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Abstract

Managed Pressure Drilling (MPD™) uses existing
underbalanced technology to transform a well operation into
one where the pressure can be precisely managed, whatever it
is, in relation to the pore pressure of the surrounding rock.
MPD may apply to underbalanced, near balanced or
overbalanced drilling operations. This makes it possible for
operators to increase the range of fields considered economic,
which could be very advantageous for the industry,
considering that presently over 50% of prospective offshore
hydrocarbon formations are economically undrillable using
conventional overbalanced drilling methods.

This paper describes and explains the Applications
Indexes, that align certain UBD equipment required to nullify
or eliminate a number of conventional overbalanced drilling
barriers or obstacles, i.e., loss circulation, slow Rate of
Penetration (ROP), narrow fracture to pore pressure margins,
excessive casing programs, shallow geo hazards, extended
reach issues, etc.

Introduction
Though these applications of UBD methods to MPD are being
recognized throughout the industry, they are not formalized
into suitable reference documents. To address this shortfall a
Managed Pressure Drilling Applications Index (MPDAI) has
been developed which provides a cross-reference matrix
format to indicate the specific tools and methods best
applicable to each of the drilling obstacles that may be
encountered in a marine drilling environment. Four
Applications Indexes have been developed to guide users of
MPD technology for offshore drilling applications in:

- Rigs with a surface BOP stacks.

- Rigs with a subsea BOP stacks.

- Riserless drilling of top holes in deep water.

- Emerging variations of MPD such as dual gradient
deep water drilling and slim riser deep water drilling with a
surface BOP stack.

Defining Managed Pressure Drilling
This accepted industry definition of MPD was addressed at the
Managed Pressure Drilling Forum 2004:

“Managed Pressure Drilling has been characterized as
"Walking the Line." This adaptive drilling technique precisely
controls the annular fluid pressure profile within a wellbore.
The concept of containment practiced in MPD allows drilling
of what might otherwise be economically unattainable
prospects. MPD allows faster corrective action to deal with
observed pressure variations. The purpose of MPD is to both
ascertain the downhole pressure environment limits and
manage the annular hydraulic pressure profile to fit within that
window. MPD is a tool, which will, in comparison with
conventional drilling, mitigate the risks and costs associated
with drilling wells within narrow, downhole environmental
limits by proactively managing the annular hydraulic pressure
profile.

MPD may be accomplished by many means including
combinations of backpressure, variable fluid density, fluid
rheology, circulating friction, and hole geometry. Containment
used in this context means that MPD is focused not on
creating a pressure draw down across formations, which may
produce hazardous flow products, but instead to contain any
flow incidental to the operation.™

Importance of MPD offshore. It is important, almost vital,
that MPD become widely and comfortably used in the
offshore market. This technology can, and will, lead to many
current offshore resources becoming available. Some industry
professionals would quote figures that as much as 70% of
current offshore hydrocarbon resources are economically
undrillable using conventional drilling methods. With the
techniques and equipment that are addressed in the index more
and more of these offshore resources will become available in
an economic sense. Therein lies the importance of MPD,
without this technology much of the world resources will be
neglected.

An in Depth Look at the Indices
The MPDAII consists of four indices each applies to a different
offshore drilling atmosphere. The intent behind the MPDAI
was to keep fairly general outlook. Every drilling drilling
program is completely and utterly unique. The index is not a
tool catered to every drilling program, but simply a reference
tool to be used for applied learning and to assist the industry in
building a knowledge base for MPD.

In order to use the Applications Indexes’ you must first
determine the type of well that the problem will apply to. For
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Riserless Drilling refer to the Riserless Drilling index, and for
Emerging Technologies refer to the Emerging Technologies
index, and so on. On the index, in the left column is a list of
some typical problems encountered when drilling
conventionally offshore. Horizontally across the top is listed
the tools that would apply. One would find the conventional
problem in the left column and trace across until there is an X
in the space, then trace directly upwards or downwards to see
the equipment that may assist in fixing the problem.

In each box with an obstacle or tool there are detailed
definitions, used to expand the industry knowledge base of
conventional drilling obstacles, and specialized MPD
equipment. Some industry professionals will not have
encountered, or simply have knowledge of all of the obstacles
in the index; therefore the definitions will give them the vital
knowledge to avoid the problem before they are forced to
experience it. The same will apply to the specialized tools
listed. Some may not have experience, or knowledge of all of
the tools listed, with this newfound knowledge a driller may
decide to use these tools to make adjustments he never thought
possible in the particular drilling program. This yet again
stresses the utter importance of the MPDAL.

Riserless Drilling. This particular index applies to a drilling
program in shallow water without a riser, specifically drilling
top holes. Riserless drilling in comparison with the other
drilling program types carries has less risk involved, but none
the less MPD can apply in many ways. The main focus in this
section would be shallow hazards, and well instability. With
MPD these shallow flows (i.e. gas, water, etc.) can be
contained safely. MPD can also have great benefits for a
program that is forced to drill in a narrow fracture/pore
gradient margin; allowing the driller to lay less strings of
casing, as well as each string reaching further. Refer to Figure
A-1 for index.

Other Rig Structures. There are far too many problems to
address in text. Refer to Tables A-2 through A-4. Notice the
main focus of the MPDAI is, as the name would lead to you
believe, pressure management. All of the equipment/drilling
techniques addressed in the MPDAI all deal with some sort of
pressure control, whether it be a rotation control device to shut
off the well, or in different matter of speaking the Continuous
Circulation System used to add pipe without stopping
circulation.

The Compilation

During the formation of the MPDAI it was noted that other
technology could be used to further assist in the learning
process. There are five sections the entire MPD Applications
Compilation, though none have completely finalized. The
intent here is to spark interest and allow individuals to take the
MPDAI to the next level. The five sections include: The
MPDAI, an Emerging Technologies Listing, A Navigable
User-Interface, Visio Stencils, and an extensive bibliography.

The Emerging Technologies Listing. This is simply a text
document listing and describing some of the emerging
technologies considered in the Emerging Technologies portion
of the MPDAI. Each technology is listed with a brief

definition as well as a list of special tools and techniques
required to fulfill the particular technology.

The User-Interface. The User-Interface is a graphical and
navigable edition of the MPDAI. A user can ‘surf’ through at
while looking at definitions of obstacles and the tools used to
nullify them. There are also some graphics included to
increase familiarity with these tools and techniques. Refer to
Figure A-1.

Fig. A-1: A Screen Shot of the User-Interface

What type of Offshore
Drilling does this apply to?

[click to viaw]

Visio Stencils. The Visio stencils are included to build a
simple ‘personally ideal” MPD rig. The stencils will allow the
user to learn in a graphical way, in the case visual learning is
preferred. Having a relative knowledge of, “What pieces fit
where”, will smooth the learning process and allow the user to
fulfill every aspect of the MPD reference documents.

Extensive Reference List. In the instance one would want to
know where to look for more information, there is a
bibliography with over 70 sources to give a user the ability for
further self-enrichment.

Conclusions

An abundant amount of hydro-carbon resources are offshore,
yet considerable amounts are either too risky or uneconomic to
drill with conventional drilling technology. With MPD these
resources will become readily available, economically and
safely. The only shortfall of MPD was that there were no
suitable reference documents to assist in achieving these MPD
goals. With the MPD Applications Index, as well as the other
pieces of the Compilation, this shortfall will void and the
industry will be able to open the door to what was thought to
be unattainable.

Acknowledgements

Special thanks are due to Weatherford International for
allowing me the opportunity to do this project and give me the
gateway to present at the conference. In particular a great level
of gratitude is due to Don Hannegan and William Bland, for
their great contribution to this project and great
encouragement. Special thanks to all who helped from
ConocoPhillips, Varco, and Texas A&M University. Most of
all gratitude is due to Oliver Coker for his incredible moral
support and copious amounts of technical knowledge.



OTC 16621

References
1. “Managed Pressure Drilling Forum 2004”, PennWell
www.managedpressure.com , January 27-29, 2004,
Moody Gardens, Galveston, TX.




OTC 16621

Table A-1

2.

Bunioyuow jooL abexoed | (eamaq uonejos| aneA ERETd] swalsAs (aoy) #ameq
anssald | uononpay Burspow Bu Buias uq) uone|os| uoneNaI) Hoas pue Joperedas PIOILIEN uofeIaUID aoH a0y eas-qns Q0H JeuaNd | A0Y oSy jo1u0) Bueioy
weo4 Mmoj4 aur arel4 oy 18s1Y [eusalu| auLe [eusaix3
9joy umoq ao3 9joH doy | anfeA uimay-uoN | 8joy umog | snonunuod uaboniN ELIIIS
X X X X X
X X X X X X
X X X X X X
X X X X X X X X
X X X X X X X X
X
X X X X
X X X X X
X X X X X X X X X
Buisen Bunioyuow jooL abexoed | (9ameq uonejos| aneA walsAs swalsAs (aoy) #ameq
WM anssald | uononpay Burspow Bu Buins uq) uone|os| uoneNaI) B pue | Joeiedas | plojeiy TN aoH @0y eas-qns Q0H JeuaNd | A0Y oSy jo1u0) Bueioy
weo4 Mmoj4 sureled | a%euns oy 18s1Y [eusalu| auLe [eusaix3
9joy umoq ao3 9joH doy | anfeA uimay-uoN | 8joy umog | snonunuod uaboniN ELIIS
sajoH do] Bunqg sssjiasiy

uawdinbg

sinomojg puno.Biapun

SpIezeH-099 Mojeys

spIezeH
MO|4 Jale M MOJleyS

SYOIY se9 mojeys

Auqeisul a1og [lBM

sgor JusWaY 100d

weliboid
Buise) anissaoxg

(suonesapisuod
[eluswuoIAUT)
150D pNj\ SNOISIA AreaH

suibrep uaipeso
aInjoe.i4/a10d MoLIeN

$910B1Sq0




OTC 16621

Table A-2

SYIN N0
uoneINaND By Jed

(anbuoy ybiH
‘Buiues|) ajoH "a'1)
SaNss| Yoeay papusixy

ainssald
ybiH aimesadwa-ybiH

Buluoojeg

sinomojg punoJBiapun

(paouereg-1an0
Aisso19) abeweq ums

sprezey
Mo|4 J3le \ MOjleYS

SpIezeH-099 Mojeys

Auiqersul a1og [p M

SO JUsWaD J0od

weibold
BuiseD anissaax3

EENELYVENS

suibre Juaipeio
2INj9eI4/310d MOLIEN

3
}g HOUS / dOY MOlS

adid yonis Ajenuasepa

Buisen Buriopuopy ool 6 abeyoed | (99maqg uopejos| EREle] swaisAs (aoy) @anea
greces | v | S| s | oo | | 0 | oty | S | ! |10 | sy | O | o™ o
X X X X X X X X X X X
X X X X X X
X X X X X X X X X X
X X X X
X X X X X X X X
X X X X X X X
X X X X X X
X X X X X
X X X X X X X X X
X X
X X X X X X X
X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X X

Buised

Buionuon |ooL
2Inssald uononpay
ajoy umoq ao3

Buippon
Mol

afieyoed
Bunua
ajoH doL

(218 uonE|0S|
Buins ua)
BNeA uINdY-UON

(dog 99euns) pajuno|y abreg / wiopeld / dn ¥

anBA UOIE|OS]
ajoy umo@

Q0mag
uonenay
snonuguod

»9e1S pue
aur asel4

Jojesedas
adelns

plojIUEN
oy

swalsAs
uonessusn
uabonN

aosy
Jasiy [eusau]

ady ess-qns

- 1918 \\ MOJ[eys

aoy J8usna
auLey

aoy 18siy
[eusax3

(aoy) aamea
Jonuo) Buneloy
aoelNS

(1500 pn anissadx3)
uoneN2IID 1507

$819815q O Hu
|BUONIUBAUOD




OTC 16621

Table A-3

SE] Burioyuon looL abeyoed | (991maq uonejos| L] swalsAs aosy (aoy) @ameq
ynm | Bugug weo4| ainssaid uonanpay Burepow Bu buins @) BAEA LORE(OS| uonenay AoES pue Jojesedas PlojuEN uonessus aoY fasiy aod JENEN ] a0y Jasiy losuoD Buneyoy
Mol sjoy umoq aur alel4 aoyn eusau| | eas-gns [eusax3
ajoy umoq ao3 djoH doL | aneA uImey-uoN snonupuoy uaBonN aule aoens
X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X X
X X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X
X X X X X X X X X X X X X
X
X X X X X X X X X X X
X X X X X X X
X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X
sJaur Burioyuon looL abeyoed | (9a1maq@ uonejos| EL)EY] swalsAs aosy (aoy) @3meq
ynm | Buug weo4| ainssaid uonanpay Burepow Bu buins @) SAEA UORE(OS| uonenay A2ES pue Jojesedas PIOJUEN uonessus a0y Jesiy aoy JENEN ] a0y Josy losuoD Bunejoy
Mo 3joy umoq aur ale4 aoyn leusau| | eas-gns [eusax3
ajoy umoq aon3 ajoH doL | aneA uIMaY-UoN snonunuod uaBonN aule aoelns

(dog eas-ans) "018 / s8|qisiawgns 1was palool / sdiys

11Q - Jare pm daag

juswdinb3
pazije1oads

BN
NO Bunenod swil el

(enbioy
ybiH “Buiues|d sjoH "8'1)
SaNSS| Yoeay papusix3y

ainssald
-ybiH ainyesadwa] -ybiH

Buiuoojeg

Buiding seo ysy

sinomojg puno.biapun

(paouefeg-1an0
Aisso019) abeweq ups

SpIezeH-099 MOJeYS

Augeisur a10g M

SQO[ JUBWaY 100d

weiboid
Buised anissaax3

SY2I) seD Mojleys

suibre uaipeID
2.INj9eI4/210d MOLIEN

3JI711a Hoys / dod mols

adid %ons Ajrenuaiayia

(150D pNIN BAISS8IXT)
uonenaNY 1507

3981540
Builja@ jeuonusAuod



OTC 16621

Table A-4

Spo
N0 Buneinang awil tej4

(enbiop
UBIH ‘Buiues|d sjoH ‘o)
SaNss| Yyoeay papusixy

ainssald
-ybiH eimesadwal-ybiH

Buiuoojeg

Buiding seo ¥sy

sinomojg punoiBiapun

(paouejeg-1anQ
Aisso19) abeweq uns

SpIezeH-099 MOjjeys

Auqeisul aio0g 1B m

SQO( JUBWAY 1004

weiboid
Buised anissaox3

YOI SED MojfeyS

suibiep juaipels
aInoel4/810d MOLIEN

8T Ng Hoys / doy mols

adid %oms Arenuaiayia

slaur Buisen Burionuopy |looL 5 abeoed | (9ameq uonejos| 8oneq swalsAs (aoy)
um um anssald uogonpay G T Bums ua) | A UOMEOST onenany | IS PY | oeredag | PN | yopessuss a%y GOY | QY SLSNG | A0Y BSK| o5 716 oy
weo4 a0 Um0 a3 Mmoj4 oon doy | anen umeyuon | %M UMOT | gioninuon | 2418 ANoyd uaBonyy | /SMH [eUIBWI| BRSNS | auLe [RUIBKT | g o ony 20B4INS
X X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X
X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X
X X X X X X X X X X X
X X X X X
X X X X X X X X X
X X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X X X
slaur Burioyuop |ooL afexoed | (9amaq uonejos| a01neq swalsAs (aoy)
um anssaid uononpay Buidpon | g, 1q Bumgua) | TEAUORSHE openang | IS PUE | o edag | PO ] opesusg a%y Q0¥ | QOY ISUAN | QDY 19S5 710 pu0gy
weod 3oy umoa ao3 . ooH dog | awen wmay-uon | YT | snonupuog | 2128 I0U0 usbonyy | oS LI BIS-ANS | SULEN BRI bupeioy soeyng
(117 seo uabouuN ‘Buised yum bulua ‘dedpniy pazunssald ‘(dOg 89euns) Jasiy wis ‘luaipels jeng 'a°1) salbojouyss] Huibiaw3

(150D PN BAISSBIXT)
uone|naD 1507

31081840
Buyu@ reuonuaauod



	MAIN MENU
	PREVIOUS MENU
	--------------------------------------
	Search CD-ROM
	Search Results
	Print

