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What is the M&W APRS?

'@ An alternative annulus pressure relief system developed for
- well stimulation treatments and interventions based on
burst disc technology

&= Invented to ensure higher accuracy and safety

@ Has shown higher reliability than other pressure relief

= systems (spring loaded values and N:operated valves) which APRS Ready Box
from time to time prove unreliable and cause premature job
abortions

% Used by several E&P and oil service companies on 1,000+
~  well stimulation jobs around the world for 25+ years

Ruptured burst disc after use
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1O Can be used onshore and offshore




Background

* Itis standard procedure to protect casing annuli during well
stimulation/intervention with two independent pressure protection systems:

* Primary pressure protection is the electronic kick-out on the well stimulation
pumps supplied by the well stimulation service provider

* Secondary pressure protection systems can be one of the following:
* Spring loaded valves
* N, operated valves
* M&W Annulus Pressure Relief System (M&W APRS)




Proven Field Experience

1,000+ well stimulation treatments have been executed
since 1995 using the M&W developed APRS system:

* North Sea, DK (1995-2018) * North Sea, UK
Dan, Gorm, Valdemar, Bo Ockley 2007 & 2012
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Proven Field Experience

* South China Sea, Offshore Borneo
Bubut 2009
* Kazakhstan, Onshore
Dunga in Caspian Region 2004-
2013
* Irag, Onshore
$ * Kurdistan 2019

PETROLEUM
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*Pearl Petroleum Consortium consists of OMV, MOL, RWE, Dana Gas
and Crescent Petroleum




What are the benefits?

* High Reliability

* Based on burst discs (high level of quality control plan)
DNV certified
* No moving parts

No welding and no yearly classification is required.

Can be installed by rig crew or well services company Ruptured burst disc after use

* The APRS
* High accuracy +5% - though more accurate burst discs can be manufactured on request

* Several systems can be installed in parallel — isolate blown system and engage backups —
fast pressure requirement can be tailormade depending on well formation/requirement
(typically 3-4,000 psi, but capable of 7,000 psi and above)
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Testimony

“Maersk Oil has over the years done thousands of stimulations worldwide. We started with what the
service companies provided as annulus pressure relief mechanism i.e. the spring operated or Nitrogen
operated systems.

However, we were not happy with their performance. The provided systems were not reliable as they
went off either at too high or too low pressure. That is why we contacted Mark & Wedell to make the
burst disc system. We are very happy with this system.

* [tis a good and reliable system. It had never let us down and it is easy to use.

* You can install several M&W APRS systems in parallel, so you can isolate the one that has been
blown and continue with backup — fast.

« M&W runs a 24-7 service and ensures day-to-day delivery always with sufficient burst discs in
stock.
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- Jakob Monberg, Senior Lead Engineer, Maersk Oil (Now: Global well stimulation specialist at Total) m




Annulus Pressure Relief System - Ready Box

N

MARK WE[D)E[LIL.m

READY BOX #1I

Date: 2018-02-06

CONTENT:

Det Norske Veritas, Type Approval Certificate No. TAP0O000190

2 off M&W Annulus pressure releave valves Serial No. 3818-13
Serial No. 3818-14
Serial No. 3818-15
Serial No. 3818-16

- each inclusive 1 off 72" NPT needle valves

1 off Compact plug valve 2" 1502 male/female No. 436088
1 off Compact plug valve 2" 1502 male/female No. 436091
1 off Compact ended tee 2" 1502 female/male/female No. 390484
1 off Compact ended tee 2" 1502 female/male/female No. 390486
2 off Blind plug 2" 1502, male, %" NPT. No. 28952
2 off %" NPT blind plug

4 off R26 Octogonal ring gaskets No. N14039C

4 off Hammer Lug Union Lip Seals NOV Mission Spec 4023
16 off 1 x 215 mm studbolts C/W2nut A320-L7/A194-7-HDG

Colli 1
LxBxH 850 x 1250 x 530 mm
Gross/net weights: Approx. 350 kg/ 150 kg

= ()

OLDENVEJ 5 - DK-3490 KVISTGARD - DANMARK - TLF : 49 13 98 22 - FAX: 49 13 91 62
MOMSI/CVR NR.: DK 48299210 — BANK: JYSKE BANK — KONTO NR.: 5050 101512-2
E-mail: m-w@m-w.dk WEB: www.m-w.dk

2 x M&W Annulus\

Pressure Relief
Valves

4 x R26 Octogonal
Ring Gaskets

Burst Discs
(sold separately)

2 x2” Compact
Plug Valves m/f

2 x 2” Compact
Ended Tee f/m/f

Blind Plug
16 x1”" x215 mm

Studbolts /




How the M&W APRS is rigged up on the well

e  The M&W APRS with a burst disc installed between the two

flanges qer
(Ll

/1. Burst Disc \ S

2. Seat for Bleeder Valve

3. Burst Disc Assembly

4. Octogonal Ring Gasket

5. Stud Bolt, Nut & Washer Low Torque Valve

6. Connection Pipe
o P W,

Two burst disc arrangements
rigged up in parallel:

From Annulus

Y
2” Annulus Pressure Relief Unit
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APRS’ Role in a Well Stimulation Job - closed annulus treatment

N
* The production casing is protected from the well stimulation treatment pressure

@ 4@ ﬁ Injection of stimulatich

> fluid

"=EF 2.  Annulus Pressure Relief
4 System

3. Annulus Pressure
5 Electronic Kick-out
System

Surface Casing
Cement

Production Casing

N o v &

Production casing
tubing or well

7 stimulation string
annulus

8. Permanentor
temporary packer

Q Stimulation area /
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APRS’ Role in a Well Stimulation Job - open annulus treatment

» Typical setup for hydraulic with open or live annulus i.e. exposing production casing to well stimulation pressure
e Live annulus allow real-time downhole pressure monitoring

e

1. Injection of stimulation fluid

2. Annulus Pressure Relief System

3. Annulus Pressure Electronic Kick-out
System

Surface Casing
Cement

Production Casing

N o u bk

Production casing tubing or well stim.
String annulus

8. Stimulation area

- /

i
:
:
;
|
|
{
!
!

12



APRS’ Role in a Well Stimulation Job — leak in string

N

o,
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Injection of stimulatiom

fluid

Annulus Pressure Relief
System

Annulus Pressure
Electronic Kick-out
System

Surface Casing
Cement
Production Casing
Leak

Production casing tubing
or well stim. String
annulus

Stimulation area

/
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* Leak in tubing (pin holes) damages the casing
when exposed to high pressure stimulation —
Casing Burst — Could cause a Well Control
Situation.

* Tubing leaks may be caused by thermal stress of
the tubing, bad connection or etching from the
acid stimulation.

* The casing are not rated for the high treatment
pressures. Hence, the production must be
protected immediately by the pressure relief in
the annulus.




Typical Principle of Operation

Install the Annulus Pressure Relief Unit in the pipework routed from the Annulus to the Rig Floor as
demonstrated in the arrangement drawing of a typical pressure relief system.

* Check that the Low Torque Valves have the correct dimension.

* Close the two inlet Low Torque Valves.

* Open one of the 4" Bleed Valves.

* Check that the Burst Discs are correctly installed in the Annulus Pressure Relief Units.

* Pressure test all pipeworks including the Weco connections to approximately 80% of the burst
pressure and upstream the Low Torque Valves. After pressure test relieve the test pressure.

* Open the Low Torque Valve in question and the Annulus Pressure Relief System is ready for
operation.




Typical Principle of Operation - continued

* When the pressure in the Annulus Pressure Relief Unit reach the Burst Disc set point £ 5%, the
disc will burst, and the pressure drops to ambient pressure and the Annulus liquid is routed
(typical brine) over the side.

* Close the Annulus Pressure Relief Unit in question and open the back-up burst disc unit.
» After operation exchange any damaged discs.

The Annulus Pressure Relief System is then again ready for operation.

Typical volumes relieved through the APRS:

Treatment rate: 40 bpm } Volume =40 BPM * 1-2 s = 0.5

Pump shut down time: 1-2 seconds -1.0 bbl
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Example: Coil tubing assisted acid stimulation treatment rig-up

Injector
Head

Dowell Quad
Doweil HP 4 &8 BOP
Batch Pump # 1 Coil Tubing Halliburton -1
Tank Cement Lne
N F42 x F42 Rig
Pump in Sub Floor
Brine Dowsell HP
Pumpa 2
Drittwater

Fa2

Riser Sections

S — R ) 0P y M&W Annulus Pressure
rorage S;::;:p Anaulus Protection 1 x Boat 5
T o] Pt T Tips THP Relief System

. -
Auxilinry
2 x Actuated

Swab
To South Ame 2xBoar Lo-toes vives Valve
Choged Deain Trips $
u'— Burner Boom % o m Qo {l "» Drill
L J
e . S | Deck
L Blesd Off —
*Brine retums 10 pits LTI Line Inlet for ,m. Level
rAnmulus returns { if rupture Rig-based acid
disks fadl ) during
Stimulation - Flowline Hydr. Masier
dump via shute (0 Sea Vive
Hallibetom Slow Closing
Annulus’ fining foe
Line - Sub Stimulation Well Head
Cannlever : LCVC'
— Wing
h )
Cerment >
i ] LowerWell
2 x Annulus Vived Head Level
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Quality Assurance & Certificates

N

General Company I1SO Annulus system type Materials and

9001 approval and approval and components certificates
certificate certificate

Tests and test reports

"fég}‘)/ NATIONAL OILWELL VARCO

Mark & Wedell AJS Ingenior- og Handelsfirma DET NOR ERITAS e

Oldenvej 5, 3490 Kvistgard, Denmark X o
i alichinaiag __ TYPE APPROVAL CERTIFICATE CERTIFICATE ==
comnmca o rasun ‘
Buroay Vertas Cortifcation Danmark A/S certibes that the. This Cortificate consists of 3 pages
g S 5 5 ot S
10 be in ccordance with the requiremants of the manegement system This is to certfy hat the
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Mark & Wedell — Selected users of the APRS
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For further information please contact:

N

Bjarke Palsson, Co-CEO & Owner

M&W Group

Oldenvej 5

DK-3490 Kvistgaard, Denmark
www.m-w.dk

BP@m-w.dk

+45 4099 88 61
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