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DRILLING FOR OIL and gas in any
environment entails risk. There are risks
of not hitting pay, getting stuck, taking a
kick, having an oil spill, falling down on
the rig floor, tripping down a set of stairs,
even getting a bad meal in the galley.

Some of the events associated with these
risks have more serious consequences
and have a more profound impact on
drilling operations than others. Each
incident carries with it the components
of severity, occurrence and detection.
Since time is money, the consequences
are typically measured in terms of
money and safety.

Risk = Severity x
Frequency of Occurrence

x Ability to Detect

Risk$ = $Consequences
x Frequency of Occur-

rence x Exposure 
In very broad terms, risk is the known
chance that an event will occur. Uncer-
tainty is knowing an event will occur, but
not knowing when, or how or where that
event might occur.

Reliability engineers and risk analysts
are often able to assign a number based
on probability that an event will occur. As
an example, risk analysts routinely use
actuarial tables to help determine risk
before assessing the premium to be
charged for an insurance policy based on
the costs for a defined risk. Reliability
engineering not only deals with risks but
also addresses the issue of uncertainty
through the use of statistical tools that
help to predict the occurrence and mag-
nitude of an event based on historical
data.

Since Spindletop, we have primarily been
drilling wells with rotary drilling tools
and drilling mud in an open container.
For more than a hundred years, the
industry has known that some of the
drilling risks to ultimately produce oil
and gas include getting differentially
stuck, losing circulation, taking kicks

and watching too many of those kicks
turn into uncontrolled blowouts. Those
are known risks to drilling operations.
While we know these events will occur

(risk), we don’t exactly know when,
where or how the event will present itself
(uncertainty). Managed Pressure Drilling
(MPD) utilizes a variety of techniques to

Category Description

A Managed Pressure Drilling (MPD)

Drilling with returns to surface using an equivalent
mudweight that is maintained at or above the open-
hole pore pressure.

B Underbalanced Operations (UBO)

Performing operations with returns to surface using
an equivalent mudweight that is maintained below the
open-hole pore pressure.

C Mud Cap Drilling

Drilling with a variable-length annular fluid column
that is maintained above a formation that is taking
injected fluid and drilled cuttings without returns to
surface.

Application Category

Fluid Description

1 Gas Gas as the fluid medium. No liquid intention-
ally added.

2 Mist Fluid medium with liquid entrained in a con-
tinuous gaseous phase. Typical mist systems
have less than 2.5% liquid content.

3 Foam Two-phase fluid medium with a continuous
liquid phase generated from the addition of
liquid, surfactant and gas. Typical foam range
from 55% to 97.5% gas.

4 Gasified
Liquid

Fluid medium with a gas entrained in a liquid
phase.

5 Liquid Fluid medium with a single liquid phase.

Fluid Systems
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minimize risk through control of the
exposed bottomhole pressure profile. 

The IADC Underbalanced Operations
and Managed Pressure Drilling Commit-
tee continues to promote the safe use of
these technologies and has defined Man-
aged Pressure Drilling as:

… an adaptive drilling process used to
precisely control the annular pressure

profile throughout the wellbore. The
objectives are to ascertain the down-
hole pressure environment limits and
to manage the annular hydraulic pres-
sure profile accordingly. 

While there are many others, one com-
mon form of MPD is to create a closed
system utilizing a rotating control device
and a drilling choke to restrict and con-

trol the exposed wellbore pressure pro-
file and a casing pump to provide back
pressure when required. 

Managed Pressure Drilling is not neces-
sarily a new or novel technique. We actu-
ally practice facets of MPD while circu-
lating out a kick or while decreasing mud
density to manage differential sticking or
lost circulation. Managed Pressure
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Level Description

0 Performance enhancement only; no hydrocarbon containing zones.

• Air drilling for ROP enhancement.

1 Well incapable of natural flow to surface. Well is inherently stable and is a low-risk
from a well-control point of view.

• Sub-normally pressured oil wells.

2 Well is capable of natural flow to surface but can be controlled using conventional
well kill methods. Catastrophic equipment failure may have limited consequences.

• Abnormally pressured water zones.

• Low flow rate oil or gas wells.

• Depleted gas wells.

3 Geothermal and non-hydrocarbon bearing formations. Maximum anticipated shut-in
pressure (MASP) is less than UBO/MPD equipment pressure rating.

• Includes geothermal wells with H2S present.

4 Hydrocarbon bearing formation. Maximum anticipated shut-in pressure is less than
UBO/MPD equipment operating pressure rating. Catastrophic equipment failure will like-
ly have immediate serious consequences.

• High pressure and/or high flow potential reservoir.

• Sour oil and gas wells.

• Offshore environments.

• Simultaneous drilling and production operations.

5 Maximum anticipated surface pressure exceeds UBO/MPD equipment operating pres-
sure rating. Catastrophic equipment failure will likely have immediate serious conse-
quences.

• Any well where Maximum Anticipated Surface Pressure (MASP) is greater than
UBO/MPD equipment pressure rating.

Risk Levels

Generally, risk increases with operational complexity and potential well productivity. The examples provid-
ed are for guidance only. 
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Drilling is just an extension of the
Driller’s Method of circulating out a kick.
The primary difference is that you are
making hole while controlling the open
wellbore pressure profile by this or other
means.

Because the wellbore is virtually a
closed system, changes in wellbore
pressure are typically more easily
observed, thus reducing the kick magni-
tude (risk) to more manageable levels
so that drilling can continue under most
circumstances.

By controlling the wellbore pressure pro-
file, the risks of differential sticking and
lost circulation diminish in frequency and
magnitude. By reducing these drilling
risks, non-productive time (NPT) can be
significantly reduced, thereby reducing
safety incidents and costs associated
with these risks.

The IADC Underbalanced Operations
and Managed Pressure Drilling Commit-
tee has also devised a well classification
system to generally describe the overall
risk, application category and fluid sys-
tem used in underbalanced operations

(UBO) and managed pressure drilling
(MPD).

Wells are classified according to: 

This classification system provides a
framework for defining minimum equip-
ment requirements, specialized proce-
dures and safety management practices.

For more information, refer to the IADC
UBO HSE Planning Guidelines and other
related documents: http://www.iadc.org
/committees/underbalanced/Documents
/IADC_HSE-Planning_FINAL.pdf.

More information on the Managed Pres-
sure Drilling also can be found at
h t t p : / / w w w. i a d c . o r g / c o m m i t t e e s
/underbalanced/index.html.

Risk assessment studies are currently
being devised to evaluate the hypothe-
sis that Managed Pressure Drilling pro-
vides an equal or greater degree of pro-
tection, safety, or performance com-

pared with the Conventional Drilling
Process. This can be done by analyzing
safety and operational incidents in
terms of severity, occurrence and detec-
tion. To evaluate the comparative risk,
hard numbers will be computed based
on actual historical data. Risk assess-
ment computational tools such as Fault
Tree Analysis, Failure Modes and
Effects Analysis, and Weibull Analysis
will help to provide some insight that
should determine which drilling
process affords a greater safety margin
and less NPT.

Prospective participants in this study
include operators, drilling contractors,
service companies, equipment manufac-
turers, regulators and other interested
parties. Virtually all of the data compiled
for this study is expected to have an
invaluable impact on drilling operations
whether they are land-based or offshore
applications.

More information regarding this project
can be found at http://www.dea.main.com
/projects/status/155.html or by sending e-
mail to ken.malloy@mohreng.com. �

Risk Level

(0 to 5)

Application

(A, B or C)

Fluid System

(1 to 5)

For a complete catalog or to place an order online, please visit www.iadc.org.
Phone: 1/713-292-1945 • Fax: 1/713-292-1946 • E-Mail: publications@iadc.org

The drilling industry’s number one information source for refer-
ence manuals, training materials, text books, data forms, videos
and more. Whether you need highly technical texts and instructional aids or
basic information about the global drilling industry, IADC Publications is your
contact. Here are samples of IADC’s extensive and diverse product line.

IADC PUBLICATIONS

SAFETY MEETING TOPIC & RECORD BOOK
Revised by the IADC HSE Committee in 2005! These forms
provide 75 individual topics for weekly safety meetings with
space for each tour meeting attendance and other necessary
information. Includes topics for OSHA required training. 2005.
M E M B E R :  $ 4 8 L I S T :  $ 5 8

RIG SAFETY MEETING TOPIC BOOK
Revised by the IADC HSE Committee in 2005! This handbook
provides over 100 topics for rig safety meetings including such
subjects as: Respirators, Confined Space, Hearing Protection,
PPE, Lock Out/Tag Out, Fall Protection, Electrical Safety, and
more! Includes topics for OSHA required training. 2005.
M E M B E R :  $ 3 0 L I S T :  $ 3 6

DRILLING DATA HANDBOOK, 8TH ED.
This new edition of the best-selling Handbook boasts many
changes from its predecessor. New API RP’s and Specifications
have been included to keep up with the many changes within
the industry. Contents include: Drill String Standards; Casing,
Tubing, Line Pipe Standards, Capacities and Annular
Volumes; Drilling Bits and Downhole Motors; Drilling Mud;
Cementing; Directional Drilling; Kick Control and more!
Editions Technip, revised in 2006!
M E M B E R  $ 1 1 6 L I S T  $ 1 4 3
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