through Norgen Ltd.
The Rotowink Indicator is a spring-loaded device actuated
by air pressure for use in visual monitoring of pneumatic or
fluidic circuits. The device uses two contrasting colors (e.g.
black, red, yellow, green) on a rotating ball that can be
viewed from any angle to indicate the presence or absence
of pressure.

The operation of the invention illustrated in FIGS. 4, 5, 6,
7,12 will now be described. FIG. 4 illustrates the gate valve
402 in the fail-safe closed position. The spring 418 provides
a force configured to bias the valve stem 414, the operator
member 412, the top shaft 460, and the drive sleeve 504 in
an upward direction, thereby positioning the sliding gate 416
in the closed position. Seating of the sliding gate 416 in the
closed position limits the upward axial movement of the top
shaft 460 and the drive sleeve 504. The mechanical override
400 is in an un-actuated position and does not interfere with
the closing of the gate valve 402. The bias of the spring 418
raises the top shaft 460 to an extended position providing a
visual indication that the gate valve 402 is in the closed
position. The safe mode indicator 403 may provide a first
visual indication that the gate valve 402 is not automatically
actuated into the operating safe mode and/or the chamber
610 is not pressurized or has experienced a pressure change.

FIG. 12 illustrates the gate valve 402 in the fail-safe
opened position. The spring 418 provides a force configured
to bias the valve stem 414, the operator member 412, the top
shaft 460, and the drive sleeve 504 in an upward direction,
thereby positioning the sliding gate 416 in the opened
position. Seating of the sliding gate 416 in the opened
position limits the upward axial movement of the top shaft
460 and the drive sleeve 504. The mechanical override 400
is in an un-actuated position and does not interfere with the
opening of the gate valve 402. The bias of the spring 418
raises the top shaft 460 to an extended position providing a
visual indication that the gate valve 402 is in the opened
position. The safe mode indicator 403 may provide a first
visual indication that the gate valve 402 is not automatically
actuated into the operating safe mode and/or the chamber
610 is not pressurized or has experienced a pressure change.
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FIG. 5 illustrates the gate valve 402 in an open position
after a manual operation of the actuator 401 using the
mechanical override 400. To move the sliding gate 416 to the
open position using the mechanical override 400, the valve
operator manually turns the handwheel 500 to provide
rotation to the top shaft 460. Rotation of the handwheel 500
rotates the top shaft 460 to advance the top shaft 460 through
the drive sleeve 504 across the length of the drive thread
514. As the top shaft 460 rotates, the top shatt 460 advances
through the drive sleeve 504 until the upper portion of the
drive thread 514 is located at the lower portion of the
threaded bore 516 of the drive sleeve 504. During the
manual operation, the inner shoulder 511 provides the back-
stop that prevents the drive sleeve 504 from moving relative
to the housing 450. The manual rotation of the handwheel
500 mechanically advances the top shaft 460 through the
housing 450 to either directly or indirectly axially move the
valve stem 414 to place the gate valve 402 in the open
position. The top shaft 460 is mechanically driven against
the bias of the spring 418, thereby compressing the spring
418. The top shaft 460 lowers during the manual operation
to a retracted position and provides a visual indication that
the gate valve 402 is in the open position. The valve operator
may also check the safe mode indicator 403 to determine
whether the gate valve 402 is operating in the safe mode.
The pressure in the chamber 610 should not have signifi-
cantly changed between the operation of the gate valve 402
from the fail-safe closed position, shown in FIG. 4, to the
open position by manual operation, shown in FIG. 5. Thus,
the safe mode indicator 403 communicates the same first
visual indication to the valve operator, which has not
changed by the mechanical operation of the gate valve 402.
The safe mode indicator 403 may therefore indicate that the
gate valve 402 is not operating in the safe mode, has not
been automatically actuated, has been actuated (at least
partially) using the mechanical override 400, and/or may be
prevented from moving into the fail-safe closed position or
the fail-safe opened position.

FIG. 6 illustrates the gate valve 402 in the open position
after an automatic operation of the actuator 401. Pressure is
directed into the chamber 406 of the actuator 401 to over-
come the bias of spring 418 and advance the top shaft 460,
the drive sleeve 504, the operator member 412, and the valve
stem 414 in a downward direction to position the sliding gate
416 into the open position. The top shaft 460 and the drive
sleeve 504 are moved together axially within the bore of the
housing 450 until the seals 518 on the drive sleeve 504 are
moved across the tapered shoulder 515 and into the bottom
bore 512. Fluid communication is established between the
chamber 610 and the chamber 406. The pressure in the
chamber 406 is communicated to the indication device 600
via the orifice 615, thereby actuating the indication device
600. The pressure change in the chamber 610 actuates the
safe mode indicator 403 to communicate a second visual
indication that is different than the first visual indication.
Since the top shaft 460 also lowers during the automatic
operation to the retracted position and provides a visual
indication that the gate valve 402 is in the open position, the
valve operator may use the safe mode indicator 403 to
determine whether the gate valve 402 is operating in the safe
mode. The second visual indication may therefore indicate
that the gate valve 402 is operating in the safe mode, has not
been mechanically actuated, has been automatically actu-
ated, and/or will move into the fail-safe closed position or
the fail-safe opened position upon release of pressure in the
actuator 401. When operating in the safe mode, the upper
end of the drive sleeve 504 is located at least a distance X
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from the inner shoulder 511 of the housing 450. In this
position, the mechanical override 400 will not disable or
interfere with the fail safe mechanism. When the pressure in
the actuator 401 is released, the drive sleeve 504 is located
a sufficient distance from the inner shoulder 511 so as not to
limit upward axial movement of the top shaft 460 and thus
the valve stem 414 and the sliding gate 416. In this manner,
the sliding gate 416 may move into the fail-safe closed
position or the fail-safe opened position.

FIG. 7 illustrates the gate valve 402 in an open position
after an automatic operation of the actuator 401 and a partial
operation of the mechanical override 400. Before and/or
after automatic actuation of the gate valve 402, the mechani-
cal override 400 may be actuated at least partially, inadver-
tently or otherwise. If the handwheel 500 has been rotated
one or more times, the top shaft 460 and the drive sleeve 504
will move relative to each other in an offset position illus-
trated in FIG. 7. When in the offset position and if the valve
is automatically actuated, then the upper end of the drive
sleeve 504 may be positioned a distance Y from the inner
shoulder 511, which would prevent the gate valve 402 from
moving to the fail-safe closed position or the fail-safe
opened position. In one embodiment, the distance Y may be
any distance that is less than the distance X identified in FIG.
6. When the pressure in the actuator 401 is released, the
upper end of the drive sleeve 504 would backstop on the
inner shoulder 511 before the sliding gate 416 closes, and
limit the upward axial movement necessary to move the
sliding gate 416 into the fail-safe closed position or the
fail-safe opened position. Depending on the amount of offset
between the drive sleeve 504 and the top shaft 460, the
sliding gate 416 may be located in a partially open/closed
position. Also, when in the gate valve 402 is automatically
actuated and the drive sleeve 504 is located the distance Y
from the inner shoulder 511, the chamber 610 remains
isolated from fluid communication with the chamber 406 by
the seals 518 and 519. Any slight actuation of the mechani-
cal override 400 may offset the top shaft 460 and the drive
sleeve 504 enough to prevent the seals 518 from moving
across the tapered shoulder 515 during automatic actuation.

Since the top shaft 460 may still visually indicate that the
valve 402 is in the open position in FIG. 7, the valve operator
may also check the safe mode indicator 403 to determine
whether the gate valve 402 is operating in the safe mode.
The pressure in the chamber 610 should not have signifi-
cantly changed since it is isolated from the chamber 406 by
the seals 518 and 519. Thus, the safe mode indicator 403
communicates the same first visual indication to the valve
operator, which has not changed by the automatic actuation
of the gate valve 402. The safe mode indicator 403 may
therefore indicate that the gate valve 402 is not operating in
the safe mode, has been actuated (at least partially) using the
mechanical override 400, and/or may be prevented from
moving into the fail-safe closed position or the fail-safe
opened position. While the actuator 401 is pressurized, the
valve operator may rotate the handwheel 500 to advance the
drive sleeve 504 into the bottom bore 512 until the gate
valve 402 is operating in the safe mode. The valve operator
may rotate the handwheel 500 until the safe mode indicator
403 changes from the first visual indication to the second
visual indication, e.g. when fluid communication is estab-
lished between the chamber 406 and the chamber 610, to
ensure that the gate valve 402 is operating in the safe mode.
Alternatively, the valve operator may release the pressure in
the actuator 401 to permit the drive sleeve 504 to backstop
against the inner shoulder 511, and then rotate the hand-
wheel 500 to move the mechanical override 400 into the
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un-actuated position so that the top shaft 460 and the drive
sleeve 504 are not in an offset position as described above.
The actuator 401 may be re-actuated automatically so that
the safe mode indicator 403 indicates that the valve is
operating in the safe mode.

FIG. 9 illustrates the gate valve 402 in an open position
after an automatic operation of the actuator 401 according to
one embodiment. The gate valve 402, the actuator 401, and
the mechanical override 400 illustrated in FIG. 9 may each
include the embodiments described above with respect to
FIGS. 4-8. FIG. 9 further illustrates a bore 462 disposed
through the top shaft 460, a check valve 464 disposed in a
lower end of the top shaft 460 and in communication with
the bore 462, and a retaining member 466 coupled to the top
shaft 460 to support the check valve 464 in the lower end of
the top shaft 460. In one embodiment, the bore 462 may be
disposed through the top shaft 460 in any manner known by
one of ordinary skill in the art to allow fluid communication
between the chamber 610 and the chamber 406. In one
embodiment, the check valve 464 may be any type of valve
known by one of ordinary skill in the art, such as a one-way
valve, that is operable to control the flow of fluid through the
bore 462 in either direction. In one embodiment, the retain-
ing member 466 may be any type of member known by one
of ordinary skill in the art, such as a retainer ring, that is
operable to maintain the check valve 462 in engagement
with the top shaft 460 and/or the bore 462. The top shaft 460
illustrated in FIG. 9 may be used in any of the embodiments
described with respect to FIG. 4-8.

In operation, the bore 462 may be configured to relieve
any fluid pressure that is located in the chamber 610, which
may cause a pressure lock and prevent the fail-safe mecha-
nism from closing the gate valve 402. For example, when the
gate valve 402 is operating in the safe mode as illustrated in
FIG. 9, the chamber 610 is in fluid communication with the
chamber 406 of the actuator 401 and is filled with pressur-
ized fluid. As the pressure in the chamber 406 is reduced, the
spring 418 begins to move the gate valve 402 into the closed
position, as illustrated in FIG. 4, and the chamber 610 is
sealed upon engagement of the seals 518 with the inner
surface of the top bore 510. Any fluid that may be retained
in the chamber 610 is relieved through the bore 462 into the
chamber 460. In one embodiment, the fluid may be forced
through the bore 462 and the check valve 464 under its own
pressure and/or as it is pressurized as the volume of the
chamber 610 is reduced by movement of the drive sleeve
504 toward the shoulder 511 via the spring 418. The check
valve 464 may allow fluid to flow from the upper end of the
top shaft 460, through the bore 462 and into the chamber
406, and prevent fluid from flowing into the bore 462 and
thus into the chamber 610 from the lower end of the top shaft
460. In one embodiment, the top shaft 460 may include one
or more ports 468 located adjacent to the outlet of the check
valve 464 to assist with venting fluid pressure into the
chamber 406. In one embodiment, one or more seals 519
may be situated between the top shaft 460 and the drive
member 504 to prevent any unintended leak paths from
communicating fluid to the bore 462 during operation of the
gate valve 402.

In one embodiment, the ESD Control Systems 200, 300,
700 described herein with respect to FIGS. 1-3 and 13 may
be used in combination with the mechanical override 400,
the actuator 401, the gate valve 402, and/or the safe mode
indicator 403 as described herein with respect to FIGS. 4-9.
In one embodiment, the pressure transducer 280 illustrated
in FIG. 2 can be connected to the housing 450, similar to the
indication device 600 illustrated in FIGS. 6, 7, and 9. The
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pressure transducer 280 may be operable to measure the
pressure in the chamber 610 via the orifice 615 and send a
signal to the controller assembly 220 corresponding to the
measured pressure. The controller assembly 220 may then
send a signal to the computer system 150 via wired or
wireless telemetry for monitoring and display of the mea-
sured pressure in real time. In this manner, the ESD control
systems 200, 300, 700 can be used to remotely monitor and
verify whether the gate valve 402 is operating in the safe
mode as described above.

FIGS. 10A-10H and 11-11D illustrate a valve assembly
1000 according to one embodiment. FIGS. 10A-10H illus-
trate a top perspective view, a left side view, a bottom
perspective view, a front view, a top view, a right side view,
a bottom view, and a rear view, respectively, of the valve
assembly 1000. FIG. 11 illustrates a top view of the valve
assembly 1000, and FIGS. 11A-11D illustrate cross sec-
tional views A-A, B-B, C-C, and D-D, respectively, of the
valve assembly 1000. The valve assembly 1000 may be used
as the valve assembly 260 described above. The valve
assembly 1000 includes a first body portion 1010, a second
body portion 1015, a first seat 1020, and a second seat 1030.
The first and second body portions 1010, 1015 may be
formed from a single piece of material, or may include two
separate pieces of material that are connected together. The
first and/or second seats 1020, 1030 may be removably
secured to the first body portion 1010 for accessing a gate
1055 that is movably disposed in the first body portion 1010
to control fluid communication therethrough. The first and
second body portions 1010, 1015 may be provided with one
or more mounting holes 1011, 1012, 1013 for securing the
valve assembly 1000 within the housing 210 and/or to one
or more components of the ESD control systems 200, 300.
The first body portion 1010 may include a first fluid inlet
1040 for receiving fluid from the pump assembly 240. The
first fluid inlet 1040 may include a fluid path 1041 disposed
through the first body portion 1010 from a first end to a
second end, adjacent to the first seat 1020. Second and third
fluid inlets 1042, 1045 (the third fluid inlet 1045 being
disposed through the first seat 1020) may optionally be
provided to receive fluid from the pump assembly 240. As
illustrated, the optional second and third fluid inlets 1042,
1045 are plugged with one or more sealing members, but
include fluid paths that are in communication with the fluid
path 1041 of the first fluid inlet 1040. The first body portion
1010 may also include a first fluid outlet 1050 for directing
fluid to the actuator of the surface and/or subsurface safety
valves 120, 130 to actuate the valves. The first fluid outlet
1050 may also include a fluid path 1051 disposed through
the first body portion 1010 from a first end to a second end,
adjacent to the second seat 1030. The first body portion 1010
may further include a fluid path 1052 that extends from the
first seat 1020 to the second seat 1030 to provide fluid
communication between the first fluid inlet 1040 and the first
fluid outlet 1050. The gate 1055 may be disposed in the fluid
path 1052 between the first and second seats 1020, 1030 to
control fluid communication between the first fluid inlet
1040, the first fluid outlet 1050, and a first relief outlet 1060
of the second seat 1030 as described below. One or more
machining holes 1051, 1052 (illustrated as being plugged)
may be formed in the first body portion 1010 to form the
fluid paths disposed through the body as described herein.

During operation, fluid may flow through at least one of
the fluid inlets 1040, 1042, 1045 past the gate 1055 that is
disposed within the fluid path 1052 of the first body portion
1010 between the first and second seats 1020, 1030, and then
through the fluid outlet 1050. While fluid is flowing through
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the valve assembly 1000 to the actuators of the valves 120
and/or 130, the pressure in the first body portion 1010 forces
the gate 1055 to seal off communication with the first relief
outlet 1060. The first relief outlet 1060 provides fluid
communication to the fluid reservoir 250, to dump the fluid
in the first body portion 1010 and the valve actuators when
desired during operation. A second relief outlet 1070 may
also be provided to quickly release fluid from the first body
portion 1010 and the valve actuators. The second relief
outlet 1070 may include a fluid path 1071 that intersects the
fluid path 1041 of the first fluid inlet 1040, but which
includes an in-line relief valve to release fluid from the fluid
paths to the fluid reservoir 250 in the event that the pressure
in the first body portion 1010 exceeds a pre-determined
pressure. A pressure switch port 1019 may be disposed
through the first body portion 1010 that intersects the fluid
path 1051 of the first fluid outlet 1050. The pressure switch
port 1019 may be used as a means to communicate the
pressure in the first body portion 1010 to one or more
sensors/transducers that are in communication with the ESD
control systems 200, 300 and/or the controller assemblies
220, 320. Using the pressure measured by the sensors/
transducers via the pressure switch port 1019, the controller
assemblies 220, 320 may selectively control, e.g. turn on and
off, the pump assemblies 240, 340 to actuate the valves 120,
130 as described herein.

The second body portion 1015 may include a fluid control
outlet 1090 that directs flow from the fluid path 1041 of the
first fluid inlet 1040 via a fluid path 1091 to a control valve
assembly, such as a solenoid valve assembly. The solenoid
valve assembly may also be in communication with the
controller assemblies 220, 320 to control operation (e.g.
open and close) of the valve assembly 1000 to thereby
control actuation of the valves 120, 130 as desired. The
second body portion 1015 may further include a second fluid
control outlet 1080 to release fluid from the fluid paths in the
second body portion 1015 via a fluid path 1081 and the
control valve assembly to the fluid reservoir 250. When the
control valve assembly is actuated to dump fluid pressure to
the fluid reservoir 250, the pressure release in the fluid path
1041 of the first fluid inlet 1040 and the back pressure in the
fluid path 1051 of the first fluid outlet 1050 may move the
gate 1055 to a position within the first body portion 1010
where the fluid in the first body portion 1010 and the valve
actuators is quickly released to the fluid reservoir 250 via the
first relief outlet 1060, the second relief outlet 1070, and/or
the second fluid control outlet 1080. In this manner, the
valve assembly 1000 may be selectively used to supply and
maintain fluid in one or more valve actuators of the valves
120, 130, and to selectively release and dump fluid from the
valve actuators to the fluid reservoir 250.

FIG. 13 illustrates the ESD control system 700 according
to one embodiment. Embodiments of the ESD control sys-
tem 700 described herein may be applicable to the ESD
control system 300. For convenience, the components in the
ESD control system 700 that are similar to the components
in the ESD control system 200 will be labeled with the same
number indicator. The ESD control system 200 may include
the housing 730 for supporting the controller assembly 220,
the power source 230, a compressor (or fluid drive) assem-
bly 740, a check valve 715, a pressure switch 710, a
filter/dryer assembly 705, and the solar panel assembly 270.
In one embodiment, the controller assembly 220 and/or any
of the other components may be disposed external to and/or
adjacent to the housing 730.

The ESD control system 700 may be “self-contained” or
“stand-alone unit,” which means that the ESD control sys-
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tem 700 does not depend on any external pneumatic, hydrau-
lic, mechanical, or electrical sources for its operation to shut
down the oil/gas well. In other words, the power source 230,
the compressor assembly 740 and other components are
within the housing 730 and thus the ESD control unit 700 is
an integral portable unit. For example, if there is a rupture
of a production flow line downstream from the surface
safety valve 120, and/or if there is a loss of well pressure at
the subsurface safety valve 130, the ESD control system 700
is operable to effectively close the safety valves 120, 130,
thereby shutting in the oil/gas well, and alert the appropriate
personnel that a shut-in has occurred without the assistance
of any additional external power sources, such as external
COMPpressors or motors.

The ESD control system 700 may also include one or
more transducers/devices 280, 282, 284, 286, and 288 for
monitoring and/or measuring one or more physical proper-
ties as described herein. The ESD control system 700 may
be configured to control one or more valves, such as flow
control valves or choke valves that are in communication
with the flow lines of the valves 120, 130 to control fluid
flow through the wellhead control system 100. The ESD
control system 700 may also include a quick dump valve 725
in line 211. The quick dump valve 725 is a manual valve that
is configured to exhaust pneumatic fluid to an area outside
of the housing 730. Additionally, the check valve 715 may
be located in the line 211. The check valve 715 is a valve that
allows fluid flow in one direction, from the compressor
assembly 744 to the valve 120, and restricts fluid flow in the
opposite direction.

The housing 730 may include any structural support
member, such as an explosion-proof container, for protect-
ing the components stored therein from damage and envi-
ronmental elements. Appropriate ventilation of the housing
730 may be provided by ventilation holes and/or an inde-
pendent solar powered fan mounted in or through the
housing 730. The housing 730 may further include an access
panel or door for ease of access to the housing’s interior, and
may be configured for attachment to the tree 110 or the
respective surface and subsurface safety valve 120, 130. In
one embodiment, the structural components of the ESD
control system 700, to the extent possible, may be made
from stainless steel. The controller assembly 220 may be
disposed in the housing 730 and may include a micropro-
cessor unit 222, a display screen 224, and a keypad 226. In
one embodiment, the controller assembly 220 may be
weather-proof, and may be intrinsically safe to provide
power as necessary to one or more components of the ESD
control system 700. The microprocessor unit 222 may
include a programmable logic controller, including a super-
visory control and data acquisition system (SCADA) that is
in communication with the one or more transducers/devices
280, 282, 284, 286, and 288, as well as the compressor
assembly 740 and valve assemblies 710, 720.

In one embodiment, the compressor assembly 740 may
include an intrinsically safe motor 742 and a compressor
744, which may each be located in the explosion-proof
housing 730. As set forth herein, the compressor assembly
740 may supply pneumatic fluid from a location outside the
housing 730 to actuate the safety valve 120, 130 to which it
is connected. The pneumatic fluid may be ambient fluid,
such as air, outside the housing 730. In one embodiment, the
compressor assembly 740 may have multiple compressors
and/or motors in parallel.

In one embodiment, the pneumatic fluid may be supplied
from an optional reservoir 735 located outside of the hous-
ing 730. The reservoir 735 may be connected to the filter/
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dryer assembly 705 for supplying fluid to the compressor
assembly 740. The reservoir may also be connected to the
valve assembly 720 and/or valve 725 for receiving fluid
exhausted from the system. The reservoir 735 may include
a level gauge, such as a sight glass, to indicate the level of
fluid in the reservoir 735. The reservoir 735 may also include
a level sensor that is in communication with the controller
assembly 220 and is operable to monitor in real-time the
level of fluid in the reservoir 735. In the event that the level
of fluid falls below a predetermined limit (e.g. pre-set limit),
due to evaporation of the fluid for example, the level sensor
may provide an alarm to alert an operator on-site at the
wellhead control system 100 and/or at the remote location
via the controller assembly 220 and the computer system
150. The controller assembly 220 may automatically shut in
the wellhead control system 100 upon receiving a signal
from the level sensor.

As set forth herein, the signal from the pressure transducer
280 may be recorded and/or communicated to the computer
system 150 via the controller assembly 220 to provide
real-time monitoring of the pressure in the flow line 135. The
measured pressure may be displayed on the display screen
224 and/or on a display screen of the computer system 150.
In response to the comparison of the measured pressure to
one or more predetermined conditions, the controller assem-
bly 220 may be configured to operate the respective safety
valve 120, 130 to which it is connected. For example, the
controller assembly 220 may be used to direct the compres-
sor assembly 740 to supply pneumatic fluid, such as ambient
air, to the surface safety valve 120 to open the valve. Upon
receiving the signal from the controller assembly 220, the
valve assembly 720 may be configured to open a circuit
defined by lines 211, 215 between the surface safety valve
120 and the filter/dryer assembly 705 to allow the compres-
sor assembly 740 to direct fluid from the fluid entering the
filter/dryer assembly 705 to the surface safety valve 120,
thereby opening the surface safety valve 120. The surface
safety valve 120 may be maintained in the open position
while the pressure transducer 280 continuously monitors the
pressure in the flow line 135. The controller assembly 220
may be programmed to close the surface safety valve 120
upon receiving a signal from the pressure transducer 280
that corresponds to a pressure measurement that is greater
than or less than a pre-set pressure range. The pre-set
pressure range may be input into the controller assembly 220
by manual entry using the keypad 226 and the display screen
224. The pre-set pressure range may also be input into the
controller assembly 220 remotely from the computer system
150. When the signal is received from the pressure trans-
ducer 280 that the pressure in the flow line 135 falls outside
of the pre-set pressure range stored in the microprocessor
unit 222, the controller assembly 220 may automatically
direct the compressor assembly 740 to stop supplying pres-
surized fluid to the surface safety valve 120 and/or allowing
the valve assembly 720 to exhaust the pneumatic fluid,
thereby closing the surface safety valve 120. Continuous
real-time monitoring of the pressure in the flow line 135 may
be used to verify that the surface safety valve 120 has been
closed.

Power may be provided to the controller assembly 220
and the compressor assembly 740 from the power source
230. The power source 230 may be operable to provide a low
current (amp) stream to the controller assembly 220 and/or
the compressor assembly 740. The controller assembly 220
is configured to control the pressure switch 710, which can
be visually inspected to monitor the pressure in the line 211.
In one embodiment, the pressure switch 710 may be con-
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figured to shut off the compressor assembly 740 when the
pressure in the actuator of the safety valves 120, 130 reaches
a predetermined pressure setting.

FIG. 14 illustrates a well control system 800 at a wellsite
for conducting a wellbore operation, such as a fracturing
operation. The well control system 800 may be configured
with one or more of the control systems 200, 300, 700 as
described herein. The well control system 800 includes a
fluid supply 810, such as a reservoir or tank, or a vehicle
comprising a storage tank for storing fluid. A pump 820, or
other fluid drive assembly, is provided for pumping fluid
from the fluid supply 810 to a well. In particular, fluid from
the fluid supply 810 is pumped through flow or fluid line 811
to a manifold 830, which directs the pressurized fluid to one
or more wellheads 840, 841, 842, 843 via fluid lines 831,
832, 833, 834, respectively. As illustrated, the wellhead 840
may control the pressurized fluid flow into a well 850 that
intersects a formation 860 for conducting a fracturing opera-
tion as conventionally known in the art.

A fluid line 812 is in fluid communication with the fluid
line 811 at a location downstream of the pump 820. The fluid
line 812 may also be in fluid communication with the fluid
supply 810 or with any other fluid reservoir type assembly.
The safety valve 120 is in-line with the fluid line 812 for
controlling fluid flow from the fluid line 811 to the fluid
supply 810. The safety valve 120 may be configured as a
fail-safe open relief valve or a fail-safe close safety valve,
and is operable using one or more of the control systems
200, 300, 700. The safety valve 120 is operable using a
pneumatic/hydraulic working fluid, which may be supplied
from a fluid reservoir internal or external of the control
systems 200, 300, 700 (as described herein) and/or from the
fluid supply 812 directly or via one of the fluid lines. The
transducer 280, such as a pressure transducer, measures the
pressure in the fluid line 812 and communicates the mea-
sured characteristic to the controller assemblies of the con-
trol systems 200, 300, 700, which compare the measured
characteristic to one or more predetermined conditions. The
computer system 150 enables remote monitoring, control
and operation of the safety valve 120 using the control
systems 200, 300, 700 as described herein.

In one embodiment, one or more fluid lines 812 may be
provided for fluid communication between fluid lines 811,
831, 832, 833, 834 (including the manifold and/or well-
heads) and the fluid supply 810 or other fluid reservoir. In
one embodiment one or more safety valves 120 and/or
control systems 200, 300, 700 may provided in-line with one
or more of the fluid lines 811, 831, 832, 833, 834 (including
the manifold and/or wellheads). In one embodiment, one or
more transducers 280 may be provided for measuring physi-
cal properties (e.g. pressure, temperature, flow rate, flow
volume, etc.) of one or more of the fluid lines 811, 831, 832,
833, 834 (including the manifold and/or wellheads).

In operation, the pump 820 may be actuated to pump fluid
from the fluid supply 810 to the manifold 830 via fluid line
811. The safety valve 120 may be actuated into a closed
position using a working fluid as directed by the control
systems 200, 300, 700 to prevent or substantially restrict
fluid flow through fluid line 812. The pressurized fluid may
therefore be directed from the manifold 830 to the wellheads
840, 841 842, 843 via fluid lines 831, 832, 833, 834 for
conducting a fracturing operation, such as in well formation
860. The safety valve 120 may be continuously monitored
remotely using the computer system 150. The transducer
280 may also continuously monitor and measure physical
properties, such as fluid pressure, in fluid line 811 and
communicate the measured physical properties to the control
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system 200, 300, 700 for comparing to one or more prede-
termined conditions. In the event that the pressure in the
fluid line 811 exceeds a predetermined condition (as pro-
grammed into the controller assembly of the control sys-
tem), the control system is operable to release the working
fluid from maintaining the safety valve 120 in the closed
position, and the safety valve 120 is operable to automati-
cally move into the open position (such as by spring 418 or
other biasing member) to relieve the pressure in the fluid line
811 and dump the pressurized fluid back into the fluid supply
810 or other reservoir via fluid line 812. The well control
system 800 is therefore operable to prevent over pressur-
ization or other conditions of the fluid lines 811, 831, 832,
833, 834 (including the manifold and/or wellheads) that can
lead to failure.

After any remedial operations necessary to remove any
restriction to flow to the wellheads, the control system 200,
300, 700 may be operable to actuate the safety valve 120 into
the closed position to continue with one or more wellbore
operations. Advantages of the well control system 800
include the ability to relieve high fluid volume, flow, and
pressure quickly, efficiently, and repeatedly to prevent fail-
ure of the wellbore system. Additional advantages include
the ability to remotely monitor and control the system 800.

In one embodiment, the control system 200, 300, 700 may
be configured to actuate the safety valve 120 at a predeter-
mined condition, such as a set pressure, which is below the
rated working pressure of one or more of the fluid lines,
manifolds, and/or wellheads. In the event that the pressure in
the fluid lines reach or exceed the predetermined set pressure
(as measured by the transducer 280), the control system 200,
300, 700 will actuate the safety valve 120 into the open
position to relieve the excessive fluid pressure. In one
embodiment, the control system 200, 300, 700 may be
configured with a predetermined condition, such as a reset
pressure. For example, in the event of actuation of the safety
valve 120 due to a failure, the control system 200, 300, 700
may prevent operation of the safety valve 120 back into the
closed position until the transducer 280 measures the pre-
determined reset pressure in the fluid lines.

In one embodiment, the control system 200, 300, 700 may
be configured to actuate the safety valve 120 in anticipation
of a failure. For example, the control system 200, 300, 700
may include an electronic wave generator for generating a
wave signal that corresponds to fluid flow volume, rate,
pressure, etc., and which is monitored by the controller
assembly for any changes or fluctuations that indicate a
failure at one or more points in the well control system 800.
In the event of an indication of failure, the control system
200, 300, 700 can operate the safety valve 120 for actuation
into the open position.

In one embodiment, the control system 200, 300, 700 can
monitor, track, and record the operation of the safety valve
120 and/or the transducer 280 measurements. In one
embodiment, the control system 200, 300, 700 may be
configured with one or more mechanical and/or electrical
overrides for independent, manual, or direct operation of the
safety valve 120. In one embodiment, a transducer 280 may
be coupled to the safety valve 120 to monitor the working
pressure within the valve actuator, which can help determine
life of the valve, force required to actuate, and whether
maintenance is required.

In one embodiment, the control system 200, 300, 700 may
be configured to trigger or actuate one or more alarms or
alerts (audio/visual) to indicate a potential or actual failure;
that the safety valve 120 has been actuated; and/or one or
more other conditions have been detected, such as H2S (or
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other harmful gases), fire, and/or damage to the control
system. In one embodiment, the alarms or alerts may be
communicated through the computer system 150. In one
embodiment, the control system 200, 300, 700 may be
configured to prevent remote operation in the event that the
safety valve 120 has been actuated, and may require manual
re-setting of the system.

In one embodiment, the control system 200, 300, 700 may
include a geographical positioning system for tracking the
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The invention claimed is:
1. A control system for controlling fluid flow through a
flow line at a wellsite, the control system comprising:

a fluid supply;

a first fluid line in fluid communication with the fluid
supply;

a pump in fluid communication with the first fluid line and
configured to pump fluid from the fluid supply to one
or more wellheads through the first fluid line;

location of the control system and the safety valves, which 19 4 second fluid line in fluid communication with the first
may be displayed, monitored, and tracked using the com- fluid line at a location downstream of the pump and
puter system 100. In one embodiment, the control system configured to return fluid from the first fluid line back
200, 300, 700 may store information related to a particular to the fluid supply or direct fluid from the first fluid line
wellbore operation, including maintenance and operational to a different reservoir;
history, employee contact information, and/or status of the a safety valve in-line with the second fluid line and
safety valve. In one embodiment, the control system 200, movable into a closed positon to close fluid flow
300, 700 may be configured to open and/or close the safety through the second fluid line;
valve 120 within a predetermined time frame. In one a valve actuator configured to actuate the safety valve
embodiment, the control system 200, 300, 700 may be 20 from the closed position to an open position to open
configured to actuate the safety valve 120 at one or more fluid flow through the second fluid line;
predetermined time intervals. an electronic controller assembly programmed with a
FIG. 15 illustrates the well control system 800 according predetermined condition and configured to receive a
to one embodiment. The well control system 800 includes a signal from a transducer connected to the first fluid line,
gate valve 402 and a valve actuator 401, the operations of 25 wherein the signal corresponds to a measured physical
which are described above with respect to at least FIGS. property;
4-12. A pilot valve 870 (or other functionally similar type of a valve assembly in communication with the controller
mechanical, electrical, and/or hydraulic sensor) may be assembly; and ) o )
coupled to the valve actuator 401, and may be operable to a fluid drive assembly in communication with the con-
contro] fluid communication between the valve actuator 401 ° troller assembly, Whereln.the .controller assembly is
- . . 11 operable to actuate the fluid drive assembly to supply
and a fluid reservoir 875 via fluid line 872. A pump 876 may - .
be provided to pump actuator fluid from the reservoir 875 to fluid to the ValY? actuator (o move the safety valve into
. the closed position, and wherein the controller assem-
the valve actuator 401 to actuate the valve 402 into the bly i ble t tate th 1 blv i
. y is operable to actuate the valve assembly in
closed pOSlthIl.. . .35 response to a comparison of the measured physical
Upon actuation of the pilot valve 870, the actuator fluid property to the predetermined condition to release the
may be released from the valve actuator 401 back to the fluid from the valve actuator to move the safety valve
reservoir 875, such that the valve 402 may be automatically into the open position and thereby open fluid flow
biased into the open position. The pilot valve 870 may be through the second fluid line to return fluid in the first
actuated by fluid pressure via fluid line 871, which is in 49 fluid line back to the fluid supply or direct fluid in the

communication with fluid line 811. In the event that fluid
pressure directed to the wellheads 840-843 exceeds a pre-
determined amount, the fluid pressure will actuate the pilot
valve 870 (via fluid line 871) to release the actuator fluid
from the valve actuator 401 to the reservoir 875 (via fluid
line 872), and thereby automatically bias the valve 402 into
the fail safe open position to release the excessive fluid
pressure back to the fluid supply 810 (via fluid line 812) as
described above.

In one embodiment, the pilot valve 870 may operate as a
check valve or one-way valve when in an un-actuated or first
position, to allow actuator fluid to be pumped into the valve
actuator 401 while preventing actuator fluid flow out of the
valve actuator 401. When the pilot valve 870 is in an
actuated or second position, actuator fluid may flow out of
the valve actuator 401 to the reservoir 875. The pilot valve
870 may monitor and be in communication with the fluid
pressure in any one of the flow lines 811 and 830-834. In one
embodiment, the actuator fluid may be forced into the
reservoir 875 by the biasing member 418 acting on the
operating member 412 as described above.

While the foregoing is directed to embodiments of the
invention, other and further embodiments of the invention
may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims
that follow.

45
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first fluid line to the different reservoir.

2. The system of claim 1, further comprising a housing for
supporting the controller assembly, the valve assembly, and
the fluid drive assembly.

3. The system of claim 2, wherein the fluid supplied to the
valve actuator by the fluid drive assembly is supplied from
a reservoir disposed outside of the housing.

4. The system of claim 1, wherein the fluid drive assembly
is a compressor and the fluid supplied to the valve actuator
by the fluid drive assembly is a pneumatic fluid.

5. The system of claim 1, wherein the fluid drive assembly
is a pump and the fluid supplied to the valve actuator by the
fluid drive assembly is a hydraulic fluid.

6. The system of claim 1, further comprising a power
source for supplying power to the controller assembly, the
valve assembly, and the fluid drive assembly.

7. The system of claim 1, further comprising a housing for
supporting the fluid drive assembly, and a filter attached to
the housing for filtering fluid entering the housing by the
fluid drive assembly.

8. The system of claim 1, wherein the fluid supplied to the
valve actuator by the fluid drive assembly is ambient air.

9. The system of claim 1, wherein the controller assembly
is operable to communicate a signal corresponding to the
measured physical property to a remote computer system.

10. The system of claim 1, wherein the controller assem-
bly is a programmable logic controller.
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11. A method for controlling fluid flow through a flow line
at a wellsite, the method comprising:
providing a control system comprising:

a fluid supply;

a first fluid line in fluid communication with the fluid
supply;

a pump in fluid communication with the first fluid line
and configured to pump fluid from the fluid supply to
one or more wellheads through the first fluid line;

a second fluid line in fluid communication with the first
fluid line at a location downstream of the pump and
configured to return fluid from the first fluid line
back to the fluid supply or direct fluid from the first
fluid line to a different reservoir;

a safety valve in-line with the second fluid line;

a valve actuator configured to actuate the safety valve;

a housing;

an electronic controller assembly;

a fluid drive assembly; and

a valve assembly;

supplying fluid to the valve actuator using the fluid drive
assembly to actuate the valve actuator to move the
safety valve into a closed position;

maintaining the safety valve in the closed position to close
fluid flow through the second fluid line;

monitoring a physical property in the first fluid line using
the controller assembly; and

actuating the valve assembly using the controller assem-
bly to release the fluid from the valve actuator to move
the safety valve into an open position and thereby open

fluid flow through the second fluid line based upon a
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comparison of the monitored physical property to a
predetermined condition to return fluid from the first
fluid line back to the fluid supply or direct fluid from
the first fluid line to the different reservoir.

12. The method of claim 11, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a pneumatic
fluid disposed external to the housing, and further compris-
ing filtering the pneumatic fluid as it enters the housing by
the fluid drive assembly.

13. The method of claim 11, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a hydraulic
fluid disposed in a reservoir within the housing that is in
fluid communication with the fluid drive assembly.

14. The method of claim 11, further comprising measur-
ing the physical property using a transducer configured to
communicate a signal corresponding to the measured physi-
cal property to the controller assembly.

15. The method of claim 11, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a pneumatic
fluid, and wherein the fluid drive assembly is a compressor.

16. The method of claim 11, wherein the fluid supplied to
the valve actuator by the fluid drive assembly is a hydraulic
fluid, and wherein the fluid drive assembly is a pump.

17. The method of claim 11, further comprising commu-
nicating a signal from the controller assembly to a remote
computer system, wherein the signal corresponds to an
operational characteristic of the safety valve.

18. The method of claim 11, further comprising actuating
the safety valve by communicating a signal from a remote
computer system to the controller assembly.
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NEXT LEVEL READINESS >
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DIGITAL CONTROLS

PRE-FIELD TESTING
CAPABILITY

Unlike conventional pop-off valves,

the KLX Frac Relief Valve System

can be tested prior to each stage of
hydraulic fracturing operations in the
field—enabling you to lessen the typical
risk of valve failure and subsequent
work to casing strings. All without
recertification or replacement.

The unit’s digital controls and robust operating platform enable real-time data
capture and analysis during frac operations, as well as programmable setting
of pressure engagement parameters. Frac data can be reviewed or documented
onsite, or after the job, and shared with other project stakeholders. Few other

GIVE HYDRAULIC FRACTURING OPERATIONS
NEXT LEVEL EFFICIENCY, WHILE MAXIMIZING
SAFETY, WITH THIS AUTOMATED ALTERNATIVE
T0 CONVENTIONAL POP-OFF VALVES.

The KLX Frac Relief Valve System helps reduce Non-Productive Time (NPT) by

automatically releasing excess pressure in frac iron at pre-set levels—protecting
the crew and wellbore then resetting itself again for immediate service.

systems bring this level of intelligence to frac operations.

FULL AUTOMATION

FAST PRESSURE DUMP

The KLX Frac Relief Valve System

takes less than a quarter of a second.

The system was designed to offer ZERO reduction of the unit’s inside on its pre-programmed settings—
diameter running from the 1502 iron to the primary relief valve itself. engaging at the pre-set ceiling range
This means that the system’s pressure dump is almost instantaneous and closing upon reaching its pre-set
once it reaches the unit’s pre-programmed parameters. Pressure release low-pressure value, so fracing can

automatically opens and closes based

continue without delay. That means

total protection of your well and frac

iron with less expense, hassle and risk.

BACK-UP

be engaged to ensure zero downtime.

The system was designed to eliminate the possibility of catastrophic pressure buildup
during normal operation. It comes equipped with a secondary back-up valve that can

Standard pop-off valves protect the crew, wellbore
and reservoir. But their analog nature makes them
inaccurate and inefficient—they can’t be tested or
monitored, risking the need for casing replacement.
And they must be reset and re-certified via a

full teardown after engagement (or thrown

away) per the NACE MR-01-75 requirement.

Fully automated and digital, the KLX Frac
Relief Valve System automatically engages

at programmable pre-set levels which can

be manually adjusted as needed—and then
automatically resets again without the need for
manual reset, replacement or re-certification.

It brings intelligence to a new part of the frac job—enabling
digital control, real-time data capture during the operation
and pressure relief settings that can be adjusted on the fly.

The unit brings more user confidence because the system
can be tested multiple times during a job to give trip
pressure accuracy. With a 15,000 psi pressure rating,
fail-open design and a backup valve, your well—and

your project schedule—will always stay protected. The
unit runs on industry tested software, optimizing the
review, analysis and communication of mission critical
operating data. So don’t settle for the old fashioned risk
and delay of your everyday pop-off valve. Take pressure
control to the next level with KLX Energy Services.
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KLX Energy Services maintains three dedicated research and development
locations nationwide. These facilities are each focused on a specific line of
product development: downhole production service enhancement, technical
services support and frac valve innovations. They're located in Lafayette,

Louisiana; Denver, Colorado; and Powell, Wyoming.
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Many oilfield service processes haven't changed
much in the last 50 years. At KLX Energy
Services, we're re-examining the way everyday
operations are performed across the lifecycle of
a well—looking for new value-added technology.

Our experienced field engineers understand what
needs to happen in the field, and can approach
new innovations with an eye for practical, real-
world perspective. The real key to KLX Energy
Services’ most value-added field innovations

is our customers. We listen carefully to the
needs of operators in the field, and their various

challenges in eliminating avoidable NPT across
every phase of the well's operation. As a result,
we can arm our crews with exclusive, proprietary
tools and technology not available through any
other oilfield service partner. From new levels

of pressure control automation to downhole
tools that help better manage operational risk,
we're dedicated to pushing what's possible in
oilfield service efficiency. Market downturns
don't affect our commitment to developing these
new innovations. In fact, leaner times are when
the industry most needs every operational and
financial advantage possible.
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ABOUT KLX
ENERGY SERVICES

KLX Energy Services provides advanced operations support across the well's
lifecycle, from site development and collaborative engineering to completion and
production support. With proprietary tools, experienced crews and strategic locations
in every basin—leading operators nationwide put KLX Energy Services on-site for
everyday support that streamlines operations and maximizes production.

ADVANCED SPECIALIZED ENGINEERED PRODUCTS / STRATEGIC
ENGINEERING AND FIELD TOOLS AND SERVICES FOR LOCATIONS NEAR
DESIGN SUPPORT EXPERTISE TECHNOLOGIES EVERY WELL PHASE YOUR PROJECT

FOR MORE ON THE KLX® FRAC RELIEF VALVE SYSTEM, OR OTHER
ENGINEERED PRODUCTS, VISIT KLXENERGY.COM OR CALL 832.844.1015.
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. 3040 Post Oak Blvd., 15th Floor
ﬁ KLX Houston, TX 77056

Energy Services Tel 832.844.1015
klxenergy.com
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