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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. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate
compliance.

Neither APl 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 APl nor any of API’'s employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices.
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and
where these publications should be used. The formulation and publication of API publications is not intended in any
way to inhibit anyone from using any other practices.

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. APl 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, translated, 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, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.
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Foreword

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.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

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

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

Thisdocumentwas produced under APl standardization procedures thatensure 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, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001. 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, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

These guidelines (recommended practices), which have been prepared by the IADC Underbalanced Operations
and Managed Pressure Drilling (UBO/MPD) 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 managed pressure drilling operations. In some cases, a reconciled composite of the various
practices employed by these companies was used. This publication is under the jurisdiction of the American Petroleum
Institute, Drilling and Production Operations Subcommittee.

Managed pressure drilling operations are being conducted with full regard for personnel safety, public safety, and
preservation of the environment in diverse conditions, such 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 best practices.
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Managed Pressure Drilling Operations—Controlled Mud Level with a Subsea
Blowout Preventer

1 Scope

1.1 General

This document provides information for planning, installation, testing, and operation of wells drilled, cased,
cemented, completed, or abandoned with controlled mud level (CML) managed pressure drilling (MPD). This
document applies only to drilling rigs with a marine drilling riser and subsea blowout preventers (BOPs).

This document considers situations where the total drilling operation is performed balanced or overbalanced,
including both hydrostatically overbalanced and when mud level is reduced during circulation to a level where
supplemental annular friction pressure may be required to stay overbalanced.

1.2 Installation and Use of Blowout Preventers

Installation, testing, and use of the subsea BOP and associated well control equipment is the same as for
conventional drilling operations and is not included in this publication. Refer to APl Standard 53 for information
regarding installation and testing of BOPs in a conventional drilling operation.

2 Normative References

This document contains no normative references. For a list of documents associated with APl 92C, see the
Bibliography.

3 Terms, Definitions, and Abbreviations

3.1 Terms and Definitions
For the purposes of this recommended practice, the following definitions apply.

311
anchor point
The depth in the wellbore at which a constant annulus pressure is intended to be kept.

3.1.2

controlled mud level

CML

A form of managed pressure drilling that regulates fluid column height in the marine drilling riser to manage the
annular pressure profile in the well.

313
drilling window
The pressure range between the pore/collapse pressure and fracture/fluid losses pressure.

3.1.4

equivalent circulating density

ECD

The effective density of the circulating fluid in the wellbore resulting from the sum of the pressure imposed by the
static fluid column and annular friction pressure.
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2 AP| RECOMMENDED PRACTICE 92C

3.1.5

hazard identification study

HAZID

The process of identifying hazards to plan for, avoid, or mitigate their impacts.

3.1.6

hazard and operability analysis

HAZOP

A structured and systematic examination of processes (existing or planned) to identify and evaluate problems
that can represent risks to personnel, environment, or equipment, or prevent efficient operations.

3.1.7
kick
An unplanned, unexpected influx of liquid or gas from the formation into the wellbore.

3.1.8
kick intensity
The pressure differential between the formation fluid pressure and the mud hydrostatic pressure.

3.1.9

kick tolerance

The maximum influx volume at a specific kick intensity that can be safely circulated out of the well without
compromising the weakest point (formation, casing, surface equipment, etc.).

3.1.10

non-return valve

NRV

A valve installed in the drill string that provides positive and instantaneous shutoff against flow or differential
pressure from below.

3.1.1
operator
The company that has legal authority to drill wells and undertake the production of hydrocarbons.

3.1.12
primary well barrier
The first well barrier that prevents flow from a source.

3.1.13
primary well barrier element
The individual equipment, items, and components that form the primary barrier.

3.1.14

riser annular

An annular preventer installed on the marine drilling riser near the surface, normally just below the slip joint.
Flowlines with a mean of isolation below the annular allow for returns to route to the flowline or choke manifold.

3.1.15

riser margin

An application of a mud weight with sufficient density to balance the highest formation pressure in the open hole
formation in case of a marine riser disconnect.

3.1.16
secondary well barrier
The second well barrier that prevents flow from a source.
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MANAGED PRESSURE DRILLING OPERATIONS—CONTROLLED MUD LEVEL WITH A SUBSEA BLOWOUT PREVENTER

3.1.17
well barrier

An envelope of one or several well barrier elements that prevents fluids from flowing unintentionally from the

formation into the wellbore, into another formation, or to the environment.

3.2 Abbreviations

BHA
BHP
BOD
BOP
CML
DP
ECD
ESD
EQD
FEED
HAZID
HAZOP
HSE
LARS
LMRP
LWD
MGS
MPD
POJ
MRL
MWD
NRV
PFD
PWD
P&ID
PRV
PVT
RIH
RIV
SRP

Full document details: API RP 92C-2024

bottom hole assembly
bottom hole pressure

basis of design

blowout preventer

controlled mud level
dynamically positioned
equivalent circulating density
equivalent static density
emergency quick disconnect
front end engineering design
hazard identification study
hazard and operability analysis
health, safety, and environment
launch and recovery system
lower marine riser package
logging while drilling

mud gas separator

managed pressure drilling
pump outlet joint

mud return line
measurement while drilling
non-return valve

process flow diagram

pressure while drilling

piping and instrumentation diagram

pressure relief valve
pit volume totalizer
running-in-hole

riser isolation valve

subsea return pump
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4 APl RECOMMENDED PRACTICE 92C

4 Managed Pressure Drilling Overview

4.1 Managed Pressure Drilling Objectives

Managed pressure drilling (MPD) is 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. Any influx incidental to the operation shall be safely contained. The following are aspects of
MPD operations.

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

b) MPD can include control of back-pressure, fluid density, fluid rheology, annular fluid level, circulating friction,
and hole geometry, or combinations thereof.

c) When compared with conventional overbalanced drilling, MPD can allow faster corrective action to deal with
observed pressure variations. The ability to dynamically control annular pressures facilitates drilling of what
might otherwise be technically unattainable prospects.

4.2 Controlled Mud Level (CML) Description

CML is a MPD technique where the wellbore pressure is managed by dynamically adjusting the hydrostatic head

of the drilling fluid in the marine riser. A subsea return pump, connected to the pump outlet joint, is used to control

the fluid level in the riser. From the subsea return pump (SRP), the returns from the well go up to the rig through
the mud return line (MRL).

When the fluid level in the riser is lowered, the pressure profiles in the well are curved. This is illustrated in Figure
1.

CML works within conventional well control principles using the drilling fluid as the primary barrier.
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CML Pressure Profiles

Pressure Gradient

+——— Depth

Decreased mud levelto
accountfor annular friction
in dynamic scenarios

—_— Static Profile

m—— Dynamic Profile

Figure 1—CML Pressure Profiles
4.3 Candidate Selection Criteria
4.3.1 Application Drivers
Abasic analysis can be used to determine if CML MPD is applicable. The following scenarios are good candidates:
a) narrow drilling windows;
b) formations prone to wellbore instability due to pressure cycles;
c) make use of the dual gradient principle to stay within the drilling window.

d) formations prone to lost circulation;
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e) high-pressure, high-temperature (HPHT) wells;

f)  formation pressure uncertainty;

g) early kick/loss detection and response;

h) high-pressure/low-productivity formation, rate of penetration (ROP) improvement, etc.;

i) depleted formations;

j)  zonal isolation and well integrity-related issues;

k) low fracture strength formations;

[) long lateral wells and extended reach drilling;

m) heterogeneous pressure regimes;

n) sand control/gravel packs in low fracture reservoirs;

0) well cleanup and running lower completions in loss-prone reservoirs;

p) shallow reservoirs (below seabed);

q) losses during casing and liner cementing;

r) simplified/reduced number of casing strings in well design due to one or more of above.

4.3.2 Selection Considerations

4.3.2.1 Technique Selection

For each well, there are various techniques, equipment, and specifications that can provide a solution. The first
analysis that should be performed is the selection of the MPD technique that is going to be used, considering the
advantages and disadvantages for each approach.

4.3.2.2 Regulations

Regulations and regulatory approvals should be reviewed and investigated as some restrictions may be
applicable.

4.3.2.3 Rig Equipment

4.3.2.3.1 Rig equipment specifications (pump rates, subsea equipment pressure and structural limits, fluid/
material compatibility, pit volumes, etc.) and required rig modifications, inclusive of riser modifications, should be
reviewed and investigated.

4.3.2.3.2 Circulation system flexibility should be reviewed for normal and contingency operations.

4.3.2.3.3 Schematics or proposed schematics of all CML equipment (P&ID, including footprints, line sizing,
valves, pressure ratings, riser interfaces, and other design considerations, including rig interfaces, equipment

weight, handling considerations, etc.) shall be available. Equipment redundancy will be dictated by the safety,
reliability, and flexibility requirements.
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4.3.2.4 Geology

The CML program should consider the uncertainties of geology, such as formation depths, drilling window (pore
pressure range, fracture, and collapse pressures), presence of fractures, or weathered or karstified formations,
as these uncertainties can lead to different scenarios and affect the CML operation (pump placement, mud
weight selection, amount of pressure management required, etc.).

Understanding the uncertainties in the comprehensive geological and geophysical model and drilling window is
key for a well-constructed MPD design.

4.3.2.5 Casing and Completion Design

The casing and completion design should consider the impacts of the CML operations, including load cases
imposed by CML operations, as these can differ from conventional drilling load cases.

Consideration should be given to the following:

— deployment scenario (liner, casing, liner plus tie-back, in-casing isolation valve, lower completion);
— isolation strategies (cementing operations, usage of mechanical barriers, packers).

4.4 CML Overview

Figure 2 shows the typical layout for a CML system.
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