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Health Safety and Environment

Terms and definitions Used
Chapter 4

tn

API

ALARP

BHA

BOp

BPM

BPV

c&K
DIV

DP

Americsn peroleum lnstitute
As Low As Reasonably practical*r.+

.R;znr-,..'l

Blanvout Preventer

Bottom Hole Assembly *. 
* *-* u-

Blo\,vout Preventer * *o 
t 

l-' u" 
*

*  
" * , , ,  "  

, "  
' i

::::":.:::,::T::*, ;,. ;

ECD , Eq$fontOircutaring Densiry
FEA Fft*: Etement Anatysis
FOSV 

,l **'rrttOpening Safety Vatve

$MPSS: " 
'" 

Gtobat Maritime Distress and Safety $ystem

u 1'9f* 
' Gurr or Mexico

*,, HA4p Hazard tdentification
"FIAZOP 

Hazard and Operabitity
,:' .: 

' I HSE Heatth Safety and Environment&:"'"'*.

* , ^,* - * IADC Intemational.Assoc of Driiling eonfactors
,",,t ,.***-* IBOP Inside Blornrout preventor

. ' " ' '  * 1 .
qr", '- 

* 
* MUX Muftiplexed

+ * 
- MVVD Measurement t/vhile Orilling* 

NaCL $odium Chtoride {$att)
OBM OitBased Mud
OIM Offshore Instailation Manager
OSRP Oil$pifl Response ptan

O\r1l$ Oily Water Separator

;
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Health $afety and Environment

Pounds Per Gallon

Pressure Vvhile Drilling

Quantitative Risk Assessment

Run [n Hole

Remote 9p€rated Vehicle

Retrievable Test Treat Squeeee

Synthetic Based Mud 
' 

i

$urface BOP

Shear Blind Ram

Slont Girculating

Slcnr C

Shut

Seabed
:

Shut"hlrill Pipe Pressure
,ili,. ''.j,; '+

$bfefu Management System

,'r,ffiriable Bore Ram
i'rVortsx lnduced Vibration

Wall Control Pracedure

PPG

PWD

QRA

Ril-l

ROV

RTTS

SBM

SBOP
gBR

$cP
sgR
slcP
SID

SIDPP
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Health $afety and Environment

4.1 Introduction

implementing a surface BOP *slp* is that rhe

This Chapter of the guideline document deals with the H$E
issues relating to the use of a $urface 8OP drilling system.
The guideline is written from th€ perspective ofgpOdifVinS
and converting existin g fl oati ng drit ling vesspl* &eeiiillpe
surface BOP drilling systems. However, the prineip6s are
applicable trr new construction vessels wiQ''sSrface BOp
systems also. The guiding RdnciOle @ considering

system and its operatiort:Q114il1ff.b-e+bs safe or safer than a
conyentionat aeepwdiffioseb ontting system.

"".,
* ,ri;i"*.,r**. 

\R.

It is recognized,Lthat allcompanies have H$E policies and
guidelinbg.fSr cadnb out daily business and hcnil to

. u,-
manags the ri$kii of running that business, !!tr*n

. l

. r€trofitting a surface BOP equipmsnt paskags to an
$* "-.f

"" r"bxistin$irnit it is criticalthat all He*lth, Safety and"+ '"*
"' Environment consideralions are reviewed and acted on in=a&

;i,i| a consislent and lhorough manner. This guideline gives

recommendations relating to H$E lcpics that other
operators have considered when making use of a surface

BOP system for the first time.

It is resommended 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 $afety Management $ystem thatwill

ensure all areas of H$E criticai to the successful operaticn

of the new equipment are fully understood. The surface

1:sd

,,, 9;::,.,=

lE!:! 4

.-,,-'"'']-i :
;;::;::::t "1'!

; r :
I  t l, ;

^ ," tfo-
*d  -+  s
" i *  

" . - "
''<+A4{1'
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BOP $afety Management $ystem should be developed to
provide Companies with a strucft.rred approach to the

design and irnplementation of surface BOPs in a consistent

manner ensuring systern integrity. Defining higblevel
performance standards and assurancs proc€$$es should
be key elements of this syslem, which then casffie dorn
to detailed functional specifications. Key eLqlffitnis
recommended overall $afety Managemffffistem for use
with a surlace BOP System are as bhfou$F-#:

id@ '

" a
. Risk Assessment + 1

' . ;  " \

Undarstanding and quantitying the risk associated
,r{\ir! 'e

with using_theeouipment and mitigating the risk for
':'.:i::.- 'ii.- itl

using thab,*fruipment.
. ' \  L !L : , . .

;i;f r{iN. "";tr"ili

*',t.lLhll &bntrol

?" ' ,'i'

Health $afety and Environment

,..-t"4 Und*rstanding the capebilitias, limitations and
\iu operational impact of using a surface BOP du*ng a

well control event-

r Environrnental OischargeContingencyPlans,

Fnsuring that plans are in place to control, contain

and mitigate any discharge lhat may be damaging

to people, assets or the environt'n€nt resulting fiom

SBOP operations.

\
€+

\-"Ji.
'  i : "t f '

h* t  
" "

Y ' ; ; d -

^  b - ' "  
- '

.:;a..- '.9 q

't, 
"**:'E#
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Health $afety and Environment

r Emergency Response Guidelines.

Ensuring adequat€ Emgrgency rssponse plans are

in place taking accCIunt of SBOP operations and

specific systam ccnfigurations and operational

sapabi'ities and limitations.

. Planning and Preparation

*%'%
. Fquiptr;-gQrffegification and Specification

%.".t<grtr
',i\k * 

qr,t

SrJb{rg that all equipment is fitfor purpose before,
... "ft. . u

,,^''' dk*Si, and aftcr in$tallation on a rig.

+ ,". ,  .
,,,,,, Personnel Training

[nsuring that all personnel associated vvith the

surface SOP operations are adequately prepared to

rnake use of the equipment.

It should be noted that a Safety Managemant System does

not have to b6 limited to ju$t the$e item$ and can be

*odified to fit existing HSE documentation.

Ensurins consistency p-*n: il:g"t "*preparation nnap lgqrgi*g*tn a surface
BOP equipment pagkagg
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Health $afety and Environment

i-;,'::
:ft"-

* '9 , , :

4.2 Risk Assessment
One of the most criticalareas associaied with the

installation and operailon of a surface BOP equipment

package on a floating rig relates to the risk as$eslment

process^ lt is strongly recommended that a compiehensive
'.*

risk assessment program be cunsidered *qfal*iment
of any anticipated use of surface eOe etd,erqdirfon a

ftoating rig. There are many methgds%"addrtss risk

assessment, the ideas outlined"in tf*gffion have been

employed by both opera.tor+e;4-d#ling €L:ntractors to
S- ' "  : b , ' l  : "w

successtully make u$.of the *trface BOP drilling

techniques. %4

" u*'u"' 
-*

Risk mar,raqemefi@froutu be a constant theme throughout

any SBGPoperatisn, from conceptualplanning through to...:=
^  . , - I

q"rplp" m--efl.tElion. The approach should be very much
., tnr!. tj ,l{

{,,i*-,fg6tJSit6di,hn identifying any hazards direc.tly related to, or
? * .  

'

\ indeed indirectly related to using surface BOP drilling

,.., 
siitems, which can exposs people, the environment or

assets to danger"

4.2.1 Risk Assessnrenf Process

A risk assessment process must ensure that hazards and

their potential effects are fully evaluated- To dc this the

hazards must first be identified, assessed and then

mitigation and recovery pr*paredness measures put in
place to reduce the consequences of any remaining risk.
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Health $afety and Environment

To achieve this, a nurnber of tgols and techniques can ba
used, induding a Hazad ldentification (HAZID) exercise, a

Quantitative Risk Asscssment {QRA}, and a Hazard and
Operability (llAZOP) identificatian exerslse.

The HAZID process is a method ta quickly and efficienfly
focus attention and tslents of a group of indlsiCu{ffiam)
to identify and assess hazards associatq iffiBarticutar

sy$tsm. The team chosen for the eS,sqisfuffilcally

represents a collection of subject n"'fik3"p*tte fom'  
, +a r  $ , - ^ ;  ;

various disciplines, such as. pngi neqffistafety and
operations. fne exer$# rkplop in" "brainstorming"
technique to rapidly iddi$.,Sr and assess potential hazards.

The primary objectives of lhe HAZID are to

pnfV potential hazqrds, determine relative importance of
d*ch hazard, and suggest mitigation oppo*unities whsn

aBpropriate and necessary.

The Quantitative Risk Assessment (ORA) tool is a powerful

decision-making toolthat can assist in the selsction of

acceptable solutions to safety related issues for the

introduction of surfacs BOP equipment. The technique

can be defined as the formal and systematic approach to
identiSlng hazards, potentially hazardous events, and

estimaling likelihood and consequenc€s to people, the

" - #,Rli q#, 8

"&,rF%.s{-. 9.. .
J{tu \" 

'qg"
4 W, 1tt

. . . . . :  sF :  f t
; . -  B* ** '

e9,, ' ' i '-:a
'"'ii:ii,,, 

_t( 
'

The exercise,l's.ffigy nlt a torum for solving issues or
't* '%.

suggesting re-deHgtsoptions, however dependi ng an the
aeveloR${lestage of the system or concept, usetul

-" nr :-
may be sugge$ted and captured during
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environment and ass€ts, of incidents devaloping from

these events.

ln the la$t f*w years, QRA has gained a wide acc€ptance

as a pouerfultool to identify and assess tlrc significant

soufces of risk and evaluate alternative tisk conlfbl

meagures, fxtensive use has been made ofquantincatlon

melhods such as Fault Tree Analysis 
#SFg* 

tt"*

Analysis. Physical Effects ModelingB also been applied

e:tensivelytoestimatetneseven$,,3,,,,,,,,,,,,,j,$fr nsequencesof

specific incident scenarios..$itWt Wpgpknce has been

gained in presenting.m{ t*lr"TP"ll this work in a
. ; '

eonsistent and understdiiitable format, providing

interpretationo ot.$b tptuii. and recommending the most
.- ;..

approprfterimpfuvBrpents for tha installation of a surface

BOP sysTeal -

"**- 
'q

:  f l ' \ " "
r". QRA is iBnsidered a valuable tool in a decision making

*--ruq*?g&*bss, especially when a surface BOP system is being

Health Safety and Environment

i*hployed for the tirst time. lt provides a mechanism to

communicate among the experts involved, to quantify

opinions and to combine these effcctively with available

statistical data. A properly performed risk analysis

documents the best knowledge of lhe cornpanys technical

experts. The application of QRA techniques for SBOP

op*rations has contributed not only to increased safety bul

also to improved cost effectiveness in many areas.

A HAZOP is a slructured hazard identification toolusing a

multi-disciplined team. lt has become accepted as the

',**.'* 

'
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Health $afety and Environment

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 instralling surface
BOP equipment. Other idsntification techniques such as
eliscipline revisw cr compliance wisr checklists are limited
by their reliance on previous experience and cqpstrained
by their narow approach. HAZOP is Uased OnlT 1

brainstonning and has important aOvantgge* &sil other
@ 1  S

'  
, , " . .  , & "

application of a formal sysbmatiibxamination of the*b

prosess and engineeffit*nfrns of new or existing
*FF "T

equipment packafe$to assess the potential of mal-

operation or malfunclion of individual items of that
+- I.

equipmefil #apkage and the consequent effects on the
,,,-

facility as a whole'.
4 L :

tT* 
_. - "#

Thb;method is equally applicable to:
_,,'fji

r N6w construction profects

. Major conversion or upgrade projects

. $mall rig modifications
r NewoperaUngprocedures

r Changes to existing operating procedures

The technique has been used successfully several times
for the use and installatlon of surface BOP packages.

.r,il *
t lrq ,6t4fr.

;{.", 
t 

.

"d. 
; .{.

i.i!, ir!

"'\g1'
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Health Safety and Environment

ln its simplest form the concept is to bneak the equipment
package inta small sections and then to identify hazards by

examining each section and using a series of parameter

and guide word filters to strusturs th€ brairrstorming
proces$. Once hazards am id*ntified, the risks can be

+ l i

l:r;
s! r*,'q :€

^\r.Sr.,.

'\ rS ''i(\. 'q,.
\ ib i l  g 'q*

, , ,  
t '  

: l
"r4!!

' ' L t .

pLlllL;11,. '{t"

li, "l'\*\
f,:t;

".1
,ie'9,n r 

'rl,,tr

,,."ds" Sh.
f f i i .

i : : ; n
.u . :  4

,  :  " "
: !rr&
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Surface BOP Guidelines Rev 01 1604 Page 17

tMS273-001149Highly Confidenlial

tMS273-001133



Health $afety and Environment

4. 2.2 H azard I d entifi catio n Q u i delrnes

{HAZTD}

HAZID (HAZard lDentification) is a technique forearly

identification of potential hazards and threats. {ff$-or*.identification of potentiat hazards and threats.elhruq

technique has two styte$, conceptuat ,ffiip'o*r*
techniques are resommended when a SdffFfl'A.BSP

essential Oat3''tp"fue:" gy project decisians. This has lead
:b, 'qU.

to safer and morebo6t-effecti\re design options baing

aOopteC*it; s minimum eost cf change penaliy.

z ,,, " "' ,r,"., 
''

The ilAZID technique is a;: '

operation is planned for a rig nevet

used surface B0P's before. I the first fcrmal

HsF-related study for The major
benefitof the HAZID that it can quickly identi$

and assess the criti.cal { hazards ard thersfors provide

'.iiL
,1.,,.ln'**D,

Means of identifing and descdbing occupational

HSE hazards and threats at the earliest praclicable

stage of the surfaco BQF Project

Meeting or workshop ssssion employing a highty

experienced multi-discipline team using a

structured brainstorming technaqua, based on a

checklist of potential H$F issues, to assess the

applicability of potential hazards

Rapid identification and description process only,

not a forum for trying lo solv€ potential problems

', .,Mf'
- ; .  s -t rw
Bjr "%.
E,tlt €. .

s  q .  4

.  #edF*
p,if#q{b "; '

F @ +t:r- 
%' "*

.%" 
"ffi'%,.#

vE!'
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4.2.2.1 HAZID Benefits

HAZID has been developed specifically to reflec-t the

importance of HSE issues on the fundamental (and often

non-l-l$E-related) decisions that are made at the incePtion

of surface 8OP projects. Tha HAZID is usually:thq{gst
ni 

'r

,4+a-
. Full rr*miti.&of the importance and

iutedepeiCince of all flSE aspects at the outset of
s, 4i

*$le.ffiFsP project
; t r .  

" " i . , .

f "provides an opportunity to consider the H$t%s"
. . 1, . , *  ,

'Ss lli"'iri"

", lr l

lfllplications of altemative equipment packages and

process designs as part of the selection between

{ccmpeting) options. {i.e., suspend the surface

BOP frorn above or belo!,y, how many rams in the

discsnnect device, da we need a disconnsct

device, etc)

The potential to affect major changes to

philoscphyldesign at a very early stage befcre

significant financial commitmsnts are made

ldentification of spocific hazards and threats within

a project life

The Hazid exercise provides a process to record

HSE hazards and threats vrrhich can then be used

qlll. i'llj,ri!
.i!:.;..,r':'.1.:i,

i:: ::: t:\
/;;: it. >

s a"e "e
@ "  i '  w
4 : 1  ! L

:  
" :  J . . "

: _
" -

\'lll$ '

tcgether to address, in a shorl
.. *fl" ;T

sunounding fabrication, developmertt ind in'slallation

issues associated witl a SBOP ryie$S'

rhe benefits "r r.,"n flffij']' 
' r

\ ,
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&,
r:. .@ir

.\. :it- +Y

'@, r:'iR'@1ii|Rr
@1 E1.

rre- .{\r

* ;  j ' . " "

t^*

.  l - , ,  ' " n  ' f u g

: "r" 
'qe.

; 4'rir,. 
!.2'a

tc devalop a rig specitic H$E Hazards and Hffecis
Register. Documenting all potential Hazards in the
preparation phase of a sur{ace BOP project is
imperative.

liiltlrl

4.2,2.2 HAZID Timing and Duraiion

*ffi*''
The major benefits from HAZ|D 

"rffif 
thdtechnique

being used at the earliest eosffip{:*Qql^cfa surfaoe BOP
program. The constrais gBfrlF tfuifrfudany ltudy arise
from establisrring a uat'#$Ssru; having enough

+  ' ,
information available tdtfip team and stitl having the ability
to change of '€ffadtlhqOasic equipment decisions. In any

. , ,  -  ' i

event ih.e study $lg${d be held as soon as enough general
*

informati#h is qv;ailable.

,:1.1 .*l'rx*\+r\
. For a Coficeptual HAZID this would include information on

tne proposed equipment configurations, riser size, seabed
:l'i66tation 

device {$lD), control systems options, mooring or

DP option$, matocean data, well subsurface dat6 6tc. For

a Detailed HAZID design wcrk would normally have

progressed to the pointwhere the rig has been seleded,

the equipment vendor/ manufacturer is known, all majar

subsurfiace data is know, and all metocean data

understood and initial riser analysis wark has been

completed. In all other aspects there is no difference

between the tvo styles of study" All paragraphs in this

document apply to both Conceptualand 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

propo$a solutions. Honce the duration of a HAZID study is

normally short, {a $pical siudy duration for a surface BOP

project is one to two days).

*["n
4.2.2.3 HAZID Participants , ,,.-".;,

:  2 : " .  " "

**. .^, ;  ,
A HAZID team should be kqptrcorfiFarl4$vety small but the

team should *,rtain,qflm.h*%SnbJecge to recognize and

identify all the HSE isauegassociated with the surftace
BOPprojec{.,,;yg{ng:amrusf rompreviousexercises'% ,
involving surfaceflOP's have included anylvhere from 10

to 20 membb. lt is recommended that the follo,ving key
#*"

memMsof the te*m should be included:u Y "&4,,
' 2 i 6

*" -f
*^.= {._ ''i Senior Well Engineering representatives."1r.-l-;_\n

-'*' 
r Drilling $uperintendentrepresentative

,$.'
"' . Rig Manager or equivalent
, . Representative from the Regulating Authority

r RiQ Engineering Department representatives

" HSE Advisers from both the Oil Company and Rig

Owners organizations

. $urface BOP Equipment Manufacturer

representatives
. $ubsurface representatives or Pressure Prediction

representatives

r ROV Company representativc

$urface BOF GukJalines Rev 011604 Page 21
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.

d , : *  
'

"" j f f
,,;S""' l  ,"1'-.,, 

t .

:;
"q$

.tlt: 
"d 

in\

Figure 4.2.2 :4 tknorvn'Es the "Sowtie Diagram") logically
,L ,f;.

depicts holv each hazard can evolve into an undesirable
"top" event, and ultimately into an unde$irable' :

.. cons_-egu$'nCe. The HAZID exercise focuses primarily on

":,""" tlb'bft-hand side of the diagram. identification of top
. l J

efoents, identification of the threats that could lead to these
rrLr.i events, and assessment of the effectiveness of safeguards

and baniers. However, potential consequences can also

be assessed during the exercige allcruving the hazardous

event to be risk ranked by the team.

Health $afety and Environment

4.2.2.4 Feformlng a llAZlD

The l-lAZlD process as previously mentioned is a method
to quickly and efficiently focus atlention and ialents of a

The top eyent that is lypically reviewed in surtaee BOP

opsrations is a blow aut. Several previous studies on

surface BOP systems have indicated / concfuded that a

blour out presents the most severe threat to human liie and

the environment. In previcus $tudies nine primary ihreats

gurfec$ BOP GukJelines Rev 01 1604 Page 22
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have been identilied lhat have the potential of leading io

this top event.

4.2.2.$ Organizatisn and Data Gapture

during the HAZID incl
ift"iS

r failure of rheFOP to isolate a kick

' 
$aituraof 

the choke and kill tC/K) line to retain

- pTessure integrity

f i . ,  r r  i
; trr" *L,*.4p*pped object damages choke and killlines in the

1 
moonpool

's . Loss of po$ition leading io risea failure

r Riser failure (catastrophic) due to fatigue, wear,

overstress, overpre$sure, collapse, etc.

r Collision

r Loss of riser support

r Failure of the SID

r Fracture of the shoe

For each primary threat, specific deviaiions or sub-

cornpcnent failures should bs identified. ln order to

expedite the proB6ss all of the potential ihreats should be

A surfaee BOP HAZID can be organized rtffiifrru
primary threats. Each threat generally reffis$ a failure

of a component in the system. OroanizryS+frt$ HAZID in

this manner helps the team focus 6n the4articular threats

associated with specific systeffr; in$fie.sdrface BOP or

gurfacs BOP Guidsline$ Rev 01 1604 Page 23
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preloaded into worksheets this then allows the team to
brainstorm barriers that are in place as well as potential
consequences. lt may be the case that additional threats
will be suggested during th* workshop and added lo the
worksheet. ln addition to discusslon around potential
threats, the HAZID process should also capturqlthe
following. #*'"ffi4. "  YP" '

Bani*rs or Preventive

Consequences

Risk Ranking

Reputation) ,
Comments,l$ and Mitigation Suggestions)

a

a

t

q

\ ; -
The ha*flrdg, baffiand consequences captured in the

worksheetsielate tCI the perceived threat and provide the

bFsis'ef"*:fisk raniln g exercise.

tF" 
'

,,,,,,,,uk

tt iw".

f : ' .  \ .

'  
t ,  

"  

t t "

t t  ; \-'r" J'
rtarlf'
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4.2.2-8 Risk Ranking

A typical risk ranking mairix should be used by the HAZID

team, an example matrix is $hown in Figure 4.2'2'6a.

b) with respect to i\ianticipated frequency of the

threat occlning. 
"+"

, . . _ * *  *

; $
Risk rankinl*#-hpyld be based on the folloiving definitions:

' I

#ffi
- the maximum CREDIBLE effectwithout

.,,r,.\

' Frecuencv - best estimate of hc*il ofren lhe maximum

credible effects may occur assuming the safeguards ARE

in place

Threats of low frequency and low consequence are

generally iudged to be acceptable, but should be carefully

mnnaged to ensure mntinuous improvement. Threats

having a relatively high frequency or consequence require

incorporation of reasonable risk reduction measures to

preclude occurrence. for threats wiih a high fequency
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and cons*quence, 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 ta tolerable
regions.

The final result of the exercise is that a report sgould be
*s 

"r"i@cornpiled and shared with all involved in the$l)rfa6eb0p
project. This report will form the basis

exernises, the actions identified or

r'%,

. * -  
* 'ob  

*

t * -

identified from the exarcise shouldalsi*bd captured in a
live rrork log untit n" proj*rt,r**fi\,fraiL *or,r,"
complete. re 

"r "%-'i
'  

a * '
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4"2"3 Quantitative Rfsk Assessrnent

Guidelines.

Once hazards and hazardous events have been ideniified,

thsir c€uses, cons€quences and probability

,qE

methods is considered t#b.p desirable when making use of

surfac€ gOp gsuinnibBl for the ftrst time. The QRA- ; ' € 1

techniquQ cpn Oe"&* U quickly and cheaply to help
R . i

structu#fi{.solution to problems forwhich the solution is
*t"

not iriiriitively obvious.

e*"q ?to_,"
q,*fu

-,Rifk is often defined as a function of the chanca that a

:r. .4.,. -. specified undesired event will occur and the severity of the
F T f
TS " 

' 
,o consequences of the event. \Shen risk is assessed

- *''",'..'"t* qualitatively a Risk Matrix may be used. Wtten assessed
r ' ; , . ' f u '

,. , , 
',. '@f quantitatively, risk is derived from the product of chance

;- and potential consequence. For QRA purpcses, chance is='"q.--=.tt.i 
usually expressed as the frequency of occunence. lf no

attempt is made to estimate the frequency, we may be

driven by the consequence into investing heavily on risk

reduction {neasures whlch are inefective. Refer to Figure

4.2.?.
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Many are concerned about the accuracy afihe
quantification and use this as a reason why the technique
should not be applied. However, whetherwe realize it or
not, wa are always making implicit comparative
quantification wlreneverwe make a desision. lMutwe
gain with QRA is a structured assessmenl of thgrrrisk
instead of an intuitive type of quantification lmb{*Ouo
used in a QRA mey be very approximateiblsfu.,l$ast we
have broken dorpn the problem tnto it&.d" elements and

, ' l  * " .

made an objective judgment tof eqSh"o!$ese elements
rather than an overall i -ognpnt ;'#ffiSeg sugective
basis. However, wrrq*{tnb-gJ"#; i"rs" number of
sltuations to be analyzffit may be advantageous fo
precede the QRA:5tudy by a consequence analysis. This

may filter oqt the eagps where a full QRA would not add
?a- .T q

additi onal inforglation

several situations in which QRA has and is
? \ i k & ? ' " : : : : 7 : ? l

rrbffilS, misused. This misuse is not necessarily deliberate

Fllt can arise from a misunderstanding of the QRA
process.

jl.2.3.1

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

r Compare the frsquency of hydrcarbon rslease for
both surface and subsea BOP operations,

QRA Objectivo$
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r Evaluate the risk of fatalities occuning as a result of

release of hydrocarbons,

o Characterize the frequency and duration of

resulting hydrocarbon release, and

r Evaluate the sensitivity of the release estimates to

certain key paramelers.

4.2.!.2 Methodology

w'
The approach adopted in $Ptcbl

"r/ '  
'o*

q" , &!*-

EwiuF "4)

,*',w
, K

. sti$ie*sihvolves:
@..:o$w

. ldeniification of hazards introduced, changed, or

rernovbddtfrlhe introduction of surfrace BOP

dnlli$9 oPerations

. lflentfieation of region or application specific

fuacteristics that may have an impact on the
' L '

-.ffi-"analYsis
t" Estimation and comparison of risks assaciated wiih

'q*" 
". 

#

tr%-
r, \F- 

'

?

'$: 
surfase 8OP drilling and conventionalsubsea BOP

driNling using accepted quanlitative risk assessment

techniques

4.?.3.3 ldentifieation of Hazards

The l-lAZlD proces$ can perhaps be$t be described as a

method icr quickly and efficiently focusing the attentisn

and taleilt of a group of individuals in order to identity and

a$$ess hazards associated with a particular system,

Surfsce BQP Guldalines Rev 011604 Page 29
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component, or design. For best rosults, the group chosen
for the exercise should represent a variety of disciplines,
$uch as engineering, operalinns, etc., but shCIuld be limited
in number to snsure that ths l-lAZlD proceeds in an orderly
fashion with aetive participation of lhose in attendance.

@lrgre were no hazards identified during the study
* o * *

rr \'.th*&t might prevent eventual deployment in the fteld.
'"ii+ 

Ho*"ver, there are a numbsr of issues that will
need to be addressed prior to deployment. In
particular, the SID acoustic eontrol systEm must be
addressed in detailto ensure the system prcvides a
reliable means to shut-off and disconnect ffom the
well.

r Mcst of the hazards ideniified during the HAZID
were judged as issues that would be addressed
during the design as well as development of
surface BOP operatng training and procedures.

Note that operator training and development of

,1{i 
+u1;.;i: rrr

;p -,"*

' * '
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detailed procedures specific to the surface SOP

operation was perceived a* being very important

for safe operaticns and is one of the suggested

recommondations from thi$ HAZID

. Events related to operatione from the DR drilling

vessel (i.e., loss of posltion leading tgfnsffilurel
- "qff'

had risk rankings comparable to pthdrlhreats

identified in the HAZID. Use of tnB S16 was seen
t : ' "  

'

as a critical comOonenlfiS$stllP.safe disconnects

in the event the DP*)6eqel lost po"sition.

**u-**
ru

4.2.3.4 ldentiflcati<iftt of R*gional or

Appl ication bfrcific Characte ristics

-r+
: ; ' :  .  :

'.t+

"a*.'l,,,FF

employs the tecilniques of fault tree / event

""; tree anmlysis to determine the frequency and
' 

'^Cpn$equences of blowottl for subsea BOP and surface'*\9.

, .,,:.+ 
6OP configurations to allow a dire+t comparison of the

U\ 
i- 

risks associated wifr each' The study may use relevant
@@ 

-ia

*d"}u% previous fault tree studies as a starting point, the fault trees
; ' * r' 

*n -, are developed and reviewed by the QRA team" The

information capturad during the HAZID exereise is also

reviewed.

Revisions to the fault tree structure are sonducted to

ensurs 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 lhe area of weather response of site speciftc
moiccean data, Vortex Induced Mbration (VlV) for $te
specifio cunent data, Drillstring lnduced Vibration (DlV) for
a particular drill sbing/riser combinatisn, H$e of Dynamic
Fositioning {DP) rather than a moored rig if appticabte, and

system configuralion.

to be developed

consideration. Any

'

h,i.4 r4apr Hazards Assaciafe d with
'" 

,;,.: e 8OP Operalions

The general conclusion of lhe various hazard

identificationlassessment studies that have been

conducted for surface BOP operations has been that the

differenee in risk between sonventional subsea BOP

operations and surfiace BOP operations manifiests itself

through the hydrocarbon release event. All other potential

major accident events typically considered for a

$eftisubmersible drilling rig (i.e. nonwell related

fi relexplosion, major mechanical failur*, helicopter crash,

loss of stability, etc.) were deemed to be unaffected.

,,;z
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Th* accident scenarios typically affected by trte

introduction of surface BOP operations, are illuslrated in

Figure 4.2.4. The events depicted in this frgure provided

the roadmap for the fault troes aild events t'ees developed

for the analysis. ;E{.;
- u

"  

t * *

4.2.4.1 Dstermination of Hyffii,pon

ReleaseFrequency - 
' ";

, ry"H".-

The faulttree rt u"tu$frr'funJ{a"r*in"d by logicallv
g rou pin g f ai I ure 

":,,f*:tiryth 
si m i lar o utcomes {locati on

and duration of ttib ri@se), as well as likely rocovery

actions.qvailable. {he models for tre surface and subsea

AOes goul* be constructed as a single set of fault traes
%,,.

thatcan-Se used to evaluate lhe configurations simply by

;,#

basic event data supporting the fault tree.

',tti,,::k

ffi example of the relationship of the fault te€s to tho flnal

coflsequence analysis is shcnr*n in Figure 4.2.5.1.

The key elements of each fault tree and the differences

between the surface and subsea ca$es are typically:

Failura of 8OP to close in srder to properly respond

to a kick

Delay in kick detection, allowing gas above the

BOP before closure

Failure of the riser

!,1::'itutto:..

]?i,...- jtrr

#-.
.** '"{J

. 
''i- \

"i 
"*

'\.tft
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ffi

. Loss of well integrity at or below the wellhead

Each of ihase is discussEd in the following sections.

4.2.4.2 Failure of BOp to propertV R6pond
to Kick "'t;:ssli+;i:ilil\1'

*  
* ' *  

* *

Failure of the BOP to properly r"rffiq *ki-f is primarity
a function of the retiabitig and qudhtitypq%nnutars, pipe
ram$, $hear ram$, and cof$f Sf&ns'fn addition,
hurnan error can havaa;pnificant impact on BOp
reliability. Hydrocarbon$rare assumed to be released at
the drill floor fir th*-efu_rt that the BOp faits to property
respondto a mc&ftlures related to choke and kill tines
are atsuiJ&riiloed in this fautt tree.

trfie prindpaldifferences between surfaca and subsea
hOC configurations with respect to lhis hydrocarbon
i4!r\

rUfease ssenaric 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 conlrol 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 inslance, the

increased redundancy of the subsea BOP increases its

reliability, and location of the BOP on the seabed results in

a significant distance between the point of well isolation
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and th* tig floor, Horvever, balanced against this is the

fact that the surface BOP is accessible in the moonpool,

improving ascess for maintenance and inspection with the

effect of incraasing the reliability of the system. The

control panel of ths surface BOP is also simplifled'

lessening the potentialfor human enor during QOP.
operation, ,a...ry 

. 
-. -'

*,,,*:.i "
; . '  " f "

For the surface 8OP case, failure ottl*g€OP,does not

necessarily lead to continued 
:lryl**"-ccessful 

closure

af the SIO (if deployed) is asetimeit,to leshen the

"?

.,:.ii+.. .!\.-)Y
i4' ' :S1.
ryxi'' ' ; , , -

4-  - " *
t t  

,a i
g"-- o,

,:.' % .
\ ;

- t '

the following secsri\#nisls accomplished by adding a-q
SID closure;veftt ii$iilhe consequence event trees, with the

rel iabilitvirf hJD- closure determ ined si mply by quantifying

he gmpmiate faulttree used elservhere in the model-
" ; t

k  l Y :

"*,-  
t -

&2.4.3 Delay in BOP Closure

Delay in detection results in a hydrocarbon release (of very

limited duration) because the kick pa$ses the BOP before

it can be closed, resulting in a release of finite volume at

the drill floor. Tha principal inputs to this section of the

fault tree are failure of the detection equipment on the dritl

floor and mud loggers cabin, human error in kick detection'

diverter hilure, and failure to close the diverter in time.
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The eignificant differences between surface and subsea
BOP operations arise as the result cf the fact that a kick
rapidly increases in size as it expands to the surface. A
kick small enough to be missed at thp seabed becomes so
large as it continues up the riser that the probability cf
failure to detect is minimal in the surface BOp aae. This
effect is more pronounced a* water depth ,q,*ffCpt

,, ;*; 
'*

; " -.r4t,

4.2.4.4 Riser Failure d-' *,qu t e  E  6 t P-,,"1-t *4B-
Failure of the riser results in_thg relead,g of hydrocarbons

somewhere Uetween,., &e"bdibd.i the rig. The principat

' n  

* '  *  . . ' t

u - 
*t#'- 

*

'%t'

.
causes that should be modeled in Sre fault tree include:

r1\\;
1  

' l : :

r Vortgx Induced Vibration (VtV): " sL
. Drill$tring lnduced Vibration {DlV). "

.. :r-*r$Qgr dr material def*cts feading to failure belo,y'  
, l '

the desisn rupture and collapse ratings
'* tmpact due to ship coltision or dropped object

:< ; :

r Riser support system failure
. Extrerne weather leading to loss of position
r Loss of position within normalweather criteria

The major difference between the surface and subsea
BOP cases results from the plac€mant of the Bop stack.
In lhe event of a total riser failure {with dril}string integrity
cornpromised), the subsea BCIP and the SID are
somewhat cornparable, as the only usable preventer in the
subsea 8OP is lhe blind shear ram.

gurfoc0 BQP Guklelines Rev 0'l tO04 Page 38

[MS273-001168Highly Confidenlial

rM5273-001133



BOP case in Ceeppvatei ia higher than the equivalent

surface BOp casd Rfihreipatty because well control is more

diflicult iil dqeper\tater due to higher choke line frictions.
;1i,, -lLl

* ' % *  +

" ' ,  , '  

' - -  

,="
q. a-fffuS{rmmary of Predicted Hydrocarbon
1' Retease Frequencies

' illr

Health $afetY and Environment

4.2,4.5 $eabed Blowout

Seabed blowout can occur as the result of two principal

causss, loss of the casing shoe during kick kitling

operations or mechanical failure of lhe casing below the

BOP at the seabed (coupled with either a kick qr-@.n

drilling in the reservoir with no riser margin).{The principal

causes for loss of casing shoe are cons-Oq.eq$e human

error in drilling beyond the kick tolerance dettirmined by

the leak offtest and human control.

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 structura is based on the fatality analysis

event trees used in the QRA produced in support of

previous SBOP studies.

..trFfur 4!'
t!t!: ,:.q.tu,

tuh

*  :o  

* -

"p' 
h

, " '  
- , .  

&

rh* rrequen* ", "ruffffi%;*r,l' *" subsea
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Health $afety and Environment

rL,i'hS
!;;:; .:r',.r'd6

s3 tir

rf; 
"

*.'.*8... q ** 
*

4.2.5.2 EnvironmentalRiskAnatysis

The ultimate consequences of a release of hydrocarbons
to the environrnent are extremely diflicult lo estimate due
to the complex issues sunounding such a release. lmpact
is depandent upon the well location in retation tq] ,
environmenlally sensitive area$ and the natuie ofttle
reservoir. ln addition to im$ediate re..gq ?AU "t*"nrpcosts, long term impact to both ngbcalqrea and to
company / industry reputation caqvqnff{tCety based on
the individual circumsSgqgd$fugggrd *iti release.

' ; K  r l  *

-4,fu.

4.2.5.s San$tivi$ ffnagsis
\

"i "&
i

Wtren perfonnirq a quantitative analysis, it is often useful
. " .

to ef5ihin"aJhe behavior of the results in response to

. 
'' 

th-"1n** in certai* key paremeters. By performing such
-e.. ppn$tivity analysis, conclusions can be drawn regarding

* the general applicability of the results even in cases where
sparse daia exists to suppcrt the estimate used for a given

' parameter. ln addition, sensitivity analysis allo\ds for the
impact of proposed configuration changes to bs evaluated.
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4.2.6 Hazard and Oqerabiil$ ffiAZOP)

Fxercise

The i{AZOP techniqu* uces a multidisciplined tream of

expertsworking in a syst€matic brainstormiilO 
"4cep, 

fot

the purpose oJ examining the potential tor i&mregt or

improper operation or malfunction otgtiiAsent ana tfre

consequential effects on the systepi. T@i. classical

HAZOP process is a systema$a&li$Sn of

combinations of parameters,{jo%. S*p*f"ture, pressure)

and guidarivords (no,%ore'leBb, etc.) to produce

deviations from th^e$esignintent or intonded operadon-

Credible cau$eq<ifg'e.deviation are identified, existing

barrier*and conitryiiences are assessed, and additional

actionsgrTfr usts for further c.onsideratlon are

aoffibrileg biy the team. For HAZOPs thal evaluate
*lairwi&eiiven processes, or those that include the impact

, 
.oi 

pl*ourur, the base guidanords take on slightly
n\.R

.** drTarent meaning from tha standard application. Additional

guidorords may also be required to address ths concepls
'':;F of timing, position, etc. Tfie parameters and guidewords

used in a typical $BOP I{AZOP study are ehortrn in Table

4.2.O.

Health $afety and Environment

To enhance the HAZOP, simple'\lV|tat lf?" $pe hazard

identification was also allowed. The Vlhatlf method uses

hroad, loosely slructured questioning to ps$tulate potential

mishaps and ensure that appropriate safeguards are in

place. "Vllhat-lf analysis can be used for praclically any
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Health Safety and Environment

system or activity, and generates qualitative descriptions of
potential problems {in the form of guestions and
responses) as well as lisls of recommendalions for
preventing problems. By combining the highly structured

HAZOp guideword/parameter approach with the loosely
structured .Wrat-lf'method, the best features d&th can
be incorporated. .,S, t- #,*#'

d.r.+
4.2.5.1 HAZOP Organization+

t '  . * .  F

The HAZOP €xercisg; around a number

*rgtu

of distinct operaticnal ffiti*.lr,,nodes.,, Dividing the
HAzOp into npc#[ows'ine team to focus on the
particular_h;zardqr&soclated with each required ac{ivity.
Some kef plases of the surface BOp drilling operation are

brienya'$hmtirized belcnr, The dctails of these wiil be:
s.qcificp the configuration being otudied.

q, "r-a'
"1 i

..s 

'":a* 
. Preparationsltesting af tha surface BOP, $lD, and

e control system on deck

. Deployment of lhe SID and casing riser, including

umbilical and strakes if applicable

. Space-oLit and installation of the surface BOp and
talescoping joint, latching of the SID

r Pressure lesting of the system on the wellhead

. Operation of the system during drilling operations

r Retrieval of the telescoping joint and surface BOp

r Retrieval of lt'n casing riser and SID
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Health $afety and Environment

Potential hazards for each node may be identified and

defined using the HAZOP technique described in the

previous section. Priorto the workshop, the deviation iable

is developed specifically for thE particulsr sur&ce BOP

sy$t6m configuration and its deployment' operation, and

rerieval. ::iffi:

,*.'ii'-\W"te
i,,o**Uro tt*

Figure 4.2.6.1 shol,ts a diagram of the Sqiikl's,,Scess

usod dudng the workshon. DurinO*f-fu'bm*t, th*

following information was captured i;|W" team'$

discussions: ._q_" ; 
*- i '

: f t
. Hazardous rveft&/ lnreats

fffe hazards, baniers and consequences captured in the

worksheets relate to the perceived threat and provide the

basis of the ri*k ranking. The hazard event is then ri$k

ranked using th* Process and risk matrix described in

4.2.2.8"

{.2.6.2 Hazard ldentification

Typical hazards identitied fcr surface BOP cperalions fall

into th* follcvving categories. The hazard$ are system
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liti*, {L

..,r!"t_

*.1*
,{t

+$io

Procedural issues r .- 
*"&' ia-l:- 

r-f 
%*-

-
Procedural issuri$ generally relate to hazards
assoda.1ffitfl, criffcat staps to which particular
pnentioFih oe paiu to rhe prepararion and

"-qt@ 
oi,h" Oro"*oure and practical*P 'tu

er, i,- "?ltiderations 
to maximize the efficiency of the

" 
q. *,*ration.

. - i .  
t t -

-'.

.., 
"'+ . Equipment issues

*'q.
,'" ".T *t ". Equipment damage issues can be addressed by

* * enhancements:o procedures and/or equipment
\\E'

lliill, configuration and setup.

Health $afety and Environment

specific and may be differentfor different equipment
configurations.

. Dropped objects

moonpool, and dropped ri

r High pressuro hazards

High pressure hazards relate to the obvious
hazard$ associated with pressurized systems and
additional hazards around the potential for trapped

In generalthe dropped objects relate to$qge
areas e.g" heavy non-standard tins cdTh,{ffif or
$1S, dropped objects affecting pei$niret fn tne
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!MS273-00'1174Highly Confidonliat

tM5273-001133



Health $afetY and Environment

pressures as the $lD, controls or other components

are brought to surface.

" MaterialscomPatibilitY

Materials issues related to the use of high suength

casing riser and the potential for adve$e".* "
ci rcu m stances cau sed by cathodic'ftoJection

systems. - ;F-" i

+'# **
* T r y

4.2.6.3 Hazard Mltigbfioit'r

Hazards iAentlReriEf;fU t"ni"O that have a risk that is
i l -  " "

unaccep{able orftAF",le improved are mitigated by

cnanges ih equipment ccnfiguration or operational

progryCufeqaepending on the circumstances. A lpical

9. iurtaeqlqOF'HAZOp may generate numerous mitigation
'*,- hsir{tggies depending on the equipment configuration-

.,,,i.ilirr
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Health $afety and Environment

4.3 Well Control

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

4.3,1 & Detection

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

Pit volume increass {pit volume totalizer is
absolutely necessary)

Rate of penebation increase

Decrsase in pump pressure

High gas units

$udden torque increase

Change in mud chlorides

a

a

a

I

a
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Health $afetY and Environment

. trlf:ile fipping- hole not taking the proper amount ot

fluid

r Wellflarwith PumP shut-down

r Increasing rate of flor on retum flow during

connections

4.3.1.2 Mud Density

*\lis'\'\"
'^tutttt#""\+

,.**". *

, t , . : -  

:

ln deepwater, it is not g"n"r"rl$pffi'tb drillwith

enough mud deasity t?.fA"ej6-**I tiu#-ba|anced upon

loss of the *serdritlirl$"flqry tnltrMargin"). This should

be considered when con{iguring the SBOP system

.rt-;;.

muds {SBM) and oil-based muds (OBM)

and thermal expansion

than water*based fluids. As a result, surface

alone may not be an accurate measure of

density and hydrostatic pressure. This is

compounded by long dsepwater riserswith their

associated lo\M lemp€ratur€s as well as significant use of

syntheticffuids in deepwater. These density differences

shauld be considered in well ptanning and when changing

from one type of ffuid to another.
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Health Safety and Environment

4.3.1.3 Mud Viscosity

Wtrile primarily s concem for subsea BOp operations with
choke and killlines, viseosity increase in the riser due to
length and lcnr ternperature could mask shut-in.psing
pressure ($tCp). This effecr is increased *gX,fftftti,
muds that have high viscosity at low tempbratufeinO
smaller riser sizes. 

+ ' '

deiection is

ffi
l ,  ,  

-  

. ,  

-  - -  " ' w " '  v v r v v ' e r r t

e_y$| ey,l..$-etic muds. Stow rotation of the drill pipe can be
" ' 1 " -  *,u - ,arle* to rreduce the mud gel strength in the riser whent&"king 

circutaiion.

4.3.1.4 DrilledCuttings

The impact of increased annular fluid density iriser
cuttings) in creating higher than assumed hydrostatic
pressure can lead to fracturing of low strength casing
shoes, which can lead to th€ oilset of a kick.
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Health $afetY and Environment

Pressure while drilling {PWD} equipment can be usetul to

provide downhole pre$sure monitoring and to assets

equivalent circulating density {ECD) loading on the casing

shoe. This includes impacts of high viscoslty a$ well as

any problems with hole cteaning. A pre*sure sensor in the

SID {if used) can provide much of this informatipfil'..-
.,.u,,.+tr.s-li

4.3.1.5 Lag Time and T

'"i$ossure 
due to the cooling effect of a long riser.

Mud logging cperations can use an inline sample heater

on lhe mud prior lo measuring gas units. Otherwise, cold

mud may give lower gas units. Measurement while drilling

tMwCI) kick detection methods may be useful due to a

reduction in other detection capabilities'

pue;o tfiesrnall riser diameter and long riser lengtll !n

Oae$waier, flowline mud temperature is not an effective
@*oggP YvaIFI, I l()wlll le r | | uu rt'r I rPt,I erst E I e

'at Etooi:in assessing formation temperalure or abnormal
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Health Safety and Environment

t[.3.1.6 Environmental Effacts

Fitch, roll, and heave motions {due to wealher, erane
activity, otc.) can significanfly impact pit level and mud
retum detec{ion methods. Two or more level sq@ors can
be placed in each acrive pit ilrat is subject to pitch;pgd roll
effects and connected to a pit volume tot$lhtii {areraging
technology) to reduce this effecr. The,tp# of the
sensor(s) is atso important 

" 
r'ntfiltTff*"rs, i.e., c€nter

for singte sensor, edges ror t*S.*T*#",1*t*.
- ' l u ' . , -

4, 
;f 

4^
" -*,

t{,.Rt
:z'''k ,:;

.. 1* * * '
't 

*,

"%,u,.,,%'-"'.'i
"t@sing shoe

€'' . Mga$ure pressure integriiy of casing shoes, i.e., by

, leak-off/integrity tests

r Psst both ppg equivalent and associated surface
pressure for the mud weight in use

. Update this pressure perlodically and when drill
string, mud property, or other changes occur which
may affect pressure loss
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Health $afetY and Environment

Slow pumP data

r Post slow pump daia (for at least two pumps) on

drill PiPe frictian loss

r Take pressules on two gauges reading from

separate sources to guard against gaugc failure'

. Note the pressure required to break 
*Q#g-n 

tn"

first time, and record ihis value for uq.{pffic#

detectisn and circulation proc€dLd'B*"; ;$

r Ensure that cuttings in tnep#-a.1#fi'$br do not

affect slo'v,r PumP data ** i* .i%
r Additional meflods-€iF€ j#netryed at the time of

the kick to uo$teprid'dgta, i e', using subsea

nressure.,ff_fftr he srD

,-,#' '
kitt rafes. Ilrese may be higher than tor

.::;B

Xill sheet

' Mainiain an up-todate ltill sheet designed for

suriace BOP

Float valve

' Use a float valv€ to prevent backfloar, i'e', when

removing the top drive {or kelly) fiom 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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nlote: Floir up from the dill pipe ean impede the
ability ta siab a safety valve.

C&K fine valve positions and space oul

" $how C&K line valve pusitions on € disffi _
indicating wtrich valves are open/ctofr"q T :',

. $howthe properspace outforlffi4acdeOn
rams and annutar 

#,,$;t*-r $howthe retationship OUU.grplsurfaco toot joinr
tocarion anc corlespgidi?s}ffiot"r bcation
opposite the $fD r&ns".

M ud-gas separafoi ca p"litv
r post tiqui&.41?O gas handling capacity of mud_gas

ePpdr,"toj

_ 
g,qCorrpare these to the maximum anticipated gas

\ * ,u- 
raies tfrat would result irom planned w6ll control

*,*" 
B* 

'o procedures and well geometry, i.e., pumping rate,

,i:n 
'sr" 

design kick

Health Safety and Environment

Designated hang-off ram

lf hangoff in the $lD is anticipated e.g. for temporary
abandonment during a storm:

. ldentify designated hang*off ram
r If it is a VBR type, post the hang_off capabilities for

the various Dp sizes in the hole
r Specifu if rams are to be locked after closure {if

independent locks)

rlfta

;  - - ; .  t  
i

,l 4

,*-\
tllr

.\a
'4

f
'll;r

j;

,.,
f;!

*q

b**

t,,. 
F

'$;.
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Health $afe8 and Environment

Nate: Hanging-otr the dnilsfifng in fie surkce $OP will

tnnsfer att the string load fo the iser tensioners'

DEpanding ort the tig capabilitie$ tl'6 n'sorfensionels nuy

not be abta ta support atl ttte drillsfnng foad' All petsonnet

need to be familiarwith tfie sysfenrdesign can$flitjes and

rim*erions, 
=ffit*. 

', o

Trip Tank + ]*"'d" 

I

o Ensure,nl::'t ptpetlq{dfrp to receive nuid

from the fioffline 
.q- 

'* 
-J 

qv

. Ensure trip td tirps"hre fl"usned and clear of solids

or debris 
'\

. Ghecf4'ard-1$iry"i" trip tank pit sensor

. qY tutiLtibn and calibration of trip tank

mBchantgat sensor

. "ttiak" i visual for flow check at the trip tank if
i "

;
*  t . *  *

7\,,',iF

S;A
P$rsonnel drills

Peform BOF Drills (pit and ttip) regularly including

tooljoint space out to insure crew competency

Coneider having cralrs perform "siripping drills"

prior to drill out of the casing shoss to ensure crew

comp€tency in handling stripping

Nofe: Sfrfpping thraugh a sudacs BOP a*nular or ram

preventers will transfer laads to ihe iser tensioners' All

ftrsonnel need to be familiarwith the system deslgn

capabili lie s a N li fi ilati o n s.
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Health Safety and Environment

4,3.2.2 Hard Shut{n vensus $oft Shut-ln

There is usually only a smafl difforence in fiuid hamrner
effect with hard and soft shut-in methods {it takgs,,r/gry

'r\' *).l..?ir" 

'nui'

4,3.2.3 Annu"iar Shut-in versus Ram $hut-ln
% " *  *

* - ' ' " - "  *
$lthgugfframr will shufin more quickly than annular

F " % ' s
qrPrqventere, there are advantages to using either approach' 

a *Sotrttined below:" ' :  t ' l  . .
,}{

# Annular shut-in

r Eliminates the need to insure tooljoint is not near
the BOP ram

. Provides a means to effectively shut-in while still
ailowing fcr movement of the drill pipe to reduce
sticking of the driil string

Nate: Movement of the dillstring thraugh a surface Bep
annular or ram preventers will trcnsfer loads fo ffie nser
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fensioners. Nl personnel need fo ha famlliarwith the

sysfem design capabilities and limitations'

thut-in and hanging a{f opalation with a rem

. Allotls well to be closed in more quickly

. May provide highar pressure rating than *nnulars

. Eliminates wear on BOP due to ves$he.axetllt

motion compensator is kept Oeloryi$iBO Seight)'

,.'T''* **
Shut-in with an annular, ffren nrogn$l{'irwitch to hang'

o f f ona ramBoP u . . -T  * *1  q i

. Defers ensurtfg tnet ioq joint is not near the BOP

ram until it can n&.accomplished when exscution
" q . , _  : '

sPeed'is ribt critical

. SimPlifiei sP'ace-out Procedure

. #tbtp**ide higher pressure rating than annulars
.tr: ttr

5 '1e..  * ;

'' 
;,lflUrtttg near a production zone (or if the well is obviously

- 
- , n#nrg), it may be desirable to skip the ffow check' and

di*""d immediataly to close the BOF and check for
ri.F.t'

pressures.

Health $afetY and Environment

Note: Hanging-otr the ditl sting in tha surfuce BAP will

tnnsfer allthe string load fo lhe n'seriensioners'

Depending on the ig capaMlities the riser tensioners may

not be abte to support alt the ditlsfifng load' All personnet

nead to be famitiarwith ffie slafem design capabilities and

limitations.

{-}:#
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Health $afety and Environment

4.3.2.4 thut-tn Whita Driiling

The following is an example procedure for shut_in whils
drilling.

1. When a prinrary waming sign of a kicknti been
observed, immediately ra;se tho OriflSfrnq untitU*
bit is off bottom and string is at prfo1$r^ipece out.
As the SBOP is supportedonfhci;ndoners and
moving retarive to me 6i0'fi.-5' Fepp the motion
compensator:Rsq."ry at ;id strflte (as tocal
conditions didhteiF

2. Stcp the e'S{ nuftp and check for ffou
g. Cfos* tfrgse'etteO gop.

4. Unife tne @ is ctosing, open setec{ed C&K tine
guiu&.rffo/r;: the choke line shoutd now b lined up

,. *, b.lhepre-se/ecfed choke.

* 
*. - J.E Cfrecf< for surface leaks. Aleri the supervisor.

" 1,. 6 Read and record shut-in driilpipe (StDpp), shut.in

-l'*';

casing pressure (SlCp), 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 stips with the $BOp ctosed
unless a propsr sfipping prosadura has been
established. lf subsequenily_ drill pipe is hung-off
on the slips, be alert fcr potentialfatigue damage
from vesselpitch and roll.
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Health $afetY and Environment

4,3.2.S $hutjn While TriPPing

Many top drive systems incorporate one or more full

opening safety valves (FOSV) that remain in seMce during

drilling or tripping. These provide a backup in cale the rig

ftoor FO$V cannot be stabbed- Assure tnat affi.q,Ule
FOSV is provided, sized forthe casing ilth$;4pk\qho

follcnriring table contains an example ptoceOerd'fdi

shut-in while tripping 
i t 

"
*  - ; 'w *o

,.i3-

: , : 1 " .  .

"  
l .  " ,I J .

_=i:::, 
,i;.

.i>

1" \#tren a prinranu*rpf{lintl qidn ordxi"tt has been
' :1" " ' \ '

observed immediafelV3iop all operations and set

the pipe in$,y sffi*-*

2. tnstatt-aqp.Qose the FO$V' lVofe: Tlre FOSVand

l4O€ fwrtiti ssovers as necessary) shauld & in
: . -

fle ort'n position. Check af lhe sfarf of each tour.
. F

!,: R9kkun the drill string and remove slips. Position

. tdrill pipe for proper space ou| Open the motion
:4''Q 

comp€nsator and position at mid $troke' Check for

flow.

4, ffiile the BOP is closing, open choke line valves'

Nofe: Ifie cfioke flowline should now be open

through fo f/re dosedpe-se/ecfed choke-

6. Check ier surface leaks. Alert the supefvisor.

7. Read and record shut-in dtillpipe (SIDPP)' shut-in

caeing pressure (SlCp), and pit gain. Monitor and

record tftis data PeriodicallY.

8. As the BOP is moving relative to the rig floor avoid

landing the ppe in th* slipswith the SBOP closed

unless a proper stripping procedure has been
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-#.
Ensure rfrat tnJ-'&

i 
*l is stable before making the

connectioq ffiow is detected afrer making the connection,
q]- felto$qg"mnditions may occur:

T , '1 .  
" '

*- *- 
- * lt may not be possible to slack off and hang on the

Health $afety and Environment

estaHished. lf subsequenfiy, the drill pipe is hung
ofi on the slips, be *lert for potential fatigue
damage from vessel pitch and roll.

9 Prepara to strip back to boftom with tha annutar
BOP.

rams
It may not be possible to pick up enough to clear
th€ tooljoint.ffi-.This situation should be irealed the same way as a shut_in

while drilling. Hang-cff depends on rig specific

considerations.
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Health SafetY and Environment

:,?rit ':,ia;lr
,i ,r4t.!'t@''3:-

*Fq ' '  '

. . ." 
.q,

\#

4.3.2.7 $hutJn with Bit otlt of the hole

lf kick indicators occur while out of the hole, the firsi acticn

should be to shut-in with the blindlshear rams. The

following is an example procedure for shut-in v{$Mhe bit

above rhe sBoP. fi.#.h
*, f l  * ,"#

1. At the first indication ot nowffithq"sell' close fie

blind/shear rams. ' 
*'

z. \rvrritethe BOP is 
"l"-i*g:'&k#choke 

line

valves. lvote4flf,om*#'sniuu now tu atigned
4 F f u l w

with the Pre-se/aSed choke'

3. Check tot fft*ace leaks. Alert the supervisor.
.h. ",!

4. ["?tO &ruBqariing pressure (SICP), and pit gain.

iifhnimr anO record this data periodically.
; ,  , l  

- '  : "

&* frepare for stripping and bullheading operations.
I  *  ^ .  : -

,,,,.,,," :.,,'i+".!-rrlpiement volume ric pressure control if necessary'

. \,l,,iilli"

4.3.2.8 Shut-ln while Running CasinglLiner

Wrile running casing or liner, the location of the shoe

being run and the hanger should be tracked. lf kick

indicators are present, then the shut-ln sequence will

depend on the whether the following conditions are

present:

a

a

Casing/liner inside the SBOP or riser

Hanger is belovv the SID
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Health $afety and Environment

. Drillpipe is in a position that allows the well to be
*hut-in

A crossover is needed to connect drill pipo to casing/liner.

4.3"2.9 Hang-off Guidelines

!tr/..:\

ffnt is. elosing the rams on a taoljointwoutd have dire
consequences in a real emergency situation. lf a
circulating head is to be used in well kick operations, the
hang-off procedure will inelude the installation of a
circulating head.

Hanging off on the surface BOP rams will transfer load to
the riser tensioners. Depending on the rig capabiliiles and
the sy$tem design, the riser tensioners may not be capahle
of supporting this additional load. All personnel must be

, ; ' ;

on f toa ting rigs" ha ns i ns,ofr on oes kft$tffi;$r Jloo ru*.
is an essentiat part of the ctose-in%nh<ilthroceoure.
Depending on the equipmeglr6"j ftf.q;frguration and
capabilities, hang offa#iayS&qssiUfe at the seabed using
a ram in an $lD or at surece using a ram in lhe surface
BoP' "- -s h' E

' i s ' u  s

* 

Eeq 4*,

ln eithegiaFe,$e tooljoint must not be ptaced opposite

niryrarn; orBhear rams' For this reason, precise

._ instr&tiofts and drilts on spacing and tanding the string are
nfrepfut. All concemed must knolv exacily where the tool

-*:*.:i=**
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off the dritlstring if anv of*ljtScofifona li6ted in the

follotaing table exist q1n$weil coiitrotoperations and the

system is designed to acfibmmodate hangofL

* * '- .q-
Hang-off on SurfaGe BOP Ram

q ;

.,,. oL-
Con;tAeT f4rigi n g off if :

s \ ; :
- _ =. 

'i* The ram BOP is closed
"::+.!i.

Health $afetY and Environment

familiarwith the system design and limitations bofore

hanging off pipe in the surface BOP.

Depending on tne system, hanging off a small portioil of

the ddllstring weight will be sufficient to aciivate thq dflll

string compensator and avoid any wear due to $eav€ in

the blorrout preventer being used. ** *e# ";

llt s To prevent elementwaar due to ves$el

heavs.

o The location of the tooljoint should *lways

be ve*fied before closing any pipe ram

o Veri! ihe riser tensioners can

accornmodats the load to be hung off

o lf hang-off ram is a VBR type, verify that

string weight is within hang-off capability for

tne dri'l PiPe siz€ in the BOP

e $peci8 if rams ars to be locked after

closure (if lndePendent locks)
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Health $afety and Environment

Weather and sea conditians are creating excessive
heave or $evsre loop cunent

o 6an result in wear danrage to tha annular
BOP element

Drillstring is afiempting to stick
o Need an early decision to ensurs$at drlll

*$ng-otron $lD Ram

Congider hanging off if:

r The ram BOP is closed

a To prevent element wear due to vessel
heave,

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

pipe hang-off can be accornqgisnffi'ffite
string is fee *:,

Motion compensator canng[,nreHefit de drill pipe
from moving through t?e a*lllhr due to vessel
n"1* 

,n,u*frffi*":ffi."t* is setto
vatglyrea{gr than the weight of rhe dritl

*O".1le dbve the BOP, but less than total
s{frng:{to place some weight on hang-off4,,, ii:, -"'1-:'g 1'-

y .-.;qWeight on the ram)
i{"

hg,i.1$' pres"ure increases above operaling limits
,,;fpff tne annular withAvihout drill pip€ movement
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Health $afetY and Environment

o lf hsngroff ram is a VBR Spe, verify that

string weight is within hang-off capability for

the drill PiPe size in the BOP

o $pecify if rams are to be locked afrer

closure {if independent locksi

Weather and sea conditions are creatinq 
#essive

heave orsevere loop cunent possibl$$qnirirlg

disconnect 
" 

"lF *"

Using dynamiopasitioned riqwnere Arift-off or

driv*off incident f,"u o"tuh"O, efRoh"t" a mcoring
{' ' ,',* -

line failure 
"t :i3"f 

tla$voutd cause large

offset transiedf ., 
-*

e;* -
the rlser or structural casing

.::.:t i-st:'='1#' 
r Drillstring is attempting to stick

o Need an early decision to ensure that drill

pipe hang-off can be accomplished while

string is free

o Ri*er angle at the SID is greater than established

operating limit

. Unable to establi$h full returns, or evidence of an

underground fiow exists

' Riser pres$ure increases above operating limits

c There niil$,,pe a need for immediate
. disconnect 

o

%

-* : ruiErX also apply to a moored *g if mooring
* y*-line failure could cause an offset that

q  
- ;

.;" _ 
, 

*& 
* 

sxceeds slip joinUteneioner travsl limits or
h, % ' 

would put excessive bsnding momeilt on

#**%*
v. #:
ii!'\!!!i"'t+

rt[ ]
._ . , r f , t i1 r  

i i

"* ;"*  
. j - *  

*

r r*  
* " t * -*

T s *

$urface BOF Guidalines Rev 01160.4 Page 61

IMS273-001201Highly Confidentiat

tMS273-001133



,!ill 
,-;iS,n.trq;=,

+ # " , ' =  

t *  '

F

'\,,

Health $afety and Environment

4.3.3 Circulating to Ktl

A number of factors should be cansidered prior h
implernenting a method for circulating a kick to the surface.
These factors include the following, 

'.'.*

Gas
I

Circulation rate

r Tynicallywillbe lower in deepwater

M udlGas separator loading

. May be higher in deepwater

Surface BOP Guidelines Rev 01 t6O4 Page 62

]MS273-001202Highly Confidential

tM3273-001133



Health SafetY and Environment

4.3.3.1 Driller'sMethod

Advantages of the Drillef s Method include a shorter time

of inflw in thewell bore and a reduced probability of

hydrate formaticn due to the folluring factors: ,pi;:

* jff".;
. Circulation brings wellbore healt$Ftt th' SID and

the riser, helping to keep 
"*fff:*, 

above

hydrate temp€rature . *** j'.*

+ Reduced lime and p*ddtiaitoi tpftrates to form

(kinetics ereuf- . * 
'**

. Ciratlation tenofrg keep SID and f serequipment

temperatut$'som;wnat higher than a static well

of the Wait & Vt'eight Method include:

Fennrer eirculatlons for total kill

Reduced casing shoe pressure wben the gas influx

approaches that dePth

However, as the distance Fom TD to the casing shoe in

despyvater is usually minimal, this bon€Rt is not likely ta

provide substantially lower casing shoe pressures'

a

a
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Health $afety and Environment

4,3.3.3 BuIheading

Buflheading may he a viable altemative unless the open
hole section is lengthy. Forcing influx fluids down the
wellbore may induce underground inter_zcnal flow.

* +.ff'u%' 
**tt*

In deepwater #lt{rhng, riser and high penekation rates,
equivateqt Srculaiing density on in"r"a*" significanfly due'r "\F.s*.
to cuttiftgs tciqding ($lip velocity). The smaller riser siaeE

. fu&dn" wirh surface Bop sysrems reduces rhis effecr
- . 

flanglffier booster line is not required.
" l *  * ,

+
:iJl'

4.3.4.1 General Frocedures for Delection of
an Underground Blowout

The follorrving indicatcrs my provide eyidence of an
undarground ftorv for v*rious operations. ff an
underground hlowout has occuned immediately initiate an
appropriate respsnse:

r lf off bottom, strip to bottam using retrievable BpV

. _firr

4ii$ilrttlt'1-!:. '.i;
'":;+.,. 'tl:l

:,.. ;.,

Holvever, if the hole situation is favorable, nuttn€abing may
be best choice if other options woutd exceed$b;"*
lirnits orexcessive hydrogen surnoe qeffigb o.
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Health SafetY and Environment

r Run pressure/temperature log to determine

conditions and flow Path

4.g.4.2 Underground Blowoutwhile Drilling

+.Y:"*,
lndicators of an underground blowoutwhile l$gt';]P'uo"

rhe following '. #.J " *

' * ^ * t  

* ' *

Shut-in drill pipe pressure tlQfP*[, 
"

",* 
u, &. .. a'

r Presgure *"*..*filoarynt#i,*, nut then should

decrease' at reabtior a tirne

e Drill pipe pessure may fall to zero
l\

, 
'u*

Shut-in $singdlressure tSICP)

,  
' 4

#
q*. ' i* 

-f .*e."ressure may initially inoease' but then should

* - , , * '  *  decrease,  a t leas t fo ra t ime
'ts4' 

. Pressure may be eratic then slovdly increass as

gas migratas to surfuce, potentially to very high

values if the annulus is allowed to fillwith gas

JVofej Jf cast'ng pressores have the potentialfo exoeed

6asrng, $lD, isar and/ar SBOP ratings, fluid (mud ar

water) can be pumped into the annulus to keep annulus

pressure down. tf pumping water, there is a potential far

lrydnte formation' tf pumping mud, signifrcant ntes and

mud volume.s may be required and tttis should be planned
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r lf there is no float in the drillslring, some;DP mud
may be disptaced with gas f tna prngs li{l
slopped

, casins mud can o" o,-o,"gU4qjq",;*-
migratingupruard,""rrip_!.7Jigq];bressurerorise.
lf no response agtiolns;laXef,, ttri$can rise to
essenrialy ,q;tr l*jff 

" "" 
dounhota flowing

pressure (less gaqhead), and may exceed casing
or riserp+*ssltre rating. A response action to
gi:":^, iiiisfs to purnp seawater or mud into the

.fliirr{u+at a moderate to high rate to keep it at
* 
" 

.= $**t b"rtialNy full of water and get rhe water
*; 

_ " r hfdrostatic to reduce casing pr€$sure. Note that
* 

_* u 
u there is a potential for hydrat€ formation if purnping

. 
*'r 

water into the annulus

Health Safety and Environment

foras a canlingency in advance of an enwqency sttuation
occu{ring.

Gas displacernent

Annulus pressure

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

Indicators of an underground blowout wirila producing or
working a well over include the folloruing:

# ,":tt *
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Gasloil ratio orwatet*t*,o* * 
--*"*'#

r Sudden changeKratio on producingwellwith

"nnutt*ffi6" 
*

.a .s 
'=uu,-g..,-l

Vibration+ordrag
''n4; ii!I.

Y .  - ' - t * - " ' *

ro r j Tree, drill pipe' and/or $lD vibration on shut'in well
' '. . ': :

*==.'. ' S'OC*n tubing or drill pipe vibration and/or drag

: when lowered Past Point in well

Health $afetY and Environment

$hut-in tubing Pre$sure

r Pressure lower than normal on producing well with

known or suspected tubing'-annulu$ communication

Annulus Pressure

r Pressure lower than nonnal on

4.3.4.3 ActionslConsidsrations in the Event

of an Underground Blowout

Perform "positive tesf'to determine if borehole is a closed

system.

4#=,,
t 

t-:;J

#t " f f** '
*%$e
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Health $afety and Environment

. One indicator of an underground flowrbbwout is no
dirsct correlation of pres$ures on driil pipe and
annulus

Make visual observation in the immediate are wiil.t the
ROV and from the rig or support vessels on
underground fforiv is indicated in case of
mudtine. A surface indication of
rnay be some distance from m* riffi

o Visuarftom ris s *ry#

. Rov *" *i "'*:*

ffii* ,n;; 
-*

: " .... 
'

r Visual from supp%rt vessels

".,'st* 
*')

Strip the drillstrin$Sough annutar to bottom to facilitate
control i* ., r*.-

!!{ ,:1,

- *  - *  

F

* ,* *J nn ir significanily off bottom
.- -' i.;. Drittstring is free

,ra::n

Run a temperature & pressure log.

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

Displace drill pipe with water or kncryvn density mud
Pressure readings can be uscd to estimate flowing
bottom hole pressure and the top of fluid in the drill
pipe

' ;

a

I
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Health $afetY and Environment

Consider running a noise log to assess location and

iniensitY of ffotrt'

' Can be used as a baseline ts cCInfirm kill later

Consider running spinner log and other produclipn logs'

r May be addirionallv used to rootffiA"ffil-on"
piBeortubindcasins 

# {*--*
g 'tT" *\'

while running logs, o"gl",.:ry|trf'*# pro&dures and

logistics required if ul$erliroiiad flwt/ is confirmad'

.;;jF+:t %,
Consider teepingihsdrill pipe full during an underground

blowout. 
't" "

s u q j ,

,, 
'_4:YJnts possible backflow and associated

:*: 
" 

.;O*t"t effecls if the well was to bridge off and the

t -' 
t 

* drill pipe ffoat valve (if installed) failed

oi --q 
*1 

lf needed to Keep annulus pr€ssurs belcw casing or riser
',;, "

.o,,.*'€ ''.4 pressure limits, pump seawater or mud into the riser'

*  
* , ; *  {

d ,.-,'\** 
t 

. Keeps casing and risar from completely filling up

*%F with migrating gas
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4.3.4.4 Rissr Damage

A ditrerent sort of lost ratums can be caused by a teakage
from the riser into ths ocean. In severe situations the riser
annulus level can f-all, causing a reduction in boitwr hole
pressure and poteniiaily an influx. nig persghqffSsufa
be atertthat mud rosses might beoc"ry$ffi figi*r t",.
connection lines). tf riser tevet wiil noth,ts{,&il, then the
riser system is teaking. niser oycfiffiff$bn oe causec oy
insufficient tension, and can c&atftf$pl#"n0 hote at ihe
buckla poinr. 

{ft 
**,***

ud:
* ts*'a" 

:?

4. 3. 5 Hydrafi' @eVen ti onlRe m ova I
q  , .  ? * '

the potential for hydrate formation. Hydrates
* 

tanbrm in the riser or behind $lD rams, preventing them
irOm opening. Vlith a surface 80tr system many of the

1:!i1" difficulties caused by hydmtes 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
hydrosktic pressure" At a 10 ppg hydrastatic pressure of
?,000 feet of water (1040 psi), the hydrate equitibrium
temperature for methane is 4g degrees, just above the
typical ocean floor temperature of about 46 degrees. In

' " t *  *

Ilriru #bas ticf in a non-inhibited water,based drifing
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' 4 "

The time factorfavcrs the q.$p#ifffi$ orwen control'
' tu \itu 

ft, circutation must b€with the Wait and wq{Ur'plelh1

stopped while increasin@" pit mud density'
* = -

Ths lime tor whdh+ w"ignr can be reduced if a sufficient
u i

volume *i ki$weigf't mud (of needed density) is already in

tn* res#g. h addition, with surface BOP' higher rates of

q cftulat'gn are feasible greatly reducing the time spent

"a*"aciftlilBting.

li!))
f

1i-a " 4.3.5,1 Inhibiting Drllllng Mud with $alt

Health $afetY and Environment

4,000 feet of water, the equilibrium temperature is 61

degrees, 20 degrees ab'ove the $picatwater temperature'

Thers is a time fastor for the formalion of hydrates, both

chemically and due to the cooling thst occurs with time

after circulation is stopped. Formation of hydrates during

circulation is very unlikely due to the heat orotfffitrom

thewellbore, and the decreased time that $as*'ig$ the

BOP. - - " ' . " - {  
*

Salt may be used to achieve some hydrate depression for

much of the wellbore. Fcr maximum depression with NaCl

{near saturated}, the resulting mud densily must be greater

than 10 ppg.

$aturated s6lt can depress the formation lemperature to

about 36 degrees at 2,000 psi, or 40 degrees at 4,000 psi'

.,;i-*; "
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4*+.*ta 

* 3.

" ' :df l

Health $afety and Environment

Becsuse salt increases the density of the fluict, while
drilling below shalfow casings in deeperwaier, the fiacture
gradient may prevent the use of this ftuid.

4.3.5.2 Alternafives to $alt Inhibition.,*,

The following identilies atternative

methods:

Glycerol

r Additional{ryd*ate depression of g degrees can be::l:.

5 percent concentr,ation.
. 

,Relatisely expensive - often justifies improved mud

r ". 
splids treatment and rec.overy of the glycerol.;

* * ; ,  =
' ^ $yhthetic-based & other non-water baeed system$'.in,

I '
r Laboratory studies shovy that for effective hydrate

inhibition, it is neceEsary to keep the salinity
(gpicalty CaCl2) of the water internat phase above
hydrate conditions

Failure to maintain proper salinity may result in
rapid hydrate formation (exceeding potentiat in
water-based fluidi

Gas dissolves more readily in synfretic fluids,
bringing gas and emulsified water into close contact
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Glycol

Health $afetY and Environmeni

Dissolved gas is less likely to migrate during shttt-

in. This facilitates tile use of the Wait and Weight

killmeihod, if desired

Nofe: Salf con tent in the water phase tan affecl fhe

mud's shale stabitity performance' ,.,
*  .* -*u]

1.  -=  
* ' t

-  
u t  " - - *

*  *  

t o . - *  
n

Gtycorrnay be iniecied""ylariqljiltlo_n rc.rts 
i: 

*:o

components t*.ffi colneet'or using the ROV

*.:;=t'

"+.

Onc* hydratet form in subsea equipment or the risef' thgir

removal is problernatic. Wlrile concentrat€d 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 cal reach the problem area'

if required *# \

Methanor .u J
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Health Safety and Environment

One technique involve* pumping down coiled tubing run
inside the driil pipe to a depth a few thousancr feet beronv
the hydrates.

Heat exchsnga with tho annulus fluids both in the riser and
below the ffiudline creates a cornplex :hermat sigtrtrlation
problem whose results will depend on the ,p:rpffi
situation. There are no'rutes-of-thumb, frffipt"in
success' " ""*' 

u i'- *

{*q**
A norher porenriat annroag\ is 

"ffi rubin g down the
riser, this offers rwo cgfri+.*o -*

,ih

. Circuhtel qa#gtycd ro botrom of the riser

. Nitroged*iglft the riser to evacuate and reduce

Td*jklh 
pre$sure to decompCI$e hydrate

t  

* *  
" -

\  1 ^ ' ' :  F ^ : ,  -

*'{.s{?.4 External Hydrates in the Wellhead""ionn*.ror

o  

o t-b"*

Where near-mudline sediments can evolve gas (biogenic
sources), there is the potential for hydrates to form in the
locking mechanism of the wellhead_to-SlD connector.
Qnce formed, these can prevent unlocking of the
60nnector.

There are a nurnber of equipment options availabls wifh
the connestor and mud mats that can guard against such
ga$ 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, the$s features should be checked

{seal in place, injec'tion lines not pluggcd) before running

are listed *,o*,* 
***

a ' \  \

1. Qirculatehtp'rnailmum rate te'g" 3 pumps) with

,fttiA*, gjp; in the 3lD and specially selected
." ":9,

s " nbaztes.
q ;

$ ; "," '*",,,,i ; Heat is generated by friction loss in the dritl

ni1")" " * 
pipe and by dissipating hydraulic

"; horsePower across the noezles

" l
*. ili " 

o Depending on mud pump capacity and
'  

" *  
- l

.*,;*",," ** water depth, this technique may reqillre
; Y

.u. 
'' 

.: "o n' augmenting by surface heaters

."' 
" 

it 
' t * 

a optimum rate' nozzle size' and

' 
' 

whetherArvhen to re-circulate returns can be
-td 

determined by wellbore thermal simulation

software

o Modeling should include the iemperature

distribution from the inside of the $lD out to

Page 75
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2.

the outer diameter areas of the conneclor
where the hydrate plugs are

Use an in-situ "heat bomb. to degompose the
hydrates.

o A good hydrate inhibitorwhich can also
dissipate a hydrate plug

rVofe: Assess taxicity a nd fl ammahllify issr.es
piorto action.

*  t ' - - {  *  - -
. 

-1," tr. Spot methanolin smallquantities via ROV.

#ff

o May be proprietary technologies,ghd involve
mixing of reactive chemicals td gfifutrt*
heat 4 i ;  

* ;*

the wetthdfud puil it, atong with the BOp and
b
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4,3.6 Well Control Prior Io Sl4 SEOP and

riser Instattation I $haltowWater Flow

Prior to installation of the riser and well control equipment'

shallor water ffovt conirol methcds and techniO{es qre the

safneasconventionaldeepwatersubseaBoBoperutions.

Retur to the IADC Deepwater well cofi:l-q1:F-fi$

* -  * ,

" *  
- , *  ,E

4.3.7 Plug and Abandon ' 1

a " * , : u q  
t r

' * {

ln developing a plgg.anri &pandon plan' particularly for

t.f'* 
d' 4'3'7'l $ummary

. b*-

+A."* *
,,,.*,. fl=t {,,r-- Deepwater affects the well conlrol aspects of the following

':" 
o'-.. plug and abandonment operations:

\"i 
;r'''%,

. Casing perforating for lap squeeze cementing

. Casing culting

r $eal assemblY femoval
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In wellhead removal during subsea well abandonment,
there is potential for gas io be in the casingfcasing annuli
undemealh ihe casing sealaseembly. On subsea
wellhesds, there are generally no openings to these annuli
to check firr and bleed this gas. Therefore, there is
potential fior release of this gas when the €nnutt*s+ls
exposed by removing the seat assembly, .,rp!jt*ing, ol.
even perforating the casing for squeezingl. 

' 
* 

,

l-r;
Gas can accumulate in tre casip*Anftr*ils by several
mechanisms. One sequ-e"f q"t gbfpu'gnt 

"bout 
Uy

deepwater occurs inar," tol&mni *n"rio,
't\*

'1. Casing is a hole section that contains
one or more of which contains

L-f*

,;-"-.i -'--i'- 
-

** i

** $, #"q.king seal assembty is s*t, isolating the top of
l ** .',* : -the annulus from the mud hydrostatic above,-  , , " . - *  - 4' 

"". "-* 
h Fittration/seepage losses into ths dmrnhole, .  

i * ,  

* t  I  r rsquvr l t -s lErPage lUSSgS

-r pofrTr€oble zones occurs.

4. The lost volume is made up by expandon of the
annulus mud, and there is an associated loss of
pres$ure in the annulus. At some point, the
pressure under the seal assembly may reach zero,
and no further pressure loss wifl occur. The
amount of pressure that csn be lost is a funclion of
water depth and wellbore prassure profile.

5. The pressure decline may attempt to tall below that
in a p€rm€able zcne elsqrvhere in the wellbore. lf
this is opposite a gas zone and occurs before
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adjacent cement sets, some gas will enter the

wellbore.

Influx gas will likely migrate up the annulus' VWlat

happens nEXt dapends on many factors' An

annular gas flow can develop, or the gas can

simply migrate up to the wellhead witnoH?,.#.
D f f  l t P f y  r r r r v ' e r v  r . . N F ,

furtherfluid movement. Either wav, 
l?tplt*Ut

over-pres$ured gas exists below

of

-  * io+'A
It is often neCugsqry"bpnsure that the annuli between

casing sllng, 
"t***ltO 

as part of abandonment' lf ihe

top of certrenmf,.an intelmediate or production casing was

qgt preught atiove tne previous casing shoe (as is oten

ry{fre*-ei, then cement can be squeezed through casing
*+**geffiations into the casing overlap' \fihen perforating the

,sp fuing for this squeeze' crews should be prepared for and

i :g- alert for possible pressurs buildup due to gas behind the

- T;;'\. sasing. lf the well does flcn,v upon perforating, fre planned

* f **;, " shut-in and well control procedure should be implemented

,s"' 
*l)'.*- "' 

{e.g., clos* annular or shear rams}"
t 

.k, * n- 
u' $'

= 
*t' 

lf there is a strong likerihood of such gas other approaches

are:

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

below the SBOP iwith sufficient string weight to
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$'w..|f+.

avoid pipe movementwhen shut_in und€r
pressure), shut-in, then run the perforating gun
firough and belorr the drill pipe using a lubricator

. Run a short length of pipe below the gBOp ram
with a "donut" belowthe ram to prevent movernent
under pressure. Rig up a wireline lubricgtor tn the
pipe, ctose the $BOp pipe rams anO"n1ffi
perforating gun through ,+**" * ;

, Rig up a wiretin* ruoricator_{;e#;{r; top of rhe
SBOP f *"-r'

ffofe: Access ro*rp pqFibffffionn", may be
ditricutt or naziTifiutt _" fo tha proximity af the
nserfensrbneriiifus that may brcakorrn lhe case
of a riseriei&l eveit,

a 4 . , ;

t# . . ,  
a . .  ._

-  . ' ' * F - . *
4.3.7.t Casing Cutring
+ f' 

'r'' '*'

"*T?h '!i3 decided to cut and pultany production and
;;* i4tenlrediate casings from a point soms#here aboye the

. ibbpective previous casing shoes. Similar to the
* circumslance described for perforating casing in the

"rt* previous subsection, there may be overprossure in the' 
annutus. The precautions described in the previous
subsection generafly apply far this operation.*r'ru'k,,f'

4.3.7,4 $eat Assembly Remoyal
\Mren removing the seal assembly, trapped gas can
escape, either rapidly if it is over pressured or slowly by
simple migration. \&hile fiow can be monitored to
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determine if the prevnnters need to be cloeed' 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.

Anotfrer precaution that can be taken is to nerfqay the
casing immediately below the seal assembl$rp{o'tN

pulling. This approach can reduce tne rytgqiatdte 
of gas

influx because of the small perforaipft-hot*da'
- ,  *  .  *

i: - L- i";
ul '  T% 

n --

{

' f  
* *  ! 4

.q +

ffir,**t"
+:*t*#
.%,,,J;:

t ,
"G

,,i),*u,
]:-*'

, ;

,'.*:

.  "  "nrT,
u ' j'{U

&:
* * " * ,  

i

,*;*l '
s .  r '

1.+

Rev 01 1604 Page 8'1
Surfscs BOF Guidelines

lMs273-001221
Highly Confidential

tM5273-00113



Health Safety and Environment

, -,t':*tt 
'

4.4 Environmental Discharge
Contingency plans

4.4.1 $pill Respons e plan
i:;liD'i;

&;*#$+;;
As with ell activities that could result in {'Njl"

\ryater, surface BOp drilling
conducted with a formal oil$pitl Plan in place.

systematicThis plan willprovide a
approach to to conducting
surface BOP should review lheir
current OSRP plsn as required to include

i . .  
^ : .  - . 1 ,

* 4 1 r ' '

.1Se objectives of the oil spifl response plan wiil in general
I terms be to:

r Ensure the safety of people
r ldentify and conhol of the source
r Manage and conduct a responsa to the spill
r Proteet the environment
c Contain and recover the spill
' Rocover and rehabilitate wildlife
r Remove the oil

r Minimize economic impacts
. Keep people, stakeholders and the public informed
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Health $afetY and gnvironment

4.4.3 Fatential Sosrces

Sources of sPills maY be:

. Oil based drilling fluids ,**i

. Hydrocarbons following a well ccntrolirci$ent

. Hydrocarbons resultng from aSlixrlfr*

r Hydrocafions from well tegl &*frities

r Fuel oilfrom Etorage ffi! or gansfer lines and

hoses # 
'\' 6"e

^ ^,* -^r,,,romt*4*h J: 
'n j, l

. oib ano rgffia$".]

. sumps "ft 
*iP p"&

. %'

.

"\ l€

. Casing riser connections

r Telescopic joint packer

4.4.4 Spitl Detectlsn

During surfac* BOP drilling operations regular visual

inspection of tha water surface should be conducted and

logged. This may be done from the drtlling rig and also

from supply or standby vessels in the area of the rig' This

is a requirement of the water discharge permit procass in
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I

the Gulf of Mexicowith similar requirements in otherareas
of operation.

Regurar visuar inspection of th€ driiling riser using ttre Rov
Ehould be conducted to ensure $rat nc lcaks have
ocsurred. Pressure testing of the drilling riser a-6ls+o
installation and at appropriate intervals Uuringthdwet 1e.g.
after setting a casing string) should l" W-itb,%d

*'u 
'ni "s

Prior b observing a teak at *e"q9,ry{indicators may
proride early waming ol,a gotenti*h"fff.if 

"ny 
of the

fo[owing indicators rffi pOtiti"daf visuat observations
should be conducted: " ,,

t ..$'*u:,*, 
"'at1'

4 - $

e Failure oft pressure test
R F. JFs*ef^retums white driiling

a . :
a l_ boss of retums whilo circulating a kick

- * \;{ tow fluid level in the riser
; -*T

* ,  " '
\iiFae

4.4.5 $ource ldentificatian

lf an oil spill is observed at sufface, immediate attempts
should be made to identify the source if it is not
immediately appatent. Alldrilting opefations and any other
op€rations such as fueltransfer, mud mixing, maintenance
activities etc should be suspended and thorough visual
inspection made of the rig, its systems and lhe surface
BOP system and riser. lf possible a sample of the spill
shoutd be collected (referto the Operators OSRp for

{ 
- }-#=L
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sampling prccedures). A full visuel inspection of lhe riser

and SID should be conducted by the ROV'

4.4.6 $ource Control

t#=sq,
\ifren the source has beon identified, m1lurB;f,+rbe

taken to control the source and stop tP.ry"'Af*dl' ln ihe

event this is an uncontrolled flow tlopfli *sdf' the StD will

be activated, and the welluore isglhle$ lf necessary the

riser will be disconnected ardrietriEreO rer repair or

re pt aceme rrt pr, o,,,o ffiq"fu fuiliKg o pe rations.
= ;

In the event of a Qorqrt, I relief well may be required'

Surface*pOP opq$ons wil I be in general conducted in

Oeen wgryAnd-more r+mote locations. ln planning the

ryelldrnqti$,eration should be given io how a relief vvellwill

E-ueogtiitgiif necessary, in an emergency sltuation. The
''%', trgbt&Uepth is likely to exceed :ne capability of many

ivailable drilling units in a given area of operation'
,, #t

a *i, 
sr Adapting an existing rig to surfac'e BOP operations may

; e h take severalweeks or months to accomplish. In order io

" . 
I -^* ** 

- 
be capable of drilling a relief well at least one rig in the

'"'*--"'.'; * 
" 

region of operation should be identified as being capabteq "+-
* 

*" 
of drilling a relief well should an emergency occur. This rig

may be equipped with conventional subsea BOP systems

or surface BOP drilling systems' lf 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 wiih a subsea Bop incruding size and foundation
strength (loading and bending) requirements

4'4'7 RePor{ing 

'i'irryM
Reporting of oirspifis is a reguratory requireqpffine
procedure will be described in tne OSn#**$ 

- F

t', " .=n"
#  * t *

4. 4. 8 T e c h n i c al expeil{fs eq.**
"*;fu'""o 

":.o "

The oit spiil respons",fiffi*,,tl"n Incidenr Commsnd
-;s#" ";

System. The lgci{efftCommander should have aecess to
additi onql.tlch nical &xpertise on surface BOp operations
as partof the:spilt response plan. Welt control and fire
ngn$ng ipgcihty companies retained as part of the e$Rp" ;  :
should have expertise in surface BOp operations from
llobtiirg rigs. This may initiaily require training and

Health $afety and Environment

to the equipment and its operation. This may be

#
accomplished by including lhese companies in hazard
identification, risk assegsment and hazard and operability
exercises, well planning and pre-spud meetings and any
other rig based training.
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4.5 Emergency Rssponse

Guidelines

- "+

The rig usedf.grffif oliAtations will already have an

extensive eterd.tpy procedures manual as part of the

Drilling Colqa*or#safety Management System' This

munuat.rviti fo$, ***tgency response p rocedu res for

*d*"ii"*-tl operations. \A/trere ail ernergency is $BOF

u,.,"* tsp4i.li (as described in these guidelines)' these

$qio"tln*t are to be uscd to dev*lop rig specific

ffi
procedures that ate to be followed as much as reasonably

possible.

The iollowing sections detail $BOP specific risks' and

procedures, which will not be coversd in an existing Dtilling

Contraclors $M$ documentation'

$enior rig personnel should be familiarwith SBCIP specific

emergency response procedures and have a good working

knowledge of $BOP specific risks and limitations' such that
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in the case of any Fmergency situation the coneff course
of corective acticn is selecied and followed Wthout
wasting any time ormmpounding the emergency by taking
inappropriate action.

d.$.i Welt csntrot 
**{l;*
""s %, 

-

Deepwater drit lins usi n g a surra ce _Hp4 ;U X" l"-
concept; iCI dats in excess or f_qgry'pri*,#ve been drilled
Fom floating rigs using, Sep,p:"hFs*&cinc $BOp Well
contrqt procedures 

W ftA"ei..houtd bedovelop€d,
vvhich wiil be the referffi for any weil contror issues when
operating with thejBO.J, sistem. Weil control is covered
rn more Oegil in-e4ion 4.4 of the Guidetines.

*"r.I*
* - : - {

., 4:5;'1.1_ procedures

ft The wafl kill technique to bs foflowed in a particular
situation will be dependent upon the well conditions
resorded following shul_in, and the ongoing operations at
the time of the incident. Each procedure requires careful
planning and execution. During any such satuation the
operators Drirling supervisor and the Drining contractors
$eniorToolpusherwill only proceed with the well ki]l once
an organized and wellthought out kill plan i* in place.

't',,,4
J

-"";
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The following points provide a eummary of the main

difierences between SBOP operations and Csrvmtional

$ubsea BOP oPerations:

. Shll controlwill be periormed using the surface

BoP $,X-*
r Well control procedures to ne foilowqfps bavery

similar to those used for lact-unqqqrftwrs

' Hard shut is recommendeqanhq6"t* should be

set up for hard shut in SAll'lfh-wnie 
ontting

. The drillers me;ngO;sr%Sor#netded to circulate

outwellfluid{ ' " *
. In generat trrms ttq SID is not to be used as' or

consideqe{ tote, a well control device' other than

in speciaitasbs

. tte*tain circumstances sre $lD adds an extra

"*{fo^-*ith regard to well control' For instance' in

, *' ***# case of a leak below the lovver pipe rams' it is

.*-' 
to. possible to shut the well in by closing the

Health $afetY and Environment

*w 
bnndshear rams on the $lD, and then to fix the

leak. l'lowever, closing the $lD in any such

situalion musi be considered carefully as it may

have detrtmentat effects, in particular wilh respect

to recovering any pipe sheared in the SID

r ln tha case that the flow cannot be stopped with

either the SBOP or the SlD, all nsn-essential ggru

should prepare to evacuate and preparations

should be made to perform an emergency

discannect and for the rig to move off location

-%r,iiw'w
L"'

'rf

-u l *,V

n"=tjj
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The worst possible scenario would involye s bss of slalion
ke*ping abitity, leading to an emergency disconnect, while
circulating gas/hydrocarbons from the riser. This woufd
most likely lead to a hydrocarbon spill. significant damage
to the riEer and the potential for damage to the rig. Thi$
scenario has been considered in previous eR,fut$bt have
indicated that the probabitity of this occurring*"Sd;igiaff ,
that this becomes an acceptabte unliket4ri$f,ii

i-i* '
,  

*  

" t o4.5.1.2 Diverter , 
* '' *-, *,"' r

- ' * tu : -  
' d l

Under normalwelrconTr*fp"rationu with the SgOp the

ffi
Ona other scenario whore the diverter syslem wi[ be used
is aftar a wefl contrcl siluation just prior to opening up the
SBOP. ln this instance the diverter will be closed in order
ts divert any gas trapped in the top of the $BOp
ovefl)oard, ralher than allowing it to bubble up onto the rig
floor.
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Health $afetY and Environment

4.5.1.3 Hydrocarbonc circulatad to ths

surface

Well fluids cirsulated to the suriace will be collected in the

rnud pits, from where they can be coll€cted fol 
,,s*

conditioning. lf any gas is circulated to.the sy,ifacefthis will

be separated from the fluids in the mudlggs:":T;*t

The gas will then be vented from a niqteat*d in a safe

location at the top of the derrick I ; 
',,

4.5.2 Emergencfr D
$

r i : , ,  \

conventional subsea BOP.

Oue to the consequsnces of performing an emergency

disconnect, which in extreme cases could lead to some

pollution, damage to the rig, the riser system, and / or ihe

well itself, this is not an action which should be considered

lightly, or undertaken without good reason' Holever' it is

necessEry that responsible members of the rig crew b'e

empowered to take such action in an emergency situation

without having to defer to others or waste valuable time' sc

as to ensure the safety of all personnel'
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4.#.2,I Dp Operations

The criteria for the arert stetes and watch circre actions
form the basis for the emergency disconnect procedures
for operations with the SBOP systern. As such lhey muet
be agreed by both the Drilling Conlractor opera{oh+
manager and Company operations m"nagef o@re#
operations begin. The disconnect pninsplrrfaatfj
proeedures must then be commuq.,|dhi*U.i5*.,* relevant
crew members, and then copie.s.orune UUle and diagram
must be posred in tha fqJbqhd qdtiOt*t

* . . t $ { 4

r Driilers Co-ntrot fioqm
. rootndsnsrqohce
. &idge q

' d*of;iffi onice
. - "  3 ,  

'%

- 
'"" . En$ne control room

k * * O  
"  

- -

q" t " .
$afi situations the Dp Operator on the bridge is

"*rr1 
responsibfe for setting the Alert stato of the rig which is

, notified to the driller by a Gr€en, Amber or Red light.
*!k

During Normal conditions the Green light should ahrays be
on, highlighting that everything is nonnatand operations
can continue.

As conditisns detsriorate as per the criteria risted on the
Alsrt State Diagram, the Dp Operatorwillsuccessively
change the Alert stete, from Green, through Amber, and
then in extreme cases Red. As a minimum the Dp
operator wiil use the Arert state rights to notify the Drifier,
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however if time allows tho intercom from the bridge should

be used to ensure that the driller is aware that this is not an

exercise. lf there is an exercise with the status lights' a

warning must be given in advance'

di!

^r"..,, 

\

. Y.,.3kf tne'dft\eonnact procedure as safe as pcssible

iOfirerscnnel on the rig

,' Uini*ile damage to th€ environment

. I J :", Ensure that the well is left in as secure a manner as
' -' *; l" possible

. Minimize damage to equipment

..-..*|
*+{g}*'.. 

tr;,, 
.r+

1ffi

4.$.2.3 Disconnect procedure - drill pipe or

nothing acro$s SID

In any case rrvhen there is either nothing in the hole or

there is only drill pipe across the $lD, the fotlowing

standard disconrrect procedure can be implemented:
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In the case of a deteriorating situation the Dp
Operator will change the Alert $tate fom Gre*n to
Amberand then potentially to Red
lf time is avaitable to the driller (oral comrnunicatisn
between the driiler and the Dp Operatorwiil confirn
this) as the Alert state changes he shoulf,fnaka all
efforts to: *:i"li

place a clean pipe joint

r lf time allows, pulldrill

r Bleed down the tenSioners to
di sconnecr liriign*alfuf 

- tension levelto

W
. fl#'

r Set the DSC^to tiff,the dritt string $.i0 ft after fhe
first sAeal:ram+uts the pipe (if time ailows)

. {: soon as-tiie Atert state change to Red, the driHer
sfiosld,:irdrmediately activat€ the ED$ system to

* 
'* 

de$ihe disconnect sequence
*.* 

,A' 
+' a'

. j .  
: ;  6 1 * "

: { , *

"F 
4,.5.2.4 Disconnect procedure - non-

**i shearable components across $lD

,"d 
*'" 

,f o
A  * * ;

"  
- ; ;

In any case that an un*shearable component must b* run
through the SlD, the philosophy is to c{rt ths string at
surfaB€ when the Amber alert state is reached and to alls,y
the assembry to drop. This wiil ensure that iffuhen the Red
alert state is reached there will be drillpipe across the SlD.

s!s'
stD
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The lrcllowing procedure must be followed during the lime

thatthe un-shearable componentis in the $lD'

Prior b running any un-shearable component into the $lD

a

a

o Curent is

. Toolpusher

the $lD is

iX e'.#
6il
the Autoshear circuit on

q$

. Drillefrq-u6ltl*p"tio tc perform a surface shsar of

the $rill sftqrt usins the $BOP shearlblind rams'
" t .

. ,Mdriff-tllf,t communication between Toolpusher' DP
t : +  { ^  *  . . ,  r .  -  -  - . ^ L t : ^ L ^ ,  a a  a A r .

.t bgq-l"r and the Driller can be established at any

" "..1 ,**
" 

In:the case that the Alert state changes to Amber while

t.,'} n 
"-' there is a non'shearable component inside the SID

- , .  
t *1  )44

t'? * -* . Dp Operator to change alert state indicator to

* 
" ' i*.** AmberandtoensurethattheDri l terand
h,,'= ;r.1.1,.g Toolpusher are notified of this URGENTLY

r lf tinre is avallable to the driller (oral communication

between the driiler and the DP Operatorwill 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 StD

o In the case that no time is available the
dri$ar must immediatety space ou the driil
string at the SBOp shear/blind rams and
ctose the shearlblind fams to cul.#nd drop
the driil string .* 

* 
11=

. r ' i *  , t  
" '

V\tren the Atert state changes 
" l,HS 

'*t ,* 
"

** l-*. J.
r Fp Operarorrocn"AgfulJlri%t*$indicator :o Red

and ro 
"n.u*$fFrn#,i; Tootpusher are

notified of this URGENTLY
r  Dr i l le r t to t ' *  

% '

+_ry:c,ry 
an immediate Emergency

Disqpnnect cff the StD

r*;.'
t r  

a *  - - l  \ 6

_. eqQ,F x he-entry after disconnect
.  

- ; .  ;* "e. ".* - \  ;

Pay attention to the wel'hend pressure, since
hydrocarbons might have accumutated under the SID
rams^ Calculale the required mud weight to overcome tlte
wellhead prassure before opaning the rams.

A pressure test is required after the successful re_connect.
An RTTS packer might be used in case ofan open
horehole.

Unlock drill $tfing compensator and stroke oren
Pick up a stand of driltpipe

a

a
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. RIH with drillpipe and position connection belovv the

lowerPiPe rams

r Close lorver PiPe rams

. Deffease closing manifold prossura on €ms to 500

psi and strip up through rams until handling tool is

seatad belon rams' Increase ctosing f61t*u'r; on

rams and lock rams 
..,.*- 

*,-*. 
* 

'

r Reset the acoustic sy$lem tif ap$ niel

r Stab hot stab into riser connqdothbti receptacle

r Veriflr with ROV that rg ey,F#ector 
on rha SID

is in open posr*q€#hno$asreat is in place

o Pick up a preOetqrynined amount of losd plus block

weight. *Er :..

. Positi8n rb.orkwellhead

. q"H fvf U)$#Ufe subsea wet sonnect with ROV

dh'dq,il$€way tc one side {if applicable)
+,. +

" : QFBrve with ROV
-,- *. * gleeC off tensioner pressure and land hub of lower

. ;  ' . ,  ; , , i .*"* '** transition ioint in riser connector' lf necessary use

. ROV to nudge riser into Pcsition

Health $afetY and Environment

. Using ROV, purnp into riser gslnector' latch

connectorwith full operating pressure' Make visual

confirmation that connector has closed' Hold

pressure for 5 minutes and then bleed off pfessure

to manufacturer recgmmended value

Use ROV lo reconnect lhe MUX cable to the

receptacle on top of the $lD (if required)

Adjust tensioners to support stdng weight including

SID {neutral weight without overpull)'

#try-
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. Bleed off D$C to support weight of $BOp handling
tool. Unlock and open upper pipe rams.

r Perfonn nverpulf test with a pre_determined
overpullabove string weight and then bleed down
to normal operating tension

r Use ROV to clreck wellhead pressure aoflq-pump
CIpen upp€r and tawer $BR 

"_;{l ;-*
- q '  

F

-  :  
" ; . *

j ' 1  
*  

a _

4.5.3 RiSer leak ' "*,'* i* ,'

* * : '  
* * " "  r  * "

'  

. t t *

The major coper6*.i[.a leSk Cevetops in the riser as the
ability to keep of mud. Failure to keep the hole
fult of mtd wiff fea&E bss of hydrostatic head on the
formatioi,r, ard may allow the well to flow.

*,-*., -i' ;-' 
;

.z 
_ 

* Jn+actions taken if a reak in the riser is su$pected wiil be
*driveh by current operations.

' IF";*'
e*,.3** 4.S.g.1 Leak During Normal Operations

-: ' ' t  # b"=

i 
J**'-'* 

Initialactions shourd incrude:".J
r Riser to be kept full of mud frorn trip tank
r Man stationed on drill floor to confim that riser is

full
. Establish loss rate
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. lnspection by the ROV in an attempt to identify the

leak.

f the ROV is unabls to identify the leak the drill string

should be pulled above the SID' The riser can then he

pressure tesred againstthe upper $lD $BR and$ttg.pBOP

annular. | . e.
- - : "= " '  *

Note: At laa.sf o/re mantrfacturerstssnprae''SesrO ned ta

0e fesled from above to t/Srd of tle,r#*F working

pressure. 
.6 \"T 

*" * -"

- . , 1 q

lf pressure testing tf'e iBw *nfirms a leak, but the ROV is

unable to identifnit,lhe neit option is to run an RTTS

Packer andpre'isur*test the riser until the position of the

leak is ibortp*o T'he decision can then be made to close

in tnp#fUpin" gn, recover the riser and repair the leak'
' , t

1 . . "
.-- tt tlnon fO be noted that there is a strong possibility of

hbmase occurring to $ome of the riser throaded

Health $afetY and Environment

connectiorls, and henca dser should only be pulled back if

absolutely nscessary as it may subsequently be impossible

to run without re-cutting threads.
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4.5"3.2 Leak During Woll Control Operations

*-ffi,,,t#

Depending on the operation, pipe posilion, and severity af
the leak, there are yarious options €s to the immediate
action to be taken. These may include: j$r,.1

{T#ifl}. Continuing with the well kill opcrqfi-ohs ;
. pumping LCM into tfre annulutl i**-t

" ctosing the stD 
" _"i.K3.*

r Reooverins and Fppiriqg tiTsTu
# 

\.-:t. B-+"

Ultimatety, ln all caseJofrre riser devetoping a teak, the
riser will hav$tg.f{g rimovered and repaired before
operations gan cdntlhue.

,*" L'*
- : f f " - ' + '

* 4,5.4 Tensioner Failure

'1,- "

dru ln order to get the best possibre performance ffom rhe riser
tensioner system, it should have equally dirrid€d loads
around the load ring. This is to avoid bending moments
and side loading of the riser string. ln the event of a riser
tensioner failure conective action may be required to
prevent damage to the ri$er. This will be dependant on the
configuration and redundancy of the riser tensioner
system.
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ln the event of a riser tensioner failure:

Suspend drilling operations and monitor the well"

lncrease the tension load on remaining riser

tensioner linas except tho line opposite the failed

line. Share the load equally betweenlh$fgainin0

lines l".F+ * t'

Reduce the tension in the line offie*f# faieO

line , ao-u**

At this point, dependingp4 the di;Eumstances'

measures may bgftf&to $ectrre the well'

Repair the faibd r$er-tqrsioner and retum to

servise. Snare liL riser load between all in service

*"':sffi
' l

Dr,lling,*pbfiSs{t$ may Rot resume until adequats riser

tqnqtoh;ireiundancy is restor€d {according to API 16Q)

1 ' ,  
- ' t

, - " - a

1ft,5.5 Hrdrates
il

\lWren drilting in deep water' well pressure and temperature

at the seabed are usualty favorable for the formation of

naturalgas hydrates. The higher seafloor hydrostatic

pressures and lower temperatures encountered increase

the likelihood of hydrate fonnation inside and outside of the

subsea wellhead and $lD' \Aften natural gas hydrates

occur, stey can form a blockage in subsea components

and mechanically prevent closure of valves and BOPs'

I

I
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4,6.5.1 Hydrate around the SID

In general, itis not uncommon tc observe gas bubbles
outside the structural c*sing. The gas bubbles accumulate
and form hydrate on the outside of the $lD, weilhead
connector and the subsea wellhead. This canbp .,
rnitigated by the usa of hydrnte *xcrusion ."ii**rtr.,"
injection ol glycol into and around tne weS-]3qO conneAor.

f:..: "
4.r.s.2 Hydrares ins:ae"iidt"''h

{_ t.**' "
There are two maig4situHigns of hydrate formation inside
the subsea #SrySgo 5td bottom parr of the StD.

f  F  

' l o " l o

. ehfu awell confol situation, when gas anives at
*_ ,-Flhlvelttreac

" *  - i *  * '
e  ' - " t ' i

"' 
;'- n ' V\ftren the well is closed for a long period of time if

i:)-) there is gas migration
*l*

_  "  * ] _  
n

' - :.f 
''** * ln the tirst case, using a subsea BOp, the consequence

mighl be the plugging of the kirt and choke rines. This risk
is minimized with the SBOP system, because the welt is
controlled at surface, lt is considered to be untikely that
hydrates will block the SID while circulating out a kick.

The second case is similar for both surfase and subsea
BOP systems. lf the well is to be shut-in at the seabed,
gas can potentially migrate and assemble below the blind
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rarn and hydrates may form' To mitigate ihe risk of

hydrate blockagao glycolmay be iniected into the $lD using

a port between the rams' Gtycol may alsa be injected into

thewellhead and ths riser connector

';Fa:\!

,  . .  
' i*  *:"

. * * * o  " ' * t '

, - u * t t t ; *

The possibility of encounrerinO H2*9#qeSOs6n the local

conditions. lf there is the Potffitgi$t in and area' all

standard procedures for thgdetpcipn af Pl2S and

protection ot person'*1{iit-&rr%* iU i" place prior to drilling

4.5.6 Hydrogen Sulfide

out the conductor Procedures should include

on*board training and drills.d4;s-

cascade nreait$ rQs]is[em and
'"1' qq"

,,.i,,)

of high strength casing (such as P-

to sulfide stress cracking with the
q,

fos of potentially catastrophic failure of lhe

lfi the event that H?S is encountered while using a high

strength casing riser and lhe H?$ cannst be controlled by

eonventional means' the well should be bullheaded and

abandoned., 'id'

Due to
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many factors" including design, construction, majnlenance,
intervention and abandonment. Thropdh 

" 
fanning,

monitoring and feedback, and OV onse,rvingl sfringent
standards and procedures, we _Soitgl'aach of these
factOrS ensUring that 

,* *.*.- ,. ,"*g  *  * " j
, A tirs-cy"r" *i#abjm;nT!rr** is imptemenr€d

which satisfi* fq only legistative requirements,
but alsp ithb:.requirements of business needs;
Senilfyin@.,u.,,,]\ey organizational roles and
;ffins,6ltities" assigning accouniabitity, s€tting

u. :" "t_*"dards 
of performance, measuring perfonnance

_ i _urt gfd altowing evafualion, comm€nt, conection and
-ih ,-. 4i tmprOvemenl.

,1.6 Planning and preparation

Guidelines

The integrity, and hence the safety of wells depends on

. '"e I Wells are designed and constructed with full
consideration of alt hazards and all retevant
standards with the aim of reducing risk to p*ople,
th€ environment and our businegs to as low as
reasonably practicable {ALARP),
Well integrity is maintained throughout its, lifecycte
by competent peopte using up-tsdate wfitten
procedures and safe work prastices.

Quality assurance and control principles are
applied, implemented and regularly reviewed wtrich
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ffi

identifies responsibilities and procedures and

ensures the design intent is beir€ realized'

" Co-operation and effective communication is

rnaintained with third parties and approPriate

aulhorities' 

r.,
ln respect to design, prosurement aS "ffitiuction

speciftcations, the sfategy is one of#$hdqrdt&tion ano

simplification. Functionali$ is the Sqriti*e* 
aim for ihe

specification of design, materialg anO qfistruction'
; "  + * ; ,

F  " . *  
L  * - , t

lmplementation of a q"A -+o*p- iegime strategy applicable

to all surface BOP Aetiuiti"* is achieved through the

definition of perfofinaince standards for all aspects'
.  +  ' : * }

I

It is realffiitlfe3af sefting perf*rmance standards for any

aspeetfff "qui business wo are defining acceptability' Tha

*t"*ftag we adopt in achieving these standards are

* .'*r"f*"d to as Performance Assurance Processes' This

i*merivo* is dePicted in Fig' 2'1'

+lll'

4.6.1 Pertormance Standards

The performance standards for surface BOP activities are

segregatedintothreeareas,coveringboththefacilities

and management sy$tems- These are lhe subsurface

hydrocarbon system, operating procedures and integtity

management.
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4,6.1.1 Sub€urface Hydrocarbon $ystem

Objective

To ensure that the sub-surface hydrocarbon inventory
connecled to an installation is contained within d"^*ff.
and to ensuro the capability to construci u dil*oo Oun
intervention operations.

Purpose

ro provide arrn*cs$;l*, r.**r,u,u 
"noservices for well co.nstru&on and intervention activities.* +:*

"-''; .l;*j 

.

-,+
' 

\Jeirsure 
riser and welthead assembly, tubing and casing

*+ 
strings contain the well fluids and pressures end support
th* imposed loads during all phases of well construction,
production, intervention and abandonment operations for
atl defi ned operating conditions.

Well Controt Ftuids

To safely controt infiow olwell bore fluids during
construction and intervention operations.
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HP Risqr S Pres$ur,9 gontr,pl Fquipmenl

To ensure well bore fluids coniainment during open and

cased holE operations, including wireline and coil tubing'

To provide through pfecsure control equipment a means of

isolating the well inventory in the event of oner$ioryl

failure or unexpected condition in well' 
^ H;-*

i ' *  - ,  " " '

L?nsionino svFtem 
* 

* 
:= 

i;'

u "!* 3"*
To ensure rig tensioning sy.slcq!" pra,yrqgpaoequate

support sf the riser aq aOfrofffl"c"Rn*o operating

eondi$ons and in the eftht of operational failure'

' . * t - 4 :

* * . 4
Moorino Sylitem * ;

* 
*',, *

{o 9;rs$ rigmooring system maintains desired station

i*ieqtiqg-F"rbrmance 
to minimize loads on higb pressure

*lsensvstem for alldefined operating conditions and in the
t t  

- , .

Bvent of operational failure'
,+

Health $afetY and Environment

Reliability and AvailabilitY

Capability to isofate, contain, control and segregate

hydrocarbon system to retain sufficient integrity to

minimize the release of inventory and escalation'

! t : r l r

- ; ;

: " - :''lq,3ii:
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Survivability

Hydrocarbon system designed and maintained such that a
rupturs of the system once isolated and sagregated wiil not
escalate t]re release svsnt and the throgt to personnol on
the installation, sS7?

$afl;4.6.1.2 Integrity rvranasffiffi*

obieetive * **'*' ''%

*-'"q-.: 

+ ed

To ensure that the integdy of the weH is maintained.
"" ufi 

,* :-

Purpose \'- 
'

,l-i=
T: 

ry.rt$*hctices 
and procedures for ensuring the

",i'-J*
" *  

*  
" * ,,\;n #rrrr#rr.

i  d  a  i ;  " v r ! ' v

iritedritV;ri the weil including measures to engure that all
and operational changes are in accordance

performance standards and that there is a means of
performance reporting and En audit-able record for the
assurance of integrity.

Functional Requlrements

Practic,es fl nd Prccedvfes

Practices and procedures by which ail work will be
parformed that are technically ccrect, up to date and easy
to und€rstand and follor on lhe rig.

',)
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Qhqngg Management

To ensure that operating criteria changes (facilities'

procedures, and people), prcposed rnodifications and

projects meet the apprppriate system Performance

$tandards. 
,* *

Maintenance & Inspectio ;*-# 

.

, %. ..*

To undertake actions to ensure-lhfoffi'equipment is

mainiained for safe operation ffiffiet frribhases of the

well life cycle within Ug Jmn +^ 
gp6rating envelope'"-q:

To monitortne co-ffkp,n oTLquip*"nt and systems in
-'ftX#L 

adion necassary to mitigate thedetermininqPreven

effects 
te{'Tu,

. " ,  ; "

"r,,*.,,gn1gid 
that all temporary equipmenl is installed and

d"{t*gtnt maintained in accordance with fixed squipment
-#ibceduree.

Health gafetY and Environment

To confirm the continued integrity of lhe weli and to identify

any signs of deterioration of critiaal components'

Reliability and AvailabilitY

The effectiveness of Iniegrity Management activities to bo

assured through SBOP Management $ystems

Surface BOP Guideline$ Rev 01 1604 Fage 109
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Health Safety and Environment

$urvivability

Ensure procedures and practices are updated and
follorrved throuEh management syslems, $up€rvision and
audil 

,{

4.6.{.3 Operating procedure- 
r'

"6+ 
;

Objective S'\ '
e#a"  r4

To ensur€ the $afe d#g,t;*i*30"", ,","renance,
intervention and aband6ninent ;f the weil through
documented gcrq{ Efx;:uted by ail personnel.

-  *1r* \&'
purpose)+4ry 

*
u,. n-'o'3 , 

-'

-3l,lffoyp documented practices and pracedures for atl
*' 

,;*tt*net inctuding procedures criticalto safe operations

^ 
"ndth defined accountabilities and responsibilities

lt!.. 
'"4

'+,. ''+.''1.1L 
itl)?'\",*'$f
ff Functional Requirements

A structured hierarchy of documents that define worle
procedures for all surface BOp retated well activities.

Reliability and Avaitability

Effectiveness of operating proc€dures assLlred through
Management system.
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Health $afetY and Environment

SurvivabilitY

Ensure procedures and practices are updated and

followed thrsugh fianagsment systems, supervlsion and

audit' 
1ir::)&

'r#-1'.-{

i 
:''* "

o, ,  , l%". -  - '

* *. *,1

" : " * - *
st\*e$

systems f fresd*pertormance assurance processes

provide an Sn'l* 
ot 

"nat 
has to be achieved and how this

will bo UBn" in order to meet the required performance

4.6.2.1 $ub-surface Hydrocarbon Envelope

Objective

To ensure riser and wellhead assembly, tubing and casing

strings contain well fluids and pressures and support thc

imposod loads during all phases of well construction'

production, intervention and abandonment op€rations for

all defined oPerating conditions'

Rev 011604 Fage 111
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Health Safety and Environment

Functional Requirement

'  u j

;1 I

The $y$t*m shalt be capab'e of handting lhe maximum
anticipaied flow rates, well fluid charactori$tics, bottom
hole pressures and temperatures subject to insSllation
constraints. Materials shall be selected ;n 

"o"orft{e 
*tf,

desired design tife and anricipated wrllc6$tiii,o,#

Ensure wetr rire is capabre 
", 

*"d; k&ljo,nn ,n*
specifi ed welt desisn',rg?, p%"ylgn "#**,, 

des i gn
against required welleonOlt Cns ddiaited in design basis

,r 
!1.r,.

Ensure that well 
' *

*,, c_OhiStruction provides suffi cient pressure
boundal integrity"td:guard against hydrocarbon ref eases
by use qf,bdegurgte"casing riser. Casing selec,{ion will be
fnaqe qfl e"e-basis of dasired weil life anO design' :

": fuCitlo;$ incl uding environmenial and metocean.
a  

- : "

. gn.ur" sufficient pressure boundary integrity to guard
.,tins.:' agaiilst hydrocarbon releases by use of adequate

4 r , : , ; ,

#/"  * . .T-; ; -
' ',...- *; =

=B"

"t

?a.
wellhead. Wellheads tn provide containment of annulus
contents.

\i/here deemed necessary and applicabte 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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#
{ 

'd" **
\

Ensure that mud hydraulics *-*&ftfoi* pressure and

over balance require mentt#*'ft trHihesi gn against

required wetl conditis S*qnAe 
design basis

-%,-

j+ _,..4\,, 
"{,}'

.+o't:,.. =
ReliabilitY and AgaifabilitY

+ ot*
gn'g- i4sgiteo, seabed shut-in devices will close on

* dbm&nd in ine event of an emergency' The device will

". [i"l; a reliable control mechanism with back up'

Health $afetY and Environment

Prcvide a facility for well abandonment or ropair ensuring

that the nFcessary isolations can be established prlor to

work commencing'

Take due account of any casing or riserwear during

drilling, abandonmed or other types of remedia-htivgfi'

Model casing wear using a casing wear proglfrS-it' u

appropriate. *tj-.

SurvivabilitY

The seabed shut-in device if installed will continue to

contain hydrocarbons. The design should us€ proven

technology with measurable reliability'

q:,.'j;
{

; - ,
# * -

s-Ml

k
#p

tv#

Rev 01 1604 Fage 113
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Health tafety and Environment

4.6.2.2 l/Vell Control Ffulds

Objective

*.-:*J'

Safely control potential for inflow of well bore flqids during
construsiion and intervention operations. a*w'_-x' 

S*3{: 
*'

FunctionatRequirement R 
'di' !

..ffi{Engure driiling/interventicn {vfu .pi"hffighumcient
pressuro boundary inldffit*ib gTffi 

"n",n*r 
hydrocarbon

reteases. \q 
s

- 
;*,. 

o

-' '%,. ts;
Ensure that.well $(&nc hazards with regard to riserless
drillingfdhnr#ace riore are identified, sufficient baniers out
,iO':"qqhifigation measures identified in the event of

*. shalldw gas
. l * " ' '

e { *  
+

. ReliaOility and Avaitabitity

Fnsure sufficient fluid volume st he conect density is
available to permit operations to proceed without inflawof
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 compteted siating
current stock levels, mud density etc.

q.s- "
.ig

Surfsce BOp Cuidslines Rev 01 1604 Fage 114

rMS2?3-001254Highly Confidential

rMS273-001133



Health $afetY and Environment

$urvivabilitY

Fluid remains active prcviding overbalance pressure

inespective of installation incident' Conduc{ daily fluid

checks during oporations including a revi*w of pare

pres$ura estimates and riser margin. 
,ii=.ry

-;ruT;'
4.6.2.3 High Pressure Rise{antt SpOP

*%3
Objec{ive 

g ery"'%*; '

**; ,*** 

** 

'ud'

Ensure well fluids coniaqfrrent iluring open and cased hole

operations, lnctudffi$-ylref'fie and coil tubing' Provide by

means ot su*ateBOPE a metnco of isolating the well

invento#ingthe evEnt of operational failue or unexpected
. #  q -

condi$o]{ tttewell.
Y

Requirement
'1\!..rii(

Ensure that the BOPS are rated to bott'om hole pressure

plus kill margin and that pressuls control equipment is

designed and constructed in accordance with industry

standards.

Reliability and AvailabilitY

Ensure inspection and maintenance program for pressure

control equipment is designecl to reduce the froquency of

failures to a tevel thai is ALARP. Canfirm the inspection

"rr.$**i',ir,. ''i

\.
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Heafth Safety and Environment

and maintanance syslem is being implemented by
rnanagement sysiems and audii.

Survivability

Msintain riser angle limit and vessel offset 
4rcffi

Observe sea and weather state and ,egUHrfyfl,#.",
wealher reports "3* -':'
Monitor wefl control parameters ariO ,fiA&t"te condition
monitoring during incidents _r:l 

* 
"'* 

f

determined dismnnefi'

,**#*'

Monitor cuneatdhnOCp or instrumented riser
\ " t  *

+," + 
:;"

* . : "  g  
* , "

. . a

. 4.6€.4 . SBOP Support System
- - #

"  
* . * i * .

" i , "6bjective

slr'

" Provide structural support to BOp and high pressure riser
system

Func{ional Requirement

Ensure that the Hp Riser and SBOF system is supported
throughout all drilling, intervention and well control
op€rations within design operaling tension envelope.

Su$ace BOF Gukjelines Rev Olt60rl Fage 11S
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.. 
",#,

Determine required tension operating anvelope during well

design stage. Ensure monitoring of dser tension during all

operations. Ensure integrity thrGUPh maintenance &

insFction program. D€tailed procedures are to bE in

place for tension adiustnent du€ to cementing' tide or

otheroperations. 
** 

***

fteliability and Availability *, q'n^'.'* 

"

tu.

Ensure ihat inspection a maintelaigffiUram for riser

support system is designed b:rpduce-ihssfrequency of

faitures to a tevetthabdfeAhp. nuaittfie inspection and

maintenanse program hensure implementation'

";/.( 
',, r,

Fns ure tha tu$-dffi j-ir t Ri ser system cannot i m pact
til l-

undersiS$dpitl floorwith sufficient energy to cause

**$utt{?hge 
or injure personnel' A riser recoil

+*pystbm $to be installed if necessary'
" " ' q '@-

&rvivabilitY

Health SafetY and Environment

Ensura that a static system is in place to support BOP &

Riser in the event of any installation tensisner system

failure. $ufficient tensioner capacity to allow failure of one

tensioner (or one pair of tensioners) as per API RP 16Q '

Recommended pr"actices for marine riser design'

$urfsca BQF Guidelines Rev 01 1604 Page 117
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Health Safety and Environment

4,8.2.5 Mooring$ystems

Oblective

Ensure rig mooring system maintains desired station
keeping performance to minimize loads on high.ptessure
riser system for ail defined operating conoitigffi iir me
eventofoperat ional fa i lure.  

u  l . * *

*l ' '
Functionat Requiremen, 

** *#

Ensure that the ...^..d 
-*3', =-l ' 

*t
iysteql mfrnta{ns station keeping

requirements for the tocatQn specific operational and non_
operational en$$lnibntat conditions and ma iniain rig
posiliongrvithin ridbi besi g n tolerances. The moo ri n g
design ryrU{natysis shoutd be compteted salisfactorily for
t1p lece{on specifl c environmental conditions.

; r " ' ?
%  

" . d a* . Monitor the rig position and adjust if and when necessaryr

*ti 
ifuive winching) using Positioning equipm€nt instailed on

- 
the rig.

Reliabitity and Avaitability

System should rnaintain integrity in $avere evant design
condilions" Fnsure inspection and maintenance program
for mooring syslem components is designeo 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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Health $afetY and Environment

-'r&

Ensurethatmaintenance&inspectionisbeingmaintained

through audit Process.

SuwivabilitY

Ensure Mooring System maintains integrity in tfffgent of

the loss of one mooring line during oneratiffitfr3ffe

event of an sxtreme design condition' . i w ^"'#

L,' ;t
The mooring analysis is to be ry:-*Pr 

the loss of one

mooring line, reference to {FlqP tSK decommended

practices for station re"Ptw' -
'q-

. {  . . ' ; i t t -

4.5.2.6 Change Management

.  i  
' :

-a ;  _
Obrtc*lYa, e'
t { . a *

i . -  *  *
' -" iT ehsure that operating criteria changes ffacilities,

piU""Aut"t, people), proposed modifications and projects

d':e'Y meet ths appropriale sy$tem Performaace $tandards'

ii{si'

Functional Requi rement

To provide consistent change management controls wlth

regord to changes affecting facilities, people and

procedures.

Surfacs BOP Guidelines Rev 01 1604 Page 119

!MS273-001259Highly Confidential

rM5273-001133



Health $afety and Environment

ffi
€::'

h,.,,,,

Retiabitity and Avaitability

The management of change procedure shall form part of
the Safety Management $ystem.

$urvivabitity 
*^fu

The effectiveness of the man€gement oWrpn"gp"
procedure to be ensured through 

:.g@$ " ;

,{'*'4:
4.a.2.r,,r, rnd{#lnffi"p""rion

.,rr}...
, ' s r -  s

objective 
qs' 

%' 'q
* "  * ,  -
. f 4 @

Undfq$ dctions to ensure tnat qriticat SBOP equipment

lsiaigjned 
for safe opsration through all phases of rhe

, ..liet[.ly* cycte within the defined operating envelope.
"Monitor the condition of equipment and systems in

.t!"/tr determining preventatiye action necessary to mitigate the

V#. effects of fqilure, Fnsure that all temporary equipment is
installed and integrity maintained in accordance with fixed
equipment procedures. Ccnfirm the cofiinued integrity of
the well and ta identify any signs of deterioration of criticar
cofnponents
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Health SafetY and Environment

Functional Requir*ment

Ensure the integrity of the equipment on the installation so

as to ensure its ability to perform iis intended task salely

and effec{ively. Mainlain alltemporary equipment' Ensure

that all third party / contraetor equipment is maintained as

per fixed equiPment standards' SY'

:::"' *-ffff*'
Reliability and Availabilitv 

.. i 1," l'

# d*"* by the rigs

$urvivabilitYr,, 'ff" 
'+

' 5
. . ,  

. ;  : " t "

ensureeh4-tiqgneis of the maintenance system through

o,ft'fd:uqii Process as defined in

\  . * -" 
""E-*rk'.

$ 4.6.2.8 OPerating Procedures

Mainienance and i

planned maint€

Oblective

Provide a structured hierarchy cf dacumerrts that define

work procedures for all surface BGP related well activities'

- ,f,f 
L
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Health Safety and Environmeni

,,.'n #

+,15*Jia,'\-,,,llr-€

W,i
; fut*.
* F '

Functional Requirement

Provide sperators of $BOp equipment with clear guidance
for the installatian, hool+up, commissioning operation and
maint€nance of the $gOF $ystem.

;*,$r1'

Reliability and Availability *' 
#-..i

.  
t t ,  *  

^S

A set of documents describing 
"ff 

proiieChr.*inU
requiremenrs must be Rroducejklfi fffJru"ining program
in these must be implementd,. a ;,

,-*+*fu;* _" "

Survivabili$r W 
*h

q ,fl*
6 : h  x

Ensure comptiafibdbnd effectiveness by means of audit.
'" ::' krk

, "  * * 'o \  

*

a  i t r  S
,, ., "3W.9'" Operating Competency

'  
- t ' ,  

" 1

".r;,a.?r+

..F Objective

ir".
Ensure that all personnel have sufficient competence
through tedrnical training, experience and competence
assurancs pfocs$so$ for the execution of their SBOP
astivities.
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Health SafetY and Environment

Functional Requirsment

Take appropriate actions to Gonec{ deviatione from the

safe operating limits throughout $8OP well life cycle'

Operate al a level of competency that ensures that

\.
Sufficient nuquqftf pjri,futenr personnol ara to be

available to perfo4rtqafb operations. A tormalcomp*tency

"r.""r,h-*n$nro.9Jss 
should be implemented for all key

?ot'ffes:"' "

-.:r-Hi'

h ' * * ;

"g-9 Ensure compliance and effectiveness by means of audit'

?ltd:.

4.6.2.10 Conditlon Monitoring During

Operaticns

Obiective

Ccntinuous mgasurement of vario*s parameters is critifial

during the surface BOP operaiions. These arc essentialfor

equipment is within design safe operating limits"'rir";

Ensure that all personnel accurately interpretEm&ftn*

Response actions to be taken as and wtfp{Aui|eO

Ensure thatwell operations are perbitlrqofu&i'' '*t'
; e :  .
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Health $afety and Environment

the integrity of the riser, which may be exposed to high-
pressure hydrocarbons without the protection of BOp at
the seabed

Functionsl Requirement

3,"'.
The ficllowing are to be monitored fnrougho

ftsl-i

. Gurrent measurenpnts (minimum hourly)

. Mooring l&Os (nourty)
r gbrptionftq,Tbrateo stresses on ilser {optional)' " . .  

;  
I

. 
{isef wear (optionat)

i * r * ;
\ q:.

- "rtRellability and Avaitabitity
* ,+

# 
P'flovide 24 hour accurate condition reporting with data
acquisition system and backup data storage including
weather and positional anatysis, riser instfumentation or
ADCP, casing wear tog (if required). Design limitations
rnust be addressad as part of operations procedures as
decision trees in conjunction with site specific well design
document.

#

#'=
"  , * n * '  

'

'%naA
Fl)i
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$urvivabilitY

Data acquisition to be part of planned maintenance system

and subiect to dailY checks.

.+:ffi'

4,6"g Desrgn Studres " """ r# '

,*'Ji 
- '

In order to implemenl a surface AOgop*"atio1,

understand and establi sh pe rfoqgp q;1 ce F--ta nd ards and

imgemenrRerf ormanct,.,_1;rtr-:,,:.,rpr$assessevaral
detailed engineering * gjp. kU iequired' Technical

information must be Siii%reo and organized systematically

to ensure all proi#iand operations personnel are using

up-tGdaie and corest information consistently'
' "  :

,  - * t . *  
*

i l =
. * -

, 
-d;Os.t HAZID, QRA and HAZCIP
.:::*,

Health SafetY and Environment

Risk assessment studi€s must be completed at the

appropriate time during the design and implementation of a

surface BOP system. Refer to section 4.2 of the

Guidelines.- ;*.'*T
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Health $afety and Environment

4.6.3.2 Mooring Design and Analyslg

A detail€d mooring analysis in accordanqe with Apl Rp
ZSK for Sre specific rig, mooring components and speciftc
well locations using appropriate site-specifi c

sectlon 3.4 of the Guidelines ,..Su"h &,*.*lY
#  

' . , *

,"*^-h-,"^$
4.5.3.3 Riser oesrgp-"&nBnafysis

_4,: 
:"r

A detailed riscr a,palysis inbccorOance with Apl Rp 16e
for the specific ri€* qig*r componenls and specific well
tocation$ Uq$g.fl pFropriate site-specific metocean data.

fefe+to,seplon 
2.S of the Guidetines. Determine riser

ofiset tiTjts intact and with 1 mooring line faited. For Dp
':, 'ti_g 

determine watch circle limits.
'.-t

,$

4.6.3.4 Inte#erence (Glashlngl Analysis

The potrential for interference and clashing between ttre
SBOP, tensioners and risor and the dg structure in and
around the moonpool area must be checked for the full
range of movement of the $BOp syitem. This should
include all planned operating and survival design
conditions yritn $ensilivitien covering unplanned 6vents. Of
pafiicular interest is ths pot€ntial for clashing in the event
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Health $afetY and Environment

of a station keeping failure. Refer to section 2'4 of the

Guidelinas.

4.6.3.$ $Ystem Deslgn

{k
The complete SBOP system must be Uesigfied#l*-

configured tor the specific rig to be usf ffidriltinO

Prosram 
{ 
" 
#,

e e,. +*-ra

4.5.3.4 Inspectinit-ra$,,"qxitiR%uon or

Equipmen, .t: 
-$

- * '
* - , u

Equipment that i3 q be re-used should be inspected

accorcirg-t{tne*manufacturers recornmendalions prior to

userw@ designed or special$ equipment and

com&nehts used in narv applications should be fulty

lualined and tested for the intended service.

'
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Figure 4.6

{K
.Assurance

s

Goals+
Performancs Assurance Processcs

$tov to nehievel

Integrity *lanagemcnt
{.. .enfiilv ttt{ inttgritr}

Documented Activities
Competent Persolroel

lM5273-001133



-#

Health SafetY and Environment

4.7 Equipment Verification and

$pecification

This section describes lhe process used to enab,l';ihe

and experience. d series of peer feview

between all relevant personnel shall be

conducted to determine the final c*tical equipment register

and hazard assessment.

From the critical equi pment register, performance

objectives are devaloped fot each criti€al safety Bquipment

system. These ensure that equipment shall be

rnanufactured to the required quality standards and

maintained throughout the definad life cycle ensuring lheir

functionali$ and reliabilitY.

"

siringent HSE regula$ons worldwide j " -a

e ;%
The obiective is to set self-asqrin$'stan@rCs anC

objeclives in compiliqgn$i:ne%p+matrix ot Safety Critical

Equipment. Once ne sa6ty ctiticat equipment le ideniified

the next siep€haFQt: 
":ftt* 

each system and sub-system

using a Hazard lffntification Code.

+ 9
*%a;**,

l.len.$ffiryn-diil asseEsment of each identified critical

ty*+t iFd sub-system is achieved by paolfng combinsd
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ti;r,

Hquipment procurement pro-formfis are introduced into the
deeign stage to enable full understanding of the functional
requirements, induslry standards, $pecification
documentation, certificatiofl and all other relevant
infurmation reguired for manufacture, The Froject Lead
Engineer (or Team Lead) shall be respansible fgt*l.
preparing these pdor to ordering any equiprudirh.l{

f ;*"* 
',

This philosophy makes the necessffid*$l*een te
higher tev*t Governing (perfrcrm.q#fuitino"rds and the
lower tevet Performance ,O?ledi:/e;If# provides an
auditable process satStyftg'gq?i setting requirements.

vr 
'?

This approaeb *ll|'Uqr#' arized in the foltovving manner:
": %"

- ! ^
. ObfiiqPerformanceStandards

". +.
. "*O_efi ne Assurance Processes

.= _- r.: Develop Critical Equipment Register
i " - '

. r; Develop Critical Equipment performance
'4 u' Assurance Objective Sheet"

Health $afety and Environment

4.7.1 Pertarmancs A$${na nco Abjecfrycs

Performance Assurance Objectives are a listing hy item or
component showing what criteria will be monitored or
controlled, how ihey will be monitored, and the steps to be
taken to ensure tl, at the components will meet the crileria
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The following performance a$surance objectives relate to

typical sitical equipment for $BOP operations'

4.T.l.l Drllllng Bop $ystem 
*i,i,,

performance objectives 41ffi
%';  

i ' 4

r To shut-in well against the maxiguqlnti&pated

surface pressure in tfre eve-nfuff a ti{

' To alla,\ t clrcutation of tlre- qf Wt of.the well in a

controlled mannefl i 
';-

. To provide a mSan$illing the wetl by injection of

mud to the arqlulus.

r To shufin tne?qblt to prevent escalation of non-drilling

evept&o "-

# .h *  
o

Health $afetY and Environment

for annular preventers for 18.314" and larger.

BOP system must provide capability to shut in and provide

reliable closure for kill of the maximum anticipated wsll

influx for the project

Pe#ormance Basis

API RP 16E Design of Control Syst€ms for Orilling Welt

Control Equipment

Surface BOP Guldelines Rev 0'11604 Fage'130

iMS2?3-001271Highly Confidential

rMS273-001133



Health Safety and Environment

ffi

API Rp 53 Recommended pradices for Blcvyout
Prerrention $ystems for Drilling Wells

Operators Well Control Manual

"rs3
Pe#ormanceAgsurance Method S=1*ffi

Annual review by certifying body of planned

maintenance system to meet regulatory requirements

Annualthird party inspection of BOp equipment and

certification

Auditing of manufacturers and drilling contractors
safely systems

$urfacr BQP Guidelines Rev 01 1604 Fage 131
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Health $afetY and Environment

4,7.1.2 BOP Control System

Performance Obiectives

The BOP controlsystem supplies hydraulic powerfluid as

the actuating medium for operation af the BOP$} #9
elements of the control system include s1orff equipment

for supplying controlfluid to tne pumpin&tatlo'n$umping

systems for pressurizing the contrgun*;lnd%ccu mulator

bottles for storing Pressurized A hydraulic

functions {BOPs, -?q1!<" &Sill valves}. Accumulaiors

,sh nitrogen gas are used to furthercontaining comqo€

enhance.-the gOPs:h\nction response time nnd to serve as

a backupttfurwof hydraulic pswer in case of purnp failure
***" '  *

Y *

i*5 ;

\,,]&l}Erman ce c ritsri a

Pr+charge pressure on each accumulator bottle should be

measured prior ta each installation of the BOP on each

well and adjusted if necessary.

Pump syst€m should have electric or air independen:

power sources and be capable of closing the annular BOP

on the minimum size drill pip* being used, opening the

hydraulically operaied choke valves and praviding tha

operating pressur* level deflned by the annular BOP

manufacturer.

Surface BOP Guidelines Rev 01 1604 Page 132
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#

Health Safety and Enviroament

Response iime batw*en activaticn and cornplete operation
of a function is based on BOp or valve closure and seal_
off. A BOP is considered closed when the regulated
op€rating pre$sura has recoysred to its normal sefiing.

for Drilling \A/ells",

. k
L h :.nb

."',- 

'"t *"'

s'"" 
*. Perfgrmance Assurance Method=,.+

tb'r" 
The system is maintained, inspected and tested as part qf

the Drilling Contractors approved planned rnaintenance
system.

All operational components of ihe BOP cantrol system
shculd be functioned regularly during operations to verifu
tile cornponent intanded operations.

Function tests shorjld be alternated from main and remote
control panols if available. Actuation times and fluid

gurfass BOP Guidalines Rev O'11604 Page 133
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..,:n:#s

iii'\i!h

4.7.1.3 Wellhead
L - .

Q.r1-4+o
- 

't" 
-* C;ntainment and isolation to ensute pressure

%. 
-js

' Y integrity to guard against hydroca$on release

Health $afetY and Environment

volumes should be recorded as a database for evaluating

trends.

Other Agsurance Msthods

during the op8rational life of the systom

A conduit for suspension and abandonment

gtructur*l support for various casing strings within

thewell.

A means to safely contain well bora fluids within the

design enveloPe

A point of fixity at the seabed

A load shedding mechanism in the evenl that a

long string of surface casing is run

p,,uoa,-. d
w "!\!Y

.- ;*

, '  :* '  
'

;

t

a

Surfaca BOP Guidelines Rev 01 1$04 Page 134
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Health Safety and Environment

. An aftachment point for the method of planned

disconnect oJ the riser lrom the wellbore

Performance Criteria

The weilhead system must have sufficient.ffi
integrig to withstand maximum designlgdS$ension and
bending) and maintain the required Ft:* integrity

l t  R "

The conductor casing must Uept suff,cispt size and tength
to support the toads lr"lp*nv tnb suiace casing.

,,,Ii:u,,,

The system AuslffiryiUe iuffictenr toad bearing capabitity
forthe 

H,e""Ofuce 
casing toad

. . " ' t *
'i" tttt-+'t"o 

*

i fa*oyance Basis
, .q* h"'%Pl 

Specs, Vendor manufacturing specifications and

"#" Operator skndards

# Performance Assurance M ethod

FEA on wellhead as part of riser design

Operator welf design guidelines

Peer review of well design

Surfeee BOP Guk elines Rev 01 t6O4 Fage 135
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4,7.1,4 Riser Tensioner SYstem .ffi

Perrormance obiectivas ffi#
;G

The riser iensioning system suffi,upaded if required

to support the $BOP 
"y 

tS d&"S t€nsion under all

operational load condftons aH,duiing all the design

metoceanconditions. -;

;,!.:,!l11r. 
oll,,

+ 
"''''tiit "t""'u

Addiiionally* tne\errsioiling system is a safety critical
r, .... :

comnon#qft #] SBOP riser system, The tensioning

sys$ar mlgfbe capable of hotding the weight of the riser

q.3_lObeOf Equipment in tension and compensating for rig
Em"Ten relative to the riser and wetlhead under alldesign

metocean conditions

Health SafetY and Environment

Other Assuranc* Methods

Verificiltion of vendor documentaticn for equipment specs

Ferformance Criteria

The lensioners are to have sufficient capacity to support

the riser in tension under all melocean conditions' The

tensioners are to have sufficient rsserve capacity to

support lhe riser in tension with one {or one pair} of

tensioners failed. The tensioner system is to have

$urfece 3QP Guidelines Rev 01 1604 FaSe 136
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Health Safety and Environment

sufficient stroke to accommodate the maximum dasign
offset.

Ferformance Basis

API RP 16Q Recornmended Practice for

''*-il5'

Review of SEOF Riser Analysis

'P 
t'i'* 'ti''ii$

,';.; 
"t*

*  
* ' ' ; "  

" ; -

t 
,*#'

*+*"+
TBnsioner system to be inspected and certified

Tensioner systern sheaves and guide wires {if system
used), ta be visually inspecied prior to start of each well

Tensianer wire ton miles to be recorded and used as a
basis to change oui tensionerwires before failures occur

Tensisner wire inlernal conosion to be monitored and
inspection p€rformed prior to each use

Operation and Maintenance of Marine O#ffirg.Wr
Systems *s "f l ,?

s* ;"*t  " & -

AFI RF 2RD Recommenae.g,fr.ffi Design of Risers
for Ftoating nroouctq.$ it'$iBtsq'#fr Tension Leg
Platforms.

Surfacs BOF GukJslines Rev 01 1604 Fage 137
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. rt;L

rnovement, bglqrneflfaile pressutes, cunent loads or

other imPosed foq;e*.
fu. n".

- , .  

" , io *  

t

The-ca.bing hsei must provide a means of conveying the

* ripfuwifu drilling fluid from the well bore io the mud pits'
t , ' r " .  ' l -

* * .""TsShut-in 
well against the maximum anticipated surface

J:.> pressure in the event of a kick.

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

controlled rnsnngr

Health SafetY and Environment

Other Assurancs lllethods

lnstallation of reliable and calibrated tensioner air pressure

vs. total t€nsion wsight measuring device

Performance Criteria

Casing selection rnade on the basis of desired well life and

anticioated well conditions.

$urface BOP GukJelines Rev 01 1604 Fage 138
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Health $afety and Environment

The casing riser is to be capable of coniaining the
maximum anticipated surfece pressurp and ta satisfy the
anticipated wer conditionE without risk of failure.

--j-l':' .

The casing ilser shall be d*signed to withstand,*f,&
operational and environmental condition, 

"t#Sffwithin the retevant basis for design Cocrd$rfteBign
envelope) without loss of integrity. * q, g $

;  "  ; e
All casing riser is ro be rated*€stS"ffi"ntained ro
satisfy the anticipateg (ffi ibrOiifons.

*B*- j  \

,, 
u^

Performanc" e#gs "
9 \ ;

;
API-Sp&.incaton SCf specification torcasing & tubing

" 5 f . : .
. f .  

F

e" $F[5A3 Thread compounds for casing, tubing & Line pipe
'"'+

ll AplsAs Field lnspection of ne,$, casing, tubing and ptain
end pipe

API 58 Specification for threading, gauging and thread
inspection of casing, tubing

AP[5C1 Care and use <rf Casing, Tubing and Drill pipe.

API 5C2 Performance Properties of Casing, Tubing and
Drillpipe

Surface BOP Guidelines Rev Ol t60.4 Fage 139
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API 5C3 Formulas and Galculations fcr Casing, Tubing'

Drillpipe and Une PiPe

APISC5 Evalualisn Procedures for Casing and Tubing

conneclions 
a*s

Apl-Rp-16Q Recommended Practice for Dt 
* '#

serecti on, o pe rati o n a nd M ainten".* .Ofrff;r5d,,' " n
Riser Systems ..'-*'" -. "'kt;'

l  
t,**

.. "i* Xr,B h
API-R p-2 R 0 Recommende$ffaclfibe S@*sign of Risers

for Floating erooucti$sffisHl rension t-eg
q".rl F

Platforms %,

* 
#r,

SectionVlll, Divlhrgk of the A$ME Boiler and Pressure

Vessel Cfots *
ar"

f " -u. \ * .

, ry4C4rytn017$e8
-  ,  

t '
*"!:::-n:a';ii.'Operator 

casing design manual

Health $afetY and Environment

Performance As*urance Method

Sasing 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 anticipatsd well condi$ons.

.-*l
%'
-ff
vroff

Surlace BOP Guidelines Rev 01 1604 Fage 14O
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Health $afety and Environment

Riser: casing to be pressure lested to maximum anticipated
surface pressure.

All riser casing couptings tCI be Shetf qualified gas tight
premium riser casing couplings

d'u+

Riser casing stock management program *#i}qnei U"f

basis of design .,** 
3 

i:- * *f

Peer review *"#iiqi}:'if sBop riser anatysis basis of
; .' a:;

design document '
q " B

#.
Assurance Methods

Us€ of torquelturn measurement equipment du*ng riser
caslng mak*up

Visual inspection during preparation and running
Drifi inspection during preparation

Surface BQF GukJeline$ Rev 01 1604 Fage 141
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Health $afetY and Environment

4.?.{.6 $eabed lsolation Device

Performance Objedives

The $lD is to Provide a means to: #!=

,'rrr. i(r il""'

r lf raquired, hang off the Orilfstrine" ' 
ffi

. Shear ihe drillstring componer$tsin Qe wellbore

r lsolate the wellbore at tne *eahO 'q

. Disconned tfre risectrpsthqw€llhea

r Reconnect the riikrr.todhe $lD

e ROV intrerven!ffi fort4gcat functions

. Emergency.{rssonirct (if required)

. Autoush*ar (if required)

'i-t 
h* u"

ff-T, 
''

*" 
t-Piru;*dncecriteria

."-h

L . -  " ; '  

.  

t
Shear the maximum shearable drillstring component in t|te

wellprogram

Seal wellbore to full working pressure

Capable of operating urder maximum antieipated surfaee

pressur€ in combinaiion virith tension and bending loads

from riser

; . . - i

Duql redundant control methods from the rig

Surface BOP Guidelines Rev 01 1604 Fage 142
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"t4"
The system iqmaiqtained, inspected and tested as part
of the CIrillingSentrac{ors approved planned

. - E
maintEnance svstem- -

r=, -ltre#VAt;m should be pressure tested prior to each
: q", ";

*use.Qi after any maintenance or modification to the
' l  ' i^ , :-:tu 

-- . 
-fiessure 

containing cornponents

Health $afety and Environment

Performance Basis
API $pecification 16D Specjfication for Control Systems for
Drilling Well Controt Equipment

API RP 168 tresign of Controt Systems for DriHing We|l
Control Equipment ,..s*

Ferformance

;'* All operationalcomponents of $lD sy$tems should be
functioned regularly during operat,ons to verlfy the
component intended operations

r Function tests $hould be alternated from main and
remote control panels if available. Aetuation times

should be recorded as a database br evaluating ffends
BOP equipment to bs third party in$pected prior to
comrnencement of project

. BOP Equipment, (rams seals etc), to be physicalty

inspected between wells

".q, 
i'

u#*,*

{. 
*1:,, .*-

, * , , , €

Surface BOP Guidelines Rev 01 1604 Fage 143
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Health SafetY and Environment

ffiffi'

Other Assuranc* lllethods

. Annual review by certifying body of planned

maintenance $ystem to meet regulatory requirements

r Annualthird pafi inspection of equipment and

certification ';1::'e*

*l"o
* _, ."r"s

4.7.1.7 Station KeePing SYstCm;'
*  t = " ' u

Performance objectives . i T 
t 

-

To provide station *ffi'trlUtti{e *a"tt circle and

rnaximum offset as aenT#i by the project specific
-&*

requirementse *n" * ,.w
llr:i:.\\,

*Suffbie.n$ capability to withitand ths rnaximum mstocean

,-^ cofrditions as required by the detailed rriser design
'vt'i.:.:_

Safety faclors to h,e designed as per the Design Guidelines

and API recommendations.

Component reliabilis and system redundancy to maintain

station with one component failure (moaring l*g or DP

system)

$urface BOP Guidelines Rev 01 1S04 Fage 144
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Health Safety and Environment

Perfonnance Basis

API-RP-2$K Recommended prac{ice for Design and
Analysis of Station Keeping $y*tems for Flcating
Structures

^,-d-x%
Perfornance Assurance Method . ';J 

-

Peer review of starion keeping {p&i#; *t' 

-

Key components to have suffQ[enffiph"ncy
I nspection of criricat o6- ni&"l*Afr" 

*
' : . . ,  ' ;

,," "Ji),%r. 
%

other Assuranllinetfi oos
" - $

* , i l
Maintanffnce perfonned as parl of Drilling Conkactors

, 
p$ns*tnaintenance system.

q - ^

t:tt::i?-

{ ; : ;  

;

$urface BOP Gukjelines Rev 01 tS04 Fage 145
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Health $afetY and Environment

4.8 Personnel Training

Any person who is involved in the drilling of a well (from

the planning stage to the final plug and abandoning of the

well) has some form of responsibility in

blorrv oui. ln crder to carry out these

adequate sxp€*ence and formal trainigdis\;S#Bo.
[ , ;

. 
t*\o 

*

4,8,1Respons ibitities * **' ,
qJ *

During drilling ope;gJion#'*4ach drill crew mernber should

be familiar *n+k'fuation CIf all blowout preventer

controlsglvq4 tno&ql'i'tfrey may only have a specific task or
' '% ' .8

responsibffielbcaied to th€m during well killing" Regular

dri[qryf;-tefl by the Senior Toolpusher or Operator's
;; lgpqiseniitive will be carried out to help develop creYv ccr'

' 
b#Bt'on and skills. Spot check drills shallbe initiat*d and

zk Ji$r"rv monitored by the Driller to ensure that his crenry

tT 
*i'* remains proficieni. lt 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, wirs'lining and running casing etc. The Driller and

his ffew must therefore be alert at all limes.

The following guidetines provide typical responsibilities and

training reguiremenis. The job categories, responsibilities

and training requirements may vary slightly from rig to rig

surface BoP Guidslines Rev 011604 Page 148
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Health Safety and Environment

and are dependant on the eguipment configuration being
used.

4.8.1.1 Offshore Installaflon Manager

"ffi

The Offshore lnstatlation Manager (OtM) is

properly understood and implemented.

r Revisuing the Well Program in detail.

. Advising supervisors of any aspects of the
prognosis orwell plan which might cause the loss

of wellcontrol-

r Maintaining a syslem 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 slaff on the drilling rig.

that
all relevant informatian is supptied by th#ef;iiig6'b€rator
to enable hazards to be assesseo prior to ihebell belng
spudded orworked over. The Or[i nh tne ovsratl
responsibitity for rhe safety qf s; 8;q;n" rig, and
damage to tn" enuirq,*rEni.q

''.

de=*

- -  
# ; - '  

t ;

*., F

Surfecs BOP Guideline$ Rev 01 t6O4 Page 147
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Health $afetY and Environment

Ensuring that all operations eonducted wi$r

equipment assoeiated with pressure control are

ca*ied oul in a safE and efficient rnanner'

Being acquainted vtith contingency plans relating

to, shallow gas, fire, blsrt-out, pollution and spillage

on or around the locaticn.

Ensuring that allwell kick

and advise Driller and

on

. Ensuring that
, l t l \ :

srews have been fully

trained ,{ffliqp'"*entation of the well control

qoceAu#uibr surface BOP operations-
_.'4_..1. .-_,q;{srge:Qser tensioners are adjuated as required to

.. .trUtzu#rect tension to suit operations.
-q

r-*, 
" . tr4!1sure that the toolpushers office control station is

tr 
'61 

1

=ilt.-*+ manned ai all retevant times, with good

n 
""* 

communicalions to drillfloor.

r All rslevant depths and elevations are accurately

identified.

*$.''4.8.1.3 Chief Englneer or illalntenance

Supervisor

The Chief Engineer or Maintenance Supervisor is

responsible for:

requirements fq1

Surfaco 8OP Guidaline$ Rev 01 1604 Fa$e 148
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Health Safety and Environment

Reviewing third party certification for all psrtable
equipment and systems, including data book for
SBOP/SID equipment.

Ensuring all equipment is installed, hooked-up and
tested in amordance with applieable standards,
rules and regulations.

Ensuring rig modifications have o*qgqffffr6c in
accordance with applicabte standaids. n"d*s andaccordance with applicable stapdaids, nds and
regulations. *i,*"*'

Ensuring that allmaintgg_1eg ggiedures are in

ffi.

$place and perfofne$by qualifiedtpersonnel in

accordance t dh" &rb";flcontractor and
4ts

Equipment MandfApturers recomrnendations,
#R' rills

.  i , -

%. 1', ts
, 

.." ,,Itg,
... I "t

4.8.1.4. Subsea Engineer
d  I ' - ' t

:  - *" j ' +

f' TttilSubsea Engineer is responsible for:
'  : . - + _ :

-*" :
'"i' . Maintaining allSBOP/SID equipmentwith

assistance from equipment manufacturers
representatives if requi red.

r Ensure all pressure readings are corrsct, as per

manufacturer's recommendations.
. Keep the $enior Toolpusher informed of conditions

within his area of responsibility"
r Assist in the proper operation, erection,

maintenance , testing, and disconnection of the
surface blcnru-oui preventer, $lD, and related
equipment.

$urface SOP Guidelines Rev 0'l t6O4 F€0e 149
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Health Safety and Environment

Assist in the running and retrieving of all tools and

equipmenl

Maintain planned maintenance requirements in

area of responsibilitY.

Assist in preparation of SSOP/SID test reporti.

. Assist in ensuring $BOP/SID equipm::-&,

operating conectly. #,r.PS

" check eccurduletor manifold orasiurcsgfrlC. Check accumulator, manifold ry.a#rg;
reseryoir volumes each togr+rye 

"l*

'k('n*,,."

ru;*

. Check choke manifold valvB positions

The responlibiliiles of the on tour Driller are:
- 1 4 .  i

"lo T:.'
..- S. S- r: t*.r4f-4--Td shut in the well if a well control situalion is

. 4... .6 1,

.,- 
' Disconnect Sequence {EDS) as required.

;r:!

. Responsible fur the overall supervision of all drill

floor activities and in particular the continuous

monitoring of all available indicalcrs in order to

detect a kick as early as Possihle.
r To be aware that since several of lhe more

comrnon causas of kicks ean be attributed to

human error, he is responsible for the prevention of

such kicks by ensuring that he and his crew remain

alert at alllimes and adhere to current practice.
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Health Safety and Environment

Ensuring that ths choke manifold is properly lined
up; that the choke panel is corecily set that fie
BOP control system is ready fur immediate use,
that drill $tring bl$r/ out preventers and ffossover
subs ale cleaned, easily available and counter-
balanced if required.

After closing in a well the driller is
recording, tracking and if
pr6s$ure$.

o T o
\);:t">;1i

and clos@in a kick as soon as possible.

o I TO{eCTnize the signs of a kick in progress.

t q &db possible, to take appropriate steps to
* i

. f; 
*'i;*ravoid kicks occurring.

ir- ,:'..9 
"To 6n$ure that thc tasks assigned to aach': :,'

'ft. operations are canied out.

o To understand the hazards involved in all

operations and the appropriate precautions

lo be taken.

Shut in thewell immediately in a kick situation.

Monitcring pit volumes continuously during all
opsrations fror losses or gains. All mud losses or
gains shall be recorded and reported to the Senior
Toolpusher and Operato$ representative, giving

depths at which they start and stop, rate of loes, or
unusual change in rate, also the totalyolume lost or
gained,

'* k-* ''t\t-tSF
g .\\\

7//)r;. '';:/..-
g 4

q &-. :*j
i : ;*E %

!u' @- %"j 
#*&*

, t , 4 -  
' 4 .  ,

- ": 
t_.

t-  
; ;

\n)r ..:irnR .6E

a

t
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instE-lling igf*ty valve in all connections are
. t 4

po@Ad ataconvenientspot. When the drill
;-.. !s

grecofhrltrreach the rotary, provided th€y are still
i '

q :ffiough the SBOP, stop and installthe proper cross

.-A 
' ' , over sub to the safety valve, ensure that the

!b+

- 
'-r: 

operating key for the valve is at hand,
. . #

gft 
r'!'rr . At least once pertourwhilst drilling take and record

Health $afetY and Environmeni

Ensure close eommunicatinns are maintained

between himsalf, the Mud Loggers, and the

Denickman so ihat evelyoRe is aware of what is

going on at the mud pits. Also to ensure that the

on Trip

valve and proper subs for

the slcrvv circulation pressure {SCP) at slow

circulation rate t$CR).
. Ensure SBOP and SID panel is kept clean and free

of loote iterns.

Gheck the accumulator and regutated manifiold

prassures and reservoir fluid level aach tour.

Check lhe status of the surface and SID

accumulalof$ each louf.

Check to be carried out
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the SBOP and SID controt*yt-d€#
, 

t"tt"t

THE DRTLLER ts 
r*;q 

I \

rH e*6e qnr n&ir., # rn E wH oLE
oFERA?tOf{. THE SRil#EFI-MUST DETECTA K|CK
AND TAKE -Il{E APPROPRIATE ACTION.*""''..1"..,.'h 'n'

" : l4.8 .1 .6 ,Ass is tan tDr i l le r
q ; *

| "?.
'.,:,1{q1riny cases the Assisiant Driller will acl as a "link man"

%* qffig the Dritter informed of rvhat is happening

Health Safety and Environment

Check fpr alarms on $lD control panel and contacl
Toolpusher if an alarm is observed.
Check the choke manifold and SBOp valve
positions each tour.

r Gheck for and report any faults on ihe elect*cal
controtpanel(s) i.e. btown butbs on th€qMn
switches, gauge(s) malfunction etc.

. Be aware of the capabilities and

ii$ougno$ the operation and en$uring that the Denickman

has the necessary assistance and guidance in the mud

room.

The Assistant Driller aids the Driller by canying out many

of the on tour duties and checks such as:

Checking choke manifold, valve positions.

Ensuring that eguipment and manifolds are clean
and ready to use.

Checking out mud pumps and rnanifdds.

a

a
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Health $afetY and Environment

a

a

Checks mud systems are lined up properly'

Fill out shsetof pre-recorded kick data each tour'

4.8.1"7 Derrick Man
l::'t'r,

The Denickman is principally involved in theglipt'ig and

.%,; :

:*;'q -.
- t *  

*

transferring of mud during a kick' This job and

mud system.

@,;.-

The Derri ckm"n' $tft *t t"lbonsi bilities i ncl ude :

' \

. f**kicf$"Qcctirs, he should immedi*tely go tothe
.. :  . :  -

-'PftmP ioom.

-,". t i*.f,iiting up the de-gasser for use and to pressurize
'1' ' 

: the bulk hoppers, if necessary, as soon as possible

after closing in' (During drilling on€ barite tank

ff should be pressurized at all times')

r To be annrare that during a gas kick a considerable

pii volume increase may occur whilst gas is being

circulated. He must take into account that

weighting up the mud cauge$ an increase in

volume and this must be allowed for' A steady'

continuous bulk barite rupply is needed and

therefore careful thought and pre-planning is

essential in most systems to ensure that the right

fluids are in the right place- A continuous check on
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Health $afety and Environmen{

mud weights, especially mud weight going into th€
hole, must be maintained and any discrepancies
immediately notified to the Driller.

4.8.1.8 Floormen
N

Floormen provide assistance as directed Uyg{hffifer,
which incrude:  

l i l_#
, . * ' q ,  

F  -

r Making up or breakinO ogt\hefuforive
. Makins up or bHT"Ty lrrtir,P"irirtaring head.
. Making up $#rte6.iniio" BOp vatves etc.
r Helping at the mudpits.

',;
. Notify"Oritbr 6AgnV increase or decrease in mud

ffi'%*S

a  - ;  L r f u

4.8:1 fu Company Drilllng Supervisor
t , r  1

- "  h

, ffi* Company Drilting Supervisor has the syeratl
responsibility for ensuring that the Well program is
adhered to. They are to liaise with the OlM, $anior
Toolpusher, and supervisors from the service companies.
!4fith regards to drilting with surface BOp, the
responsibilities for the Ccmpany Drilling Supervisor are no
different from a regular drilling oporation.
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Health $afetY and Environment

ct.8.1.1 0 Other third party Contractors

ln order to provide assist'ance and support a number of

third party contracrors or specialists may be assigned

responsibilities during SBOP operations' This is

particularty the case for initial deployments of $BOF

systems. These mav be emploved bv the C3y*fr*;t

Drilling Contractor as circumstances dicta$r' '*l***
.k*  ' *

nqlaj'ns'ti*

iil; \'# system'

r Subsea SPecialist

o Responsible for providing advice and for

supervising the instauation' testing'

operation, and maintenance of all the

SBOPISID hardrare'

r Project Engin*ers

o Responsible for providing advice on all

aspects of ttre $BOF in$tallation and

operations and for monitoring the ongoing

. SBOP/Sltr$ofitds VendorRepresentative

4 i

r.'*; 
nAssists in the installation, testing' operation'

** 
*''* 

- and maintenance of the SID scoustic control

# a q

,.+"

1rr,.,,:q
%-ft

u-;i%

"  "  - " -
I  

" t

';l: :
'tt"ffi
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Health Safety and Environment

ffi

operations and trouble shooting operational
problems.

. MudlData Loggers
o Wth regards to he $gOp operations, the

Mudl0ata Loggers are responsibld{or the
mea$urement of steef on tne Uitctffinets
at appropriate intervats.(iqifatty e,rery S
hours). Steer accum,gfdgp.$ inrne oitcrr
magnets is a siggdpriippltal exeessive
riser or ofhetddil ihrbu,-gh domponent wear.

'{ \" 
*u *"' "

*t*#

4.8.2 Statipn8iil
" ,  ' 9  k

The orgpnization*qfthe creryv is part of routine operating
procedggdb*l €q the $tation Bill *very person and
gsqpns{pi{1ty?urin g em ergency situations is derai ted and

_ 
"_i !|\f6*fU be folkrwed at altdrifis and emergency

* nsrtdhtions.

t!+

4.8.3 Tnining

Due to the novetnature of surface BOp operations it is
critical that a high laval of training, and in particutar regutar
communication, takes place. This needs tO he done
primarily to ensure that the nor operafions ars performed
SAFELY, but also in srder to help the efficiency of the
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n i:i

- - " ;

. .  

" ; : ;  ' .

..ptu

Health SafetY and Environment

operation, which is one of the prime o$actives of utilizing a

surfiaee BOP in deeP water'

Training requirennents vary depending cn the nature of the

Bid clarification meeungs

HAZTD workshoPs

ARA

HAZOP workshoPs

WeltPlanning meetings

Prespud meetings

At each of these seseions, there is an opportunity to

present ttre $BOP $ystem design, benefits and limitatian$

t

t

a

I

I

a
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Health Safety and Environmenl

to a wade range of personnel that are associated with the
project in corne way.

4.8.3.2 0perailonsphase

fig. '  
{ ' t  u,, ,  

;

Prior to and during the rnitiat operation * **,*;i;*u"
training program shoutd be compteted with,ail il*Jr.r","
members {Derrickman and above) gtqfiri,iil,t* them with
the $BOp running and operating flto"tdiir*r, and in
particular the $afetv pTtrq-*S t*Ttftrl"v be achieved by
rneans of a series otffiila; Eito training sessions at
the shore base in tne #d of operation and onboard the

i r ' 4 . : r

ry+' y, 
''\t-

3't r,?,t$ltibbP sp*"ific rra in i ns
4 ,  * ' - . ' ; ; - . 1  

.

'q 
=* l" "'-* 

*
-t 

-*'ilherSgllowing topics are suggested as guidelines fior
dbnducting operatians phase training sessions ands'* wor*shops.

Drilling program

o \t/ell design

o Shallow haeards

o Anticipated problems

o Wellcontrol

o Pollution prevention

o Eafety

lntroduction t0 SBOP
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Health $afetY and Environment

o SYstem overview

o SOP exPerienca

e Reasons for $BOP

o Benefits of SBOP

* Limitations of SBOP

o System develoPment t' i. ,,
o $ystem manufactu*ng and tfli${. "''

. SID *.f"-J a' 
"

* Configuration 
*"-1,:. 

''*

o $pecificationr 
***: "" ib 

*
o Function _, t1," , i 

e

r Riser sYstem',".* .,f h

o Configuration

c " SPF"iineations
e : ' t

a' $ rH4Pen

- {,a ,-pperating limits

_ * ibPf
*; ; 

" .. j o Configuration
*^  * " ; .  o  Spec i l i ca t ions

::,,:L':-:

*,*#'-
o Fungtion

o OPerating limits

Telescopic joint, tensioners, diverter

o Configuration

o SPecifications

o Function

o OPerating limits

Control$Ystems

o SID

o SBOP

o ROV

Rev t)11604 Page 160
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Health $afety and Environment

'*.itJ

o Other

Rig Modificarions

o Equipmeniinstallation
o Handlingrnodific€tions

o Tensionermodifications

Stationkeaping -s:&
o Mooring system or Dp systerR - .**T*;
o Operating timits and watctt circLJ
o Loss of station keepin$ .; ̂  "

o Telescopic joint and tensioners
Retrieval procedure

o Telescopic joint and tensioners
q $BOP

o Riger

a SIO

VlbllControl

o Kick indicators

c> Close in procedures

o Circulation

c flangroff

#

" " r;glrion t"dtins

", : 
prea3ure testing

"Ruanirlg procedure

"  "  ; * -a.*o SID

o" 
'1.=-j-" * "' o Riser

't 
*-t 

'"1' 
o SB0P
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Health $afetY and Environment

o StriPPing

o Bullheading

o $hearing

" Emergency Procedures

o Loss of stalion keePing

a ExcessiYe heel or trim "uu'
," '-*\

o Severe weather t**ru;#*

o wellcontrol _.q_F,,,*,*
^ Fmeroencv disconnecil - Mo Emergency Oisconnffi u *

o Riser feaf, taifupffishned disconnect

o Riser te*:ioryr#lure d

q

: q Ut*ingwith risertensioners

,* fl"-\o 
'Drills

'*,r.,,,,.. *,,:**..*} n Safety meetings
-. 

. q"a.

-  
* r " .  

*

../,.;jj

,, , 
#' 4.S.3,4 SeneralTraining

,*: " 
- ' The rig and shore based personnel should have

'{'' - ' appropriate training for here normaljob positions prior to

,lg-'"t the lmplementation of SBOP training' Training

requirements include:

Offshore safety and survival

Helicopter undenrater escape

Fire-fighting

Emergency response
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Health $afety and Environment

Rig floor safety
Breathing apparafus

First aid/OPR
WellControl

H2S

Stability

Marine operations

Supervisory skills
Rig specifi c orientation
Helicopter operations
Grane operations

€"  * "  
* ;

-- ._i 
; ;*.
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