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Company and Partner Details

* Petroleum Development Oman (PDO)

* Major exploration and production company in the Sultanate of Oman
GULF OF OMAN

* It accounts for about 70% of the country's crude-oil production ohar

* Nearly 100% of Nation’s natural-gas supply.

_MUSCAT

Sur

* The Company is owned by the Government of Oman, a non-operating JV
between

* 60% Government of Sultanate of Oman
* 34% Royal Dutch Shell

* 4% Total

* 2% PTTEP

ARABIAN SEA

Salalah




Yibal Khuff Project

The seconded largest and most technically complex project in PDO’s history

1.4 20,000b 5.4 MM 230 ¢ scaffold
Km2 : bl/d m3/d tons/d of scaffolding
Bl Producing of Producing of Producing of SCOpE was
235 football . allocated to
stadiums crude oil gas Sulphur Omani

scaffolders




Horizonal well Perforation desig

Plan Job:

High sour well ~¥3.1 % ppm

Long horizontal gun assembly ~ 1000 m ( 3300 ft)
Perf interval around ~ 150 -700 m

Gun size/type & shot density : 2.88” HSD, 6 SPF, DP3,
HMX

Multiple firring heads

Tubing or gun swivels

Conventional magnets

Over balance perforation with coil tubing




Completion Strateg

Cleanout trip with Coil Tubing.
TCP Overbalance Perforation.
Magnet to be used along with TCP Guns.

Acid Stimulation after perforation.




PDO Case Study — Conventional Magnets

 Compared with API section 5 data.
 Magnet was not efficient.

* PDO requested RAY to find better solution for cleanout.

* This analysis resulted to come up with LASER MAGNET technology.

Perforation Length (Meters) versus Debris Retrieved (KG)
Using 2 Conventional Magnets

Total Net Perforations (Meters)

Debris amount does not match with gun length

O L N W & U1 OO N

RA Marker Sub
for depth control

Circulating Sub

Hydraulic FH

TCP Perforation
Gun Assembly

Magnets for
debris recovery



PDO Case Study — 2 Laser Magnets

* 2x laser focused magnets was run in 4 wells with 28kg average retrieved debris.

* Improved clean out versus conventional magnets was noticed.

. . RA Marker Sub
* Different results suggests the capacity of ~14kg per magnet. for depth control

* This analysis resulted to add another magnet to the design.

-

Perforation Length versus Debris Retrieved (KG)
Circulating Sub

Hydraulic FH

TCP Perforation
Gun Assembly

3 Well using 2x Laser Magnets we noticed less perforations with same
debris amount, hence we decided to add another magnet debris recovery

Magnets for

Well C Well D

= Net Perforation (meter) Debris Weight (KG)



PDO Case Study — 3 Laser Magnets

* 3xlaser focused magnets was run in 3 wells; 42kg retrieved debris in each well.

* This analysis resulted to add more magnets to the design.

RA Marker Sub
for depth control

Perforation Length versus Debris Retrieved (KG)

Circulating Sub

Hydraulic FH

TCP Perforation
Gun Assembly

Using 3x Laser Magnets the debris received was more although less Magnets for
perforations than previous wells with 2 magnets. debris recovery

Well D Well E Well F

= Net Perforation (meter) Debris Weight (KG)




PDO Case Study — 4 Laser Magnets

* 4x laser focused magnets was run in 3 wells with 56kg max retrieved debris.

* Some retrieved debris was not coming from the perforation gun.

RA Marker Sub
* This analysis resulted to Run 1x Laser Magnet prior Perforation Job on Coil Tubing for depth control

during clean out trip.

-

Circulating Sub

Hydraulic FH

TCP Perforation
Gun Assembly

1x Magnet was run on CT prior TCP in 2 wells and
8KG of debris was retrieved confirming that
existing debris was present downhole

Magnets for
debris recovery

Well A Well B Well C Well D Well E Well F Well G Well H Well | Well J Well K Well L

= Net Perforation (meter) Debris Weight (KG)



Guns Debris & Productivity Model

* Selected gun type is 6spf based on model for best
productivity ratios.

e Downhole condition cannot be confirmed. Hence,
shots facing down may get plugged with debris.
(20 shots plugged in every 20ft gun)

* Productivity will reduced to match 5 SPF instead
of 6 SPF.

* During gun POOH debris will plug more tunnel
facing down.

* Surface facility may be effected during production
at due to debris left in hole.

* Debris downhole causes limitation on future
interventions.




Debris Photos from Laser Magnets

* Photos from YK Horizontal wells after POOH TCP guns with Laser Magnets




Debris Photos from Laser Magnets

* Debris collected using Laser Magnets

Well Name Nl\l/jlr:gbne;t:f Retrli)eil:e::ils(K G) Comments

Well C 2 30 Horizontal Well

Well D 2 27 Horizontal Well

Well E 2 28 Horizontal Well

Well F 2 28 Horizontal Well

Well G 3 42 Horizontal Well

Well H 3 42 Horizontal Well

Well | 3 42 Horizontal Well

Well J 4 56 Horizontal Well

Well K 4 56 8kg in CT Run with 1 magnet
Well L 4 52 5Skg in CT Run with 1 magnet
Well N 1 7 Run Magnet with Coil Tubing
Well AB 1 15 Horizontal Well

Well FE 1 5 Vertical Well (Solid Debris)




Debris Retrieved from Vertical Well

* Run Laser Magnet on Vertical Well; retrieved 5kg with 1 magnet - 16m net perforations

Number of | Debris Retrieved
Well Name Magnets (KG) Comments

Well FE 1 5 1%t Vertical Well




Productivity Data

Well Name To'::i:r(i’t::)/r:ed Oil rate / m3/d | GOR /m3/m3 FTHP /bar Nl:;lr:gbne;t:f Re trli)e?/t;js(K G) Comments
Well A 736 24 100 22-28 2 4 o
Well C 522 112 130 23 2 30 Laser Magnet
Well E 502 69 97 54.68 2 28 Laser Magnet
Well M 751 133 119 112 4 56 Laser Magnet




Case Study Summar

* PDO & RAY cooperated and ended up implementing usage of Laser focused magnet.
* Deep analysis during the journey resulted the use of 4x laser focused magnets.

* Debris examined lead to additional CT magnet run before perforation job.

A magnet run on vertical well lead to retrieve 5kg of debris.

* Further study for Vertical Wells to be implemented as way forward.



Summar

Conventional Magnet




Conclusion and Wav Forward

* Laser focused technology magnets was implemented for most PDO horizontal
perforations in all fields.

* Acid stimulation runs was removed from YK camping wells

e Laser magnets were run in 2 wells with CT prior RIH with TCP Guns and

recovered (8kg) per well.

e Laser magnet were run in vertical wells and retrieved (5kg) of debris with short
perforations.

* To correlate between perforation gun strings and required magnet joints from

case history to update SOP.
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