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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the 
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any 
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Users of this recommended practice should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information contained herein. 

API publications may be used by anyone desiring to do so. Every effort has been made by API to assure the accuracy 
and reliability of data contained in this publication. However, the Institute makes no representation, warranty, or 
guarantee in connection with publication of these recommended practices and hereby expressly disclaims any liability 
or responsibility for loss or damage resulting from use or applications hereunder or for violation of any federal, state, 
or local regulations with which the contents may conflict. Users of recommendations set forth herein are reminded 
that constantly developing technology and specialized or limited operations do not permit complete coverage of all 
operations and alternatives. Recommendations presented herein are not intended to inhibit developing technology 
and equipment improvements or improved operating procedures. These recommended practices are not intended to 
obviate the need for qualified engineering and operations analyses and sound judgments as to when and where 
these recommended practices should be utilized to fit a specific underbalanced drilling application.

Recommendations presented in this publication are based on this extensive and wide-ranging industry experience. 
The goal of these recommended practices is to assist the oil and gas industry in promoting personnel safety, public 
safety, integrity of the underbalanced drilling equipment, and preservation of the environment for land and offshore 
underbalanced drilling operations and these recommended practices are published to facilitate the broad availability 
of proven, sound engineering and operating practices. This publication does not present all of the operating practices 
that can be employed to successfully conduct underbalanced drilling operations. Practices set forth herein are 
considered acceptable for accomplishing the job as described; however, equivalent alternative installations and 
practices may be utilized to accomplish the same objectives. The formulation and publication of API recommended 
practices is not intended, in any way, to inhibit anyone from using other practices. Furthermore, individuals and 
organizations using these recommended practices are cautioned that underbalanced drilling operations must comply 
with requirements of applicable federal, state, or local regulations and these requirements should be reviewed to 
determine whether violations may occur. 

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any means, electronic, 
mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the Publisher, API 

Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2008 American Petroleum Institute
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Foreword

These guidelines (recommended practices), prepared by the IADC Underbalanced Operations and Managed 
Pressure Drilling Committee consisting of representatives from various IADC member companies, represent a 
composite of the practices employed by various operating companies, service companies and drilling contractors in 
underbalanced drilling operations. In some cases, a reconciled composite of the various practices employed by these 
companies was utilized. The Committee acknowledges the Canadian Association of Drilling Contractors (CAODC), 
the Canadian Association of Petroleum Producers (CAPP), Petroleum Services Association of Canada (PSAC) and 
the Alberta Energy Utilities Board (AEUB), and in particular the Drilling and Completions Committee (DACC) for their 
effort in developing guidelines related to underbalanced drilling in the Canadian environment, which are the basis for 
this document. This publication is under the jurisdiction of the American Petroleum Institute, Upstream Segment’s 
Executive Committee on Drilling and Production Operations. 

Underbalanced drilling is used globally on new wells and to deepen or side-track from existing well bores. 
Underbalanced drilling operations are being conducted with full regard for personnel safety, public safety, and 
preservation of the environment in such diverse conditions as urban sites, wilderness areas, ocean platforms, 
deepwater sites, very hot barren deserts, cold weather areas including the arctic environment and wildlife refuges. As 
tools and equipment continually improve and develop, the technology has been applied in many geological 
formations including oil and gas reservoirs and on sour wells thus driving the need for globally accepted standards 
and safe operating practices. 

Furthermore, this publication includes use of the verbs “shall” and “should” whichever is deemed the most applicable 
for the specific situation. 

For the purposes of this publication, the following definitions are applicable:

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order 
to conform to the specification. 

Changes in the uses of these verbs are not to be effected without risk of changing the intent of recommendations set 
forth herein. 

Recognizing the varying complexity and risk associated with drilling wells classified as IADC Level 1 as compared to 
IADC Level 4 or 5, this document is prepared from the perspective of an IADC Level 1 or 2 well. Therefore, the end-
user is advised to replace the verb “should” with “shall” for wells classified as IADC Level 4 or 5.

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

This document was produced under API standardization procedures that ensure appropriate notification and 
participation in the developmental process and is designated as an API standard. Questions concerning the 
interpretation of the content of this publication or comments and questions concerning the procedures under which 
this publication was developed should be directed in writing to the Director of Standards, American Petroleum 
Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or translate all or any 
part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the 
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 1220 L Street, N.W., Washington, D.C. 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW, 
Washington, D.C. 20005, standards@api.org.
iii
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Underbalanced Drilling Operations

1 Scope 

1.1 Purpose 

The purpose of these recommended practices is to provide information that can serve as a guide for planning, 
installation, operation and testing of underbalanced drilling equipment systems on land and offshore drilling rigs 
[barge, platform, bottom-supported, and floating with surface blowout preventers (BOP) installed] thereby ensuring 
consideration of personnel safety, public safety, integrity of the underbalanced drilling (UBD) equipment, and 
preservation of the environment for onshore and offshore UBD operations (including tripping of drill string). 

The UBD system is composed of all equipment required to safely allow drilling ahead in geological formations with 
pressure at surface and under varying rig and well conditions. These systems include: the rig circulating equipment, 
the drill string, drill string non return valves (NRV), surface BOP, control devices (rotating or non-rotating) independent 
of the BOP, choke and kill lines, UBD flowlines, choke manifolds, hydraulic control systems, UBD separators, flare 
lines, flare stacks and flare pits and other auxiliary equipment. The primary functions of these systems are to contain 
well fluids and pressures within a design envelope in a closed flow control system, provide means to add fluid to the 
wellbore, and allow controlled volumes to be withdrawn from the wellbore. 

1.1.1 Managed pressure drilling (Category A) and mud cap drilling (Category C) techniques as defined in the IADC 
Well Classification System for Underbalanced Operations and Managed Pressure Drilling are not included in this 
publication. The phrase managed pressure drilling or the acronym MPD is only used in this document in the context of 
the IADC Well Classification System. 

1.1.2 Sub-sea BOP stacks and marine risers are not dealt with in this document.

1.2 Well Control

During UBD and tripping operations, primary well control is based on flow and pressure control using specialized 
equipment and procedures. If an unplanned event occurs, secondary well control is provided by the rig's BOP 
equipment as in conventional drilling and tripping operations. Procedures and techniques for conventional well control 
are not included in this publication (refer to API 59).

1.3 Blowout Preventer (BOP) Installation

Procedures for installation and testing of conventional and sub-sea BOPs are not included in this publication unless 
alternative procedures are recommended for the UB operation. Refer to API 53 for information regarding installation 
and testing of BOPs in a conventional drilling operation. 

1.4 Installation of Underbalanced Drilling Control Devices (UBD-CDs)

Procedures for installation and testing of both rotating and non-rotating UBD-CDs are included in this publication. 

1.5 Equipment Arrangements

Recommended equipment arrangements, as set forth in this publication, are adequate to meet most well conditions. 
It is recognized that other arrangements may be equally effective and can be used in meeting well requirements 
safely and efficiently.
1
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1.6 Extreme Temperature Operations

Underbalanced operations (UBO) may be conducted in areas of extremely low and high ambient air temperatures. As 
a result, these considerations are area specific and shall be evaluated on a project-by-project basis. Where 
appropriate, ambient air temperature considerations are addressed within this document. 

1.7 Control System Accumulator Capacity

Additional BOP equipment is sometimes required for an underbalanced operation. If additional BOP equipment is 
added to an existing system, the accumulator capacity shall be verified per API 53, which provides capacity 
guidelines to ensure that the volumetric demands of the control system piping, hoses, fittings, valves, BOPs, and 
other related equipment are met.

2 Referenced Standards

2.1 Standards

The following standards contain provisions, which through reference in this text constitute provisions of this standard. 
All standards are subject to revision and users are encouraged to investigate the possibility of applying the most 
recent editions of the standards indicated below.

API Specification 5CT/ISO 11960:2004 1, Specification for Casing and Tubing

API Specification 5D, Specification for Drill Pipe 

API Specification 6A/ISO 10423:2003, Specification for Wellhead and Christmas Tree Equipment

API Specification 7, Specification for Rotary Drill Stem Elements

API Recommended Practice 7C-11F, Recommended Practice for Installation, Maintenance, and Operation of 
Internal-Combustion Engines

API Specification 7G, Recommended Practice for Drill Stem Design and Operating Limits

API Specification 7K/ISO 14693:2003, Specification for Drilling and Well Servicing Equipment

API Recommended Practice 7L, Inspection, Maintenance, Repair and Remanufacture of Drilling Equipment

API Specification 7NRV, Specification on Non-Return Valves

API Recommended Practice 14C, Analysis, Design, Installation, and Testing of Basic Surface Safety Systems for 
Offshore Production Platforms

API Specification 14E, Recommended Practice for Design and Installation of Offshore Production Platform Piping 
Systems

API Recommended Practice 14F, Design, Installation, and Maintenance of Electrical Systems for Fixed and Floating 
Offshore Petroleum Facilities for Unclassified and Class 1, Division 1 and Division 2 Locations

API Specification 16A/ISO 13533:2001, Drill Through Equipment

1 International Organization for Standardization, 1, ch. de la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, 
Switzerland, www.iso.org.
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API Specification 16C, Choke and Kill Systems

API Specification 16D, Control Systems for Drilling Well Control Equipment and Control Systems for Diverter 
Equipment 

API Specification 16RCD, Drill Through Equipment—Rotating Control Devices

API Recommended Practice 17B/ISO 13628-11:2007, Recommended Practice for Flexible Pipe

API Specification 17J/ISO 13628-1:2006, Specification for Unbonded Flexible Pipe 

API Specification 17K/ISO 13628-10, Specification for Bonded Flexible Pipe

API Recommended Practice 53, Blowout Prevention Equipment Systems for Drilling Wells

API Recommended Practice 64, Diverter Systems Equipment and Operations

API Recommended Practice 500, Recommended Practice for Classification of Locations for Electrical Installations at 
Petroleum Facilities Classified as Class I, Division 1 and Division 2

API Recommended Practice 576, Inspection of Pressure-relieving Devices

AEUB Interim Directive ID 90-1 2, Completion and Servicing of Sour Wells

AEUB Interim Directive ID 94-3, Underbalanced Drilling

AEUB Interim Directive ID 97-6, Sour Well Licensing and Drilling Requirements 

AEUB Informational Letter IL 88-11, Shop Servicing and Testing of Blowout Preventers and Flexible Bleed-Off and Kill 
Line Hoses

ASME Boiler and Pressure Vessel Code 3, Section V: Nondestructive Testing, Article 5: Ultrasonic (UT) Examination 
Methods for Materials and Fabrication 

ASME Boiler and Pressure Vessel Code, Section VIII: Pressure Vessels

— Division 1: Appendix 4—Rounded Indication Charts Acceptance Standard for Radiographically Determined 
Rounded Indications in Welds 

— Division 2: Alternative Rules, Appendix 4: Design Based on Stress Analysis 

— Division 2: Alternative Rules, Appendix 6: Experimental Stress Analysis

ASNT SNT-TC-1A 4, Personnel Qualification and Certification in Nondestructive Testing, 1984 or latest Edition

ASTM A193 5, Alloy-Steel and Stainless Steel Bolting Materials

2 Alberta Energy and Utilities Board, 640-5th Avenue SW, Calgary, Alberta, Canada T2P 3G4.
3 American Society for Mechanical Engineers, 3 Park Avenue, New York, New York 10016-5990, www.asme.org.
4 American Society for Nondestructive Testing, Inc., 1711 Arlingate Lane, P.O. Box 28518, Columbus, Ohio 43228-0518, 

www.asnt.org.
5 American Society for Testing and Material, Inc., 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19103, 

www.astm.org.
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ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers—Tension

ASTM D471, Standard Test Method for Rubber Property—Effect of Liquids 

ASTM D2240, Standard Test Method for Rubber Property—Durometer Hardness

ASTM G111, Standard Guide for Corrosion Tests in High Temperature or High Pressure Environment, or Both 

Enform IRP 1 6, Critical Sour Drilling

Enform IRP 2, Completing and Servicing Critical Sour Wells

Enform IRP 4, Well Testing and Fluid Handling

Enform IRP 6, Critical Sour Underbalanced Drilling 

Enform IRP 15, Snubbing Operations

Enform IRP 18, Hazardous fluids and processes

GRI 97/0236 7, Underbalanced Drilling Manual

IADC 8, Well Classification System for Underbalanced Operations and Managed Pressure Drilling

NACE MR 0175 9, Petroleum and Natural Gas Industries Materials for Use in H2S-containing Environments in Oil and 
Gas Production 
— Part 1: General Principles for Selection of Cracking-resistant Materials

— Part 2: Cracking-resistant Carbon and Low Alloy Steels, and the Use of Cast Irons 

— Part 3: Cracking-resistant CRAs (Corrosion-resistant Alloys) and Other Alloys

NACE TM 0187-87, Standard Test Method for Evaluating Elastomeric Materials in Sour Gas Environments

NFPA Standard 11 10

3 Definitions/Abbreviations and Descriptions

3.1 Definitions

3.1.1 
API gravity
A special function of relative density (specific gravity) used in the accurate determination of the gravity of petroleum and 
its products for the conversion of measured volumes at the standard temperatures of 60 °F (15.56 °C) represented by: 

API gravity (degrees) = (141.5/specific gravity 60 °F/60 °F) – 131.5.

3.1.2 
barrier
Any system that is used to contain well fluids within the wellbore. The term “first barrier” is used to describe systems 
providing first-line containment. The term “second barrier” is used to describe systems providing backup to the first-
line system. A barrier may be closed, e.g. bridge plug/cement, or it may be normally open but at readiness to close 
e.g. BOP. 

6 Enform, 1538-25th Avenue NE, Calgary, Alberta, Canada T2E 8Y3, www.enform.ca.
7 Gas Research Institute, 8600 West Bryn Mawr Avenue, Chicago, Illinois 60631.
8 International Association of Drilling Contractors, P.O. Box 4287 Houston, Texas 77210-4287, www.iadc.org.
9 National Association of Corrosion Engineers,1440 South Creek Drive, Houston, Texas 77084-4906, www.nace.org
10 National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02169, www.nfpa.org
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3.1.3 
bleed-off line
Part of the pressure containing equipment on a snubbing stack that provides a means of bleeding off trapped wellbore 
pressure.

3.1.4 
certified
Infers that components of the pressure containing system have been manufactured and maintained under a quality 
program to ensure conformance with their design specification. 

During shop servicing, certification must be performed by an API or ISO-licensed manufacturer or company or 
technical expert that meets the requirements of IRP 2, Section 10.2.2.

3.1.5 
circulating media
Includes both injected and produced fluids, as well as their mixtures.

3.1.6 
circulation system
The circuitous path that the drilling fluid travels. Beginning at the main rig pumps, the primary components include the 
surface piping, the standpipe, the rotary hose, the kelly or the top drive system, the drill pipe, the bottomhole 
assembly (BHA) including the drill collars, motor or turbine (if applicable) and bit nozzles, the various annular 
geometries of the open hole and casing strings, the BOPs, the RCD, the flowline, the UBD choke manifold, the fluids-
gas-solids handling equipment, the drilling/production fluid storage tanks, the venting/flaring/recovery system for 
produced gas, the centrifugal pre-charge pumps and back to the main rig pumps. 

3.1.7 
closed circulation system 
A system where the circulating medium is managed such that all gases are vented to a flare system or otherwise 
safely vented. Systems using gas recovery to process or recycle gas represent an enhancement to the closed 
circulating system.

3.1.8 
closed cup flash point
CCFP
ASTM D93 Pensky-Martens closed cup tester. 

3.1.9 
coiled tubing 
CT
Steel pipe flexible enough to be stored on and deployed from a reel. Used to replace jointed pipe in certain types of 
drilling, completion, and workover operations. 

3.1.10 
coiled tubing (CT) drill string
Includes all equipment from the drill bit up to and including the rotating joint on the CT spool. The drill string refers to 
all BHAs, continuous tubing and pressure control devices in the continuous tubing. The drill string also refers to any 
fishing BHA required to be run into the hole to recover portions of CT drill string inadvertently left in the well.

3.1.11 
coiled tubing (CT) stripper
The uppermost packing element on the coiled tubing BOP stack that enables the CT to be deployed into the well 
under pressure.
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3.1.12 
consequence mitigation and recovery preparedness measures
Necessary to limit the consequences of the hazardous event or aimed at reinstating or returning to a normal situation.

3.1.13 
control device 
CD
A drill-through device with a seal that contacts and seals against the drill string for the purpose of controlling the 
pressure or fluid flow to surface; can be either rotating or non-rotating. 

3.1.14 
critical sour well
Any well from which the maximum potential H2S release rate is greater than: 

— 0.01 cubic meters per second (m3/s) or greater and less than 0.1 m3/s and which is located within 500 meters 
(m) of the boundaries of an urban center;

— 0.1 m3/s or greater and less than 0.3 m3/s and which is located within 1.5 km of the boundaries of an urban 
center;

— 0.3 m3/s or greater and less than 2.0 m3/s and which is located within 5 km of the boundaries of an urban center; 
or 

— 2.0 m3/s. 

3.1.15 
diverter/annular preventer
An annular-type preventer that is designed to be closed around the drill string to contain wellbore pressure, and may 
be a rotating or non-rotating type, and designed for various working pressure ratings depending on manufacturer 
specifications. 

3.1.16 
downhole isolation valve
DIV
A valve designed to be placed in the wellbore to isolate formation pressures enabling equipment to be run and 
recovered from a well.

3.1.17 
drill pipe
Drill pipe refer to traditional drill pipe with tool joints and tubing with connections suitable for drilling service.

3.1.18 
drill string
Includes all equipment from the drill bit to and including the stabbing valve at surface. The drill string refers to all 
BHAs, jointed or coiled tubulars and pressure control devices run into the hole. The drill string also refers to any 
fishing BHA required to be run into the hole to recover portions of drill string inadvertently left in the well.

3.1.19 
elastomer seals
All elastomeric seals that contain any wellbore pressure within the pressure containing system. These seals are not 
limited to the ram type preventers but include all seals (O-ring, ram shaft, etc.) exposed to the wellbore environment 
that prevents the wellbore pressure from escaping outside the pressure containing system. 
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3.1.20 
emergency planning zone
EPZ
A geographical area surrounding a well, pipeline or production facility containing hazardous materials that requires 
specific emergency planning by the operator. The EPZ represents a geographical area where first-level response 
actions might be required in the event of an incident to mitigate a severe threat to public safety. 

3.1.21 
emergency shutdown valve 
ESD
A remotely-actuated safety device used to isolate well fluids from personnel and equipment and prevent the severity 
of the incident escalating due to fire and/or explosion.

3.1.22 
equalizing line or loop
The pressure containing line on the snubbing stack that provides the means to equalize pressure between the 
snubbing stack and the wellhead during snubbing operations.

3.1.23 
hazard identification studies 
HAZID
Designed to identify all potential hazards, which could result from operation of a facility or from carrying out an activity. 
A HAZID is based on the safety and operability review (HAZOP).

3.1.24 
high closing ratio valve
HCR valve
A remote hydraulically controlled valve used on the BOP stack.

3.1.25 
HSE
Health, safety and environment.

3.1.26 
independent barrier
A barrier that is not reliant on another barrier to ensure pressure integrity.

3.1.27 
inert gas
Gases that exhibit stability and extremely low or no reaction rates, such as helium and nitrogen.

3.1.28 
integrity of the drill string
When there is pressure integrity between circulated fluids inside the drill string and wellbore fluids or the atmosphere 
outside the drill string, integrity of the drill string requires pressure integrity of all components from the swivel to the 
drill bit during rotary drive applications, from the top drive unit to the drill bit during top drive applications, and from the 
rotary joint on the CT reel to the drill bit during CT drilling applications. Loss of containment may be caused by a 
failure of any tubular component.

3.1.29 
kick
An unplanned, unexpected influx of liquid or gas from the formation into the wellbore, where the pressure of fluid in 
the wellbore is insufficient to control the inflow. If not corrected, can result in a blowout.
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3.1.30 
kill weight fluid
A fluid with a density that is high enough to produce a hydrostatic pressure at the point of influx into a wellbore to shut 
off any further flow into the well.

3.1.31 
leak tight
A condition of no observable flow across a barrier, no pressure build-up downstream of a barrier and/or no pressure 
loss upstream of a barrier.

3.1.32 
logging while drilling
LWD
The measurement of formation properties during the excavation of the hole, or shortly thereafter, through the use of 
tools integrated into the BHA.

3.1.33 
managed pressure drilling
MPD
An adaptive drilling process used to precisely control the annular pressure profile throughout the wellbore. The 
objectives are to ascertain the downhole pressure environment limits and to manage the annular hydraulic pressure 
profile accordingly. It is the intention of MPD to avoid continuous influx of formation fluids to the surface. Any influx 
incidental to the operation will be safely contained using an appropriate process.

— MPD process employs a collection of tools and techniques which may mitigate the risks and costs associated 
with drilling wells that have narrow downhole environmental limits, by proactively managing the annular hydraulic 
pressure profile.

— MPD may include control of back pressure, fluid density, fluid rheology, annular fluid level, circulating friction, and 
hole geometry, or combinations thereof.

— MPD may allow faster corrective action to deal with observed pressure variations. The ability to dynamically 
control annular pressures facilitates drilling of what might otherwise be economically unattainable prospects.

3.1.34 
maximum anticipated surface pressure
MASP
Equal to the original reservoir pressure minus the gas gradient. This value can only be reduced if a qualified reservoir 
specialist endorses a reduction based on factual data.

3.1.35 
measurement while drilling 
MWD
The measurement of the inclination and azimuth during the excavation of the hole through the use of accelerometers 
and magnetometers integrated into the BHA.

3.1.36 
non-return valve 
NRV
A type of back-pressure valve installed in the drill string that provides positive and instantaneous shutoff against 
differential pressure from below thus ensuring continuous control of fluid flow from the drill string during UBD or 
conventional drilling operations. 
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NOTE   The more common name for an NRV is a “drill string float valve.” The use of the term NRV instead of the more common 
name was adopted to highlight that in a UBD operation the valve:

a) is primary well control equipment installed as an integral part of the drill string;

b) is non-ported;

c) is required to be run in a special sub or landing nipple; and

d) may have trapped pressure below it when retrieved at surface and therefore, requires a special tool to safely relieve trapped 
pressure. 

3.1.37 
NRV sub/NRV landing nipple
A receptacle with internal sealing surfaces in which an NRV may be installed.

3.1.38 
NRV equalizing head
Used to equalize the NRV on surface, venting any trapped pressure prior to the removal of the NRV from the drill 
string.

3.1.39 
open cup flash point 
OCFP 
ASTM D92 Cleveland open cup test. The lowest temperature flash point corrected to a barometric pressure of 
101.3 kPa, at which application of a test flame causes the vapor of a specimen to ignite under specified conditions of 
test, and is used primarily for viscous materials having a flash point of 79 °C and above.

3.1.40 
operator
The operating company holding the license to explore for or exploit the hydrocarbon reserves.

3.1.41 
packing element
Sealing element between the UBD-CD and the drill string. 

3.1.42 
pipe-light
A condition that occurs when the force inside the well-bore acting to push the drill string out, is greater than the force 
acting to keep it in the well bore. 

3.1.43 
pipe-light depth
The depth in the wellbore above which a pipe-light condition may occur.

3.1.44 
piping and instrumentation diagram
P&ID
A diagram which shows the interconnection of process equipment and the instrumentation used to control the 
process. It is the primary schematic drawing used for laying out a process control installation. In the process industry, 
a standard set of symbols is used to prepare drawings of processes.
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3.1.45 
pressure containment system
Includes all equipment from the top wellhead flange to the downstream side of the choke, and specifically the BOP 
stack, snubbing stack, CT stack and pressure deployment system including all bleed lines and the blowout prevention 
control system.

3.1.46 
pressure deployment
The process by which drill string components or CT drill string components are deployed into or recovered from the 
well while the well is under pressure. 

3.1.47 
primary well control
In an overbalanced drilling operation, is the drilling fluid system (including the fluid) designed to maintain the wellbore 
in an overbalanced condition. In a UBD operation, it is defined as the equipment and systems used to maintain the 
pressure and flow at surface within the design parameters. 

3.1.48 
process flow diagram
PFD
A diagram commonly used to indicate the general flow of the drilling and return fluids through processes and 
equipment. The PFD displays the relationship between major equipment of a facility and does not show minor details 
such as piping details and designations.

3.1.49 
Reid vapor pressure 
RVP
The test method (ASTM D323) used to determine vapor pressure of volatile petroleum liquids at 37.8 °C (100 °F) with 
an initial boiling point above 0 °C (32 °F). 

3.1.50 
risk
The product probability that a specified undesired event will occur and the severity of the consequences. Determining 
the risk of a specified event requires information on the likelihood of the hazardous event occurring and the severity of 
the consequences.

3.1.51 
rotating control device 
RCD
A drill-through device with a rotating seal that contacts and seals against the drill string (drill pipe, casing, kelly, etc.) 
for the purpose of controlling the pressure or fluid flow to surface. 

3.1.52 
safety and operability review 
HAZOP
Designed to review process systems and operating procedures to confirm whether they will operate as intended 
without introducing any avoidable hazards.

3.1.53 
safety critical
Processes, equipment or supervisory personnel whose failure or malfunction or negligence may result in death or 
serious injury. 
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3.1.54 
secondary well control
Equipment and systems used in drilling operations to prevent uncontrolled flow at surface in the event of a loss of 
primary well control. 

3.1.55 
snubbing
Adding or removing the drill string or CT drill string by applying mechanical means to overcome opposing forces 
created by pressure from the well and/or control device.

3.1.56 
sour well
For purposes of underbalanced drilling, HSE and this recommended practice (RP), this term refers to any well with an 
H2S content of greater than 10 ppm; for purposes of equipment, refer to NACE MR 0175.

3.1.57 
sour
An H2S concentration equal to or greater than 10 ppm, and is consistent with 8-hour occupational exposure limit 
(OEL) for workers exposed to H2S.

3.1.58 
stripping
Adding or removing the drill string or CT drill string through a sealed control device.

3.1.59 
threats
A “threat” is defined as, something that could potentially cause the release of hazard and result in an incident, 
whereas a “barrier,” is the means to prevent a threat or combination of threats from occurring. Used in this context, 
barriers may be physical (shields, isolation, separation, protective devices) or non-physical (procedures, alarm 
systems, training, drills). 

3.1.60 
top kill
An operation where a weighted pill is placed in the wellbore where the combined hydrostatic pressure of the various 
fluid densities will exceed the bottomhole pressure (BHP).

3.1.61 
UBD flow control equipment
Comprises the UBD fluid pump, circulating system piping including the stand pipe and the rotary (kelly) hose as 
appropriate, a UBD control device (UBD-CD), the drill pipe (DP), NRVs and a surface system for controlling and 
processing return flow-rates while under pressure.

3.1.62 
underbalance
A condition where the pressure exerted in the wellbore is less than the pore pressure in any part of the exposed 
formations.

3.1.63 
underbalanced
Conducted in a state of underbalance.
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3.1.64 
underbalanced drilling 
UBD
A drilling activity employing appropriate equipment and controls where the pressure exerted in the wellbore is 
intentionally less than the pore pressure in any part of the exposed formations with the intention of bringing formation 
fluids to the surface.

3.1.65 
underbalanced operations 
UBO
A well construction or maintenance activity employing appropriate equipment and controls where the pressure 
exerted in the wellbore is intentionally less than the pore pressure in any part of the exposed formations with the 
intention of bringing formation fluids to the surface.

3.1.66 
well control
The management of the hazards and the effects of pressures and flow encountered during the exploration and 
exploitation of hydrocarbon accumulations. 

3.1.67 
well control event
In an overbalanced drilling operation, this occurs when there is an unexpected flow into the wellbore. In a UBD 
operation, this occurs when the surface pressure, return flow rate, or wellhead temperature exceeds the surface 
equipment design specification.

3.1.68 
wellsite supervisor
The operator’s designated principle representative at the wellsite whether or not that person is the operator’s 
employee.

4 Planning

4.1 Scope 

A UBD project is a complex combination of simultaneous drilling and production operations. The purpose of this 
section is to outline the planning and review practices that should be conducted to ensure the technical and safety 
integrity of the project. 

4.2 Technical Feasibility

Prior to proceeding with a UBO project, decisions will likely be made as to whether CT or drill pipe will be used as the 
drill string for the project, whether lift gas will be required, and will any required gas injection be via concentric casing 
and/or down the drill string. Fluid types (lift gas and drilling fluid) will be evaluated and selected. Casing design will be 
assessed against requirement for maximum potential shut in pressures and effect of casing wear on this design 
requirement.

4.2.1 Flow modelling should be done to determine technical feasibility and establish the operating envelope. UBD 
flow modeling is an integral element in the preliminary engineering and circulating system design stages for any UBD 
project. Flow modeling should be done at both the top of the UBD section and at total depth (TD) of the section 
(assuming no reservoir inflow) to determine:

— whether a stable underbalanced or near-balanced condition can be achieved;
cument details: API RP 92U-2008 (2015)
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— whether adequate annular velocities for hole cleaning can be achieved in an underbalanced circulating system;

— whether the operating performance of the downhole motor or turbine is negatively affected by the underbalanced 
circulating conditions. 

4.2.1.1 An operating envelope exists only for those combinations of liquid, gas and surface back pressures that 
meet the pressure draw down requirement for the project wells, provides the minimum liquid velocity required for hole 
cleaning and are within the operating limits of the motor or turbine. Figure 1 is an example of a steady state UBD 
operating envelope

4.2.1.2 Once the operating envelope is confirmed, modeling should be repeated with reservoir inflow based on the 
minimum inflow, the expected inflow and the maximum inflow as provided by the asset owners. 

4.2.1.3 Both annular flow and injection should be modeled to effectively determine well controllability and UBD 
equipment specifications. Well controllability is determined by establishing the effect on the bottomhole pressure 
(BHP) to changes in the injection parameters (gas and liquid rates) or the surface choke setting.

4.2.2 A competent drilling engineer shall do the following.

4.2.2.1 Confirm that the casing design is capable of handling the maximum potential loads with appropriate safety 
factors. This shall include but not be limited to structural assessment of conductor, wellhead and BOP loads due to 
UBD-specific load conditions (axial load, internal pressure) covering maximum anticipated loads. The drilling or 
operations program should clearly state that this has been done. 

4.2.2.2 Determine the maximum allowable casing wear that shall not be exceeded without additional engineering 
review and assessment. This information should be included in the drilling or operations program.

4.2.2.3 Classify the well to be drilled underbalanced using the IADC Well Classification System for Underbalanced 
Operations and Managed Pressure Drilling that combines the level of complexity/hazard and the UBD application 
type. This information should be included in the drilling or operations program.

Figure 1—Example of a Steady State Subsurface Operating Envelope
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4.2.3 Plans and procedures for the underbalanced well should be appropriate to the IADC well classification level 
and should include a robust contingency plan for the next level up.

4.3 Rig Equipment Selection

UBD operations can be performed using a conventional drilling rig, work-over rig, or with a snubbing unit/hydraulic 
work-over unit, all using jointed pipe. A CT or “hybrid” rig can also be used. Each method has its advantages and 
disadvantages and the final choice usually depends on equipment availability, cost and risk mitigation. 

4.3.1 General Rig Selection Considerations

Key factors in evaluating standard rig components for UBD application include: 

— substructure height to accommodate the additional UBD and wellhead equipment;

— circulating system capability (rates/pressure);

— condition of kelly hose;

— condition of drill pipe;

— BOP equipment;

— adequate accumulator capacity for functioning additional BOP rams and valves when required;

— condition of electrical systems and adherence to explosion hazard zone classification.

4.3.2 Selection of Pipe Rotation Devices—Top Drive vs. Kelly Drive Systems

A top drive system is often the preferred system for horizontal underbalanced drilling. However, drilling 
underbalanced with a kelly drive is possible both operationally and from an HSE perspective. Each system has 
advantages and disadvantages; availability, operational efficiency, risk mitigation and cost are usually the deciding 
factors. 

a) Top drive system.

— Enables drilling with stands instead of singles and reduces the number of connections required in the 
underbalanced section. The potential for going overbalanced due to pump-on-pump-off transient pressure 
instability during connections is decreased. 

— From an HSE perspective, less connections translates into less exposure from handling pipe and picking up and 
racking the kelly for each connection.

— Enables pumping into and out of the hole on high-pressure, high-rate gas wells to reduce the surface pressures 
and reduce wear on the CD packing elements.

— Allows easy back reaming, often an advantage in drilling horizontal wells; short wiper trips to clear build-up of 
cuttings beds in the horizontal section. 

b) Kelly drive system. 

— If a kelly is used it shall be hexagonal, not square, to get proper sealing with the RCD packer element. 
cument details: API RP 92U-2008 (2015)

http://www.avadocuments.com/doc/api-rp-92u-2008-2015
http://www.avadocuments.com/doc/api-rp-92u-2008-2015


UNDERBALANCED DRILLING OPERATIONS 15

Full docu
— With proper selection of the packer element compound and proper installation of the RCD, increased wear due to 
the use of a kelly and/or leaking between the kelly and the RCD should not be an issue. 

— Most kellys have sharp edges and tractor marks, which can negatively impact the life of the RCD packer 
element. These are a result of the manufacturing process. The manufacturer or a machine shop should machine 
these off (smoothed).

4.3.3 In many areas, threaded connections are the norm on the standpipe and the kelly hose connections are 
hammer union type connections, these shall conform to applicable regulatory requirements. However, in the absence 
of applicable regulatory requirements,

4.3.3.1 Flanged standpipe and or kelly hose connections rather than hammer union connections shall be used on 
offshore operations. 

4.3.3.2 If continuous gas injection via the standpipe is required, kelly hose with integral flanged end connections or 
integral hammer unions should be considered.

4.4 Safety Studies and Reviews 

4.4.1 Hazard Identification 

After the decision is made to proceed with a UBO Project, but prior to commencement of detail design work, a HAZID 
review should be conducted. Primary benefit of HAZID is that early identification and assessment of the critical HSE 
hazards provides essential input to project decisions.

4.4.1.1 Purpose 

The purpose is to recognize the importance of HSE considerations on the fundamental, often non-HSE-related, 
decisions that are usually made at the beginning of a project. It allows:

a) consideration of HSE implications of alternative designs;

b) changes to philosophy/design before significant financial commitments are made;

c) identification of specific hazards and threats within the project life-cycle phase;

d) preparation of an inventory of project-specific HSE hazards and threats; 

e) focus of the design effort on HSE risk mitigation, as well as compliance with operating company and regulatory 
requirements. 

4.4.2 Safety and Operability Review (HAZOP)

HAZOP is a structured hazard identification technique using a multi-disciplined team. It has become accepted as the 
main technique to identify the process hazards associated in the design and operation of UBD circulating systems. 
HAZOPs have been used extensively on many UBD projects; specifically aimed at the design and operation of, but 
not limited to, the following:

— the surface separation system;

— the fluid system including mud pumps mist pumps, transfer pumps, etc.;

— the BOP system;
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— the complete well including the casing design and appropriate safety factors;

— the lift gas supply and injection system;

— the snubbing system;

— the drill string, including bottomhole assembly (BHA) and drill-pipe isolation;

— the complete UBD system, including interfaces and logistics;

— completion equipment including downhole isolation (barriers).

4.4.2.1 Timing

After the detailed design for the UBO project is completed but prior to commencement of operations, a detailed 
HAZOP review should be conducted.

4.4.2.2 Purpose 

The purpose is to critically review the proposed plan to identify and correct, or develop contingency plans for, potential 
problems. Although this document addresses general situations, each project is unique and should be reviewed in 
detail. 

The review also provides a secondary function as a training tool for personnel (including field personnel) involved in 
the project. 

4.4.2.3 Participants (the “team”) should include:

— technical staff who selected and designed the process equipment and prepared the operations program; 

— site supervisors, operator, contractors (including subcontractors);

— senior operations personnel responsible for the operation;

— a competent HAZID/HAZOP facilitator. 

4.4.2.4 Reference documents should include the drilling program, equipment specifications and layout, P&ID and/or 
PFD, procedures, practices as outlined in 4.5 of this document, and other industry guidelines. 

4.4.2.5 The team should conduct an orderly, systematic review of the project plan to assess and identify possible 
failure scenarios and appropriate mitigation measures. If not already included in the project plan, the plan shall be 
modified to include appropriate mitigation controls. 

4.4.2.6 The team should also conduct a detailed documented review of the operations program, which should be 
approved/signed by the senior operations person (i.e. superintendent, operations manager) responsible for it’s 
execution. 

4.4.2.7 All action items identified and documented shall be tracked and closed out prior to start of operations.

4.4.2.8 If the operator has conducted a HAZOP review for a previous but similar UBD project, the review may be 
referenced and used as the basis for the new project, (except for critical sour wells). However, the validity of the 
HAZOP should be reviewed.
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