
 

 

 
 

Faculty of Science and Technology 

 

MASTER’S THESIS 

 

Study program / Specialization: 

 

Petroleum Engineering / Well Engineering  

 

 

Spring semester, 2016 

 

 

Open / Restricted access 

 

Writer: Vlad Haukelid 

 

 

………………………………………… 

(Writer’s signature) 

Faculty supervisor / Responsible: Kjell Kåre Fjelde 

 

Supervisor: Fatemeh Moeinikia 

 

External supervisor(s):  

 

Thesis title:  

 

A Study of Possible Approaches for Considering Well Abandonment in the Well Design 

Stage 

 

 

 

Credits (ECTS): 30 

 

Key words: 

 

Well planning 

Well design 

Well abandonment 

Plug and abandonment 

NORSOK D-010  

Oil & Gas UK Guidelines 

P&A technology 

 

 

         Pages: 113 

     

     + enclosure: 7 

 

 

         Stavanger, 13 June 2016 

      Date/year 

 

 















 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









 

 

 

 



 

 



 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

o 

o 

 

o 

o 

 

 

o 

o 

 



 

 

 

 

 

 

 



 

 

 



 

 

 

 

 



 

 

 

 

 

Primary and 
secondray well 

objectives

Objectives for each 
hole interval

Can standard 
csg. sizes be used?

YES

Csg. design (incl. 
well control and 

kick margin)

Special factors 
to be 

considered

Cementing 
requirements

NO
Can extra 

liner be used?

YES

NO
Non-

standard
csg. program

Is csg. design
acceptable?

YES

Check availability 
of selected csg.

NO



FG

PPD
E

P
T

H

s.g.



ρ

FG

PPD
E

P
T

H

pressure



 

o 

o 

o 

 

o 

o 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

o 

o 

o 

o 

o 

o 

o 

o 

o 



 

 

 

▫ 

▫ 

 

 

 

 



 

 



 

 

▫ 

▫ 

▫ 

▫ 

 

▫ 

▫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



9 5/8"

SWAB VALVE

PRODUCTION WING VALVE

MANUAL MASTER VALVE

HYDRAULIC MASTER VALVE

KILL VALVE

DOWNHOLE SAFETY VALVE

PRODUCTION PACKER

RESERVOIR

13 3/8"

30"

ANNULUS:

A

B

C



 

 

 

 

 

 



 

 

 

▫ 

▫ 

 

 



 

 

 

 

 

 

 

 

 



 

PRIMARY

SECONDARY

CROSSFLOW

OPEN HOLE

 



 

 

 

 

 

o 

o 

o 

o 

o 

o 

o 

 

 

 

 

 

o 

o 

o 

o 

o 

o 

o 

o 

 



o 

o 

o 

 

o 

o 

o 

 

o 

o 

o 

 

 

 

 



 

 

 

 

 



LL-D-D-D

PL – Platform

SS – Subsea

LA – Land

Well location:
Outstanding work 
complexity type (0-4) 
for abandonment in:

L: letter, D: digit Phase 1

Phase 2

Phase 3

 

 

 

 

 



 

 

 

o 

o 

o 

o 

o 

o 

 



 

 

 

o 

o 

o 

 

o 

o 

o 

 

 

 

o 

o 

o 

 



 

 

 

 

WELLHEAD

TUBING HANGER

ANNULUS

VERTICAL XMT HORIZONTAL XMT



 



 



 

o 

o 

o 

 







 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

)



Clay-
bonded
water

Capillary-
bonded 
water

Producible 
fluid

T2 [ms]

0.3 3.0 33 3000

Total CMR porosity

3 ms CMR porosity

CMR free-fluid porosity



 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 



 

 

 



 



 

 

 

 

 



 

 





 



 

 

 

 









 

 

 





 

 

 





 

 

 



 





 



 



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 



 

⅝



 





 

 



 



 

 



 





 

 

 



 



 

 







 

 

 









 

 

o 

o 

 

 

 

 





http://goo.gl/MnIY91
http://goo.gl/0Ht0x8
http://goo.gl/ULn9K5
http://dx.doi.org/10.2118/170949-MS
http://goo.gl/x55qp6
http://dx.doi.org/10.2118/92198-MS
http://goo.gl/Dnq4y9
http://dx.doi.org/10.2118/71331-MS


http://dx.doi.org/10.2118/39245-MS
http://dx.doi.org/10.2118/39245-MS
http://dx.doi.org/10.2118/18650-MS
http://dx.doi.org/10.2118/166254-MS
http://dx.doi.org/10.2118/23562-PA
http://dx.doi.org/10.2118/23562-PA


http://goo.gl/4aiNop
http://dx.doi.org/10.2118/11981-PA
http://dx.doi.org/10.4043/10797-MS
http://dx.doi.org/10.2118/0313-025-TWA


http://goo.gl/bO4ejZ
https://goo.gl/rGC450
http://goo.gl/reSu4v
http://dx.doi.org/10.2118/167923-PA
http://goo.gl/BR5jk5
http://dx.doi.org/10.1115/OMAE2015-41261
http://dx.doi.org/10.2118/175431-MS


http://goo.gl/0tE1IR
http://dx.doi.org/10.4043/23909-MS
http://goo.gl/fofUhP
http://goo.gl/1mHf9i
http://goo.gl/KH0Qel
http://dx.doi.org/10.2118/140277-MS
http://goo.gl/JAHCCd
https://goo.gl/62hpP7


http://goo.gl/GyshbH
http://dx.doi.org/10.2118/114866-MS
http://dx.doi.org/10.2118/74483-MS
http://dx.doi.org/10.2118/56534-MS
http://dx.doi.org/10.2118/132228-MS
http://dx.doi.org/10.2118/119440-MS
http://dx.doi.org/10.2118/178840-MS


http://dx.doi.org/10.2118/178800-MS
http://dx.doi.org/10.2118/170712-PA
http://dx.doi.org/10.2118/39290-JPT
http://dx.doi.org/10.2118/83483-MS
http://dx.doi.org/10.2118/108415-MS
http://dx.doi.org/10.2118/28441-MS
http://http/goo.gl/iZSfG1
http://dx.doi.org/10.4043/11929-MS


http://dx.doi.org/10.4043/19286-MS
http://dx.doi.org/10.4043/21702-MS
http://goo.gl/kIMAhm
http://dx.doi.org/10.4043/23728-MS
http://https/goo.gl/aGFwjv
http://dx.doi.org/10.2118/143296-MS
http://http/goo.gl/GYEoUL
http://http/goo.gl/APIrZC
http://http/goo.gl/pBamJh
http://http/goo.gl/gpX7Dt
http://http/goo.gl/c5rdh2


http://http/goo.gl/BTL26F
http://dx.doi.org/10.4043/20417-MS
http://http/goo.gl/wQ3VC5
http://http/goo.gl/hAcfwJ
http://dx.doi.org/10.2118/113734-MS
http://dx.doi.org/10.4043/12022-MS
http://http/goo.gl/ZQUIAT
http://http/goo.gl/R5Zche
http://dx.doi.org/10.1016/j.physleta.2015.09.041
http://dx.doi.org/10.1016/S0377-0273(01)00280-3


http://https/goo.gl/lHNtd5


 





 

 

 

 



 

 



 

 

 



 

 

 




	Abstract
	Preface
	Contents
	List of Figures
	List of Tables
	Nomenclature
	1 Well Planning & Well Design
	1.1 Historical Overview
	1.1.1 The Beginning
	1.1.2 The Evolution
	1.1.3 Development in Recent Decades

	1.2 Well Planning
	1.3 Well Design
	1.3.1 Well Types
	1.3.2 Wellbore Stability
	1.3.3 High-Pressure/High-Temperature (HPHT) Reservoirs
	1.3.4 Casing Architecture
	1.3.5 Casing Design
	1.3.6 Drilling Fluid Selection
	1.3.7 Borehole Cleaning
	1.3.8 Drillstring Design and Bit Selection
	1.3.9 Hazards
	1.3.10 Cementing
	1.3.11 Logging
	1.3.12 Well Completions


	2 Well Abandonment
	2.1 Historical Overview
	2.2 Rules and Regulations in Norway
	2.2.1 NORSOK Standard D-010 (2013)
	2.2.1.1 Well Integrity
	2.2.1.2 Well Barrier Schematic
	2.2.1.3 Well Barrier Requirements
	2.2.1.4 Well Abandonment


	2.3 Rules and Regulations in the United Kingdom
	2.3.1 Guidelines for Abandonment of Wells (2015)
	2.3.1.1 Phases of Well Abandonment and P&A Code System
	2.3.1.2 Well Barrier Requirements
	2.3.1.3 Well Abandonment


	2.4 P&A Considerations and Practices
	2.4.1 P&A Operational Sequence
	2.4.2 P&A Challenges


	3 Possible P&A Considerations in Well Design Stage
	3.1 Subsurface Lithology
	3.2 Primary Cementing
	3.2.1 Cement Corrosion
	3.2.2 Cement and Temperature of Surroundings
	3.2.3 Cement Type
	3.2.4 Cement Placement and Cementing

	3.3 Evaluation of Primary Cement Job
	3.3.1 Specialty Cements
	3.3.2 Pressure Testing
	3.3.3 Evaluation by Logging

	3.4 Control Lines and Downhole Equipment
	3.5 Monitoring of B-Annulus
	3.6 Example Case
	3.6.1 Well Design - Not Considering P&A
	3.6.1.1 Conductor Casing
	3.6.1.2 Surface Casing
	3.6.1.3 Intermediate Casing
	3.6.1.4 Production Casing
	3.6.1.5 Casing Program

	3.6.2 Well Design - Considering P&A
	3.6.2.1 Production Casing
	3.6.2.2 Intermediate Casing
	3.6.2.3 Surface Casing
	3.6.2.4 Conductor Casing
	3.6.2.5 Summary



	4 Modern Day Technologies for P&A
	4.1 Light Well Intervention Vessel (LWIV) Operations
	4.2 Setting Environmental Plug with LWIV
	4.3 Abrasive Cutting Technology
	4.4 P&A by Re-establishing Cap Rock

	5 P&A Considerations of Operator Companies
	5.1 Formation Logging
	5.2 B-annulus (subsea wells)
	5.3 Casing Cement
	5.4 Primary Cementing Operation
	5.5 Verification of Primary Cement Job
	5.6 Oil & Gas UK P&A Classification
	5.7 P&A Challenges
	5.8 Control Lines
	5.9 Permanent Well Plugs
	5.10 Equipment (subsea well)
	5.11 P&A in Well Design

	6 Discussion
	7 Conclusions
	References
	Appendix A: Subsurface Pressure Data
	Appendix B: Questionnaire

