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Terms and definitions Used in

Chapter 4

API American Petroleum Institute

ALARP As Low As Reasonably Practical s
BHA Bottom Hole Assembly
BOP Blowout Preventer

BPM Barrels Per Minute

BPV Back Pressure Valéﬁe

C&K Choke and

DIV Drillstrif

Egﬁvaggm éirculating Density

F‘ﬁ]g > Element Analysis

Full Opening Safety Valve

(;::iobal Maritime Distress and Safety System

Guif of Mexico ‘
Hazard Identification

Hazard and Operability

Health Safety and Environment

International Assoc of Drifling Contractors

Inside Biowout Preventer

Muitiplexed
Measurement While Drilling

NaCL Sodium Chioride (Salt)

OBM Oil Based Mud

OM Offshore Installation Manager

OSRP Oil Spill Response Plan

OWsS Oily Water Separator
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Pounds Per Galion

Pressure While Drilling
Quantitative Risk Assessment
Run in Hole

Remote Operated Vehicle
Retrievable Test Treat Squeez
Synthetic Based Mud
Surface BOP

Shut u%
Seabed It

£

"""%fh%griﬂg?ipe Pressure
S ity h;lanagement System

&% ~.Variable Bore Ram
~“Vortex Induced Vibration
" Well Control Procedure
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4.1 Introduction

This Chapter of the guideline document deals with the HSE
issues relating to the use of a surface BOP drilling system.
The guideline is written from the perspective of modlfymg
and converting existing floating dritling vesse %%ﬁmgce

5

surface BOP drilling systems. However, pﬁ les are

applicable to new construction vesse

%‘fhn systgm is that the
be as safe or safer than a

“existing"Unit it is critical that all Health, Safety and

2 . K v 1 * .
@vumnment considerations are reviewed and acted on in

4

a consistent and thorough manner. This guideline gives
recommendations relating to HSE topics that other
operators have considered when making use of a surface
BOP system for the first time.

Itis recommended that any organization anticipating
making use of a surface BOP system on their Mobile
Offshore Drilling Rigs should at the very least be able to
develop a rig specific Safety Management System that will
ensure all areas of HSE critical to the successful operation
of the new equipment are fully understood. The surface
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BOP Safety Management System should be developed to
provide Companies with a structured approach to the
design and implementation of surface BOPs in a consistent
manner ensuring system integrity. Defining high-level
performance standards and assurance processes should
be key elements of this system, which then casgﬁae down
to detailed functional specifications. Key ¢l \m 15 of f this
recommended overall Safety Managemeg% { m for use
with a surface BOP System are as JJ}%@N

» Risk Assessment

Understanding and quantifying the risk associated

with usin ’thegequ:\pment and mitigating the risk for
usmg tha‘%ngpment

Understanding the capabilities, limitations and
operational impact of using a surface BOP during a
well control event.

Environmental Discharge Contingency Plans.

Ensuring that plans are in place to control, contain
and mitigate any discharge that may be damaging
to people, assets or the environment resuiting from
SBOR operations.
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» Emergency Response Guidelines.

Ensuring adequate emergency response plans are
in place taking account of SBOP operations and
specific system configurations and operational
capabilities and limitations.

i, L
. Equip?@egt%ggﬁcation and Specification

%

- Personneti Training

Ensuring that ali personnel associated with the
surface BOP operations are adequately prepared to
make use of the equipment.

it should be noted that a Safety Management System does
not have to be limited to just these items and can be
modified to fit existing HSE documentation.
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4.2 Risk Assessment

One of the most critical areas associated with the
instaliation and operation of a surface BOP equipment
package on a ﬂoating rig relates to the risk assessment

fioating rig. There are many meth a
assessment, the ideas outimeci;mf i

techniques.

Risk m@agemen&sﬁou!d be a constant theme throughout
any SB@P*&@“&@t;on from conceptual planning through to
impl BT ntatton The approach should be very much

sed on identifying any hazards directly related to, or

. indeed indirectly related to using surface BOP drilling

systems, which can expose people, the environment or
assets to danger.

4.2.1 Risk Assessment Process

A risk assessment process must ensure that hazards and
their potential effects are fully evaluated. To do this the
hazards must first be identified, assessed and then
mitigation and recovery preparedness measures put in
place to reduce the consequences of any remaining risk.
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To achieve this, a number of tools and techniques can be
used, including a Hazard ldentification (HAZID) exercise, a
Quantitative Risk Assessment (QRA), and a Hazard and
Operability (HAZOP) identification exercise.

The HAZID process is a method to qu;ckly and eﬁ;@g&nﬂy

.\y:caiiy

s

represents a collection of subject ﬁgg%’”é; eXperts from

\\\ Doy

@%\i}\
operatzons The ex rci >

g;gse The primary objectives of the HAZID are to ‘
dentify potential hazards, determine relative importance of
edch hazard, and suggest mitigation opportunities when

appropriate and necessary.

The Quantitative Risk Assessment (QRA) tool is a powerful
decision-making tocl that can assist in the selection of

acceptable solutions to safety related issues for the
introduction of surface BOP equipment. The technique
can he defined as the formal and systematic approach to
identifying hazards, potentially hazardous events, and
estimating likelihood and consequences to people, the
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environment and assets, of incidents developing from
these events.

In the Jast few years, QRA has gained a wide acceptance
as a powerful fool to identify and assess the significant
sources of risk and evaluate alternative risk con

measures. Extensive use has been made of'que ntif

methods such as Fault Tree Analysis ané“%%t ;

Analysis. Physicat Effects Modeling, hag alw ‘been applied
p tgé a%/v

uch per;?nce has been

extensively {o estimate the seve »?"onsequences of

specific incident scenanos

gained in presenting4h e r@snﬂts of ali thiswork ina

consistent and unders d able format providing
interpretations o *he esults and recommending the most
appropnate xmprw&@ents for the installation of a surface

BOP sygté;fg

is (;fénsidered a valuable tool in a decision making
oagss; especially when a surface BOP system is being

: ployed for the first time. It provides a mechanism to
communicate among the experts involved, to quantify
opinions and to combine these effectively with available
statistical data. A properly performed risk analysis
documents the best knowledge of the company's technical
experts. The application of QRA techniques for SBOP
operations has contributed not only to increased safety but

also to improved cost effectiveness in many areas.

A HAZOP is a structured hazard identification tool using a
multi-disciplined team. 1t has become accepted as the
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main technique for the identification of process hazards in
the design and operation of new equipment and has been
used by several companies intent on installing surface
BOP equipment. Other identification techniques such as
discipline review or compliance with checklists are limited
by their reliance on previous experience and co@strained

One formal definition f

application of a formal ati examination of the

process and engineerin ;tentnons of new or existing
equipment packag%to assess the potential of mal-
operataon or matfu% etion of individual items of that
equnpme?%@gkage and the consequent effects on the

facility-as'a whole”.

ethod is equally applicable to:

» New construction projects

» Major conversion or upgrade projects

» Small rig modifications

s New operating procedures

+ Changes to existing operating procedures

The technigue has been used successfully several times
for the use and installation of surface BOP packages.
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In its simplest form the concept is to break the equipment
package into small sections and then to identify hazards by
examining each section and using a series of parameter
and guide word filters to structure the brainstorming
process. Once hazards are identified, the risks can be
ranked and changes made to equipment conﬁgg?ations or

operational procedures to reduce risk. Addition
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4.2.2 Hazard ldentification Guidelines
(HAZID)

HAZID (MAZard |Dentification) is a technigue for early
identification of potential hazards and threats

technique has two styles, Conceptual and
techniques are recommended when a
operation is planned for a rig appli .
used surface BOP's before. Itisdikely. i&%ge the first formal
HSE-related study for a.sufélca,BOP préject. The major
benefit of the HAZID'e ?ﬁs%f& that it can quickly identify
and assess the crmcal H/QE hazards and therefore provide

essential data fo> k@y proiect decisions. This has lead

to saferand more‘g%%beffectwe design options being

B

adopted._k ﬂ]/( minimum cost of change penalty.

QAEED technigue is a:

» Means of identifying and describing occupational
HSE hazards and threats at the earliest practicable
stage of the surface BOP Project

s Meeting or workshop session empioying a highly
experienced multi-discipline team using a
structured brainstorming technique, based on a
checkiist of potential HSE issues, to assess the
applicability of potential hazards

« Rapid identification and description process only,
not a forum for trying to solve potential problems
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4221 HAZID Benefits

HAZID has been developed specifically to reflect the
importance of HSE issues on the fundamental (and often
non-HSE-related) decisions that are made at the inception
of surface BOP projects. The HAZID is usuall ¢

&

iﬁ,;e%ieperiaence of all HSE aspects at the outset of
LR N
<§§e«§ D

R;Qvidgs an opportunity to consider the HSE

N ~ifﬁplications of altemative equipment packages and
" process designs as part of the selection between
{competing) options. (i.e., suspend the surface
BOP from above or below, how many rams in the
disconnect device, do we need a disconnect
device, etc)

» The potential to affect major changes to

philosophy/design at a very early stage hefore
significant financial commitments are made

+ |dentification of specific hazards and threats within
a project life

¢ The Hazid exercise provides a process to record
HSE hazards and threats which can then be used
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to develop a rig specific HSE Hazards and Effects
Register. Documenting all potential Hazards in the
preparation phase of a surface BOP project is
imperative.

4.2.2.2 HAZID Timing and Duration.

éi”

information avallabte t
to change or aﬁ’eg!

(o} he team and still having the ability
ﬁ?@&basm equipment decisions. In any

‘ap%céptual HAZID this would inciude information on
proposed equipment configurations, riser size, seabed

“fé%iation device (SID), control systems options, mooring or

DPF options, metocean data, well subsurface data etc. For
a Detailed HAZID design work would normally have
progressed to the point where the rig has been selected,
the equipment vendor / manufacturer is known, all major
subsurface data is know, and all metocean data
understood and initial riser analysis work has been
completed. In all other aspects there is no difference
between the two styles of study. All paragraphs in this
document apply to both Conceptual and Detailed HAZID
studies.
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The objective of a HAZID study is to recognize and identify
the issues rather than to discuss the consequences and
propose solutions. Hence the duration of a HAZID study is
normaily short, (a typical study duration for a surface BOP
project is one to two days).

e
L

4.2.2.3 HAZID Participants

«%% fﬁe team should be included:

Senior Well Engineering representatives

Drilling Superintendent representative

Rig Manager or equivalent

Representative from the Regulating Authority

Rig Engineering Depariment representatives

HSE Advisers from both the Oil Company and Rig

Owners organizations

+ Surface BOP Equipment Manufacturer
representatives

» Subsurface representatives or Pressure Prediction
representatives

« ROV Company representative
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4.2.2.4 Performing a HAZID

The HAZID process as previously mentioned is a method
to quickly and efficiently focus attention and talents of a
group of individuals (team) fo identify and assegé’ hazards

associated with a partncuiar system or surface

/ @f{‘hand side of the diagram, identification of top
ewents identification of the threats that could lead to these
events, and assessment of the effectiveness of safeguards
and barriers. However, potential consequences can also
be assessed during the exercise allowing the hazardous
event to be risk ranked by the team.

The top event that is typically reviewed in surface BOP
operations is a blow out. Several previous studies on
surface BOP systems have indicated / concluded that a
blow out presents the most severe threat to human life and
the environment. In previous studies nine primary threats
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have been identified that have the potential of leading to
this top event.

4.2.2.5 Organization and Data Capture

A surface BOP HAZID can be organized arqyﬁk
primary threats. Each threat generally represa;g;s fanure
ngthe HAZID in

this manner helps the team focus on the particular threats

of a component in the system, Orgamz

associated with specific systerfgs snrface BOP or

support structure, Thése nine prifary threats covered

o
g

during the HAZID lnciud’

o Failure of gQ&ﬁOP to isolate a kick

Loss of position leading to riser failure

« Riser failure (catastrophic) due to fatigue, wear,
overstress, overpressure, collapse, elc.

+ Collision

» Loss of riser support

» Failure of the SID

« Fracture of the shoe

For each primary threat, specific deviations or sub-
component failures should be identified. In order to
expedite the process all of the potential threats should be
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preloaded into worksheets this then aliows the team to
brainstorm barriers that are in place as well as potential
consequences. [t may be the case that additional threats
will be suggested during the workshop and added to the
worksheet. In addition to discussion around potential
threats, the HAZID process should also captur

following.

» Barriers or Preventive Mea
« Consequences
» Risk Ranking {Peo
p“%@” 7
Reputation)
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4.2.2.6 Risk Ranking

A typical risk ranking matrix should be used by the HAZID
team, an exampie matrix is shown in Figure 4.2.2 6a.

b) with respect to th%antlmpated frequency of the
threat:ocg /ﬁ\:?ng N

i,
-

afeguards in place

Frequency - best estimate of how often the maximum
credible effects may occur assuming the safeguards ARE
in place

Threats of low frequency and low consequence are
generally judged to be acceptable, but should be carefully
managed to ensure continuous improvement. Threats
having a relatively high frequency or consequence require
incorporation of reasonable risk reduction measures to
preciude occurrence. For threats with a high frequency
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and consequence, the risk is intolerable — operation in this
region will not be permitted and mitigating action must be
taken at the design stage to reduce risk to tolerable
regions.

The final result of the exercise is that a report

compiled and shared with all involved in the § e BOP

live work log until the
complete.
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4.2.3 Quantitative Risk Assessment
Guidelines.

Once hazards and hazardous events have been identified,
their causes, consequences and probability can t :
estimated and the risk determined. Rnskﬁas' ssm t may
be on a qualitative or quantitative basyg @m{”@éive the
same steps. Qualitative methods may bev adequate for risk
assessments of simple facnht;%% jons where the

k-

nvifonment or the
pplication of guantitative

exposure of the workf

asset is low. However
methods is cons;dered t%e desirable when making use of
surface BOP Equi g@m nt for the first time. The QRA

u
technique can bés%%‘d quickly and cheaply to help

sbeciﬁed uhidesired event will occur and the severity of the
consequences of the event. When risk is assessed
qualitatively a Risk Matrix may be used. When assessed
quantitatively, risk is derived from the product of chance
and potential consequence. For QRA purposes, chance is
usually expressed as the frequency of occurrence. If no
attempt is made to estimate the frequency, we may be
driven by the consequence into investing heavily on risk
reduction measures which are ineffective. Refer to Figure
423
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Many are concerned about the accuracy of the
quantification and use this as a reason why the technique
should not be applied. However, whather we realize it or

not, wa are always making implicit comparative
quantification whenever we make a decision. What we
gam with QRA is a structured assessrent of thyﬁsk

situations to be anaiyze (A‘it may be advantageous to
' y by a consequence analysis. This

re.arn séverai situations in which QRA has and is ‘
%’?ng rh}sused. This misuse is not necessarily deliberate

it can arise from a misunderstanding of the QRA

process,

4.2.3.1 QRA Objectives

The objectives of previous QRA studies for SBOP
operations have been to;

« Compare the frequency of hydrocarbon release for
both surface and subsea BOP operations,
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» Evaluate the risk of fatalities occurring as a result of
telease of hydrocarbons,

» Characterize the frequency and duration of
resulting hydrocarbon release, and

« Evaluate the sensitivity of the release estimates to
certain key parameters.

4.2.3.2 Methodology

The approach adopted i

. ldentiﬁcatiqp of ha ‘
remov\éq“ngfﬁ’%{%g introduction of surface BOP

Estimation and comparison of risks associated with
surface BOP drilling and conventional subsea BOP
drifling using accepted quantitative risk assessment
techniques

4.2.3.3 ldentification of Hazards

The HAZID process can perhaps best be described as a
method for quickly and efficiently focusing the attention
and talents of a group of individuals in order to identify and
assess hazards associated with a particular system,
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component, or design. For best results, the group chosen
for the exercise should represent a variety of disciplines,
such as engineering, operations, etc., but should be limited
in number to ensure that the HAZID proceeds in an orderly
fashion with active participation of those in attendance.,
The exercise employs the “brainstorming” technigue to
rapidly identify and assess potential hazards; But is

forum for solving the issues identified.
NN
The findings of a surface BOP HAZID %rcise will be
specific to the configuration being ¢ nsé;ggsfﬁred. The
. aa N %;v i

findings of a typical H “&gﬁ%e are indicated below.
In this case it the conﬁ@%iﬁon was an SBOP system
deployed from a«ﬁ%%*ﬁg usﬁg a 51D device with acoustic

control,/

£

ere'were no hazards identified during the study

M_hétwmight prevent eventual deployment in the field. '
However, there are a number of issues that will

need to be addressed prior to deployment. In

particular, the SID acoustic control system must be

addressed in detail to ensure the system provides a

reliable means to shut-off and disconnect from the

well.

¢ Most of the hazards identified during the HAZID
were judged as issues that would be addressed
during the design as well as development of
surface BOP operating training and procedures.
Note that operator training and development of
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detailed procedures specific to the surface BOP
operation was perceived as being very important
for safe operations and is one of the suggested
recommendations from this HAZID

o Events related to operations from the Dadﬂr !;ng

vessel (i.e., loss of position leading
had risk rankings comparable o
identified in the HAZID. Use ofthe'SID was seen
as a critical componené}ggﬁns
i t the DP vessel lost position.
in the event the DP Q\{;%e \gs positio

safe disconnects

4.2.3.4 lcigng:\@gi tion of Regional or
Appligatign “sgg‘jggm Characteristics

ih ﬁﬂg“%gu y employs the techniques of fault tree / event

einga;sis to determine the frequency and

equences of blowout for subsea BOP and surface
BOP configurations to allow a direct comparison of the
risks associated with each. The study may use relevant
previous fault tree studies as a starting point, the fault trees
are developed and reviewed by the QRA team. The
information captured during the HAZID exercise is aiso
reviewed.

Revisions to the fault tree structure are conducted to
ensure that all identified characteristics of the area of
operation were properly modeled. Examples of particular
enhancements made to the model in typical SBOP studies
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are in the area of weather response of site specific
metocean data, Vortex Induced Vibration (VIV) for site
specific current data, Drillstring Induced Vibration (DIV) for
a particular drill string/riser combination, use of Dynamic
Positioning (DP) rather than a moored rig if applicable, and
inclusion of an SID or other specific equipment irithe
system configuration.

differences im: reg%nai specuf ¢ conditions should be taken
into account whené u“a;ng data developed in other areas.

%&ﬂéée BOP Operations

The general conclusion of the various hazard
identification/assessment studies that have been
conducted for surface BOP operations has been that the
difference in risk between conventional subsea BOP
operations and surface BOP operations manifests itself
through the hydrocarbon release event. All other potential
major accident events typically considered for a
semisubmersible drilling rig (i.e. non-well related
fire/explosion, major mechanical failure, helicopter crash,
loss of stability, etc.) were deemed to be unaffected.
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The accident scenarios typically affected by the
introduction of surface BOP operations, are illustrated in
Figure 4.2.4. The events depicted in this figure provided
the roadmap for the fault trees and events trees developed
for the analysis. .

5
<
g

4.2.4.1 Determination of Hydr §§’%ﬁrﬁ:on

s

Release Frequency

The fault tree skuctu€§ shouldebe determined by logically
grouping failure scenar%%with similar outcomes {location
F N k4

and duration of %‘ggse}, as well as likely recovery

actions avaijlable
BOPs 5
that.can.b

g%ﬁe models for the surface and subsea
be constructed as a single set of fault trees

ys’f"ed to evaluate the configurations simply by
tering.the basic event data supporting the fault tree.

AH example of the relationship of the fault trees to the final
consequence analysis is shown in Figure 4.2.5.1.

The key elements of each fault tree and the differences
between the surface and subsea cases are typically:

« Failure of BOP to close in order to properly respond
to a kick

+ Delay in kick detection, allowing gas above the
BOP before closure

« Failure of the riser
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* Loss of well integrity at or below the wellhead

Each of these is discussed in the following sections,

4.2.4.2 Failure of BOP to Proparly Respond
to Kick

a function of the reliability and
" w%n addrtlon
human error can hav@ S ' nnﬁcant u‘npact on BOP

rams, shear rams, and

reliability. Hydrocarbons«are assumed to be released at
the drill floor fh the event that the BOP fails to properly
respond.to a klz%\?ailures related to choke and kil lines

W\\{i

are alsoﬁ&(ﬁma in this fault tree.

he principal differences between surface and subsea ‘
OP configurations with respect to this hydrocarbon

ré%“ease scenario are the number of annulars/rams and the

control system configuration. A subsea BOP typically has

two annulars, three pipe/variable rams, one blind shear

ram, and two control pods, while a typical surface BOP has

one annular, two pipe/variable rams, one blind shear ram,

and one control pod.

Both designs have advantages. For instance, the
increased redundancy of the subsea BOP increases its
reliability, and location of the BOP on the seabed resulis in
a significant distance between the point of well isolation
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and the rig floor. However, balanced against this is the
fact that the surface BOP is accessible in the moonpool,
improving access for maintenance and inspection with the
effect of increasing the reliability of the system. The
control panel of the surface BOP is also simplified,
lessening the potential for human error during %@P

operation.

For the surface BOP case, failure of
necessarily lead to continued bl
of the SID (if deployed) is asaém
consequence, resull

: fmease of limited duration

E

equivalent to the detayé’ﬁBOP closure case described in

onsThis is accomplished by adding a

W.

the following sg

i e consequence event trees, with the
: }Q%clogure determined simply by quantifying

the gmmgga*fe fault tree used elsewhere in the model.

‘g%z.i.s Delay in BOP Closure

Delay in detection results in a hydrocarbon release (of very
limited duration) because the kick passes the BOP before
it can be closed, resuiting in a release of finite volume at
the drill fioor. The principal inputs to this section of the
fault tree are failure of the detection equipment on the drill
fioor and mud loggers cabin, human error in kick detection,
diverter failure, and failure to close the diverter in time,
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The significant differences between surface and subsea
BOP operations arise as the result of the fact that a kick
rapidly increases in size as it expands to the surface. A
kick small enough to be missed at the seabed becomes so
large as it continues up the riser that the probability of
failure to detect is minimal in the surface BOP case. This

effect is more pronounced as water depth |né%és%§;>
’%

. ﬁ;he desugn rupture and collapse ratings
Impact due to ship collision or dropped object
Riser support system failure

Extreme weather leading to loss of position
Loss of position within normal weather criteria

The major difference between the surface and subsea
BOP cases results from the placement of the BOP stack.
In the event of a total riser failure (with drillstring integrity
compromised), the subsea BOP and the SID are
somewhat comparable, as the only usable preventer in the
subsea BOP is the blind shear ram.
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4.2.4.5 Seabed Biowout

Seabed blowout can occur as the result of two principal
causes, loss of the casing shoe during kick killing
operations or mechanical failure of the casing below the

The frequency of und&rgréUnd blowout for the subsea

BOP case in deepﬁévater‘is higher than the equ;vatent

&JAA

\l 2&&&1;}11773:3/ of Predicted Hydrocarbon
elease Frequencies

4.2.5.1 Fatality Risk Analysis

The fatality risk due to hydrocarbon release is calculated
using event trees with the structure illustrated on Figure

4.2.5.1. This structure is based on the fatality analysis
event frees used in the QRA produced in support of
previous SBOP studies.
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4.2.5.2 Environmental Risk Analysis

The ultimate consequences of a release of hydrocarbons
to the environment are extremely difficult to estimate due
to the complex issues surrounding such a release. impact

A
is dependent upon the well location in relation to

environmentally sensitive areas and the

reservoir. In addition to immediate reggi

»‘chapges m certam key parameters. By performing such .
ey, n%invﬂy analysis, conclusions can be drawn regarding
& the general applicability of the results even in cases where

sparse data exists to support the estimate used for a given
parameter. In addition, sensitivity analysis allows for the
impact of proposed configuration changes to be evaluated.
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4.2.6 Hazard and Operability (HAZOP)
Exercise

The HAZOP technique uses a multi»disciptined team of

Credible cause%e( thez;dewatlon are identified, existing
bamers%ancg conséq%ﬁ*ences are assessed, and additional

t%%cedures, the base guidewords take on slightly
dﬁ?erent meaning from the standard application. Additional
guidewords may also be required to address the concepts
of timing, position, etc. The parameters and guidewords
used in a typical SBOP HAZOP study are shown in Table
426,

To enhance the HAZOP, simple “What 1£?” type hazard
identification was also allowed. The What-if method uses
broad, loosely structured questioning to postulate potential
mishaps and ensure that appropriate safeguards are in
place. “What-If’ analysis can be used for practically any
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system or activity, and generates qualitative descriptions of
potential problems (in the form of questions and
responses) as well as lists of recommendations for
preventing problems. By combining the highly structured
HAZOP guideword/parameter approach with the loosely
structured "What-if method, the best features offsoth can
be incorporated.

Preparations/testing of the surface BOP, SID, and
controf system on deck

Deployment of the SID and casing riser, including

umbilical and strakes if applicable

Space-out and installation of the surface BOP and
telescoping joint, latching of the SID

» Pressure testing of the system on the wellhead

¢ Operation of the system during drilling operations

« Retrieval of the telescoping joint and surface BOP
+ Retrieval of the casing riser and SID

Surface BOP Guidelines Rev 011604 Page 40

Highly Confidential IMS273-001172 .

IMS273-001133




Health Safety and Environment

Potential hazards for each node may be identified and
defined using the HAZOP technique described in the
previous section. Prior to the workshop, the deviation table
is developed specifically for the particular surface BOP
system configuration and its deployment, operation, and

retrieval. o

Figure 4.2.6.1 shows a diagram of the g h“’%él;mécess
. . K 4 o
used during the workshop. Dunng@ytﬁ?gf S
following information was captu‘reé{‘fro‘if&fﬁe team’'s
discussions:

o gfﬁwﬁéddjﬁonal Mitigation Measures
sfomments

ﬁ’i‘e hazards, barriers and consequences captured in the
worksheets relate to the perceived threat and provide the
pasis of the risk ranking. The hazard event is then risk
ranked using the process and risk matrix described in
42286.

4.2.6.2 Hazard Identification

Typical hazards identified for surface BOP operations fall
into the following categories. The hazards are system
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specific and may be different for different equipment
configurations.

» Dropped objects

In general the dropped objects relate toiﬁree
i

assocxa@;%ed wrth cmucal steps to which particular
gttentlon mﬁ%ﬁ be paid to the preparatnon and

ns%eratzons to maximize the efficiency of the
C yeratron, ’

P Equipment issues
Equipment damage issues can be addressed by

enhancements to procedures and/or equipment
configuration and setup.

+ High pressure hazards

High pressure hazards relate to the obvious
hazards associated with pressurized systems and
additional hazards around the potential for trapped
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pressures as the SID, controls or other components
are brought to surface.

« Materials compatibility

circumstances caused by cathod@%otecﬁon

systems.

ok

4.26.3 Hazard Mifigation="

Hazards ;defmﬁe(t and ranked that have a risk thatis
unaccepiabie of%ambe mproved are mltsgated by
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Probability

Consequence

A | B | C | D|E

People Assets Environment | Reputation Never Heard of Incident Happens | Happens
heard of in in (EP) has several several

(EP) industry occurred | times per | times per
industry in our yearinour | yearatl

company | company jocation

No injury or No No Damage No impact
o damage to damage
health
Slight injury or Stight Slight damage | Slight impact
\— health effects damage
Minor injury or Minor Minor impact Limited
N health effects damage impact
Major injury or Local Localized Considerable |
w health effects damage impact impact .
Single fatality Maior Major impact Major
h. or permanent damage national
fotal disability
Muttiple Extensive | Massive impact Major
m fatalities damage international

Figure 4.2.2.6a
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People Assets
mm<m—-mﬂ< _=.m=-.< Health
Potential Definition Potential Definition Potential Definition
Impact Impact Impact

0 No injury No injury or damage to health No Injury No injury or damage to heaith No Damage No damage to equipment

1 Slight injury Not detrimental to individual Slight injury Not affecting work performance or Slight No disruption to the process,
employability or to the casing disability. Agents which are not | damage minimum cost of repair (below
performance of present work hazardous to health. $10,000)

2 Minor injury Detrimental to the performance of Minor Affecting work performance, such as Minor Possible brief disruption of the
present work, such as curtailment injuryfilliness restriction to activities (Restricted Work | damage process; isolation of equipment
of activities or some calendar days Case) or a need to take a few calendar for repair (estimated cost below
to recover fully, maximum one days to recover fully. Agents which $100,000)
week have limited health effects which are

reversible, e.g. irritants, many food
poisoning bacteria

3 Major injury Leading to permanent partial Major Resulting in permanent partial Localized Plant partly down; process can
disablement or unfitness for work injuryfillness disability or affecting work performance | damage (possibly) be restarted (estimated
over extended period, such as in the longer term, such as a prolonged cost of repair below $1,000,000).
long term absence absence from work. Agents which are

capable of irreversible damage without
serious disability, e.g. noise, poorly
designed manual handling tasks.

4 Single fatality Alternatively victim with permanent | Permanent Agents which are capable of Major Pattial loss of plant; plant shut
total disablement or unfitness for total disability irreversible damage with serious damage down (for at most two weeks
work. Also includes the possibility | or fatality disability or death, e.g. corrosives, and/or estimated repair costs
of multiple fatalities (maximum 3) {small known human carcinogens. below $10,000,000.
in close succession due to the exposed
incident, e.g. explosion population)

5 Multiple May include four fatalities in close Multiple Agents with potential to cause muitiple | Extensive Total loss of the plant; extensive

fatalities succession due to the incident, or fatalities fatalities, e.g. chemicals with acute damage damage (estimated cost of repair

multiple fatalities (four or more)
each at different points and/or with
different activities

toxic effects (e.g. hydrogen sulphide,
carbon monoxide), known human
carcinogens

exceeds ($10,000,000)
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% Frequency Consequence

Risk = Frequency x Consequence

High Medium ._.o_é

Frequency Frequency Frequency
Low Medium High
Consequence Consequence Consequence
= Low Risk = High Risk = Low Risk

Event Size =we——py-

Figure 4.2.3
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4.3 Well Control

The following well control guidelines are based on the
IADC Deepwater Well Control Guidelines, Chapter 2 - Well

fioating rigs will in general be conduct§d
Surface BOP operations in shallow.
founded or fixed platforms) ar%@g;; overed in these

guidelines.

-

s

{ick Warning Signs

hgy%%g@gard well kick warning signs for surface BOP ‘
s, <

i%tions are:

+ Flow rate increase (delta over 15-30 second
averaging measuring device useful)

» Pit volume increase (pit volume totalizer is
absolutely necessary)

s Rate of penetration increase
* Decrease in pump pressure
+ High gas units

» Sudden torque increase

» Change in mud chlorides
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« While tripping, hole not taking the proper amount of
fluid

«  Well flow with pump shut-down

» Increasing rate of flow on return flow during
connections

4.3.1.2 Mud Density

In deepwater, it is not generalg %p suﬁfg% drill with
enough mud density t? kee%ﬁ%g%ﬁ %}33 ovst-balanced upon
loss of the riser drilling fluid ("Riser Margin”). This should
be considered when conﬁg;ring the SBOP system

ntcompressibility and thermal expansion

havedifere

% ﬁame% than water-based fluids. As a result, surface

mutidensity alone may not be an accurate measure of

downhole density and hydrostatic pressure. Thisis
compounded by long deepwater risers with their
associated low temperatures as well as significant use of
synthetic fluids in deepwater. These density differences
should be considered in well planning and when changing
from one type of fluid to another.
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4.3.1.3 Mud Viscosity

While primarily a concem for subsea BOP operations with
choke and kill lines, viscosity increase in the riser due to
length and low temperature could mask shut-in e‘asmg

detection is generallx%ﬂ?p@v%d However, the mud in the
smaller riser will cool rapi’dly The well may flow during
flow checks, but @I%[xave no shut-in casing pressure due
to the m%;d vrsco ,,gégraskmg effect.

Lﬂ deeg ‘wai'er the gel strengih can be hsgh especra!ly

/»

“““‘«&% ws’é“ﬁ to reduce the mud gel strength in the riser when

\\\“5’\

bt@akmg circutation.

4.3.1.4 Drilled Cuttings

The impact of increased annular fluid density {riser

cuttings) in creating higher than assumed hydrostatic
pressure can lead to fracturing of low strength casing
shoes, which can jead to the onset of a kick.
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Pressure while drilling (PWD) equipment can be useful to
provide downhole pressure monitoring and to assess
equivalent circulating density (ECD) loading on the casing
shoe. This includes impacts of high viscosity as well as
any problems with hole cleaning. A pressure sensor in the

SID (if used) can provide much of this information:

434.5 Lag Time and Temperature Effects

deepwater reducmg)he/tmwehness of th;s data for
A

abnormal pressure det%on purposes With surface BOP

using smallerdi %{ casmg riser and increased annular

ssure due to the cooling effect of a long riser.

Mud fogging operations can use an in-line sample heater
on the mud prior to measuring gas units. Otherwise, cold
mud may give lower gas units. Measurement while drilling
(MWD) kick detection methods may be useful due to a
reduction in other detection capabilities.
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4.3.1.6 Environmental Effects

Pitch, roll, and heave motions (due to weather, crane
activity, etc.) can significantly impact pit level and mud
return detection methods. Two or more level Sensors can

be placed in each active pit that is subject to ;
effects and connected to a pit volume t ;ﬁ?’“ : 4{averaging
technology) fo reduce this effect. Thé: ca*iam of the

sensor(s) is also important to m@”ﬁ: ?fects, i.e., center
for single sensor, edges for

sensors, etc.

T,

Casing shoe
5 g & » Measure pressure integrity of casing shoes, i.e,, by
leak-offf/integrity tests

s  Post both ppg equivalent and associated surface
pressure for the mud weight in use
+ LUpdate this pressure periodically and when drill

string, mud property, or other changes occur which
may affect pressure loss
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Slow pump data

4

Post stow pump data (for at least two pumps) on
drill pipe friction loss

Take pressures on two gauges reading from
separate sources to guard against gauge failure.
Note the pressure required to break circgldtion the

first time, and record this value for u
detection and circulation prooegggy@‘fé?%

Ensure that cuttings in thegt\ andaiser do not

affect slow pump data ... %
Additional mettl%dsgia&%g@ gmp@ed at the time of

“ Fic{gaged «ill rates. These may be higher than for
( a@ﬁtional subsea BOP operations with choke

@%d kill lines. Circulating rates of 5, 10 and 15 bpm
% are suggested.

Kill sheet

Maintain an up-to-date kill sheet designed for
surface BOP

float valve

Use a float valve to prevent backflow, i.e., when
removing the top drive (or kelly) from the drill string
Use a float valve to guard against backflow through
the drillpipe during an emergency disconnect
and/or failure of the shear rams to seal
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Note: Flow up from the dnil pipe can impede the
ability to stab a safety valve.

C&K line valve positions and space out
* Show C&K line valve positions on a display

rams and annular
*  Show the relationship be r§né§ surface tool joint
location and corresggnﬁmg oo&;egfnt location

<

opposite the ﬁb an b, -

Mud-gas separat ’eapaclty
. EOSt qu&% gnd gas handiing capacity of mud-gas

procedures and well geometry, ie., pumping rate, -
design kick

Designated hang-off ram

If hang-off in the SID is anticipated e.g. for temporary
abandonment during a storm:

* ldentify designated hang-off ram

» Ifitis a VBR type, post the hang-off capabilities for
the various DP sizes in the hole

+ Specify if rams are to be locked after closure {if
independent locks)
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Note: Hanging-off the drill string in the surface BOP will

transfer all the string foad to the riser tensioners.

Depending on the rig capabilities the riser tensioners may

not be able to support all the drill string load. All personnel

need to be familiar with the system design capapfktfes and
i ©

limitations.
Trip Tank ,
o Ensure trip tank is prop@g@@n@@@b to receive fluid
from the flowline b e
e Ensure trip ta@f hr}‘jgst‘ég;ﬁ%éhed and clear of solids
or debris | \

§hbrate trip tank pit sensor
» Check m?ﬁcﬁ%n and calibration of trip tank

;%cﬁmgai sensor

Méke ‘a visual for flow check at the trip tank if
pecessary

Personnel drills
e Perform BOP Drills (pit and trip) regularly including
tool joint space out to insure crew competency
« Consider having crews perform "stripping drills”
prior to drill out of the casing shoes to ensure crew
competency in handling stripping

Note: Stripping through a surface BOP annular or ram
preventers will transfer loads to the niser tensioners. All
personnel need to be familiar with the system design
capabilities and limitations.
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4.3.2.2 Hard Shut-in versus Soft Shut-in

There is usually only a small difference in fluid hammer

effect with hard and soft shut-in methods (it takes' very

minimal effect on the cas:ngqﬁskgge !

in deepwater well con ”ﬁ% %

Annular shut-in
» Eliminates the need to insure tool joint is not near
the BOP ram
» Provides a means to effectively shut-in while still
allowing for movement of the drill pipe to reduce
sticking of the drill string

Note: Movement of the drillstring through a surface BOP
annular or ram preventers will transfer loads to the riser
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tensioners. All personnel need to be familiar with the
system design capabilities and limitations.

Shut-in and hanging off operation with a ram
e Allows well to be closed in more quickly

« May provide higher pressure rating than@nnulars
o ~ w

off on a ram BOP

o Defers ensum%

‘ “ulf e '!!mg near a production zone (or if the well is obviously

f’ng) it may be desirable to skip the flow check, and
p"i'oceed immediately to close the BOP and check for
pressures.

Note: Hanging-off the drill string in the surface BOP will
transfer all the string load to the riser tensioners.

Depending on the rig capabilities the riser tensioners may
not be able to support all the drill string load. All personnel
need to be familiar with the system design capabilities and
limitations.
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4.3.2.4 Shut-In While Drilling

The following is an example procedure for shut-in while
drilling.

1. When a primary warning signof a krck f:

compensator og@%&a"p ;
conditions cué'&

" Read and record shut-in dnl!plpe (SIDPP), shut-in
casing pressure (SICP), and pit gain. Monitor and
record this data periodically.

7. As the BOP is moving relative to the rig floor avoid
landing the pipe in the slips with the SBOP closed
unless a proper stripping procedure has been
established. if subsequently, drill pipe is hung-off
on the slips, be alert for potential fatigue damage

from vessel pitch and roll.
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4.3.2.5 Shut-In While Tripping

Many top drive systems incorporate one or more full
opening safety valves (FOSV) that remain in service during
drilling or tripping. These provide a backup in case the rig
fioor FOSV cannot be stabbed. Assure thata stg@gble
FOSV is provided, sized for the casing in mwt»@m

shut-in while tripping.
1. Whena pnma%

observed immedlafel op all operations and set
the ptpe in g&e shps

n position. Check at the start of each tour.

Rjﬁ&up the drill string and remove slips, Position
Vdﬂll pipe for proper space out. Open the motion
compensator and position at mid stroke, Check for
flow.

4. While the BOP is closing, open choke line valves.
Note: The choke flowline should now be open
through to the closed pre-selected choke.

8. Check for surface leaks. Alert the supervisor.

7. Read and record shut-in drillpipe (SIDPP), shut-in

casing pressure (SICP), and pit gain. Monitor and

record this data periodically.

8. As the BOP is moving relative to the rig floor avoid
landing the pipe in the slips with the SBOP closed
unless a proper stripping procedure has been
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established. If subsequently, the drill pipe is hung-
off on the slips, be alert for potential fatigue
damage from vessel pitch and roll.

9. Prepare to strip back to bottom with the annular
BOP.

Q)
43.2.6 Shut-ln%ﬂ g a Connection

.

Ensure that the%\;ﬁgs stable before making the

connec %"f}r@ow is detected after making the connection,
i,

the fgllo 'ng ‘sonditions may occur:

. It may not be possible to slack off and hang on the
rams

-

£
-

» It may not be possible to pick up enough to clear
the tool joint.

This situation should be treated the same way as a shut-in
while drilling. Hang-off depends on rig specific
considerations.
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4.3.2.7 Shut-In with Bit out of the hole

If kick indicators occur while out of the hole, the first action
should be to shut-in with the blind/shear rams. The
following is an example procedure for shut-in w;m%the bit
above the SBOP.

with the pre—se éefte
3. Chec:lsfogsurface Ieaks Alert the supervisor.
4, Recgrd %‘%asmg pressure (SICP}, and pit gain.
Moniter 2 and ‘record this data periodically.
epaﬁe for stripping and buliheading operations.

mplement volumetric pressure control if necessary.

4:3.2.8 Shut-In while Running Casing/Liner

While running casing or liner, the location of the shoe
being run and the hanger should be tracked. If kick

indicators are present, then the shut-in sequence will
depend on the whether the following conditions are
present.

+ Casing/liner inside the SBOP or riser
« Hanger is below the SID
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» Dirillpipe is in a position that allows the well to be
shut-in

A crossover is needed to connect drill pipe to casingfliner.

Depending on the equipment an
capabilities, hang offin b%pgs ble at the seabed using

araminanSiDorats

! the tool joint must not be placed opposite

S . .
r shear rams. For this reason, precise

Ipful. All concemned must know exactly where the tool

jointis. Closing the rams on a tool joint would have dire

consequences in a real emergency situation. If a
circulating head is to be used in well kick operations, the
hang-off procedure will include the instailation of a
circulating head.

Hanging off on the surface BOP rams will transfer load to
the riser tensioners. Depending on the rig capabilities and
the system design, the riser tensioners may not be capable
of supporting this additional foad. All personnel must be
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familiar with the system design and limitations before
hanging off pipe in the surface BOP.

Depending on the system, hanging off a small portion of
the drillstring weight will be sufficient to activate the drill

string compensator and avoid any wear due to g;e'axge in
the blowout preventer being used.

The following describes condutnons rei‘gte D «ﬁanging-off
the drillstring. Consideration shouid ren to hanging-
off the drilistring if any 0f th%condr i ns| l:%ted in the

following table exist @\‘nn&

system is designed to a

all control operations and the

: mmodate hang-off:
Hang-off on Su BOP Ram
Considerhanging off if:

.. The ram BOP is closed

« To prevent element wear due to vessel
heave.

o The location of the tool joint should always
be verified before closing any pipe ram

o Verify the riser tensioners can
accommodate the load to be hung off

o If hang-off ram is a VBR lype, verify that
string weight is within hang-off capability for
the drill pipe size in the BOP

o Specify if rams are to be locked after
closure (if independent locks)
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* Weather and sea conditions are creating excessive
heave or severe loop current
o Can result in wear damage to the annular
BOP element
» Drillstring is attempting to stick
o Need an early decision to ensurethat drill
pipe hang-off can be accomp,i Mbad%ﬁiie
siring is free o
+ Motion compensator cannogﬁ %é%t«ﬁe drill pipe
from moving through th nnul’ due to vessel

@@»p\

s%ngf{to place some we:ght on hang-off
,\geaght on the ram)

;f‘&ang-off on SID Ram
Consider hanging off if:

s The ram BOP is closed

o To prevent element wear due to vessel
heave.

o The location of the tool joint should always
be verified before closing any pipe ram

Surface BOP Guidelines Rev 011604 Page 60

Highly Confidential IMS273-001200 ‘

IMS273-001133




Health Safety and Environment

o Ifhang-off ram is a VBR type, verify that
string weight is within hang-off capability for
the drill pipe size in the BOP

o Specify if rams are to be locked after
closure {if independent locks)

» Weather and sea conditions are creating

disconnect
e Using dynamic~positioned {i M >

f\%%x aiso apply to a moored rig if mooring
me faﬁure could cause an offset that

~exceads slip joint/tensioner travel limits or
would put excessive bending moment on
the riser or structural casing
Drillstring is attempting to stick
o Need an early decision to ensure that drill
pipe hang-off can be accomplished while
string is free
Riser angle at the SID is greater than established
operating limit
» Unable to estabilish full returns, or evidence of an
underground flow exists

» Riser pressure increases above operating limits
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4.3.3 Circulating to Kill

A number of factors should be considered prior to
implementing a method for circulating a kick to the surface.
These factors include the following:

Gas

shoe

Circulation rate

» Slow pump.gdata, rate selection

N

. toe ;%g@p pressure for new rate

4 Fracture gradient

s

+ Typically will he lower in deepwater

Mud/Gas separator loading

+ May be higher in deepwater
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4.3.3.1 Driller's Method

Advantages of the Driller's Method include a shorter time
of influx in the well bore and a reduced probability of
hydrate formation due to the following factors: g%

o Circulation brmgs wellbore hea@} @Wg&hﬁe SID and
saratiees above

Reduced time and pg@g\gaf drates to form
(kmetlcs effec,(j“y ‘”5 %

+ Fewer circulations for total kili
« Reduced casing shoe pressure when the gas influx
approaches that depth

However, as the distance from TD to the casing shoe in
deepwater is usually minimal, this benefit is not likely to
provide substantially lower casing shoe pressures.
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4.3.3.3 Bullheading

Bullheading may be a viable alternative unless the open
hole section is lengthy. Forcing influx fluids down the
wellbore may induce underground inter-zonal flow.
However, if the hole situation is favorable, bulihgé ing may
be best choice if other options would exceecgpmssu%
fimits or excessive hydrogen sulfide is eﬁ% Rigtih

In deepwater with%ng fiser and high penetration rates,

eq uwa!eng @

%uiatlﬁg density can increase signifi cantly due
to cutt ogglng (slip velocity). The smaller riser sizes

4.3.4.1 General Procedures for Detection of
an Underground Blowout

The following indicators my provide evidence of an

underground flow for various operations. if an
underground blowout has occurred immediately initiate an
appropriate response:

» If off bottom, strip to bottom using retrievable BPV
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» Run pressure/temperature log to determine
conditions and flow path

4.3.4.2 Underground Biowout while Drilling

Indicators of an underground blowout while Qf“
the following: % g

decrease, at le%&éor a ﬁme

e Dril pipgéére“swe may fall to zero

%g;:egsure may initially increase, but then should
=~ decrease, at least for a time

Pressure may be erratic then slowly increase as
gas migrates to surface, potentially to very high
values if the annulus is allowed to fill with gas

Note: If casing pressures have the potential to exceed
casing, SID, riser and/or SBOP ratings, fluid (mud or
water) can be pumped into the annuilus to keep annuius
pressure down. If pumping water, there is a potential for
hydrate formation. If pumping mud, significant rates and
mud volumes may be required and this shouid be planned
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for as a contingency in advance of an emergency situation
oceuring.

Gas displacement

o Ifthere is no float in the drillstring, some.DP mud
may be displaced with gas if the punips

stopped

 Casing mud can be displag?e ‘\'\yvsmr% gas

s;g@v pressure o rise.

migrating upward causi

aken,
essentially théglg ”f‘é p}gssure as downhole flowmg

\agt pamally full of water and get the water
‘y*drostatlc to reduce casing pressure. Note that
there is a potential for hydrate formation if pumping

water into the annulus

Annulus pressure

» Able to strip drill pipe with no change in annulus
pressure

Indicators of an underground blowout while producing or
working a well over include the following:
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Shut-in tubing pressure

« Pressure lower than normal on producing welt with
known or suspected tubing-annuius communication

Annulus pressure

« Pressure lower than normal on{
known or suspected tubm%g@g ;

Vibration'ordrag

g

. Sudden tubing or drill pipe vibration and/or drag
when lowered past point in well

4.3.4.3 Actions/Considerations in the Event
of an Underground Blowout

Perform "positive test" to determine if borehole is a closed
system.
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*  One indicator of an underground flow/blowout is no
direct correlation of pressures on drill pipe and
annulus

Make visual observation in the immediate are with the
ROV and from the rig or support vessels on su

underground flow is indicated in case of br:

- B}t is significantly off bottorn .
* Drillstring is free

Run a temperature & pressure log.

» Pump water or mud down the annulus while
running log if dictated by annulus pressure
limitations

+ Dispiace drill pipe with water or known density mud
» Pressure readings can be used to estimate flowing
bottom hole pressure and the top of fluid in the drill

pipe
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Consider running a noise log to assess location and
intensity of fiow.

« Can be used as a baseline to confirm kil later

Consider running spinner log and other production |

progedures and

While running logs, begin e&%@tf
round flow is confirmed.

@;;érr{mer effects if the well was to bridge off and the
. drill pipe float valve (if installed) failed

If needed to keep annulus pressure below casing or riser
- pressure limits, pump seawater or mud into the riser.

¢ Keeps casing and riser from completely filling up
with migrating gas
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4.3.4.4 Riser Damage

A different sort of lost returns can be caused by a leakage
from the riser into the ocean. In severe situations the riser
annulus level can fall, causing a reduction in bctwm hole

pressure and potentially an influx. Rig persg“ zfi*“ Ai}u!d

connection lines). f riser level will ndt?stgﬁd Hull, then the
riser system is leaking. Riser bug:f’am ‘éan be caused by
insufficient tension, and can, ci‘%a

4.3.5 Hydrate Rr e”’ventlon/RemoV af
o § B

;’akmgéf‘gas ktck in & non-inhibited water-based drilling

] S;eg}eé the potential for hydrate formation. Hydrates
arrﬁprm in the riser or behind SID rams, preventing them
from opening. With a surface BOP system many of the
difficulties caused by hydrates are avoided as the well
control equipment is at surface and not subject to cold

conditions.

The deeper the water, the more likely hydrates are to form
because of both decreasing temperature and increasing
hydrostatic pressure. Ata 10 ppg hydrostatic pressure of
2,000 feet of water (1040 psi), the hydrate equilibrium
temperature for methane is 48 degrees, just above the
typical ocean floor temperature of about 46 degrees. In
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4,000 feet of water, the equilibrium temperature is 61
degrees, 20 degrees above the typical water temperature.

There is a time factor for the formation of hydrates, both
chemically and due to the cooling that occurs with time
after circulation is stopped. Formation of hydraies dunng
circulation is very unlikely due to the heat brﬁﬁgﬁ?u %Ifrom

the wellbore, and the decreased time that gas iﬁgjn the
BOP. ”

The time factor favors the deil igs nf%gg of well control.

With the Wait and Welt %

stopped while mcreasuf\?%e pit mud density.
Y .

cwculatlon must be

The time for Wan%n@ Wetght can be reduced if a sufficient
volume ol kggg;\g/gnght mud (of needed density) is already in

the ngv% fn addition, with surface BOP, higher rates of

ion are feasible greatly reducing the time spent

4.3.5.1 Inhibiting Drilling Mud with Sait

Salt may be used to achieve some hydrate depression for
much of the wellbore. For maximum depression with NaCl
(near saturated), the resulting mud density must be greater
than 10 ppg.

Saturated salt can depress the formation temperature to
about 36 degrees at 2,000 psi, or 40 degrees at 4,000 psi.
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Because salt increases the density of the fluid, while
drilling below shaliow casings in deeper water, the fracture
gradient may prevent the use of this fluid.

4.3.5.2 Alternatives to Salt Inhibition "

methods:

Glycerol

achueved wxihs percent concentration.
gemay expensive - often justifies improved mud

» Laboratory studies show that for effective hydrate
inhibition, it is necessary to keep the salinity
(typically CaCi2) of the water internal phase above
hydrate conditions

» Fallure to maintain proper salinity may result in

rapid hydrate formation (exceeding potential in
water-based fluid)

* Gas dissolves more readily in synthetic fluids,
bringing gas and emulsified water into close contact
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« Dissolved gas is less likely to migrate during shut-
in. This facilitates the use of the Wait and Weight
kill method, if desired

Note: Salt content in the water phase can affect the

Glycol

i’%@é\éﬁo

»

%, G Gy,

Sl L

] M{%ﬂggiréble mud additive because of toxicity

d fiammability issues

¢ 1 sl

°4.3:5.3 Hydrate Removal

7,

Onice hydrates form in subsea equipment or the riser, their
removal is problematic. While concentrated inhibitor, such
as glycerol, may decompose them, it may be difficult or
impossible to get the inhibitor in contact with the hydrate,

especially if a plug has formed. There are similar problems
with heated fluid approaches, plus the tendency of heated
fluid to be cooled before it can reach the problem area.
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One technique involves pumping down coiled tubing run
inside the drill pipe to a depth a few thousand feet below
the hydrates.

Heat exchange with the annulus fluids both in the riser and
below the mudline creates a complex thermal s;mufatuon

success,

Another potential approach

\&

riser, this offers two ¢

%
. Ctrculate ﬁﬁ%‘%ash glycol to bottom of the riser
o N:tregenl%@iﬂ the riser to evacuate and reduce

External Hydrates in the Wellhead

N

Ccnnector

Where near-mudline sediments can evoive gas (biogenic
sources), there is the potential for hydrates to form in the
locking mechanism of the wellhead-to-SID connector.
Once formed, these can prevent unlocking of the

connector.

There are a number of equipment options available with
the connector and mud mats that can guard against such
gas entering the connector.
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Also, there may be inhibitor injection features, although
these may not be effective in getting inhibitor to the
hydrate. Operationally, these features should be checked
(seal in place, injection lines not plugged) before running
the SID.

Hydrates

Procedure options to'fe
are listed below: :

1. erculate ?ﬁ‘ "max;mum rate (e.g., 3 pumps) with

rilk pipe in the SID and specially selected

pipe and by dissipating hydrautic

horsepower across the nozzies

o Depending on mud pump capacity and
water depth, this technique may require
augmenting by surface heaters

o Optimum rate, nozzle size, and

whether/when to re-circulate returns can be

determined by wellbore thermal simulation
software

o Modeling should include the temperature
distribution from the inside of the SID outto
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the outer diameter areas of the connector
where the hydrate plugs are

2. Use an in-situ "heat bomb® to decompose the
hydrates.
o May be proprietary technologies. ;m:l mvo!ve
mixing of reactive chemzcals 10’ g
heat o)

3. After the well is%kgropnatety abandoned, cut off
the wetlhe,a%d pull it, along with the BOP and

o A good hydrate inhibitor which can also
dissipate a hydrate plug

Note: Assess toxicity and flammability issues
prior to action.

Surface BOP Guidelines Rev 011604 Page 76

Highly Confidential IMS273-0012186 ‘

IMS273-001133




Health Safety and Environment

4.3.6 Well Control Prior To SID, SBOP and
riser Installation / Shallow Water Flow

Prior to installation of the riser and well control equipment,

In developing a pi;xg)an\yég‘éggandon plan, particularly for
wells not mm%ll %{; d.using SBOP, or drilled with SBOP

and a large \ nser,“aé?e that the size of all components

such a&%é f%@?mngers seal assemblies, casing etc that

n: ﬁ@ ”pgﬁed through a smaller diameter casing riser may

i

4,374 Summary

ﬁeﬁ.

Deepwater affects the well control aspects of the following

plug and abandonment operations:

» Casing perforating for lap squeeze cementing

s Casing cutting
¢ Seal assembly removal
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In wellhead removal during subsea well abandonment,
there is potential for gas to be in the casing/casing annuli
undermeath the casing seal assembly. On subsea
wellheads, there are generally no openings to these annuli
to check for and bleed this gas. Therefore, there is
potential for release of this gas when the annulz,;s is
exposed by removing the seal assembly, cugmﬁ k:asihg, or
even perforating the casing for squeezing. ™ >

germeabf"a x nes one or more of which contains
a! césmg seal assembly is set, isolating the top of
he énnu!us from the mud hydrostatic above. ‘
Filtration/seepage losses into the downhole
permeable zones occurs.
4. The lost volume is made up by expansion of the
annulus mud, and there is an associated loss of
pressure in the annuius. At some point, the
pressure under the seal assembiy may reach zero,
and no further pressure loss will occur. The

amount of pressure that can be lost is a function of
water depth and wellbore pressure profile.
5. The pressure decline may attempt to fall below that

in a permeable zone elsewhere in the wellbore. If
this is opposite a gas zone and oceurs before
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adjacent cement sets, some gas will enter the
wellbore.

6. Influx gas will likely migrate up the annulus. What
happens next depends on many factors. An
annular gas flow can develop, or the gas can

simply migrate up to the wellhead withoutany

itis often nec%g ary 1o, enshfe that the annuli between
casing stnngs aré%ﬁealed as part of abandonment. if the
top of wﬁwm;an intermediate or production casing was

a\gt Wught above the previous casing shoe (as is often
‘ : cas@ then cement can be squeezed through casing
& %p%erfé‘ratlons into the casing overiap. When perforating the

ing for this squeeze, Crews should be prepared for and
alert for possible pressure buildup due to gas behind the
casing. if the well does flow upon perforating, the planned
shut-in and well control procedure should be implemented
{e.g., close annular or shear rams).

If there is a strong likelihood of such gas other approaches
are:

« Use the drill string as a lubricator to a distance well

pelow the SBOP {with sufficient string weight {o
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avoid pipe movement when shut-in under
pressure), shut-in, then run the perforating gun
through and below the drill pipe using a lubricator
* Run a short length of pipe below the SBOP ram
with a “donut” below the ram to prevent movement
under pressure. Rig up a wireline iubncgater to the

difficuilt or hazarda %ue to (the prox:m/ty of the

r@%pecbve previous casing shoes. Similar to the
circumstance described for perforating casing in the
previous subsection, there may be overpressure in the
annulus. The precautions described in the previous
subsection generally apply for this operation.

4.3.7.4 Seal Assembly Removal

When removing the seal assembly, trapped gas can
escape, either rapidly if it is over pressured or slowly by
simple migration. While flow can be monitored to
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determine if the preventers need to be closed, it may be a
preferable precaution to close a BOP and pump down the
drill pipe and up the riser to remove any influx and monitor

flow.

Another precaution that can be taken is to perf%gteyghe
casing immediately below the seal assembly/prior to)
%a%,;;ate of gas
influx because of the small perforati i}@@z&fea.

p- e

pulling. This approach can reduce the%pé
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4.4 Environmental Discharge
Contingency Plans

4.4.1 Spill Response Plan

As with all activities that could result in aéggggisﬁﬁ vgr
water, surface BOP drilling operanonsgﬁ c{g
conducted with a formal Oil Spill @&%o se Plan i in place.
This plan will provide a pre-dgf%’%d; systematic
sﬁﬁ%ﬁnor to conducting
surface BOP operanoﬁ%@peré}ors should review their
current OSRP ang update%e plan as required to include

) @n%urface BOP drilling operations.

approach to handimg aﬁ

The objectives of the oil spill response plan will in general
terms be to:

*»  Ensure the safety of people

¢ ldentify and control of the source

* Manage and conduct a response to the spill

» Protect the environment

* Contain and recover the spill

* Recover and rehabilitate wildlife

+ Remove the oil

» Minimize economic impacts

* Keep people, stakeholders and the public informed
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4.4.3 Potential Sources

Sources of spills may be:

+ Qi based drilling fluids
o Hydrocarbons following a well contr inci
« Hydrocarbons resulting from g@@vgﬁ;
. Hydrocarbons from well te,g %mﬁnﬁaes”

ent

e Sumps an& q!i% pa;?é
. Coohng%ater

Dack drains

N éBOP or SID component flanges or
\\ connections

. o Casing riser connections

« Telescopic joint packer

4.4.4 Spill Detection

During surface BOP drilling operations regular visual
inspection of the water surface should be conducted and
logged. This may be done from the drilling rig and also
from supply or standby vessels in the area of the rig. This
is a requirement of the water discharge permit process in
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the Gulf of Mexico with similar requirements in other areas
of operation.

Regular visual inspection of the drilling riser using the ROV
should be conducted to ensure that no leaks have
occurred. Pressure testing of the drilling riser opi

Prior to observing a leak at su
tential eak.\«« if any of the
dﬁi;iy:i al visual observations

provide early waming of a
following indicators o
should be conducted:

. Fanlt;re ofa pressure test
%\\ .

. S,
S

" %o&s of retuns while circulating a kick
“wLow fluid level in the riser ‘

%retums while drilling

4.4.5 Source Identification

If an oil spill is observed at surface, immediate attempts
should be made to identify the source if it is not
immediately apparent. All drilling operations and any other
operations such as fuel transfer, mud mixing, maintenance
activities etc should be suspended and thorough visual
inspection made of the rig, its systems and the surface
BOP system and riser. If possible a sample of the spill
should be collected (refer to the Operators OSRP for
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sampling procedures). A full visual inspection of the riser
and SID should be conducted by the ROV.

4.4.6 Source Control

When the source has been identified, measur‘% {cap he

taken to control the source and stop the:

event this is an uncontrolled fiow fro e séf, the SID will
be activated, and the wellbore iso% edh *necessary the
riser will be dlsconnected and getn%yec& for repair of

replacement pli jor to ¢ e-C pcmg operations.

In the event of aﬁiow%t a rel;ef well may be reguired.
Surface BOP op ﬁ@ns will be in general conducted in
deep w&e«;@g more remote locations. In planning the

18 rst!on should be given to how a relief well will

available drilling units in a given area of operation.
Adapting an existing rig to surface BOP operations may
take several weeks or months to accomplish. In order to
be capable of drilling a relief well at least one rig in the
region of operation should be identified as being capable
of drilling a relief well shouid an emergency occur. This rig
may be equipped with conventional subsea BOP systems
or surface BOP drilling systems. If the only rig available
has a subsea BOP and marine riser, the wellhead on the
proposed SBOP well should be deigned to permit
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operation with a subsea BOP including size and foundation
strength (loading and bending) requirements

4.4.7 Reporting

m/‘z«

4.4.8 Technical Expw eg%*»

&

The oil spill response wi %ﬁ!*unlxze an Incident Command
Y
System. The" m de

addmonal techmcamexpemse on surface BOP operations

as part of"fr{ Spili response plan. Well control and fire

igi'mﬁ@ ﬁec%lty companies retained as part of the QSRP
8k ufa havé expertise in surface BOP operations from ‘
‘ ,vca’ﬁhg rigs. This may initially require training and

‘ei%posure to the equipment and its operation. This may be
accomplished by including these companies in hazard
identification, risk assessment and hazard and operability
exercises, well planning and pre-spud meetings and any
other rig based training.
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Sapasr

4.5 Emergency Response
Guidelines

From the perspective of Emergency response prggedures
there are not many things that are sagnlﬁcanghém%nt
between SBOP operations and standardg@pe

While the equipment used is differe t, t
potential emergency situations are | quty the same.
e§to be followed
enﬁwer type\ of operation.

Consequently the emergency ﬁm'éaém
will generally be the sam f%t

The rig used for SB@P operations will aiready have an
extensive emer‘ggn% pi“ocedures manual as part of the
Drilling € ngactoré%Safety Management System. This
‘ m %@Ver emergency response procedures for
tnr;nal operations. Where an emergency is SBOP

as described in these guidelines), these

”iggdelmes are to be used to develop rig specific
procedures that are to be followed as much as reasonably
possible.

The following sections detail SBOP specific risks, and
procedures, which will not be covered in an existing Drilling
Contractors SMS documentation.

Senior rig personnel should be familiar with SBOP specific
emergency response procedures and have a good working
knowledge of SBOP specific risks and limitations, such that
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in the case of any emergency situation the correct course
of corrective action is selected and followed without
wasting any time or compounding the emergency by taking
inappropriate action.

4.5.1 Well control

e e for any well control issues when
operatmg with th ‘*‘SBQP system Well control is covered

The well kil technique to be followed in a particular
situation will be dependent upon the well conditions
recorded following shut-in, and the ongoing operations at
the time of the incident, Each procedure requires careful
planning and execution. During any such situation the

Operators Drilling Supervisor and the Drilling Contractors
Senior Toolpusher will only proceed with the well kill once
an organized and well thought out kill planis in place.
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The following points provide a summary of the main
differences between SBOP operations and Conventional
Subsea BOP operations:

» Well control will be performed using the surface
BOP

» Ingeneral terms the SID is not to be used as, or
consndérea to“be a weli control device, other than
m sgecnai%asﬁés

. »gy%ggtam circumstances the SID adds an extra

Wﬁh@h%@wﬁh regard to well control. For instance, in

%199 case of a leak below the lower pipe rams, itis
& possible to shut the well in by closing the

: blind/shear rams on the SID, and then to fix the

leak. However, closing the SID in any such

situation must be considered carefully as it may

have detrimental effects, in particular with respect

to recovering any pipe sheared in the SiD

« Inthe case that the flow cannot be stopped with
either the SBOP or the SID, all non-essential crew
shoutd prepare to evacuate and preparations

should be made to perform an emergency
disconnect and for the rig to move off location
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The worst possible scenario would involve a loss of station
keeping ability, leading to an emergency disconnect, while
circulating gas/hydrocarbons from the riser. This would
most likely lead to a hydrocarbon spill, significant damage
to the riser and the potential for damage to the rig. This
scenario has been considered in previous QRA@at  have
indicated that the probability of this occurnn@% soggja
that this becomes an acceptable unilkelgﬁ‘ng‘&\ ‘

4.5.1.2 Diverter

Under normal well contri L operattons with the SBOP the
diverter will not bé* ré‘aééstret}f other than as a
*’%

One other scenario where the diverter system will be used
is after a well control situation just prior to opening up the
SBOP. In this instance the diverter will be closed in order
to divert any gas trapped in the top of the SBOP
overboard, rather than allowing it to bubble up onto the rig
ficor.
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"’\%‘Egconnect are the same as currently existfor a

4.5.1.3 Hydrocarbons circulated to the
surface

Well fluids circutated to the surface will be collected in the
mud pits, from where they can be collected for -

?‘thls will
be separated from the fluids in the mud/gas sep
The gas will then be vented from a plpe ?qﬁatgd m a safe

conditioning. If any gas is circulated to the su(f’ :

nser fr&ii th&S?D at the seabed in order to avoid damage
fo.the we;i ‘or to the rig, or to reduce risk of an incident

conventional subsea BOP.

Due to the consequences of performing an emergency
disconnect, which in extreme cases could lead to some
poliution, damage to the rig, the riser system, and / or the
well itself, this is not an action which should be considered
lightly, or undertaken without good reason. However, itis
necessary that responsible members of the rig crew be
empowered to take such action in an emergency situation
without having to defer to others or waste valuable time, s¢
as to ensure the safety of all personnel.

Surface BOP Guidelines

Rev 011604 Page 91

Highty Confidential IMS273-001231

IMS273-00113¢




Health Safety and Environment

4.5.2.1 DP Operations

The criteria for the alert states and watch circle actions
form the basis for the emergency disconnect procedures
for operations with the SBOP system. As such they must
be agreed by both the Drilling Coniractor opewraij %

Engine control room ‘

I situations the DP Operator on the bridge is
responsabie for setting the Alert state of the rig which is
notified to the driller by a Green, Amber or Red light.
During Normal conditions the Green light should always be
on, highlighting that everything is normal and operations
can continue.

As conditions deteriorate as per the criteria listed on the
Alert State Diagram, the DP Operator will successively
change the Alert state, from Green, through Amber, and
then in extreme cases Red. As a minimum the DP
Operator will use the Alert state lights to notify the Driller,
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however if time allows the intercom from the bridge should
be used to ensure that the driller is aware that this is not an
exercise. If there is an exercise with the status lights, a

warning must be given in advance.

This genera! phsiosophy shoulggg@gg !
ti%;gg \%‘nowmts in the case of

deteriorating weather'e Yy
taken prior to dnsconneé%ng from the well in order to:

possible
" o Minimize damage to equipment

4.5.2.3 Disconnect procedure - drill pipe or
nothing across SID

in any case when there is either nothing in the hole or
there is only drill pipe across the SID, the following
standard disconnect procedure can be implemented:
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* Inthecaseofa deteriorating situation the DP
Operator will change the Alert state from Green to
Amber and then potentially to Red

e Iftime is available to the driller (oral communication
between the driller and the DP Operator will confirm
this) as the Alert state changes he shoul¢ make all
efforts to:

first she, *’ra ‘guts the pipe (if time allows)
¢ Assoon as;@fﬁe Alert state change to Red, the driller

act the disconnect sequence

45.2.4 Disconnect procedure - non-

shearable components across SID

In any case that an un-shearable component must be run
through the SID, the philosophy is to cut the string at
surface when the Amber alert state is reached and to allow
the assembly to drop. This will ensure that iffwhen the Red
alert state is reached there will be drillpipe across the SID.
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The following procedure must be followed during the time
that the un-shearable component is in the SID.

Prior to funning any un-shearable component into the SID

« The Toolpusher must be consulted ,gé
« Toolpusher to confer with DP Operatg?’*‘g@ @9
bridge to confirm that: vy
o The weather outiook @%%&&
o DP systemis oggré%z!e qgg’ stable
o Current ig\ stable,

L N

« Toolpusher t&;con?rm» |
the SID is dnsab %

. Dnileﬁ%b pfagared to perform a surface shear of

the drill s‘ﬁ‘m@usmg the SBOP shear/blind rams.

e?t "’%that communication between Toolpusher, DP
w u‘rég}[ator and the Driller can be established at any

.
yat the Autoshear circuit on

Inthe case that the Alert state changes to Amber while

s

there is a non-shearable component inside the SID

« DP Operator to change alert state indicator to
Amber and to ensure that the Driller and
Toolpusher are nofified of this URGENTLY

« Iftime is available to the driller (oral communication

petween the driller and the DP Operator will confirm
this) as the Alert state changes he should make all
efforts to:
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o Move the un-shearable item above or below
the SID

o Inthe case that no time is available the
driller must immediately space out the drill
string at the SBOP shear/blind rams and
close the shear/blind rams to cuténd drop
the drill string

When the Alert state changes to R
* [P Operator 1o®cpar§g§£!ert sﬁxai indicator to Red
and to ensumﬁiﬁat ﬁ:‘fﬂgr‘arid Toolpusher are
notified of this UY%QENTLY
¢ Drillersto exeﬁ@e an immediate Emergency

Dlsgpnneat\d? the SID

& P?y attention to the wellhead pressure, since

/ hydrocarbons might have accumulated under the SID
rams. Calculate the required mud weight to overcome the
wellhead pressure before opening the rams.

A pressure test is required after the successful re-connect,
An RTTS packer might be used in case of an open
borehole.

» Unlock drill string compensator and stroke open
* Pick up a stand of drilpipe
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« RIH with drilipipe and position connection below the
lower pipe rams

« Close lower pipe rams

« Decrease closing manifold pressure on rams to 500
psi and strip up through rams until handling tool is
seated below rams. Increase closing pr,géé re on

rams and lock rams
« Reset the acoustic system (if ag@a ;
« Stab hot stab into riser con Tateh receptacie

. Posmorg% <,qva;;§wellhead

. %rag MU%@%bie subsea wet connect with ROV
ar 8%?&&%&3/ to one side (if applicable)

;,el;%e with ROV

“’»’Bf%ed off tensioner pressure and land hub of lower

transition joint in riser connector. If necessary use
y ROV to nudge riser into position

» Using ROV, pump into riser connector, latch
connector with full operating pressure. Make visual
confirmation that connector has closed. Hold
pressure for 5 minutes and then bleed off pressure

to manufacturer recommended value

« Use ROV to reconnect the MUX cable to the
receptacle on top of the SID (if required)

» Adjust tensioners to support string weight including
SID (neutral weight without overpull).
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» Bleed off DSC to support weight of SBOP handling
tool. Unlock and open upper pipe rams.

* Perform overpull test with a pre-determined
overpull above string weight and then bleed down
to normal operating tension

¢ Use ROV to check wellhead pressure aﬁ@to §§‘{aump
open upper and lower SBR

4.5.3 Riser leak

£ leak develops in the riser is the
/f‘l}glé%‘fu!l of mud. Failure to keep the hole

C‘ﬁdﬁs taken if a leak in the riser is suspected will be '
iriven by current operations.

4.5.3.1 Leak During Normal Operations

Initial actions should include:

» Riser to be kept full of mud from trip tank

* Man stationed on drill floor to confirm that riser is
full

» Establish ioss rate
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« Inspection by the ROV inan attempt to identify the
leak.

If the ROV is unable to identify the leak the drill string
should be pulled above the SID. The riser can then be
pressure tested against the upper SiD SBR andithe SBOP

annular.

pressure.

%
[ confirms a leak, but the ROV is
’the next option is to run an RTTS

If pressure testing the 1
unabie to 1deﬁt@ég
;gre»test the riser until the position of the

Packer and Npres y
leak is Idéﬂ%ﬁed The decision can then be made to close
m thyv«gg}l@t the SID, recover the riser and repair the leak.

it should be noted that there is a strong possibility of

damage oceurring to some of the riser threaded
connections, and hence riser should only be pulled back if
absolutely necessary as it may subsequently be impossible
to run without re-cutting threads.
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4.5.3.2 Leak During Well Control Operations

Depending on the operation, pipe position, and severity of
the leak, there are various options as to the immediate
action to be taken. These may include:

e Fcw
.5.4 Tensioner Failure

In\order to get the best possible performance from the riser
tensioner system, it shouid have equaily divided loads
around the load ring. This is to avoid bending moments
and side loading of the riser string. In the event of a riser
tensioner failure corrective action may be required to

prevent damage to the riser. This will be dependant on the
configuration and redundancy of the riser tensioner
system.
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In the event of a riser tensioner failure:

« Suspend drilling operations and monitor the well.
« Increase the tension load on remaining riser
tensioner lines except the line opposite the failed

lines
« Reduce the tension in the line
line '
« Atthis point, depending
measures may g? tgge%
+ Repair the faile ée%
service. Share ’?&wnser joad between all in service
tensid?ﬁgﬁfi

oner and return to

;5.5 Hydrates

When drilling in deep water, well pressure and temperature
at the seabed are usually favorable for the formation of
natural gas hydrates. The higher seafloor hydrostatic

pressures and lower temperatures encountered increase
the likelihood of hydrate formation inside and outside of the
subsea wellhead and SID. When natural gas hydrates
occur, they can form a blockage in subsea components
and mechanically prevent closure of valves and BOPs.
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4.5.5.1 Hydrate around the SID

In general, itis not uncommon to observe gas bubbles
outside the structural casing. The gas bubbles accumulate
and form hydrate on the outside of the SID, weiihead
connector and the subsea wellhead. This can»
mitigated by the use of hydrate exclusion eai and'the
injection of glycol into and around the weggea; '\'tfonnecter

4.5.5.2 Hydrates inside SID
V. T B

There are two ma:ﬂg@sntua?@ns of hydrate formation inside
the subsea welie: d%@d bottom part of the SID.

When the well is closed for a long period of time if
there is gas migration

In the first case, using a subsea BOP, the consequence
might be the plugging of the kill and choke lines. This risk
is minimized with the SBOP system, because the well is
controlled at surface. Itis considered to be unlikely that
hydrates will block the SID while circulating out a kick.

The second case is similar for both surface and subsea
BOP systems. If the well is to be shut-in at the seabed,
9as can potentially migrate and assembie below the blind
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ram and hydrates may form. To mitigate the risk of
hydrate blockage, glycol may be injected into the SID using
a port between the rams. Glycol may also be injected into
the wellhead and the riser connector.

4.5.6 Hydrogen Sulfide

The possibility of encountering st;g
conditions. If thereis the poteg&‘ for H,
standard procedures for thgéae&ec% of ?%28 and

protection of persong% n ii%g put in place prior to dntlmg

"”g

h he ngss of high strength casing (such as P-
110}5&5&?@& susceptible to sulfide stress cracking with the
?mgnces of potentially catastrophic failure of the

In the event that H2S is encountered while using a high
strength casing riser and the H2S cannot be controtled by
conventional means, the well should be buliheaded and
abandoned.
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4.6 Planning and Preparation
Guidelines

The integrity, and hence the safety of wells depends on
many factors, including design, construction, maint nance,

intervention and abandonment.

standards and procedures we
factors ensuring that:

;requuements of business needs;

t key  organizational roles and
raﬁ‘g@ns:gaiuttes assigning accountability, setting
;gda?ds of performanice, measuring performance

A «%ﬂdyallowmg evaluation, comment, correction and

improvement.

"+ Wells are designed and constructed with  fuil
consideration of all hazards and all relevant
standards with the aim of reducing risk to people,
the environment and our business to as low as
reasonably practicable (ALARP).

*  Well integrity is maintained throughout its’ lifecycle

by competent people using up-to-date written
procedures and safe work practices.

» Quality assurance and control principles are
applied, implemented and regularly reviewed which
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identifies responsibilities and procedures and
ensures the design intent is being realized.

« Co-operation and effective communication is
maintained with third parties and appropriate
authorities.

in respect to design, procurement angf o0 n;gmcﬁon

§
gm e’ aim for the

specification of design, material and fi’@truct;on

specifications, the strategy is one ©

simplification. Functionality is the

F s b
Implementation of a Q‘pal %ﬁmg regime strategy applicable
to all surface BOP é? \vities is achieved through the

2
e

definition of p‘erfo '

Itis real;zﬁd that by setting performance standards for any
gspe%gﬁtgur business we are deﬁnmg acceptability. The

'fgf&ﬁed to as Performance Assurance Processes. This
framework is depicted in Fig. 2.1.

4.6.1 Performance Standards

The performance standards for surface BOP activities are
segregated into three areas, covering both the facilities
and management systems. These are the subsurface
hydrocarbon system, operating procedures and integrity
management.
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4.6.1.1 Sub-Surface Hydrocarbon System
Objective

To ensure that the sub-surface hydrocarbon mventory
connected to an installation is contained w;thm th

intervention operations.

Purpose

<,

§To ensure riser and welthead assembly, tubing and casing
stnngs contain the well fluids and pressures and support
the imposed loads during all phases of well construction,
production, intervention and abandonment operations for
all defined operating conditions.

Well Control Fluids

To safely control inflow of well bore fluids during
construction and intervention operations.
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HP Riser & Pressure Control Equipment

To ensure well bore fluids containment during open and
cased hole operations, including wireline and coil tubing.
To provide through pressure control equipment a means of

isolating the well inventory in the event of opergybnal
ahe®

failure or unexpected condition in well.

Tensioning System

Mooring System 4,

1:0 ensu% g\‘mooring system maintains desired station
egps;;gg gerformance to minimize loads on high pressure

sersystem for all defined operating conditions and in the
rent of operational faiture.

Reliability and Availability

Capability to isolate, contain, control and segregate

hydrocarbon system to retain sufficient integrity to
minimize the release of inventory and escalation.
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Survivability

Hydrocarbon system designed and maintained such that a
rupture of the system once isolated and segregated will not
escalate the release event and the threat to personnel on
the installation,

4.6.1.2

Objective

d@f catlons and operational changes are in accordance
th performance standards and that there is a means of
performance reporting and an audit-able record for the
assurance of integrity.

Functional Requirements

Practices and Procedures

Practices and procedures by which all work will be
performed that are technically correct, up to date and easy
to understand and follow on the rig.
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Change Management

To ensure that operating criteria changes {facilities,
procedures, and people), proposed modifications and
projects meet the appropriate system Performance
Standards.

Maintenance & Inspection

4l equipment is

¢

maintained for safe operatlag @ro@h g}ﬁhases of the
well life cycle within tﬁ*§ f r%% operatlng envelope.

v

To undertake actions to ensure th%c

To monitor the ¢ gdmn of equxpment and systems in
determlnlng%pre\*ema:we action necessary to mitigate the
effects of f@u{ezy

& T%eﬁsuré that all temporary equipment is installed and

\Q%tegmy mamtamed in accordance with fixed equipment

procedures.

To confirm the continued integrity of the well and to identify
any signs of deterioration of critical components.

Reliability and Availability

The effectiveness of Integrity Management activities to be
assured through SBOP Management Systems
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Survivability

Ensure procedures and practices are updated and
followed through management systems, supervision and
audit.

Objective

To ensure the safe der?? ;
intervention and aband@“i;ggent of the well through

documented acﬁ&f Z%é‘s%gxeé“SUted by all personnel.
% U, g

?@X&%& documented practices and procedures for all .
r§§nnel including procedures critical to safe operations

%vsith defined accountabilities and responsibilities

Functional Requirements

A structured hierarchy of documents that define work
procedures for all surface BOP related well activities.

Reliability and Availabitity

Effectiveness of operating procedures assured through
Management System.
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Survivability

Ensure procedures and practices are updated and
followed through management systems, supervision and

audit,

are achieved. These ar’ !
breakdown of%eat;t\ ?tandard into one or more critical sub-
ystems These peﬁormance assurance processes

46.2.1 Sub-Surface Hydrocarbon Envelope

Objective

To ensure riser and welihead assembly, tubing and casing
strings contain well fluids and pressures and support the
imposed loads during all phases of well construction,
production, intervention and abandonment operations for
all defined operating conditions.
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Functional Requirement

The system shall be capable of handling the maximum
anticipated flow rates, well fluid characteristics, bottom
hole pressures and temperatures subject to insiallation

with

constraints. Matenals shall be selected in a@mr%@

nsure sufficient pressure boundary integrity to guard
against hydrocarbon releases by use of adequate
wellhead. Wellheads to provide containment of annulus
contenis.

Where deemed necessary and applicable to provide a

facility for seabed shut-in and ensure sufficient pressure
boundary integrity to guard against hydrocarbon releases
by use of adequate valving.
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Provide a facility for well abandonment or repair ensuring
that the necessary isolations can be established prior to
work commencing.

Take due account of any casing or riser wear during
drilling, abandonment or other types of remedm&@ork

Model casing wear using a casing wear prog“%“% if,.;
appropriate.

Survivability

The seabed shut-in device if installed will continue to
contain hydrocarbons. The design should use proven

technology with measurable reliability.
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4.6.2.2 Well Control Fluids

Objective

Safely control potential for inflow of well bore m%gs during

construction and intervention operations. gﬁ%‘
£

Functional Requirement

drilling fgr%ﬁi ace hoie are identified, sufficient barriers out
an p!aee&énd %fﬂgatnon measures identified in the event of

“Reliability and Availability

Ensure sufficient fluid volume at he correct density is
available to permit operations to proceed without inflow of
the well bore fluids. Keep sufficient barite available on
location to permit an increase in fluid weight of at least 1.0

ppg. The daily mud report should be completed stating
current stock levels, mud density etc.
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Survivability

Fiuid remains active providing overbalance pressure
irrespective of installation incident. Conduct daily fluid
checks during operations including a review of pore
pressure estimates and riser margin.

",

Ensure well fluids conta%kment during open and cased hole

operations, mciud%wrel‘ﬁe and coil tubmg Provide by

Ensure that the BOPS are rated to bottom hole pressure
plus kill margin and that pressure control equipment is
designed and constructed in accordance with industry
standards.

Reliability and Availability

Ensure inspection and maintenance program for pressure
control equipment is designed to reduce the frequency of
failures to a level that is ALARP. Confirm the inspection
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and maintenance system is being implemented by
management systems and audif.

Survivability

Maintain riser angle limit and vessel offset

Observe sea and weather state and regg?’é mgonitor
5

weather reports

d ufidertake condition
Nl |

E )
(

Monitor well control parameters ;

monitoring during incidents
ldentify potential cﬂsc:g;?mM e«gﬁzﬁf?&s according 1o pre-
determined disconnect parameters

Monitor current @%\%DCPO:’ instrumented riser

AN Y
“Objective

Provide structural support to BOP and high pressure riser
system

Functional Requirement

Ensure that the HP Riser and SBOP system is supported
throughout all drilling, intervention and well control
operations within design operating tension envelope.
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Determine required tension operating envelope during well
design stage. Ensure monitoring of riser tension during all
operations. Ensure integrity through maintenance &
inspection program. Detailed procedures are to be in
place for tension adjustment due to cementing, tide or

other operations.

Ensure that a static system is in place to support BOP &
Riser in the event of any installation tensioner system
failure. Sufficient tensioner capacity to allow failure of one
tensioner (or one pair of tensioners) as per APl RP 18Q -
Recommended practices for marine riser design.

Surface BOP Guidefines Rev 011804 Page 117

Highly Confidential

IMS273-001257

IMS273-001133




Health Safety and Environment

4.6.2.5 Mooring Systems

Objective

Ensure rig mooring system maintains desired station
keepmg performance to minimize loads on hlgh ' ’?essure

position.within n%g %Stgn tolerances. The mooring

v

design }a;u «%nalyms should be completed satisfactorily for

the lmﬁm spec:f ic environmental conditions.

Momtor the rig position and adjust if and when necessary,
(actwe winching) using Positioning equipment installed on
the rig.

Reliability and Availabitity

System should maintain integrity in severe event design

conditions. Ensure inspection and maintenance program
for mooring system components is designed to reduce the
frequency of failures to a level that is ALARP. The design
environmental conditions should be reviewed and verified
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Ensure that maintenance & inspection is being maintained
through audit process.

Survivability

Ensure Mooring System maintains integrity in thevevent of

offpLiale
&

the loss of one mooring line during operati

event of an extreme design condition.

The mooring analysis is to be Qg%r%rm' for the loss of one
mooring line, reference o %glf@f ZSK, ecommended

3

practices for station ke

é‘})sure that operating criteria changes (facilities,
‘”;Syf‘%cedures, people), proposed modifications and projects
meet the appropriate system Performance Standards.

Functional Requirement

To provide consistent change management controls with

regard to changes affecting facilities, people and

procedures.
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Reliability and Availability

The management of change procedure shall form part of
the Safety Management System,

Survivability

PN, Y
4.6.27 Maintenange and Inspection
N

y Sy . )
Undﬁgggﬂ?@(a ons to ensure that critical SBOP equipment
s'ma ntéip‘ for safe operation through all phases of the ‘

‘Mpnftor the condition of equipment and systems in
determining preventative action necessary {o mitigate the
effects of failure, Ensure that all temporary equipment is

installed and integrity maintained in accordance with fixed
equipment procedures. Confirm the continued integrity of
the well and to identify any signs of deterioration of critical

components
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Functional Requirement

Ensure the integrity of the equipment on the installation so
as to ensure its ability to perform its intended task safely
and effectively. Maintain all temporary equipment. Ensure
that all third party / contractor equipment is maiptained as
per fixed equipment standards. 4

Reliability and Availability

Maintenance and inspgption%ﬁall m@}dated by the rigs

B

planned maintenanc%%?st%
Survivability: <

Ensure éﬁ%ggg{gpess of the maintenance system through
dic ayditiprocess as defined in

Objective

Provide a structured hierarchy of documents that define
work procedures for all surface BOP related well activities.
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Functional Requirement

Provide operators of SBOP equipment with clear guidance
for the installation, hook-up, commissioning operation and
maintenance of the SBOP system,

Reliability and Availabitity

Ensure that all personnel have sufficient competence
through technical training, experience and competence
assurance processes for the execution of their SBOP
activities.
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Functional Requirement

Take appropriate actions to correct deviations from the
safe operating limits throughout SBOP well life cycle.
Operate at a level of competency that ensures that

Ensure that all personnel accurately mterpref’E e%gé‘ncy

available to perfamafe operations. A formal competency
4
assess%%nﬁ rocess should be implemented for all key

4.6.2.10 Condition Monitoring During
Operations

Objective

Continuous measurement of various parameters is critical
during the surface BOP operations. These are essential for
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the integrity of the riser, which may be exposed to high-
pressure hydrocarbons without the protection of BOP at
the seabed

Functional Requirement

The following are to be monitored throug
operation;
» Vessel Position

*

Vessel Heave

+ Riser stroke withi
Weather forecas :
» Current me fsu;émégnts {minimum hourly)
Mooring leadsi¢hourly)

. )éi}{br;at"o;{%%&érated stresses on riser (optional)

*

Provide 24 hour accurate condition reporting with data
acquisition system and backup data storage including
weather and positional analysis, riser instrumentation or
ADCP, casing wear log (if required). Design limitations
must be addressed as part of operations procedures as
decision trees in conjunction with site specific well design

document.
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Survivability

Data acquisition to be part of planned maintenance system
and subject to daily checks.

4.6.3 Design Studies

Risk assessment studies must be completed at the
appropriate time during the design and implementation of &
surface BOP system. Refer to section 4.2 of the
Guidelines.
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4.6.3.2 Mooring Design and Analysis

A detailed mooring analysis in accordance with AP} RP
28K for the specific rig, mooring components and specific
well locations using appropriate site-specific metocean
data. The mooring analysis is to be perforrrgé

4.6.3.3 Riser Dg§!g§ g%)ﬂ%fﬁ:%nalysus

(4

. offs/z J;mxts intact and with 1 mooring line failed. For DP .

dgtermme watch circle limits.

4.6.3.4 Interference (Clashing) Analysis

The potential for interference and clashing between the
SBOP, tensioners and riser and the rig structure in and
around the moonpool area must be checked for the full
range of movement of the SBOP system. This should
include all planned operating and survival design
conditions with sensitivities covering unplanned events. Of
particular interest is the potential for clashing in the event
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of a station keeping failure. Refer to section 2.4 of the

Guidelines.

4.6.3.5 System Design

The complete SBOP system must be desigg@? and
configured for the specific rig to be used@&@ﬁhing

program. -
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(... .ensure the integrity) {(Protect Personnel) {- ensure safe operations)

Documented Activities
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Figure 4.6
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4.7 Equipment Verification and

Specification

The objective is to set self-agﬂ@%

e
objectives in com;)tlz%@ﬁ\ A w s

Equipment. Once the s ty critical equipment is identified
the next step shamm remk each system and sub-system
using a Hazard i%emaﬁcaison Code.

|
k- MW@
Identi )cahon*a,,nd assessment of each identified critical

\agd sub-system is achieved by pooling combined

/ ge and experience. A series of peer review

; et?hgs between all relevant personnei shall be
conducted to determine the final critical equipment register
and hazard assessment,

From the critical equipment register, performance
objectives are developed for each critical safety equipment

system. These ensure that equipment shall be
manufactured to the required quality standards and
maintained throughout the defined life cycle ensuring their
functionality and reliability.
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Equipment procurement pro-formas are introduced into the
design stage to enable full understanding of the functional
requirements, industry standards, specification
documentation, certification and all other relevant
information required for manufacture. The Project Lead
Engineer {or Team Lead) shall be responsible fcm

Wya
preparing these prior o ordering any equipr%f L

L

This philosophy makes the necess s«négiween the

lower level Performance Objecti

. ﬁéﬁie@ggrfdrmance Standards
gw%%‘eﬁb%‘;&ssurance Processes

” jiévglop Critical Equipment Register
Develop Critical Equipment Performance
Assurance Objective Sheet.

4.7.1 Performance Assurance Objectives

Performance Assurance Objectives are a listing by item or
component showing what criteria wili be monitored or
controlled, how they will be monitored, and the steps to be
taken to ensure that the components will meet the criteria
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The following performance assurance objectives relate to
typical critical equipment for SBOP operations.

4.7.1.1 Drilling BOP System

Performance Objectives

,%%%sing time should not exceed 30 seconds for annutar
BOPs smaller than 18.3/4” nominal bore and 45 seconds
for annular preventers for 18.3/4" and larger.

BOP system must provide capability to shut in and provide
reliable closure for kil of the maximum anticipated well

influx for the project

Performance Basis
API RP 16E Design of Control Systems for Drilling Well
Control Equipment
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APl RP 53 Recommended Practices for Blowout
Prevention Systems for Drilling Wells

Operators Well Control Manual

Performance Assurance Method

R

+ BOP equipment to %functxon and pressure tested to
max:mumamg%@apag&ed well pressure on the test stump
pnor to msté?!af?&gw on each well

) Other Assurance Methods

* Annual review by certifying body of planned
maintenance system to meet regulatory requirements

» Annual third party inspection of BOP equipment and
certification

« Auditing of manufacturers and drilling contractors

safety systems
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4.7.1.2 BOP Control System

Performance Objectives

The BOP control system supplies hydraulic power fluid as
the actuating medium for operation of the BO\Pév@e

elements of the control system include stor%}agtﬁﬁment
for supplying control fluid to the pumpm&tﬁmﬁ '

functions (BOPs c%gke & @Ii vaives) Accumulators

containing com ess%ﬁ nitrogen gas are used to further

enhance the BO s;ﬁncnon response time and to serve as

Pre-charge pressure on each accumulator bottle should be
measured prior to each installation of the BOP on each
well and adjusted if necessary.

Pump system should have electric or air independent
power sources and be capable of closing the annular BOP
on the minimum size drill pipe being used, opening the
hydraulically operated choke valves and providing the
operating pressure level defined by the annular BOP
manufacturer.
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Response time between activation and complete operation
of a function is based on BOP or valve closure and seal-
off. A BOP is considered closed when the regulated
operating pressure has recovered io its normal sefting.

Performarice Basis

#3 4°
,fo\t%gmtml Systems

S

nended Practices for Blowout

ol

API RP 53 ‘Rec

.

i, w
Prevent fk% g%ggms for Drilling Wells”,

The systemn is maintained, inspected and tested as part of
the Drilling Contractors approved planned maintenance
system,

All operational components of the BOP control system
should be functioned regularly during operations to verify
the component intended operations.

Function tests should be alternated from main and remote
control panels if available. Actuation times and fluid
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volumes should be recorded as a database for evaluating
trends.
Other Assurance Methods

Annual review by certifying body of planned ffiaintenance

system to meet regulatory requireme

b,

§?§tractors safety

L

Auditing of manufacturers andg%ggn

%

systems

474.3 Wellhead

W,

Perfo ‘e DOhjectives
Y
e%gr %@d‘system provides:

K&& “Containment and isolation to ensure pressure
N integrity to guard against hydrocarbon release
during the operational life of the system

A conduit for suspension and abandonment

Structural support for various casing strings within
the well.

A means to safely contain well bore fluids within the
design envelope

« A point of fixity at the seabed

» Aload shedding mechanism in the event that a
long string of surface casing is run
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* An attachment point for the method of planned
disconnect of the riser from the wellbore

Performance Criteria

integrity to withstand maximum design Igac
bending) and maintain the required Qf&

The system must provide sufficient load bearing capability
for the designed'sufface casing load
designed syiface casing

AP Specs, Vendor manufacturing specifications and
Operator standards

Performance Assurance Method

FEA on wellhead as part of riser design
Operator well design guidelines
Peer review of well design
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Other Assurance Methods

Verification of vendor documentation for equipment specs

4,71.4 Riser Tensioner System

Performance Objectives

Performance Criteria

The tensioners are to have sufficient capacity to support
the riser in tension under all metocean conditions. The
tensioners are to have sufficient reserve capacily to
support the riser in tension with one {or one pair) of
tensioners failed. The tensioner system is to have
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sufficient stroke to accommodate the maximum design
offset.

Performance Basis
<<¢2; ‘

API RP 16Q Recommended Practice for D&ﬁ?% gﬁﬁction,

Operation and Maintenance of Marine D@W’f@ Riser

Systems i

for Floating Producti
Platforms.,

Tensioner system sheaves and guide wires (if system
used), to be visually inspected prior to start of each well

Tensioner wire ton miles to be recorded and used as a

basis to change out tensioner wires before failures occur

Tensioner wire internal corrosion to be monitored and
inspection performed prior to each use
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Other Assurance Methods

Installation of reliable and calibrated tensioner air pressure
vs. total tension weight measuring device

4.7.1.5 Casing Riser

Performance Objectives

The casing riser musg;b“e Qapabf@%f prov:dmg satisfactory
structural integrity agat%%ﬁnaﬁon collapse, instaliation
movement, burs%n?* \llapse pressures, current loads or

other imposed fo
o cu

o Shut-in well against the maximum anticipated surface

pressure in the event of a kick.

To allow circulation of the kick out of the well in a

controlled manner

Performance Criteria

Casing selection made on the basis of desired well life and
anticipated well conditions.
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The casing riser is to be capable of containing the
maximum anticipated surface pressure and to satisfy the
anticipated well conditions without risk of failure.

The casing riser shall be designed to withstand the N
operational and environmental conditions agﬁ’ ileg

%é%gn

within the relevant basis for design do “

envelope) without loss of integrity.

d inaéntained o

All casing riser is to be rate%ﬁ?ﬁst%”

satisfy the anticipated efl conditions.

Performance Basis,
& & ‘S’” v

F

AP| Specif

cation 5CT specification for casing & tubing

S k:5A3 Thread compounds for casing, tubing & Line Pipe

< 3

API5AS Field Inspection of new casing, tubing and plain
end pipe

AP| 5B Specification for threading, gauging and thread
inspection of casing, tubing

API5C1 Care and use of Casing, Tubing and Drill pipe.

API 5C2 Performance Properties of Casing, Tubing and
Drillpipe
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API 5C3 Formulas and Calculations for Casing, Tubing,
Drillpipe and Line Pipe

API5SCS Evaluation Procedures for Casing and Tubing
Connections

Operator casing design manual

Performance Assurance Method

Casing dimensions, material grade, weight, pressure rating

to be stated in well drilling program.

All riser casing to be rated, tested and maintained to satisfy
the anticipated well conditions.
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Riser casing to be pressure tested to maximum anticipated
surface pressure.

All riser casing couplings to be Shell qualified gas tight
premium riser casing couplings

Riser casing stock management program e Ur

basis of design

Peer review & acgeptance of SBOP riser analysis basis of
k" e
design documen
% :

er Assurance Methods

Use of torque/turn measurement equipment during riser
casing make-up

Visual inspection during preparation and running

Drift inspection during preparation
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4716 Seabed Isolation Device

Performance Objectives
The SID is to provide a means to:

Disconnect the nsa@&o@t%, }ilhe&i&
Reconnect the n§§g‘ the'

Sﬁear the maximum shearable drillstring component in the
well program

Seal wellbore to full working pressure

Capable of operating under maximum anticipated surface
pressure in combination with tension and bending loads
from riser

Dual redundant control methods from the rig
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Performance Basis
AP Specification 16D Specification for Control Systems for
Drilling Well Control Equipment

APl RP 16E Design of Control Systems for Dnlimg Weli
Control Equipment

APl RP 53 “Recommended Practices f
&
Prevention Systems for Drilling Wells®.

Iha@zstem should be pressure tested prior to each

s ),cr after any maintenance or modification to the

pressure containing components

All operational components of SID systems should be

functioned regularly during operations to verify the

component intended operations

= Function tests should be aiternated from main and
remote control panels if available. Actuation times
should be recorded as a database for evaluating trends
BOP equipment to be third party inspected prior to
commencement of project

» BOP Equipment, (rams seals efc), to be physically
inspected between wells
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Other Assurance Methods

o Annual review by certifying body of planned
maintenance system to meet regulatory requirements

» Annual third party inspection of equipment and
certification

Performang

f ggfcapability to withstand the maximum metocean
ofiditions as required by the detailed riser design

Safety factors to be designed as per the Design Guidelines
and API recommendations.

Component reliability and system redundancy to maintain
station with one component failure (mooring leg or DP
system)
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Performance Basis

API-RP-28K Recommended Practice for Design and
Analysis of Station Keeping Systems for Floating
Structures

Performance Assurance Method

Maintenance performed as part of Drilling Contractors
lanfied maintenance system. ‘

Surface BOP Guidelines Rev 011604 Page 145

Highly Confidential IMS273-001286 '

IMS273-001133




Critical Equipment Register

Critical Sub Elements HAZARD SYSTEM IDENTIFICATION Performance Performance Criticality
System coausel Prevent Detect | Control/Mitigate | Srandards Assurance Rating
BOPs Annular v High
Shear Seal v _High
Variable Pipe v High
Rams
Inside BOP v High
Fixed Pipe v High
Rams
Wellhead v/ High
Connectors .
Gaskets v High
Gate Valves v High
v High
BOP Control Master Control v/ High
Systems Panel
Remote v High
Contro! Panel
Vaives v High
HP Hoses v High
Accumulators v High
Accumulator 4 High
Unit
Choke Lines v High
Kill Lines v High
HP Piping _ / High
Choke v High
Manifold
Kill Manifold v High
Choke v High
Choke & Kill v High

Highly Oo:ﬂ_aa‘
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Critical Sub Elements HAZARD SYSTEM IDENTIFICATION Performance Performance Criticality
System coausel Prevent Detect | Control/Mitigate | Standards A surance Rating
Medium
Instrumentation v Medium
Gauges v Medium
Transducer v Medium
Operating v Medium
Fluids
Wellhead Hanger Seals v High
3BOP Valves v High
Specific Connectors v High
Gaskets 7/ High
High
Riser Casing Pipe Body v _High
Connectors 7/ High
Wellhead v High
Connectors
Riser Tensioners High
Tensioner
System
Operating Fluid v High
Sheaves v High
Cable v High
Connectors v High
Pad Eyes v High
Figure 4.7
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4.8 Personnel Training

Any person who is involved in the drilling of awell (from
the planning stage to the final plug and abandoning of the
well) has some form of responsibility in preventing. élgick or
blow out. In order to carry out these respgnm@&ttesg

i ired.

During drilling operationsieach drill crew member should

aration of all blowout preventer

i rﬁ}?@ by the Senior Toolpusher or Operator’s
.esentétive will be carried out to help develop crew co-

“eperation and skills. Spot check drills shall be initiated and

sely monitored by the Driller to ensure that his crew
remains proficient. 1t must be remembered that kicks can
occur under a variety of circumstances and conditions
such as; drilling ahead; tripping out or tripping in; out of the
hole, wire-lining and running casing etc. The Driller and
his crew must therefore be alert at ali imes.

The following guidelines provide typical responsibilities and
training requirements. The job categories, responsibilities
and training requirements may vary slightly from rig to rig
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and are dependant on the equipment configuration being
used.

4.8.1.1 Offshore Installation Manager

o

damage to the envnrqg%e

Ensuring that Company policies and instructions

are properly given and to make sure that they are

properly understood and implemented.

* Reviewing the Well Program in detail.

» Advising supervisors of any aspects of the
prognosis or well plan which might cause the loss
of well control.

+ Maintaining a system of well control data sheets to
be ready for immediate use if required.

» Checking on the adequacy of SBOP/SID training of
the relevant personnel on the rig floor and
supervisory staff on the drilling rig.
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« Ensuring that all operations conducted with
eguipment associated with pressure control are
carried out in a safe and efficient manner.

« Being acquainted with contingency plans relating
to, shallow gas, fire, blow-out, pollution and spillage
on or around the location. &

« Ensuring that alt well kick preparatio
made.

« Check the status of the SID funefions‘and alarms,
and advise Driller and R ‘013 étors on
requirements for( cms%\ulatcrs based

on estabhsheﬁ :

e Ensuring that th d@hng crews have been fully

83 fappllcable),

trained amkg;e implementation of the well control
%%ocedu%&fﬁr surface BOP operations.

5

. En&g;e .riser tensioners are adjusted as required to

5 %ofrect tension to suit operations.

“twEnsure that the toolpushers office control station is
manned at all relevant times, with good
communications to drill floor.

o All relevant depths and elevations are accurately
identified.

4.8.1.3 Chief Engineer or Maintenance

Supervisor

The Chief Engineer or Maintenance Supervisor is
responsible for:
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» Reviewing third party certification for all portable
equipment and systems, including data book for
SBOP/SID equipment.

Ensuring all equipment is installed, hooked-up and

tested in accordance with applicable standards,
rules and regulations.

« Ensuring rig modifications have be
accordance with applicable sta@ s%ﬁ w%s and
regulations. ‘ ‘

cedures are in

*

Ensuring that all mamtgg%z?g@ﬁ;
place and performedb qgggiﬁeck@personnel in
accordance w‘iﬁ Comp

t Manufacturers recommendations.

%/XW

Maintaining all SBOP/SID equipment with
assistance from equipment manufacturers
representatives if required.

Ensure all pressure readings are correct, as per
manufacturer's recommendations.

Keep the Senior Toolpusher informed of conditions
within his area of responsibitity.

» Assist in the proper operation, erection,
maintenance, testing, and disconnection of the
surface blow-out preventer, SID, and related
equipment.
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Assist in the running and retrieving of all tools and
equipment.

Maintain planned maintenance requirements in
area of responsibility.

Assist in preparation of SBOP/SID test reports.
Assist in ensuring SBOP/SID equipmengf”*‘

operating correctly.
Check accumulator, manifold
reservoir volumes each tour:

.F0 shut in the well if a well control situation is
observed, as well as activating the Emergency
Disconnect Sequence (EDS) as required.
Responsibie for the overall supervision of ali drill
fioor activities and in particular the continuous
monitoring of all available indicators in order to
detect a kick as early as possible.

To be aware that since several of the more
common causes of kicks can be attributed to
human error, he is responsible for the prevention of
such kicks by ensuring that he and his crew remain
alert at all times and adhere to current practice,
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» Ensuring that the choke manifold is properly lined
up; that the choke panel is correctly set; that the
BOP control system is ready for immediate use,
that drill string blow out preventers and crossover
subs are cleaned, easily available and counter-
balanced if required.

+ After closing in a well the driller is ret

crew in the foliogr

-

.
o Toum

in a kick as soon as possible.
co%niz\e the signs of a kick in progress.
© possible, to take appropriate steps to

yoid kicks occurring.

» *To ensure that the tasks assigned to each
crew member during a close-in and well kill
operations are carried out.

To understand the hazards involved in all
operations and the appropriate precautions
to be taken.

Shut in the well immediately in a kick situation.
Monitoring pit volumes continuously during all
operations for losses or gains. All mud josses or
gains shall be recorded and reported to the Senior
Toolpusher and Operators representative, giving
depths at which they start and stop, rate of loss, or
unusual change in rate, also the total volume lost or
gained.
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» Ensure close communications are maintained
between himself, the Mud Loggers, and the
Derrickman so that everyone is aware of what is
going on at the mud pits. Also to ensure that the
mud weight is checked and recorded in accordance
with Company policy.

tripping out. The trip tank should Be used at all

times. Trip tank readings tobewecorded on Trip
i

Sheets for allfrips.: Ff% check to be carried out
A into SID and SBOP.
a?gl%y valve and proper subs for

prior to pulling BF

alling %féty%/alve in all connections are

d at a convenient spot. When the drill

liars reach the rotary, provided they are still

\W;;goi:gh the SBOP, stop and install the proper cross

- over sub to the safety valve, ensure that the

operating key for the valve is at hand.

» At least once per tour whilst drilling take and record
the slow circulation pressure (SCP) at slow
circulation rate (SCR).

+ Ensure SBOP and SID panel is kept clean and free

of loose items.

« Check the accumulator and reguiated manifold
pressures and reservoir fluid level each tour.

» Check the status of the surface and SID
accumulators each tour.
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» Check for alarms on SID control panel and contact
Toolpusher if an alarm is observed,

* Check the choke manifold and SBOP valve
positions each tour.

e Check for and report any faults on the electrical

control panel(s) i.e. blown bulbs on the i

%gz%&ﬁng the Driller informed of what is happening
th?oughout the operation and ensuring that the Derrickman
has the necessary assistance and guidance in the mud
room.

The Assistant Driller aids the Driller by carrying out many
of the on tour duties and checks such as:

» Checking choke manifold, valve positions.

¢ Ensuring that equipment and manifolds are clean
and ready to use.

+ Checking out mud pumps and manifolds.
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« Checks mud systems are lined up properiy.
« Fill out sheet of pre-recorded kick data gach tour.

4.8.1.7 Derrick Man

J.%xmg up the de-gasser for use and to pressurize
. the butk hoppers, if necessary, as soon as possible
N g after closing in. (During drilling one barite tank
should be pressurized at all times.)

« To be aware that during a gas kick a considerable
pit volume increase may ocour whilst gas is being
circulated. He must take into account that

weighting up the mud causes an increase in

volume and this must be allowed for. A steady,
continuous bulk barite supply is needed and
therefore careful thought and pre-planning is
essential in most systems to ensure that the right
fiuids are in the right place. A continuous check on
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mud weights, especially mud weight going into the
hole, must be maintained and any discrepancies
immediately notified to the Driller.

4.8.1.8 Floormen

Floormen provide assistance as directed byghe ﬂijéﬁ
which include: g

* Making up or breaking out the fop
/&w}% ,%.)
the Q[rculatmg head.
» Making up safety j%alvé&{ inside BOP valves etc.
@ N«

» Helping at tl:re m&%p:ts

» Making up or breaking
e

. Notnfy?)nﬂ%i' o&any increase or decrease in mud
géexgg;hto muﬂ returns.

The Company Drilling Supervisor has the overall
responsibility for ensuring that the Well Program is
adhered to. They are to liaise with the OIM, Senior
Toolpusher, and supervisors from the service companies.
With regards to drilling with surface BOP, the
responsibilities for the Company Drilling Supervisor are no
different from a regular drilling operation.
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4.8.1.10 Other third party Contractors

In order to provide assistance and support a number of
third party contractors or specialists may be assigned
responsibilities during SBOP operations. This is
particularly the case for initial deployments of SBOP
systems. These may be employed by the Ccmgggyor
Drilling Contractor as circumstances dlctagte" %Wz

o Assists) @A}"éir%t@j %&oﬁ*%estmg, operation,
and m%@t@fiar%e of the SID and the SBOP.

system.

e '« Subsea Specialist

) o Responsible for providing advice and for
supervising the instaliation, testing,
operation, and maintenance of all the
SBOP/SID hardware.

e Project Engineers
o Responsible for providing advice on all
aspects of the SBOP instaliation and
operations and for monitoring the ongoing
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operations and trouble shooting operational
problems.

* Mud/Data Loggers
o With regards to the SBOP operations, the
Mud/Data Loggers are responsiblesfor the

o SR
measurement of steel on thefﬂ?ft;h

The orggmz,atlon cgffhe crew is part of routine operating

proced@es% L the Station Bill every person and

es&pﬁs@ iiy dunng emergency situations is detailed and

is %hgyiﬁ be followed at all drills and emergency ‘
s C?*éhons

i
rF

4.8.3 Training

Due to the novel nature of surface BOP operations it is

critical that a high level of training, and in particular regular
communication, takes place. This needs to be done
primarily to ensure that the new operations are performed
SAFELY, but also in order to help the efficiency of the
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operation, which is one of the prime objectives of utilizing 2

surface BOP in deep water.

Training requirements vary depending on the nature of the
operation and the experience of the personnel involved.
This section assumes the start-up of a new surface BOP

Dot
re many training

During the planning pﬁas@iﬁ%&a
opportunities for Opera /and Contractor staff. This
initially startswnt@s « b§§ed managerial and technical

W'fmrkshops such

« Bid clarification meetings
« HAZID workshops

o QRA

» HAZOP workshops

« Well planning meetings

» Pre-spud meetings

At each of these sessions, there is an opportunity to
present the SBOP system design, benefits and fimitations
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to a wade range of personnel that are associated with the
project in some way.

4.8.3.2 Operations Phase

Prior to and during the initial operation a corﬁﬁrehe‘géive
training program should be completed wﬁhw il sgﬁior crew
members (Derrickman and above) “‘Tgt{n !iag?ffe them with

means of a series of@v rkggwogs and trammg sessions at
the shore base in the ar@@ of operation and onboard the

Vdﬁnductmg operations phase training sessions and
workshops.

* Drilling program
o Well design
o Shallow hazards
o Anticipated problems
o Well control
o Pollution prevention
o Safety

* Introduction to SBOP
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System overview

0

SOP experience
Reasons for SBOP
Benefits of SBOP
Limitations of SBOP
System development

o © o 0

o

o Configuration

o Specifications

w o Configuration
o Specifications
o Function
o Operating limits
Telescopic joint, tensioners, diverter
o Configuration
o Specifications
o Function
o Operating limits
Control Systems
o SID
o SBOP
o ROV
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o Other

» Rig Modifications
o Equipment installation
o Handling modifications
o Tensioner modifications

» Stationkeeping
o Mooring system or DP system
o Operating limits and watch’
o Loss of station keepiaé
* loading, Preparation an (

w @ Pﬁéura testing
éﬁaﬁm&prgcedure
‘SID
o Riser ‘

o SBOP
o Telescopic joint and tensioners

£

* Retrieval procedure
o Telescopic joint and tensioners
o $BOP
o Riser
o SID
s Well Control
o Kick indicators

o Close in procedures
o Circulation

o Hang-off
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o Stripping
o Bullheading
o Shearing
« Emergency procedures
o Loss of station keeping

o Excessive heel or trim
o Severe weather
Well control

Q

o Emergency discon
o Riserleak, fai!ur
o Riser tensroner@gl 1

T

o Equ;pmen%handlmg
o Pr suxg@testmg
V\?@ king in moonpool

Worknng with riser tensioners

4.8.3.4 General Training

The rig and shore based personnel should have
appropriate training for there normal job positions prior to
the implementation of SBOP training. Training
requirements include:

Offshore safety and survival
Helicopter underwater escape
Fire-fighting

Emergency response
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Rig floor safety
Breathing apparatus
First aid/CPR

Well Control

H28

Stability

Marine operations

Supervisory skills

Rig specific orientation
Helicopter operations
Crane operations
Fork lift operations % )
Hazardous materials .
Slinging and rig g W,
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