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Global Santa Fe - Rigs 184i5 BOp FMEA

{ TC SUMMARY}SUMMARY

Global santa Fe are installing Hydril Blorvout Preventers, l,ower Marine Riser packages andMultiplex control systems on tniir new build semi submersibles DDI and DD II. As part of theverification process Global Maritime have been instructed ,r."rry;;;n FMEA of thesesystems.

The FMEA reviewed Hydril documentation of the BoP, LMRP and control system hydraulic,electrical and electronic subsystems in oraerio igentify any potential single point failures.Failures of importance are thise that would result in loss of well ;;;i or prevent disconnectionof the LMRp when required

The study identified no single point failures in the multiplex control system however there are anumber of potential single point failures in ttre Lvm.p una nop. iri"'-"" critical failures r.vouldbe extemal leakage andlonnector raitur"io uniock on demand. E;;;; leaks at the Bop orLMRP connectors or the flex joint could ;irl" loss of well .ont.i.'lro*ever the probabiliryof these occuning is very tow, a r"""nr irr.ilgF study in tr," cuiioiMexico indicated thar themajority of leaks reported were identified during regular BOp testing and not durring operations.

Failure to disconnect on demand would only be a problem in an emergency disconnect situation,in normal operations this would result in op'eraiional delay only- Again the probabiliry of thisoccurring is considered to be very low.

There are a number of sittrations where failures could result in adverse consequences inemergency conditions' However most of these wor.rld represent aouiL o, multiple failures andthese are outlined belo,,v.

A fire could disabre the blue or yelrow network cabling, however if the cable routes wereseparate it is unlikely that both channels would be affected. (GM do not have details ofthe cableroutes at this time) In the event of failure of the blue and yeliow ccus it would be necessary todeploy the RoV to close the stack .o*r utlt 
" 

ryrlry ir- not ,uppti"a ,uiih an Rcoustic back-upcontro l  system'  Howeverthesystemiscont iguredfor theinsta l ior ionoiunacorst icback 'p
system if required bv crients. In rhe evenr of-such u 

"ururt;;lri;;;;;;;"".r.d it is rikery tharvessel safety lvould be tnore of a concern ttra'that of the well. The probability oFthis occurrenceis considered to be very low.

In a well control sifuation the failure of the shear.lTr_tg ctrt tubulars (drill pipe or casing) andseal the well bore lvould be critical. Ho',vever the BoP is fitted nuitt casing shear rams and blindshear rams and the probability of this occ,rr.".. ir ro*. ro, iurg" 
"rr"rniri"r, 

such as the BHA,the time across the BoP wouicl normally u" r."pi to a minimurn ancl heightened levels of alert arelikely to be in ptace- These aspects wo'rd be ̂ dd..trJil;'th" bil;ffi;" Fe procecrures.

The Autoshear system operates rvhen there have been a number of faihrres (i.e. loss of hyclraulicpower to both control pods. and a loss of elcct.ical powerio ilil;;. ;ilure of one of rrreAutoshear components could result in the failure to seal the lvellbore when requircd. Howeverthis requires multiple failures and the nr"u"iirlr), of this occtrn.n." i, iit"r, to be very lorv.
when carrying out Dp drilring operations any loss of q:r]ri?l has the potential for catasrrophicconsequences and dre Ernergency Disconneci system (EDS) is provicled ro shur down the Bopand disconnect thc- LMRP. lny detay in the diJc-onnect sequence uourd resurt in crarnaee to the

I
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Global Santa Fe - Rigs 184/5 BOP FMEA Sumrnary

riser or flex joint and DP operator procedures should provide clear guidance regarding position
offset and riser angle limitations.

T'he EDS sequence times were recorded during FAT tests and these should be used to assist the
development ofemergency abandonment procedures. It is normal DP procedure to use green,
yellow and red alert signals to inform drilling personnel the DP status and it is therefore essential
that communications and procedures for DP and drilling personnel are clearly defined.

The FMEA has identified a number of recommendations including the following:

- A revierv of the PDP and CCU locations and power/communication cable routeing should be
carried out to identifr whether the MUX system coLrld be disabled by a single occurrence of
fire/explosion.

* EDS shutdown times should be recorded when the stack and MUX control system is installed
and commissioned on the drilling rigs. The EDS times should then be reviewed in
conjunction with vessel DP drive/drift offtimes so that appropriate abandonment procedures
can be developed.

Following a review of the Hydril FAT procedures a series of FMEA tests has been outlined. It is
proposed that these tests are carried out after the well control equipment has been installed and
commissioned on the rig and could form part of the system integration tests. It is anticipated that
more detailed procedures will be required when the scope of these tests have been reviewed and
agreed by Global Santa Fe.

KEYWORDS
Global Santa Fe Hvdril Multiplcx Control fMEA
BOP LMRP DP Dril l ine
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Global Santa Fe - Ries 184/5 BOP FMEA Introduction

I. INTRODUCTTON

t.l Background

1.1.1 Global Santa Fe have ordered Hydril blowout preventers (BOP) and multiplex control
systems for their newbuild semi submersible drilling DD I and DD II. As part of the
system verification process Global Santa Fe have instructed Global Maritime (GM) to
carry out a Failure Modes and Effects Analysis of these systems.

1.1.2 The items covered by the FMEA are to include:

- BOP and lower marine riser package (LMRP) functions.
BOP and LMRP control system (electronics and electrical power systems).

- BOP and LMRP control system (hydraulic systems).
BOP multiplex control system.
Auto shear, EDS and back-up systems.

1.1.3 An inirial meeting rvas held with Hydril in Houston on l4th May 2002. Following
discussions with Bruce Pettey, Project Manager, and Randy Corliss, Project Engineer, a
visit of Hydril manufacturing facilities was made to familiarise D Rankin (GM) with the
project lvell control equipment.

I .1.4 At this stage the follorving Hydril documentation rvas issued to GM:

Documents:
- Technical Specification for Santa Fe Semi Rigs DD I and DD II BOP Control

Systems - Document No. X-1001739 Rev NC.
* Santa Fe Rig 184 Nerv Build Semi Submersible Hydril BOP Stack, Control System

& Diverter Controls - Document No. AFP-184-040 Rev 0.
Mux Control System Overview & Operations (Training Manual).

Drawings:
- Scope of Supply Rigs 184 & 185 Santa Fe-X-1001704 Rev Al.

Stack Configuration tbrSanta Fe Rigs 184 & 185-X-I002123 Rev E2.
Block Diagrarn Powcr Distribution System - X-1002807 Rev Al.
Block Diagram Flydraulic interconnect Santa Fe Rig 184/185 - X-1001710 Rev Cl.

- Hydraulic Mux Pod Santa Fe Rig l84/185 - X-1001538 Rev El.
l lydrauiic LMRP Santa Fe Rig 184/i 85 - X-1001536 Rev C2.

- Hydraulic Stack Santa Fe Rig I 84/l 85 - X- I 001 537 Rev 83.

Following thc initial meeting in Houston Hydril fonvarded a CD ROM containing the
Operation and Maintenance Manuals fbr the Diamond Ocean Baroness.

1.2 Instructions

1.2.1 Global Maritime Inc. are carrying out a number of str.rdies on the DP and ballast systems
on the Global Santa Fe DD I and DD ll and this scope has been extended to inclLrded the
blorvout preventer systerns Instructions rvere received from Klaus Backstrom of Clobal
Santa Fe and these rvere followed by the issue ofa purchase order.

Page 4

CONFIDENTIAL

GlobalMari t ime GM-44308-050 I -47366 Rcv ?

B P-HZN-2 1 79MD100098360



r ,  I

Global Santa Fe - Ries 184/5 BOp FMEA Introduction

l-3 Scope of Work

I.3.1 The scope of work is to carry out an FMEA of the BOP stack and control system to verify
that there are no single point failures in these systems. The main funitions of thesl
systems are to control the well and ensure safe disconnection of the LMRp when
required' The FMEA will therefore concentrate on the f-unctions required to satisfy these
requirements.

1.3.2 The scope of work includes the following activities:

Review vendor specifications, drawings and procedures.
Identifr safety critical items.
Carry out FMEA of BOP, LMRP and multiplex control system.
Revise FMEA in line with ciient/independent expert comments.
Review vendor/project FAT and commissioning test procedures.
Produce FMEA proving test procedures.
Witness FAT and FMEA proving tests.
Update FMEA following FMEA tests.

1.4 Approach

1.4.1 The FMEA is carried out by revierving the main systems of rhe BOp and control
equipment. Each of the main systems is divided into subsystems and the possible failures
of each component are considered in turn. The failures are listed in tabular fonn included
in Appendix I of this document.

1.4.2 The Diverter system is not included in the FMEA.

1.4.3 The failure is described in terms of lailure mode, causes local effect, final ef{bct and the
criticality and probabilily of the failure. The analysis of failure effccts considers the
immediate and the_possible final consequences of the f-ailure rvith the most serious being a
loss of well control or the inability to disconnect the LMRp on demand.

1.5 Report Layout

1.5.1 The report has been presented as follows:

Systern Overview.
Control System Hydraulics.
Control System Electrical Polver.

- Control System Electronics.
LMRP Functions.
BOP Functions.
FMEA proving tests

- Conclusions and Recommendations
Tabulated Failure Modes

- Tabulated FMEA tests

Abbreviations

BHA Bottom hole assemblv.
BOP Blowour preventer.

i
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Clobal Santa Fe - Rigs 184/5 BOP FMEA lntrodlrction

CCU Central control unit.
CP Control processor.
DP Dynamic positioning.
ECM Electronic control module-
EDS Emergency disconnect system.
EH Electro-hydraulic.
ERA Electronic riser angle.
FAT Factory acceptance tests.
FRU Fluid reservoir/mixing unit
HPHT High pressure high temperature.
HPU Hydraulic power unit.
I/F Interface.
LHVC Lower hydraulic valve control.
LMRP Lower marine riser package.
MCC Motor control centre
MRT Marine riser tensiongr
MUX Multiplex.
NIC Network inter-connection
NNP Network node processor.
PDP Porver distribution panel.
RTU Remote terminal unit.
SEM Subsea electronics module.
UPS Unintenuptible power supply.
VBR Variable bore ram.
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Global Santa Fe - Rigs 184/5 BOP FMEA System Overview

2. SYSTEMOVERVIEW

2.1 GeneralDescription

2.1.1 The multiplex control system is designed to operate the well control system on the LMRP
and the stack. The system comprises hydraulic, electronic and electrical power
subsystems. The system operation is summarised in the following paragraphs.

2.1.2 The surface hydraulic system comprises a fluid reservoir/mixing unit (FRU), a hydraulic
pump unit (HPU) and accumulator banks to store hydraulic fluid under pressure. Potable
water is UV filtered before it enters the FRU inlet and the mixed fluicl from the FRU is
then passed through suction strainer of 100 mesh- The pressurised mixed fluid is
subsequently passed through high pressure 40 micron filters.

2-1.3 The HPU and accumulators supply hydraulic fluid at 5,000 psi from the surface to the
subsea control system via blue and yellow rigid conduits mnning down the riser. Each
conduit ends at a rigid conduit manifold which is used to direct fluid to the hydraulic stabs
and either or both control pods. The hydraulic fluid is filtered and reduced to 3,000 psi
before passing into the control pods through the riser receiver. A 3,000 psi Hot line
supplies control fluid to the subsea control pods via a port on the lolver valve gnit frame.
Each control pod has an electro-hydraulic section attached to a lower hydraulic valve
control section. Fluid transfer between the two pod sections is achieved through sealed
ports in the seal sub interface where the pod sections join together. Hydraulic
communication bet"veen the pod, LivIRP and stack components occur through the flow
ports in extendable pod stab and receiver assemblies on the stack and LMRP, Two other
extendable stabs supply 5,000-psi hydraulic fluid to the four-160 gallon subsea
accumulator racks on the stack.

2-1-4 The HPLJ also provides fluid to a separate Diverter control system rvhich cornprises a skid
mounted assembly of valves regulators and accumulators that are used to control the
diverter functions. This system requires a compressed air supply from rhe drilling rig.

2.1.5 Three control consoles; the Driller's panel, the Central Control Unit (CCU) and the
Remote Control panel are provided for operator control. Cornmands generated iiom these
patrels operate tlie Blue and Yellow control pods fitted to the LMRP. These pods can be
operated from any one of the panels individually or in combinarion. Oply dre CCU is in
direct commttnication with the pods. HPU and diverter control equiprnent can be
operated locally or remotely from the operator panels- Remote control is achieved
through communication between the CCU and HPU Interface panel and the Diverter
Interface panel.

2-1.6 Commands from the CCU are transnritted down multiplex umbilical cables that run down
the riser to the electro-hydraulic section of each pod. Two Subsea electronic modules
(SEMs A and B) are located in each pod and are used ibr signal processing and
distribution to the electrically operated solenoid valves. The solenoid valves apply or
remove pilot presstrre to strbplate mounted (SPM) valves in the lorver hyclraulic sections
of the pods. These SPMs then function accordingly to operatc BOP control components
on the stack and LMRP.

Page 7
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Clobal Santa Fe - Rigs 184/5 BOp FMEA Overview

2'1.7 Inclinometers and gyros are provided in the pod instrumentation and electronic riser angle
(ERA) sensors are located at the base and top of the riser. Signals from the inclinomete"rs,
gyros and ERA are-processed in navigation computers located in each pod and the data is
displayed on graphic screens in the panels and iCUs. Temperature ancl pressure sensors
are also located in various parts ofrhe stack.

2.1-8 Vessel electrical power is supplied to the blue and yellow power distribution panels which
are also supplied by UPS systems. vessel power is supplied through separate
switchboards and generators.

2'1.9 The main elements of the control system are located on the upper hull intermediate deck
and are distributed as follows:

BOP Control Room.
The HPU pump unit.
Reservoir/mixing unit.
Diverter control unit.

Mdn Deck at Subsea Workshop
The CCU cabinet (containing blue and yellow CCU).

Elevated deck adiacent to BOp Control Room.
- Blue UpS.
- Blue batrery cabinet.

Blue Porver distribution panel (pDp).

Yellow UpS.
Yellow battery cabinet.
Ysllow Power distribution panel (pDp).

2' I ' l0 The MUX and hot line cable reels are located around the edges of the rnoonpool on rhe
Upper I Iull Main Deck as follorvs:

Yellow reel at the fonvard end of the moonpool
Blue reel ar the aft end of the moonpool

- FIot line rcel at the aft porr side of the moonpool.
2'l.l I It is assumed that the Driller's panel is located in the control cabin adjacent to the drill

floor and the Remote Control panel is located in the Command Centre on the bridse.

2.2 LIVIRP Assembly

2'2'1 The LMRP assembly includes a 10,000 psi annular blowout preventer, an LMRp
connector, flex joint and booster, gas bleed valves, test valves, rigicl conduit manifold,
control system accumulators and electro-hydraur i c components.

2.3 Stack Assemblv

2'3'l The stack assembly comprises a wellhead connector, a 10,000 psi annular blowout
preventer, one singlc and tlvo doublc 15.000 psi ram preventers, control system
accumulators and electro-hydraulic cornponents.
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Global Santa Fe - Rigs t 84/5 BOp FMEA Overview

2-3.2 For the purposes of the FMEA it is assumed that the ram preventers are arranged from the
top down as follows:

- Blind shear
- Casing shear
- Upper
- Middie
- Lower

2.4 Hydril Equipment Supply

2-4.1 The main items of the BOP system are listed below. Most components have been
supplied by Hydril although a number of items have been supplied by Clobal Santa Fe .

LMRP assembly comprising:
- LMRP connector. (note 1)
- Annular preventer.
- Kil l  and choke valves. (note l)
- Accumulators

Stack assembly comprising:
- Wellhead connector. (note l)
- Annular preventer.

One single ram preventer.
- Two double ram preventers.
- Kil l and choke valves. (note l)

Accumulators
The supply also includes sets of preventer rams including fixed pipe, VBR, blind/shear
and casing shear rams.

The Hydril scope of supply includes the ROV receivers and plugs.

Multiplex Control System. comprising:
Hydraulic system.
Electrical power system-

- Electroniccommunicationsystem.
- Subsea control pods and receptacles.

Note l: Equipment supplied by Global Santa Fe.
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Global Santa Fe - Rigs 184/5 BoP FMEA Hydraulic Subsystem

3. CONTROL SYSTEM - HYDRAULIC SUBSYSTEM

3.1 Introduction

3.1.1 The surface control system comprises a fluid reservoir and mixing unit, a hydraulic pump
unit and surface accumulator banks. The surface system supplies fluid to the diverter and
subsea systems. The subsea system comprises the rigid conduits, the hot line, the rigid
conduit manifold and the multiplex pods.

3.2 Fluid Reservoir and Mixing Unit

3.2.1 This unit contains three tanks; one holds water soluble oil concentrate, one holds ethylene
glycol and the third tank is used for mixing. Measured amounts of potable water, glycol
and soluble oil concentrate are mixed in the third tank.

3.2.2 The tank volumes are designed as follows:

Mixing tank - large enough to hold total fluid volurne stored in the control system
accumulalors with sufficient space to allow the largest bank of accumulators to
drain back into the tank without overflowing. (ln accordance with API 16D).

- Ethylene glycol - large enough to hold sufficient glycol to mix one and a half
times the total hydraulic fluid volumc stored in the system accumulators. (ln
accordance rvith API l6D).
Water soluble oil concentrate - large enough to hold sufficient concentrate to mix
ten times the total hydraulic fluid volume stored in the system accumulators. (ln
accordance rvith Apl l6D).

3-2.3 The mixing system uses variable drive motor controllers to control linear displacement
pumps and retractometers to control the florv of water, glycol and concentrate. The
mixing system supply purnps are designed to ensure that the mixing unit matches the
HPU discharge rate. The mixing tank is fitted with float valves that automatically stop
the system when the mixed fluid reservoir reaches the upper level and start the system
r,vhen the fluicl level drops to the lolv level.

3.2.4 There are a number of alarms fbr low glycol and concentrate level, lovy water supply, low
mix level and flow rates out of specification. If fluid drains below a pre-set critical level
the alarm system will shut down the HPU pumps.

3.2.5 The system requires elcctrical power and water to be provicled by the drilling rig.

3.3 Hydraulic Pumping Unit

3.3-l The HPU is a skid mounted pumping system fitted with purnps, piping regulators and
valves. The flPU draws lluid from the iluid reservoir, pressurises it and distributes it to
the surface and subsea control equipment. The purnps are connected to sensors in the
reservoir unit which automatically control their operation. Lolv-lor.v level sensors shut
down the pumps while pressure transducers and switches contfol the operation of the
pl lmps.  TheHPl lot l t le tva lvescanbecontro l led local lyorremotely f romtheDr i l ler 'sor
Remote Control panels or CCU screens. The high pressure (5,000 psil hyclraulic flLrid is
passed through dLral filters to ensure that clean fluid QrIAS l0) is supplied to diverter, the
accumulators. the hot lirtc reel and a header. The header has forrr or-rtlets to the rieid

Page l0
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Global Santa Fe - Rigs 184i5 BOP FMEA Hydraulic Subsystem

conduits (blue and yellorv), pod test area, moonpool and the rig floor. The HPU outlet
valves are ball valves operated by electrical actuators which are fitted with manual
overides. The Hot line outlet is fitted with a regulator to reduce the pressut'e to 3,000 psi.

3.3.2 The HPU system contains trvo 100 hp qr-rintuplex pumps which are belt driven. With the

accumulators isolated from the system each pump has the capacity to close one annular
preventer on an open hole, open the hydraulic chokc valves and provide minimum system

operating pressure within 2 minutes. The combined output of both pumps is capable of
charging the entire accumulator system from pre-charge pressure to the maximurn
working pressure within 15 minutes.

3.3.3 Provision has been made for the installation of additional pumps which could be trsed in
the event of additional system requirements. Global Santa Fe will fit these back-up
pumps as and if required.

3.3.4 The pumps are protected from over. pressurisation by pressure transducers, pressure

switches and relief valves. The system is protected from pressure fluctuations by
pulsation dampers which are small accumulators with a pre-charge of 1,800 psi.

3.3,5 Electrical power for the reservoir/mixing unit and HPU pumps is distributed through the

vessel MCC paneis as follows. HPU pump No. I is supplied from the 480 Vac
Emergency switchboard and HPU pirmp No. 2 is supplied from the Drilling MCC No. 2

switchboard. Loss of HPU pump power is alarmed on the CCU, Driller's Panel and

Remote Control Panel.

3.4 Surface Accumulator Racks

3.4.1 Three racks of accumulators are provided tbr BOP functions and one rack is provided for

diverter functions. Accumulator capacities are as follolvs:

BOP - 2 racks with 20 accumulators and I with 8 accumulators (total capacity 720
gallons).

- Diverter - I rack with I 2 accumulators (total capaciry I 80 gallons).
Each accumulator capacify is l5 gallon rvith a lvorking pressure of 5,000 psi'

3.4.2 Accumulator capacity must be sufficient to open and close all ram preventers and one
annular preventer once at zero lvell bore pressure with at least 50% reserve. Furthermore
lhe pressure of the remaining stored volume after the opening and closing cycle must
exceed the greater ofthe follorving:

- The minimum calculated operating pressure rcquired to close ary ram tvpe
preventer at the maximum rated pressure ofthe stack.
The minimr.rm calculated operating pressure required to open and hold open any
choke or kill valve in the stack at thc maKimum rated pressure of the stack,

Information on these volumes and pressures is not available at present but sizing
calculations will be carried out in accordance with API 16D.

3.4.3 Accumulator pressure and low accumulator pressure is indicated and alarmed on the
CC{I, Dril ler's and Rernote Con[rol ptnels.
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Global Santa Fe - Rigs 184/5 BOP FMEA Hydraulic

3.5 Rigid Conduit and Manifold

3.5.1 The hydraulic fluid is supplied to the control pods and the subsea acctrmulators via the

bluc and yellorv rigid conduit lines which are attached to the sidcs of the marine riser.

The rigid conduits terminate at the rigid conduit manifold located on the LMRP and

"o*pr[" 
check valves, filter assemblies and SPM isolation and dump valves' The

manifold is connected to the stack mounted accumttlators via a 5,000 psi hydraulic

extend/retract stab. The high Pressure fluid is provided to the control pod supplies

through pressure reducing and iegulating valves, set at 3,000 psi. Seven SPM control

lrulvei ai" fitted in the conduit manilold circuil and are used for conduit isolation,

accumulator charge and accumulator dump functions. A crossover valve connects the

blue and yellow conduits.

3.5.2 A l" hot line hose also provides hydraulic fluid for subsea start up functions, such as

LMRp 1ock to the stack, and for all pod controlled functions. The hot line pressure is

regulated to 3000 psi and cannot therefore be used to charge the subsea accumulators.

The control fluid is piped subsea via'a hose stored otr an air powered reel and is connected

to the MUX pods via a port on the lower valve unit frame. Four 15 gallon accumulators

are used on the supply line for the few cases where volume demand exceeds the flow rate

ofthe hot line hose.

3.6 Lultiplex Control Pods

3,6.1 The blue and yellow multiplex control pods comprise the following three sections:

Subsea electronics
Pressure conpensatcd electro-hydraul ic (VH) soleno id housing

Hydraulic section (Lower hydraulic valve control - LHVC)

This secfion will consider the hydraulic components and the electrical and electronic

components are considered in later sections-

3.6-2 The E/FI and LHVC sections are bolted together to form a control pod which is bolted to a

riser receiver assembly on the LMRP. A spring loaded stack receiver assembly is located

on the BOP stack. Each receiver assembly has an open rcctangular frame, two sidcs of

which are angled and ported for hydraulic flow. ln the LMRP receiver the tlvo

angled/port sides interface with the ported faces at each end of the LHVC section. The

angteOlportea sides of the stack receiver interface with the ported faces on a stab that

extends from the LHVC section. The control pod stab conveys hydraulic flow between

the LHVC section and the hydraulic components on the BOP stack and LMRP.

3.6.3 Once the LMRP is landed on the tsOP section the pod stab can be extended bringing it

into contact lvith the riser receiver and BOP receiver. Stab seals form a fluid tight seal

between the ports on the riser receiver, the BOP receiver and the pod stab. The spring

morrnted BOP receiver is designed to allolv for any vertical misalignment betlveen the

BOP and riser sections.

3.6.4 The EH unit comprises 5 sub- assemblies: the electronics control module enclosure, the

transformer enclosuu'e, the \rCC ?9 connector and 2 solenclid encloslrres. As previously

mentioned electrical and electr'onic systelns are discussed later.

i.6.5 Each pressure cornpensated solenoid enclosure contains up to 48 soienoids and l0

p..rsui" rransducers. The Clobal Santa Fe systcm r'vill bc frttcd rvith 47 solcnoids in one
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I84/5 BOP FMEA

enclosure atld 46 in the other. The system lvill include l0 transducers in each enclosure

with the remaining slots blanked off for iuture upgrades. The enclosures are filled with

non-conduclive silicon oil and are fitted with Hydril compensator bladders.

3.6.6 The shear seal valves are mounted on the outside of each solenoid enclosure and are

operated by the solenoids. The solenoids are energised and de-energised to open and

ciose the shear seal valves which in tum initiatc and terminate pilot fluid flow to the SPM

valves in the LHVC section. Pilot fluid florv between the EH section and the LHVC

section is achieved through the use of seal subs fitted between the EH and LHVC junction

plates. The hydraulic pilot signal actuates the SPM valves to provide fluid through the

pod stab and to the appropriate BOP function on the stack. Two 2.5 litre accumulators are

connected to the pilot circuit to actuate critical functions and allow for a faster response

time. These accumuialors are located in the hydraulic section of tlre pod.

j.6.7 The LHVC has 84 hydraulic ports through the receivers and can control up to 96 separate

stack functions, although the Global Santa Fe system is designed for 93 functions- All

hydraulic connections are hard piped or are made trp through the stab block.

3.6.8 High pressure fluid is received via the rigid conduit system, the hot line and the stack

mounied accumulators. Four hydraulic pressure regulators are provided to step down the

3,000 psi pod working pressure to those functions requiring lower pressures. These

regulators are the Upper Annular, Lor.ver Annular, the Wellhead Connector and the

Sgbsea Manifold r"gu|ator. The first three regulators circuits have 2.5 litre and I quart

accumlllators conneited to the circuitto enabie operation at the surflace and subsea. The I

quar! accumulator is provided for surface operations and the 2.5 litre acctrmulator is pre-

charged at a higher pi"ttur" for subsea operation. The Subsea Manifold regttlator circuit

has two 2.5 litre piiton accumulators connected to the circuit to allow operation at the

surface and during the tnp from surface to the seabcd.

3.6.9 Three sizes of SPM valves are installed inside the LHVC: Yl', 1" aod lW and these route

the hydraulic fluid to most of the BOP stack functions.

3.7 LMRP Disconncct Monitor

3.i.1 This mechanisrn is used to monitor the connection betlveen the LMRP and BOP stack and

comprises trvo assemblies which bolt to opposite sides of a sidebar on the LMRP. The

lowir assembly comprises an extendabie rod and the upper assembly comprises a valve

assembly (Disionnect Actuator). The lorver end of the rod is forced up'"vards rvhen the

LMRP is landed on the BOP and the upper end of the rod moves upwards to effectively

close the flurid flow path throtrgh the upper valve assembly. When the connection of the

LMRP is complefed the LMRP Disconnect Arm shear seal valve is activated tiom the

surface and this applies 3,000 psi pilot fluid to the disconnect actuator valve. Should the

I.MRP separate fiom the stack, the springs in the valve and disconnect assembly will

extencl tlre rod and open the fluid flow path through tl.re valve. Thc rcsulting fluicl florv

procluces a pressure signal which is transmittcd to a pressure transdtrcer and pressttre

switch in the control pods. The pods then relay this signal to the surface control systern.

The pressqre switch signals are LEcd to activate the riser recoil systern. There is nlso a

ilcclicatecl pair of rvires in each IVIUX cable connecting the srvitch contac$ io tilu risef

recoil system.
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3.8 Autoshear Function

3.8.1 The autoshear function is designed to sever the drill string, shut in the well bore and
unlatch the riser connector in an emergency. The emergencies are defined as:

- Loss ofelectrical power in both subsea pods and the loss ofall hydraulic pressure
in the rigid conduit and hotline which supplies the autoshear circuit.

- Unintended separation of the LMRP from the stack which results in a loss of
hydraulic and electrical communication between the stack components and the
pods.

When either or both of these conditions occnr the autoshear system automatically
activates to close the blind and casing shear rams and unlatch the riser connector.

3.8.2 The autoshear assembly comprises pod and stack rnounted hydraulic circr-rits. These
circuits operate a stack mounted dual valve assembly that controls the flow path between
the shear rams and stack mounted accumulators. The system has three circuit
configurations: disarmed, armed and activated. The disarmed and armed conditions are
established by commands from the surface control panel. The activated condition results
from loss of electrical and hydraulic communication with the surface.

3.8.3 The pod and stack valve status for each condition is indicated belo'ry. In the armed
condition the stack mounted Hydraulic Autoshear valve is kept closed by the pilot fluid
liom the energised and open Wired On Supply solenoid valve. When the Wired On
Supply valve is de-energised the hydraulic pilot line is depressurised and the stack
mounted Hydraulic Autoshear valve opens and fluid from the stack mounted
accumulators is directed to the close ports on the shear rams and the unlock ports on the
riser connector. Fluid from the accumulators is reduced to 3,000 psi by a stack mounted
reglllator before passing to the stack ports. A 23 second delay. achieved through the use
of an accumulator restrictor and filters, is incorporated to ensure clearance betr,veen the
LMRP and BOP when disconnected.

Valve Status Disarmecl Armed Activated
Blue antl Yellory Pods
Wired on supoly Enereised Enereised De-enereised
Autoshear arm De-enersised Enereised De-enereised
Autoshear disarm Enersised De-enereised De-enereised
Autoshear control reset Enereised De-enersised De-enereised
Hydraul ic supply l ines Pressurised Pressurised De-oressurised
Autoshear control Closed Open Open
On Stack
Autoslrear ann Ckrsed Open Open
Hydraul ic autoshear Open Closed Open
Riser connector Locked Locked Unlocked
Pod stabs Extendcd Extended Retracted
Shear rams Open Open Closed

3 8.4 The Autoslreal Control Reset solenoid is
following solenoids is enelgiseC:

encrgised via soltrvare rvhen any ofl the

Intemal pod stab retract.
-- Riser connector primary unlock
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Riser connector secondary unlock.
Autoshear disarm.

3.9 Emergency Disconnect Sequence

3.9.1 It is understood that the Emergency Disconnect Sequence is being developed and the
sequence discussed lrere is based on the system proposed in January 2b02.

3-9'2 The emergency disconnect is performed in a pre-programmed sequence contained within
the MUX control system software and is activated by the EDS panel button on both BOp
control panel touch screens. The EDS sequence has been clefined by Global Santa Fe in
accordance with the company's operating philosophy and rig specific equipment.

3.9.3 With regard to operating philosophies it is understood that there are ongoing discussions
regarding the provision of a NO-SHEAR emergency disconnect function in addition to
the SHEAR EDS. This would be required in situations where non-shearables are across
th€ BOP during an emergency disconnect. This point has not yet been finalised, however
a NO-SHEAR EDS sequence is included in the system descripiion.

3 '9-4 In order to understand the reason certain functions are included, and others excluded, and
the order in which these appear in the EDS sequence the following points are made:

The proposed scquence is based upon a maximum of45 seconds to disconnect the
LMRP upon activation of the EDS function. This is based on Apl 168.3.1 which
states: "Time to unlatch the LMRP should not exceed 45 seconds. Measuremenr
of response time begins when the button is pushed and ends when the connector is
firlly unlatched and clear ofthe stack". Both sequences are quicker than this tirne
and esrimated function times are included in this section-

- The proposed sequence is based on using the casing shear rams to perform all
cutting operations and the shear blind rams for securing the well bore.
The proposed sequence is based on the current BOP configuration and does not
allo'nv for the 6-rarn BOP option. This would require a software change to the EDS
sequence should this option be adopted in the future.

- Sub sea accumulators are to be run in the isolated position dedicated to the
Autoshear witlt LN'IRP/BOP and pod functions suppliecl directly from the surlace
through the rigid conduit lines.
The proposed sequence takes into account that the sheariblind rams are closcd by
tlte Autoshear system (after a20 to 30-second hydraulic time delay) in the eveli 1;f
LN'IRP separation. This will allow sufi'icient time for the 'fish' to leave the BOp
prior to the shear/blind rams closing. This rvill be important when pipe, such as
heavy weiglrt or casing is across the BOp.

3.9.5 Shear EDS Sequence:

The EDS sequence is listed belorv lvith the times recorded during the FAT tests at
Hydril:

I
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Order EDS (Shcar Mode) Function Operation Time
(secs)

BOP Accumulator Isolation Valves Block. u-j

2. LMRP Disconnect Indicator Arm. 0-2
J . Autoshear Arm. 0-2
n Riser Recoil Svstem Arm. 0-2
5. Casins Shear Rams Hieh Pressure Close. 0-20
6. Uoper Outer Kill Close. /.- |

Uoper Inner Kill Closc. 2-7
8. Lower Outer Kill Closc 2-7
9. Lower Inner Kil l Close. 2-7
0 Upper Outer Choke Closc. 2-7

Upper lnner Choke Close. a l

z Lower Outer Choke Close. a 1

Lower Inner Choke Closc. a a

A Lower Annular Block 4-6
) Upoer Pipe Rams Block 4-6
6. Middle Pipe Rams Block. 4-6
7 Lolver Pipe Rams Block. 4-6
8 Wellhead Connector Block. 4-6
9 Wellhead Connector Gasket Block. 4-6

20. Shear Blind Rams Block. 4-6
2r . BOP Accumulator Dumn Valve Block. 4-6
22. Uooer Inner Ki Block. 7-9
L ) - Upper Outer Kil Block.

'7-9

24. Lower Inner Ki Block. 7-9
25. Lower Outer Kill Block.
zo. Upoer Inner Choke Block.
27. Upper Outcr Choke Block. 7-9
28. Lorver Inner Choke Block. t - 9

?9. Lorver Outer Choke Block. 7-9
30. Choke and Kil l Iest Vaives Closc. 20-25
J I Mud Boost Valve Close. 20-25
32. Blue BOP Accumulator Charse/Dump Valve Block. 20-25
J ) . Yellorv BOP Accumulator Charee/Dlrmp Valve Block. ?0-25
34. Hish Pressure Casing Shear Rams Block. 20-25
35. Riser Connector Casket Extend. 25-34
J D . 5K Stabs Retract. 25-30
37. Blue Pod Stab Retract. 25-30
38. Yellow Pod Stab Retract. l5-30
39. Choke and Kil l Stahs Retract. 25-30
40. Autoshear Ann/Disarrn Val ve Btock.
4 l Riser Connector'Prirnarv Unlock. iu- i )
t l 1 R iser Connector Seconciarv Unlock i0-35

Blind Shear Rams (tsy Autoshear Circuit) Close -45-5i

'ia
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3.9.6 Sequence Times

These times compare well with those estimated prior to tlre FATs, the main functions are
summarised below:

Time
(seconds)

Functions

T+0 to T+20 The first set of functions comoletcd.
T+2 toT+1 The BOP mounted failsafe valves are closed.
T+4 to T+6 The ram and connector functions are blocked.
T+7 to T+9 The failsafes are blocked (after they were siven 5 seconds to close).
T+20 to T+25 The mr,rd boost valves are closcd and pilot operated valves are

blocked. The Autoshcar and casing shear rams are blocked allowing
the casing shears 20 seconds to complete cutting pipe and fully close
the rvell-bore.

T+25 to T+30 All stabs are retracted into the LMRP and the Autoshear system is
activated.

T+30 to T+35 The LMRP will lift off from the BOP. As it does the LMRP
disconnect indicator arm will send both a hard wire and a multiplexed
signal to the riser recoil system causing it to activate resulting in a
controlled upward n'loyement of the LMRP and riser string in the
directior.r of the rig's offset from the rvellhead. At this stage the EDS
sequence has ended and the LMRP should be safely off the BOP in a
stable condition.

T+30 to T+55 The Ar.rtoshear is activated: Firstly it will close the Casing Shear
Rams, however as these rvere already closed dr"rring step 5 the 18-25
second delay will occur before closing the Shear/Blind Rams. Upon
closure of the SheariBlind rams well-bore pressure will be sealed and
the wellbore will be in a safe condition.

3.9.7 No-Shear EDS

3.9.8 The No-Shear EDS sequence is very similar to the Shear EDS with the exception of the
following:

- Step 3 The Autoshear is disarmed rather than armed as the pipc across the
BOP can not be sheared.

- Step 5 ls omitted. as the Casing Shear Rams are not requircd to be closed.
Step 20 The Casing Shear Rams are blocked at this point rather than as in the

Shear F.DS as there is no requirement to lvait 20-seconds for them to
function.

3.9.9 As the Casing Shear rams are not functioned, thereby reducing the timc taken to colnplete
all functions, the estimated time to complete the No-shcar EDS is 2i-seconds.

3.9.10 Due to the potential consequences follorvine a No-Shear EDS (e.g. the string being
draggecl out of the BOP by thc vessel ofTi;et, collars breaking at the BOP and subscrlLrcnt!1,
dropping clown-hole etc.), the Autoshear is not arnred in the sequence. This means that
the Shear/Blind Rams will not close. The reasoning here is that in such a rare, bur still
plaLrsiblc. siiuation vessel safety is rnolc importarrt ihon that of the well. After rr,ezrther'
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conditions have abated, or vessel control regained, the ROV would be deployed to assess
the situation and close the Shear/Blind Rams.

3.f0 SubseaAccumulators

3.10.1 One accumulator is dedicated to each annular preventer for pipe stripping and one
accumulator is dedicated to each control pod for pilot function hydraulic supply. The
stripping accrtmulators for the annular preventers have a 15 gallon capacity. There is no
specific requirenrent for subsea accumulator capacities but Hyclril calculations indicate
that the capacity provided in the main sub-sea accumulators is sufficient to close one pipe
ram and the shear rams with adequate reserye volume to close kill and choke valves and
unlock the riser connectors.

3.10'2 Four 160 gallon 5,000 psi accumulators are located on the BOP and used for emergency
auto-shear situations. The accumulators can be chargecl from the surface via the rigid
conduits and blue and yellow stabs which are extended/retracted from the LMRP. The
charge circuit is fitted with isolation and dump valves which are also operated from the
blue and yellow pods.

3-10-3 Two 15 gallon accumulators are used-to store pilot pressure for the control pods one per
pod. The working pressLrre of these accumulators is 5,000 psi although in strlpping boitle
applications the normal net pressure is 3,000 psi. These stripping accumulators have no
annular close function and are only active rvhen stripping.

3.10.4 As previously mentioned four 15 galion accr-rmulators are included in the hot line circuit.

3.ll Stack Mounted Shuttle Valvcs

3- 1 1.1 Most LMRP and BOP hydraulic functions are connected to the blue and yellorv circr-rits
via a shuttle valve which is used to direct the control fluid from the selected MUX pod.

3.12 Failure Modes

3.12.1 Failure of the fluid reservoir and mixing unit rvould only be a problem if the subsea and
surface accumulators lvere dischargcd. However the system is fitted rvith sufficient
alanns to indicate the possibility of hydraulic fluid supply failure, this wor-rld enable the
system to be repaired before fluid shorttall became critical.

3.12.2 Failure of the HPU system woLrld only be a problem if the sLrbsea anct surface
accumulators were discharged. Failurc of one pump rvould not be critical lvith a second
pump available. Electrical porver to thc HPU pumps is provideci from the main
switchboard with an automatic switchover to the emergency generator boarcl. It is noted
that the Hydril design includes a provision for additional back-up HPU pumps s'hich
would be installed if a 6'n Ram r,vas added to the BOp stack.

3'12.3 HPU valve failurc rvould not be a problem as the ball valves are fitte{ rvith manual
overrides. Pipe tailures and leaks are a possibilily but thc safcty systcms (rclief valves,
pfess[re switches and pulsation darnpers should minimise this possibitity. in arr_v event
IIPU leaks would only be a problem if the surface and subsea accumulators hail been
discharged.
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3.12.4 Failure of the surface accumulators would result in loss of hydraulic fluid supply to thc
subsea control pods and accumulators. As previously mentioned, in the event of
accumulator failure, tlre I-IPU pumps are sized to close one annular preventer on an open
hole, open the hydraulic choke valves and provide minimum system operating pressure
within 2 minutcs. The probability of total loss of surface accumulator pressure is very
lorv and it is considered that it would require a major incident (fire or explosion) for this
to occur.

3.12.5 Failures ofthe rigid conduits and manifold could include leaks, filter blockage and valve
failures. In the event offailure ofone rigid conduit hydraulic fluid can still be supplied to
the accumulators and control pods through the second conduit or hot line (control pods
only) The provision of separate blue and yellow manifold crossover systems ensures
system redundancy in the event of failure ofvalves, filters or piping.

3.12.6 Failures of the hot line system could include hose leakage/burst, fluid swivel leaks and
fitting/piping leaks. These failures could result in loss or reduction of control fluid
pressllre, however the subsea control.system hydraulic system would still be pressurised
by the subsea accumulators or the blue and yellow rigid conduits. The hot line is only
used during the running and recovery of the BOP or emergency back up if the rigid
conduit fails.

3.12.7 External leakageoftherigidconduitcrossovervalvecouldresr.rlt inthelossofhydratrl ic
supply from the bh.re and yellow rigid condtrits. However this wor.rld reqr-rire the failure of
a flange seal or the valve body and is considered unlikely. In any event the rigid conduits
could be isolated and hydraulic control fluid would still be supplied by the hot line and
the subsea accumulators.

3.12,8 Failure of the LlvlRP/BOP stabs, the stab seals, accumulator charge valve or piping would
result in thc inability to charge the BOP accnmulators or supply accumulator fluid to the
pods. However the manifold is arranged so that blue or yellow conduits supply tire
accumulator via trvo separate circuits. A crossover valve enables the blue rigid conduit to
supply the yellow accumulators or pod and vice versa.

3.12.9 Failure of any of the control pod hydraulic components could prevent the operation of
any of the BOP functions and the impact of the lailure would obviously depend on the
criticality of the fr.rnction. In any event all functions can be operated through the blue or
yellow pods and it rvould still be possible to maintain control of the stack functions.

3.12. l0 Failure of the control pod stab seals or extend fr"rnction would prevent the successful
conncction of a pod during LMRP/BOP mating operations. Ho'"vever it is unlikely to
occur to both sets of control pod stabs and in the worst case it would be possible ro
rccover the LMRP to the surface for repair.

3.12.11 Fai lureofacontro l  podsolenoidorshearvalvewoulddisablethepi lo t t ' lLr id i ' lowtothe
associated SPM valve and prevent the operation of the BOP function commanded from
the surf-ace. However this failure would be alarmed and it r.vould be possible to actuate
the function via the other control pod.

3.12.12 Failure of a pressure regulator could rcsult in the l'ailLrre of a group of functions
depending orr wltich regulator failed. However as rvi[h the solenoids and shear valves it
rvorrld he possible to s,,vitch to the other corrtrol oocl.
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3'12'13 Failure of the riser disconnect monitorwould result in the l'ailure of the control system
to identify the unplanned separation of the LMRP from the Bop and to transmit a signat
to the riser recoil system. However the disconnect mechanism is very simple and tiere
are two signal paths (hard wire and multiplex) and the probability of iailure is very low,
In addition the Marine Riser Tensioner svstem is fined with a sensor and the separaiion of
the LMRP from the Bop would be rapidiy evicrent to crrill floor personnel.

3'12'14 The Autoshear function is activated by the bh.re or yellow control pods and this provides
an element of redundancy. However there is no redundancy for the stack mounted valves
and as a result there are a number offailures that could prevent/delay the activation ofthe
autoshear circuit. Failure of the Autoshear arm valve could prevenr the arming of the
autoshear circuit but this wotrld be identified on the Autosh.u. A.- panel. FailLrres of the
stack mounted Hydraulic Atrtoshear valve include internal leak and failure to open. In the
armed condition a leak through the valve could result in the premature activatiol of the
autoshear functions. However this valve is a Hydril designed SPM valve with seal that
comprises a metal spool on a hard high strength plastic seat. The probability of this type
offailure is very row and Hydril have never expeiienced this type oftaurt.

3'12'15 Failure of the return.spring in the Hydraulic Ar.rtoshear valve could prevent the initiation
of the autoshear function however Hydril have canied out the following steps to minimise
the probability of this occurring:

- The retum action is activated by two springs,
The springs are high specification springs manufactured to a Hydril specification.

3'12'16 The Emergency Disconnect Systern is based on a pre-prograrnmed sequence contained
within the control system software. Provided the sequence iithoroughly iested during the
FAT programme failure is unlikely since the relevant control signais are transm;tted
through the blue or yellow circuits. Apart from the Autoshear components all other EDS
fu*ctions can be controlled through the blue or yelrorv circuits-

3'1?'17 Failures of the subsea accumulator 5,000/3,000 psi regulator include extemal leakage
and plugged outlet' Extemal leaks would be ictentiRed 6y the reduction in accumularor
pressure r'vhich is alarmed. It is unlikely that a plugged tutlet rvould completely block
supply to the shear rams brrt redrrced flow rate coulcl e,rtend the ram response time.

3'12'18 with the current arrangement failure of the Autoshear circuit components could result in
the loss of rvell control rvith-the 

IMRP separated from rhe Bop. In this situation the only
back-up option is the use of the ROV to close tlre shear and upper pipe rarns. 't-he 

use of
the ROV coLrld be l imited by environmerrtal conditionr p..u.nting the laupch of rhe
vehicle.

3'12'19 Failure of the main subsea accurnulators could result in the loss of hycl-aulic supply for
BOP functions, horvever it rvould still be possible to supply fluid from the surface via rhe
hot l irre or rigid conduits.

3'12'20 Failure of a stack mounted shuttle valve coLrld interrupt or impede control fluid florv and
prevent operatiolt of a particular fuuction. This rvould only be ielevart if ir was nccess1ry
to change control trom one pod to anotlrcr and thc shuttle tbited to operate, itorycver this
would require two faih-rres. There have been problems in the past with internal
contamination (e.g.O-rings would separate fl'om the spool and enrer tlie shuttle chagrber)
but tlris did not aflect v;rlvc rcliability or tirnctionality.. [.lorvever- tl]c shurtle valvcs

' j
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provided on the DD I and DD II BOPs are of a different design and have not suffered
from these problems- The probability of this type of failure is therefore considered to be
extremelv low.
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Electrical Subsystem

4. CONTROL SYSTEM - ELECTRICAL SUBSYSTEM

4.1 Introduction

4.1.1 The control system operates from electrical powcr supplied by the vessel. The power is

routed through the uninterruptible power supply (UPS) system and thcn to the yellow and

blue power distribution panels (PDP). Power is routed from the PDP to the blue and

yellow CCU, the Driller's panel, the Remote Control panel, the HPU interface panel, the

diverter interface panel and the yellow and blue pods.

4.2 Vessel Supply

4.2.1 The control system is porvered by 480 Vac from the vessel switchboards and is arranged

so that power ro the blue and yellow supplies are distributed from different vessel

switchboar.ds. The Blue power supply and HPU pump No. I are supplied from the 480

Vac Emergency switchboard and the yellow power sr.rpply and HPU pump No. 2 are

supplied from the Drilling MCC No. 2 switchboard-

4.3 UPS System

4.3-l The UPS is designed to provide continuous power to the multiplex control system lbr a

minimum of 2 hours in the event of failure of the vessel polver supply. As indicated

above the UPS systems are powered l-rom different switchboards. Incoming porver from

the vessel power sources is routed to the respective side (blue or yellow) of the PDP and

through a circuit breaker. The 480 Vac is stepped down to 240 Vac and directed to the

UPS systern via a rnaintenance bypass switch. The 240 Vac supply is fed to the rectifier

in the UPS cabinet. The rectifier converls the 240 Vac into a 240Vdc output which is

used to charge the battery bank and drive the UPS inverter. The invefter takes the 240

Vdc outpr.rt and converts it back into a regulated 120 Vac output.

4.3.2 In the event of vessel porver supply lailure the UPS batteries provide Power to the inverter

rvithout any system intemrption. Each UPS unit is designed to provide l2 Kva and since

8 Kva is the normal system load for both yellow and blue loads there is extra capacity lor

fuhu.e expansion. The UPS batteries have suficient capacity to operate the BOP coutrol

sysiem tbr a minimum of 2 hours. The batlery status is monitored by the battery chat'ging

systeln and any abnormal conditions are alarrned to dcsignatcd locations.

4.4 Porver Distribution Panel

4.4.1 The UPS 120 Vac out put is routed to the PDP rvhere it is routed into trvo power sotrrce

select slvitches. These switches can be used to operate the system in one of two modes:

- Isolated, parallel operation ofthe blue and yellow circuits.
System wide operation from eitlrer the bltrc or yellow UPS.

4-4-2 
'l'he 

input power from the UPS is f-ed to the PDP via two source swilches that allow the

blue and yellow systems to be supplied lionr the blr-re or yellow UPS systems-

4-4.3 Both blue and yellow circuits have their orvrr scl of circuit breakers and each of the load

circuits (including subsea power) has its own isolation transformer to protect the load side

of the porver distribution system from faults on other circuits. The secondary side of

these isolation transtbrmers is connected to a sfoun(l fault detection system.
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4.4.4 The PDP provides 120 vac to the following assemblies:

- Blue and yellow CCU.
Driller's panel (via isolation J-box).
Remote Control panel.

- HPU interface panel.
- Diverter interface panel.

Pod testjunction box

4.4.5 The Driller's panel is air purged to maintain a positive internal pressure in hazardous
zones. In the event that internal pressure drops relays in the power isolation junction box
cut power to the panels and sound an alarm. There is an option to only sor"rnd the alarm.

4.5 Surface Power CCU

4.5.1 The blue and yellow 120 Vac polver is routcd to the blue and yellow CCU respectively
and filtered as it enters the panels or is routed to the dual redundant power supply for the
blue control processor (CP) and the yellorv CCU. Within the yellorv CCU blue power is
routed to the dual redundant power supply for the yellow CP and the dual 24 Vdc porver
supply rvhich converts the ac voltage to 24 Vdc.

4.5.2 Yellow power is routed to the yellow CCU and part is routed to the dural redundant power
supply lor the yellow CP, the dual24 Vdc power supply and the blue CCU. The dual
redundant porver supplies are contained in drawers in the CCU assembly and they supply
5 Vdc and 12 Vdc to the CPs.

4.6 Surface Porver (Driller's and Remote Control Panels)

4.6.1 The blue and yellorv 120 Vac power enters the Driller's and Remote Control panels and
each supply is routed to a Modular Porver Supply. The modular po\,ver supplies convert
the ac voltage to 5Vdc, l2Vdc, 24Vdc and other DC voltages used by the panel.

4.7 Surface Porver (Interface Panels)

4.7.1 The blue and yellow 120 Vac power enters the HPU and Diverter Interface paneis and is
routed to a modular supply and a dual 24Vdc power supply. This power supply converts
the ac voltage to 24 Vdc.

4.8 Subsea Porver

4.8.1 The 120 Vac from ttre PDP is routed to step up transformers to provide 720 Vac to the
subsea pods via the mtrltiplex cables. The multiplex cable is a multi-conductor rvith # l0
AWG porver conductors and # 20 AWG TPSJ signal conductors.

4.8.2 The mLrltiplex cables are stored on reels fined,,vith slip rings rated to 1000 volrs at 5
amps. The slip ring assembly has 30 rings with two brushes per ring.

4.8.i The mLrltiplex cables from the surfhce are connectecl to the control pods through a VCC-
29 connector rvhich is rated to I 2.000 tcct rvater depth.

4.8.4 The incoming 720 Y ac power is routed into the transforrner stack contained in a separate
one-atmosphere container- The transformer stack conrprises five step down transformers

.l

l'::'.
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which outpLrt 42Yac and 90 Vac. The top two transformers provide 42Yac to Subsea
Electronics control Module (SEM) A and the third and fourth transformers provide 42

Vac to SEM B. The 42 Vac output provides power to the solenoid driver boards to fire

the solenoids. The fifth transformer provides 90 Vac to both SEM A and B and is used to

power the redundant porver supply boards.

4.9 Failure Modes

4.9.1 Failure of the vessel power supply to one of the power distribution panels would not be a
problem as power woLrld still be provided by the second switchboard. In the event of a

blackout the UPS system would provide porver for a minimum of two hours which should
be sirflicient time to reinstate mains power. If the vessel wzrs on DP at the time of the
failure it is likely that porver wor.rld be re instated in much shorter time.

4.9.2 The provision of two UPS ensures power supply redundancy in the event of failure of the

inverters, rectifiers or batteries and chargers. The blue and yellow UPS and PDP are

located in separate compartments and it is therefore extrernely unlikley that a common

mode incident, such as a fire, could shut down the control system.

4.9.3 There is a similar level of redundancy in the PDP systems which can be supplied by either
UPS polver sLrpply. In the event of an electrical fault occurring in one of the PDPs it rvill

still be possible to supply the various consttmers using the second panel.

4.9.4 The blue and yellow CCUs provide system redundancy and no single component failure
could result in the loss of control of the subsea system. Since the CCUs are contained in
the same cabinet a compartment fire could result in total loss of the system. The fire
detection and fire fighting arrangements tbr the main deck area where the CCUs are

locatect (next to the subsea engineers workshop) are not known but they should be verified
to ensure that the probability of fire, ancl subseqr-rent loss of the control system, is

minimised. In the event of loss of the control systern the only back up system requires the
deployment of the ROV to close the shear and upper pipe rams.

4.9.5 The Driller's and Remote Control panels are arranged to provide identical operation of
the control system and thus provide system redundancy. AlthoLrgh failLrre of the Driller's
panel is likely to cause operational ditficulties (i.e. operation tiom tire Remote Control
panel rather than the drill floor) it should be possible to carry out repairs providing
relcvant sparcs are available-

4.9.6 Power to the HPU Interface panel can be provided by the blue and yellow po'"ver
distribution panels and in the r-rnlikely event of total power failure to the panel HPU
control can still be carried out by manual opelation of the motor controllers-

4.9.7 FailLrre of rhe subsea step-up transformer, the MUX cable reel slip ring or the MUX cable
rvill result in the failure of power supply to one pod. However a slip ring by-pass cable is
available and power could still be provided by the other pod. 1'he only common mode
failure would be a major incident such as a fire in close proximity to the MUX rvinch

reels holvever the reels are located on dift'erent sides of the moonpool and the probability
of all rccls being disabled is very lorv.

.::
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4.9.8 Similarly failure of a YCC-29 connector, snbsea transformers, or power to the ECM
boards and solenoids would result in the loss ofone subsea pod. Flowever the second pod
would still be available to maintain control of the BOP systems.

4.9.9 Power failure to the solenoids could disable control functions but again the provision of a
second pod provides system redundancy. The solenoid enclosures are pressure
compensated and it is conceivable that failure of the compensating bladder could resr-rlt in
water ingress tvhich would eventually displace the electrolyte and disable all the solenoids
in one of the two enclosures. However the pods are fitted with water detection sensors
and the solenoids are frtted with visual sensors to reduce possible failures due to bladder
failure or fluid loss. Pressure test ports are provided for testing before running the stack.
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5. CONTROL SYSTEM - ELICTRONIC SUBSYSTEM

5.1 Introduction

5.1.1 The electronic control system is contained in the various surface panels and subsea
control pods. The control system communicates and performs functions based on
operator inputs and actions. The electronic control system is based on the communication
between the following components:

Central control units (CCU)
- Driller's panel
- Remote Control panel
- HPU interface panel
- Diverter interface panel

Subsea control pods

5,2 ElectronicCommunication

5.2.1 Three surface panels: Driller's, Remote Control and CCU, are used to operate the system.
However only the CCU is connected to the pods and support equipment and all
communication between the subsea pods, control panels and surface equipment is routed
through the CCU.

5.2.2 The electronics package in the subsea pods processes the commands from the surface and
energises and de-energises the solenoids that operate the shear seal valves. Temperature,
pressure and navigational data from the subsea instrumentation is also processed in the
pods and transmitted to the surface.

5.2.3 The sr-rrfbce panels also serve as remote control stations for the HPU and Diverter
systems. As indicated above all control signals are passed through tlre CCU. The FIPU
and Diverter systems communicate with the CCU via an electronics package contained in
the interlace panels (l/F).

5.2.4 The CCU and electronics packages in the subsea pods use RS232ModbLrs protocol for
internal data processing r,vhile data and command communication betrveen the CCLJ, and
subsea pods is in RS485/Modbus protocol. Communication betlveen the CCU, I/F panels
and the Driller's and Remote Control panels is in ethernet protocol. Circuits rvithin the
CCU carry out protocol convcrsions for intcnral processing.

5.2.5 The communication system consists of three controller processors (CP). seven netlvork
node processors [rNP), two communications controller processors, four tonchscleen
control computers and trvo ethernet srvitches. The system operation is surnrnarised in the
fol Iorvi ng paragraphs.

5-2-6 During operation one of the three CPs (primary, secondary and tertiary) is defined as the
primary processor, one is clefined as the secondary processor and another is definecl as the
tertiary processor. These proccssors act osthe huh of the nrultiplcx control system. Each
CP conteirrs a fi le rvith tltc status o[ all cc,nrporrents in the system storcd in its rrrcruor-r'.
This file is called the configuration (config) file.
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5.2.7 Commands to the CPs can be sent from one of the four touchscreen monitors in the

Driller,s ot. n.*oi" control panels, or the keyboard/motrse in the blue or yellow CCUs'

5.2.5 The NNPs are contained in the HPU I/F panel, the Diverter i/F panel, the s1b^13

Electronics Modules (SEM) A and B in the blue and yellorv pods and the utility NNP

located in the CCU. 
'EactLNNP 

contains a portion of the config file that contains the

components that it controls and monitors'

5.2.g The NNps work as .'dumb" terminals and each performs the msk(s) assigned to it.by-the

primary cp and rfaut", is portion of the config table. The primary cP polls eachNNP

that it has u.""rr'ro on a .egular and rotating basis. As the NNP is polled each cP

receives an update on tt".onig table within th; NNP. The primary CP then updates its

config table. The secondary an-d t"rtiary cPs each operate in the same way to update its

confi! table. All CPs then compare their config tables and update them.

5.3 Central Control Unit

5.3.1 The ccU comprise two (blue and yellow) separate electronic circuits which are contained

in separate sides of the C-CU cabinet. The blue CCU contains the following components:

- 18' flat Panel, colour monitor'

KeYboard/video/mouse srv itch'

Logic drawer.
Ground fault detection system'

KeYboard.
SYstem controller 1.

- Communications Processor l '
- Uti l i tycommunicationsprocessor'

l0/100 12 connection ethernet switch'

T'he yellow CCU contains the following components:
- 18" flat Panel, colour monitor'
- KeyboarcVvideo/mouse switch'

Control/alarm drawer'
10/100 12 connection Ethemet switch'

- Keyboard.
SYstern controller 2'

- Communications Processor 2.

SYStem controller 3.

5.3.2 The CCU diagnostic system monitors critical functions and reports alarms and cvcnts'

Visual alarms urr pruui,l"d at the CCU, Dritler's and Remote Control panels' The system

covers a comprehensivc range of alarms and firnction indicators.

5.3.3 The follorving graphic displays are accessible via the MMI main mellu screen' Some are

stand alone ancl others consist ofa series ofrelated screens'

- Stack clisplay: control/indication ofstack ftrnctions'
-subseadisplay:contro l / ind icat ionofsubseacontro l funct ions '
- Diverter display: contlol/indication of diverter func[ioru'
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- ERA and HPHT displays (3 related screens):
gyro and HPHT data.
Meters and regulators display (2 related
accumulator and regulator pressures.

indication of ERA, inclinometer,

screens): control/indication of

Utility display (5 related screens): control/indications of "emergency functions",
indication of UPS, RTU, power flags and HPU status.

- Configuration display (4 related screens): control/indication ofnetrvork node/SEM
modules, alarm setpoints, function lockouts and user administration control.
Diagnostics (5 related screens): indication of the status of the following
components: pods, solenoids, solenoid cards, analog/utility cards and temperatures
and rvater monitors.
Alarms and events (6 related screens): indication of active alarms, alarm log and
event display for the bh.re and yellow pods.

5.4 Driller's and Remote Control Panels

5.4.1 The Driller's and Remote Control panels allow identical operation of the control systern.
The panels contain the same internal equipment with the exception of the air purge test
unit in the drillers panel. The panel components send and rcceive data to/from the
network control processors via the processors within the panels.

5.5 Subsea Electronic Control Modules

5.5.1 The sr.rbsea electronic control equipment comprises two (blue and yellow) identical
electronic control modules (ECM) i.vhich in turn contain two identical subsea electronic
modules (SEM) A and B. The SEMs (A and B) and the various sensors (temperature,
pressure, water detection, €xternal sensors and clisconnect trip switch) are located in one
atmosphere pods. Each SEM has its own communication paths, solenoicl drivers, I/O
interface and power supplies for electronics and solenoids. One SEM acts as master and
the other acts as a back-up, the choice of master being made on the surlace .

5.6 Sensors and Probes

5.5.1 Subsea sensors include" inclinometers, S/ros, electronic riser angle (ERA) and High
Pressure High Temperature (['IPHT) probes. The inclinometers and gyros are located in
the subsea pods and one ERA sensor is attached near the stack and each transmits signals
to the NNP boards in the associated SEM in the control pods. A single ERA sensor is
locnted at the top of the riser and this transmits signals to the Communication Processor in
the CCU. Inclinorneter, gyro and ERA signals are transmitted to the CCU.

5.6.2 The HPHT probes in the stack also transmit signals to the NNP boards in the associated
SEM in the control pods.

3.7 Remote Terminrl Unit (RTU)

5.7.1 'fhe R IU is a subsea instrument package that contains two data acquisition modules that
moni torsensorsexternal  to thecontro l  pods.  In t l r isappl icat iontheupperandlowers lack
RTI Is transmit stack temperature and pressure to the pods.
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5.8 HPU ancl Diverter Interface Panels

5.8.1 The interface panels receive the input commands from the Driller's panel, the Remote

C o n t r o l p a n e l a n d t h e c C U t o a c t u a t e t h e v a l v e s o n t h e H P U a n d D i v e r t e r s k i d
respectively. When one of the valve burtons are pressed on any of the control pane ls the

CP updates the Interface Panel NNP data table- The NNP sends a signal to the output

board that operates a solenoid which allorvs air to operate the selected valve'

5.9 Failure Modes

5.9.1 Failure of the control system networks would have no immediate effect as the second and

thircl systems would continue operation. The routeing of the BOP netlvork cables is not

known but in the event of a fire there is a possibility that the whole network would fail if

blue and yellow cables were passed along the same routes'

5.g.2 Failure of ccU processors, communications, and network srvitches and other system

componenrs ruorrlh result in the failure of one CCU leaving the other CCU available' As

previously discussed, since the blue and yellow ccus are. located in the same cabinet, a

major fire in the main deck location would disable the whole control system.

5.9.3 Failure ofthe panel Processors, network connections or other components could result in

the toss of the Driller,s or Remote control control panel functions. However each panel

comprises two touch screens and two ethernet netlvork links and no single failure is

likely to disable the panels. In thc worst case it lvottld ahvays be possible to monitor and

contiol the BOP system by one of the other panels or CCU'

5.g.4 Failure of a Multiplex control cable or MUX reei slip ring would rcsult in loss of power

and communi"uti;n, to the subsea pod. However the second cable and reels would

continue to provide polver and communication to the second subsea pod' A Stip ring

bypasscable isalsoavai lablc intheeventofs l ipr ingfa i lure.Aspreviouslyment ioned. the
p.ouuuitity of both recls being disabled by a major incident (e.g. fire) is very low as they

are located on difl-erent sides of the moonpool'

5.9.5 Similarly the failure of the VCC 29 connector or the electronic components in an ECM

rvoulcl result in the loss of communications to one pod but the control systems would be

continued by the second pod. Additional redundancy is provided by tlre provision of trvo

SEMS in each Pod.

5.9.6 The subsea ERA sensors are arranged as separate circuits so thal signals are routed to

separate pods and thence to the surface navigation processor. Tlius the failure of one

sensor rvill not result in the loss of riser inclination information.

5.g.7 A recent SINTEF study (Reliability of Subsea BOP Systems for Deeprvatcr Applicalon -

ISBN g2-14-0 1661-4No.r.*Ue, 1999) of 83 wells drilled in the Gulf of Mexico ret-erred

to one incicient wherc loss of all subsea functions occurred on a multiplex control system'

H.wever this lvas due to a hydraulic failure and it appears that the electronic systems are

very reliable.
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6. LOWER MARINE RISER PACKAGE

6.1 Introduction

6.1.1 The main components of the LMRP are:

Flexjoint +

Annular preventer
LMRP connector *

- Kill and choke connectors (stabs)
Kill and choke test valves*
ROV valves

+ Global Santa Fe supply.

6.2 FIex Joint

6-2.1 The flex joint is a flexible coupling which connects the bottom joint of the riser to the top
of the LMRP. The flex joint deflects in any direction about its pivot point reducing
bending stresses in the riser and wellhead. The main component of the flex joint is the
flex assembly which consists of an elastomeric flex element, a nipple and a back flange.
The flex element has spherical layers of steel reinforcement and elastomeric pads
moulded together with a layer of elastomeric material. The flex element is integrally
moulded to the nipple and back flange so that the assembly acts as a bearing and a seal
between the body and upper end connection. The maximum deflection of the flex joint is
+/- l0'.

6.3 Annular Preventer

6.3.1 The annular preventer is designed to seal around dril l  pipe, tooljoints, tubing, w'ireline or
completely seal off the open hole to contain well bore fluids held under pressure in the
well. The annular preventer is normally used to eft'ect a "soft" shut dorvn to minimise
hydraulic shock or to contain pressure during stripping operations. The preventer is fitted
with a I5 gallon surge accumulator.

6.3.2 The preventer is actuated by hydraulic pressure lvhich forces an annular pistorr uprvards
against a steel reinforced rubber packing unit forcing the packer to close inrvards. The
packer is dcsigned to close around tubular, square or hexaeonal cross sections.

6.3.3 The rig DD I and DD II Annutar preventers are designed for a working pressure of 10,000
psi and a lvell bore o{ 18 7"" .

6.4 LMRP/BOP Connector

6.4.1 The LMRP connector secures the LMRP to the BOP forming a tight seal while
withstanding the bending stresscs and separation ibrces caused by well pressure, risor
tension and rig rnotion.

6.4.2 The I.MRP connector is a Vetco I-l-4 HAR Ex F model. The connector is acttrated by an
annular hydraulic cylinder which acts against a locking taper lvhich then engages and
locks the dog segments onto the BOP mandril profi le. The Vetco notation'HAR'
indicates that the connector is desisned for l-lieh Anole Release. The connector is lltted
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with a secondary unlock piston to ensure the connector can be unlocked. The primary

unlock pressure is 1,500 psi and the secondary unlock pressure is 3,000 psi, using the
primary and secondary release systems together results in a releasing force which is 25Vo
greater than the locking force. The seal between the LMRP and BOP bores is generally

made up using VX-VT ring gaskets.

6-5 Kill and Choke Stabs

6.5.1 The kill and choke line connections between the LMRP and BOP are made up using non-

locking hydraulic extend/retract stabs.

6.6 Kill and Choke Valves

6.6.1 The kill and choke lines are fitted with gate valves to allorv pressure testing of the kill and

choke lines during the installation of the riser sections. These valves are fail safe open. A
gas bleed line line from the kill line is connected to the wcll bore below the upper annular
preventer and this line is fitted with inner and outer gate valves. This line is used to assist

the venting ofgas trapped between the annular preventers'

6.7 ROV Valves

6.7.1 ROV overrides are fitted for the following functions:

- Riser connector unlock (primary and secondary).
Riser connector chemical flush.
Connector gasket retract.
Connector lock cut-
Pod stabs retract.
Funnel drop - rvhen titted.

6.8 Failure Modes

6.8.1 Flex jo int l 'a i lurecouldresul t in leakageofr iser t lu idtothesea.  F loweveranumberof
SINTEF reliability stuclies have concluded that the probability of flex joint failure is very

low. In the SINTEF Oulf of Mexico study one fle.x joint failure rvas reported where a

manufacturing fault resulted in an external leak. In this particular case tlte leak restrlted in

loss of well control and the rvell kicked. This failure occurred on a ball joint rype of flex
joint while the flex joint on the Global Santa Fe system is based on a flexible element.

6.8.2 Annular preventers failures include failure to close, failure to open, internal and extemal

leaks. The GoM str-rdy identified internal leaks and failure to fully open as the most

frequent failures. Control system or piston seal leaks may also prevent the anntrlar
preventers achieving a seal lvhen actuated. While intemal leaks could cause problems

during stripping operations they would not colnpromise well safety as the lolver annular
preventer provides redundancy and in the worst case ram preventers cottld be used to

close the well bore.

6.8.3 The most critical LN4RP connector failures would bc cxtcrnal leakaqe and failurc to

unlock. As witlr t lre flex joinr extemal leakage of the conrrcctor couicl resrrlt in loss clf
well control, depending on the well status it may be possible to shut-in the BOP and
investigate the leak. lr is noted that the only L\'lRP connector exterual leaks in the GoM
stucly rvas obscrvecl clr.rring surlace pressure tests. Failure to unlock wourld be crit ical in
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an emergency disconnect situation such as a DP drift/drive off. In previous incidents
disconnection failures have been attributed to location pins jamming as the riser angle
increased. The connector disconnect system comprises a primary (1,500 psi) and
secondary (3,000 psi) unlock capability to prcvide an unlocking force which is greater
than the locking force, Incident data indicates that the secondary unlocking system is
general ly successful i n unl atching operations.

6.8.4 Failure of the kill and choke lines and stabs seals would resr.rlt in leakage of well control
fluids and cause additional problems in case a kick has to be circulated out of a well.
Howeverthe kill and choke lines are regularly pressure tested lvhen the BOP is connected
to the rvell and any failures should be detected before the kill and choke lines are required
for well control. Some instances of plugged lines have been reported but these were
cleared through the application oflhigh pump pressure.

6.8.5 Kill and choke test valve lailures include intemal leaks, extemal leaks, fail to open and
fail to close. The most critical would be an external leak which could result in the loss of
well control fluid, however this wouid require a major leak for this to occur. These valves
are tested as riser sections are connected during the installation of the BOP and/or LIvIRP
and the probability of extemal leaks is very lor.v.

6.8.6 Failure modes ofthe kill bleed valves include internal leaks, external leaks, fail to open
and fail to close. As with the kill and choke valves the most critical failure would be an
extemal leak rvhich could result in the loss of well control fluid.

6.8.7 It is noted that the majority of failures reported in tlre SINTEF study occurred cluring
regular surface (pre-installation) or subsea tests.
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7. BLOWOUTPREVENTER

7.1 Introduction

7.1.1 The BOP stack comprises the follolving components:

- Annular Preventer
- Single ram Preventer
- Double ram preventers (upper and lower)
- Kill and chbke valves *

- ROV valves
- Wcllhead connector"
+ Global Santa Fe supPlY'

7 -1.2 The annular preventer is identical to the LMRP annular preventer'

1-2 Ram Preventers

7 .2 . |Thes ing leanddoub le rampreven te rsa re ra ted fo r15 ,000ps i l v i t ha r r lS% ' ' bo reand
multiple position locks. Thi ram preventers are arranged to provide five pairs of rams'

Depending on operational requirements. the preventers can be fitted lvith pipe rams'

variable bore ,aJs, blincl/sheai rams and casing shear rams' The DD i and DD II BOP

stacks are arranged as follows:

Top upper double ram Blind shears'

Bottom upper double ram Casing shears'

Top lolver clouble ram 4 t7"' -7" YP.'

Bottom lower clouble ram 4 y=" -7" VR'

Bottorn single ram 5 718" '

7.2.2 The Flydril scope of supply includes the provision of thc following ram block sets:

Pipe rams
Variable bore rams
Blind/shear rams.
Casing shear rams.

5 zrs" and 6 slg".
4 Vz" to'7" .

Hydril data on shear ram (18 %", 15,000 psi) capability indicates that the shear rams can

,n.* uff ranges of dri l l  pipe up-to e.6ZSi'(gracie S-135, weight 21.7) and casing up to

i..iiS,' (gradc-N-80, weighi 47.20). Thevaluis are based on calculations and act'al tests

have been carried out on"j.s" drill'pipe (grade S-i35, rveight 21.90) and 4-5" casing (grade

C-95, weight 26.10).

7 .2.3 Shear tests rvere successfully canied out on the DD I and DD II shear rams in December

2002 and the results indicatecl in the following table:

5  7 !8 .24 .17 t10.415 wal l

Dril l  Pipe Sheared
Grade 3-135 Drill Pi

6 5/8", 34.02i1.0522 w4
5 7 18". 24.1 7#. 0.41 5 wall

Blind Shears

6 518" .34 .02#. 0.522 wall
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7-3 Kill and Choke Valves

7.3.1 The BOp is fitted with four sets of double kill and choke gate valves r.vhich are ananged

as upper and lower kill and choke valves. These valves are fail closed type.

7-4 Wellhead Connector

'7.4.1 The wellhead connector is a Vetco Super HD model connector'

7.5 ROV Valves

'1 .5.1 ROV overrides are fitted for the follolving functions:

- Blind shear ram close.
Casing shear rams close and autoshear arm.

- Upper pipe rams close.
- Wellhead connector unlock (primary and secondary)'

Riser connector chemical flush.
- Connector gasket retract.

Connector lock cut.
'1.6 DP Drilling Operations

't.6.1 Although DP retiability has improved considerably, loss of position keeping capability is

always a possibility. in the event of posiiion loss it is necessary to secllre the rvell and

disconnecl the LM-RP before damage occurs to the wellhead or riser. During drilling or

tripping pipe this requires the following actions:

Decision to initiate emergency disconnect'
- Hang off the drill PiPe.
- Shear the drill PiPe.

Seal off tltc wellbore.
Release and clear the LlvlRP tiom the BOP.

7.6,2 It is critical that the abandonment is completed before the disconnect angular limit is

exceecled or the slipjoint strokes out. It is normal industry practice to provide disconnect

guidance to drilling and DP personnel and this is generally related to riser angle or

excursion clistances. Other considerations are relatecl to the variotrs operations \'vhich

have an impact on emel'gency disconnect procedures. IADC guidance for deeplvater well

control (Deepwater Will Control Guidelines - October 1998) estimates levels of

vulnerability in increasing order of severity as lollorvs:

- Bit above BOP stack - this is the point of least vtrlnerabil ity'
- Drill pipe across stack - the provision of trvo shear rams provide redundancy iu

the event ofan emergency disconnect.
- Bottom hole assembly (BHA) across stack - since it is Lrnlikely that the BOP

cogld shear the BIIA, the time across the BOP should be liept to a minimum and

heightened levels of alert implemented at this time'

Well kick - thc IADC gr.ridance advises hanging otf duiing rvell control sitr-rations

so that activiry is miliriised in the event that emergency discorurect is required.
- Casing across BOP - this could be the most critical situation if the casing size is in

excess ofthe casing shear ram capability.
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'1 .6.3 Equipment failure modes in emergency disconnect operations have been included in this

section.

7.7 Failure Nlodes

7,7.1 Annnlar preventers failures have been discusses in the LMRP Section.

j.7.2 Critical ram preventer failures inch.rde fail to close, fail to open, fail to shear pipe, internal

leaks and external leaks. Failure to close the rams during emergency abandonment would

be particularty critical although some redr.rndancy is provided as the stack is fitted with a

blind/shear, casing shear and three other ram preventers. The causes of this type of

failure include hydraulic pipingifitting leaks or malfr-rnction of BOP mounted shuttle

valves (see comments in Section 3).

7.7.3 Failure to open is not such a critical failure and is more likely to cause operational delays-

In the worst case it could require the recovery of the BOP for repair on the surface.

7.7.4 Intemal leakage through a closed ram would be critical in a well control operation

although there rnay be additional preventers available depending on the drilling operation.

As indicated above internal leakage may occur after a shear ram has severed a tLlbular-

7.7.5 External leaks through flanges or bonnets would also be more of a concern during well

control operations. Howeyer it is likely that this type of failure would be detected during

tests before and after the BOP was run.

7.7.6 The most critical failure of kill and choke valves rvould be external leakage. If an

external leak occurs in the lorver inner valve below the lower rarns, the BOP would lcak if

attempting to close in a rvell kick. Internal leakage is not as critical as external leaks and,

since the titt and choke valves are installed in series of trvo, tlie probability of intemal

leakage is very low.

7.7.7 Kill and choke line failures have been discussed in the LMRP section-

i.1 .g As discussed in the previous section the most critical ',vellhead connector failtrres would

be external leakage and failure to unlock. Extemal leakage rvould be a problem if this

occurred cluring well control oper?tions, however it is noted tlrat connector leaks are

generally identified during regular BOP testing. In general, lvellhead conllectors are only

used when the BOP is latched at the beginning of a drilling operation and unlatched wherl

the well is abandoned at the end of the well. Failure to unlock the wellhead connector is

therefore not as critical as tlte flaih.rre to unlock the LMRP connector.

7.7.g Failure to shear pipe could be critical in emergency abandonrnerri or well control

operations and the driller should ahvays be alvare that it may become necessary to hang

offthe drill pipe, shear and disconnect. The Autoshear system on the BOP is designed to

automatically' close the casing and blind shcar rams and unlock the LtvlM counector in

the event of fhilLrre of total loss of hydraulic pressure and electrical power to the subsea
pods. This includes a delay cirouit so that the casing shear rarn starts closing before the

blind shear ram. f f the casing shear ram is ineffective or i1'any casing is sti l l  lodged in the

lvell bore the blind shear ram wotrld not be effective-

7.?- 10 Fai|-rre of the Autoshear system cor.rld result in the LMRP becoming scparated from the

BOP while the shear and upper rams rvere still open. ln this event the onlv rvav of closing
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the BOP rams would be to deploy the ROV and use the ROV overrides. It should be
noted however that this represents a double failure (LMRP/BOP disconnect 4g!
Autoshear system failure) and the probability of such an event is most likely very lolv.
The control system and stack have been designed to allow the installation ofan acoustic
back-up ifrequired by clients-

7.7.11 Operator delay in initiating an emergency disconnect could result in vessel/riser offsets

.exceeding safe limits with the potential for catastrophic consequences. To assist
operators the system response times for the various disconnect sequences should be
measured and made available to the Drilling and DP personnel. It is not known if
operating procedures have been developed but these should include contingencies for DP
failures taking into account the various drilling scenarios. These procedures could be
developed along the lines of the green, yellow, red alerts used for DP diving operations.
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are correctly connected and include riscr

LMRP valves. All tests are carried out

8. FMEA PROVING TESTS

8.1 Introduction

g.LI In order to understand the level oftesting before equipmenl is installed on the drilling rigs

a review of *t" Hfa.ir FAT Procedut. (X-tOO+Oes) has been carried out' This has also

been used,o .nrui. that tests are not duplicated during FMEA proving trials.

8.2 FAT Procedure Revierv

8.2.1 The purpose of the FAT procedures is to define tle functional tests to be caried out on

the LMRP and stack. This includes both MUX pods, LMRP and stack mounted

assemblies and ROV operated ftrnctions. The procedure describes equipment testing in

l0 categories which are listed below:

-I-MRP hydraulic supoly and leak tesls

The hydraulic t"ppilffi *tif' that the supply valves and regulators are f'nctioning

correctly. rrre tests are carried out on the blue and yellow pod functions' which are

oressurised via the hotline hose, and the rigid conduits. Leak tests are carried out on the

5,000 psi hydraulic circui8 and valves.

LMRP function tests
Ttt.r. t..tt verify that the hydraulic circuits

connector functions and the operation of all

through the blue and yellow pod circuits'

Stack hvdraulic suPPlv tests
Tl" hyd*,rlt. *ppt tests verify that the supply valves are fr'rnctioning correctly and

include riser and welthead .on,t..to, functions. The tests are carried outt via the blue

and yellow circuits (pods and rigid conduis)'

Stack function tests ancl response tirnes

Thir t*i.r 
"f 

t.trt u..if,[]lh; fr,*tG of all stack valves and rams using thc blue and

yellor,v pods. The response times for these operations are also rccorded in this section'

Stack accumtrlator tcsts
These tests check the lunctions related to the stack accumulators and autoshear

regulator. The pressure output (3,000 psi) ofthe autoshear regulator is verified during

these tests.

EDS Function tests
ri" gos function tests verifi ths shear mode and non-shear mode emergency

disconnect actions and record the times for the various sequellces. 
'l-he shear mode is

tested using the yellow pod ancl the non-shear mode is tested using the blue pod.

ROV o p erate,el-]fu n sli e nlgslq
'f 

f"ral"ttt u.ri:fy'tt," ROV operat"cl tirnctions inclucling riser connector and rlm close

lunctions.
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Shear tests
Th" sh.u.t"rts have been carried out on the drill pipe that the rigs wilt be using and the

results are summarised in paragraph 7.2.3. The function tests confirmed the ability of

the pipe shear and blind shear to tit"u. the drill pipe samples using the.blue and yellow

conirol circuits. Tests also confirmed that the blind shear rams sealed the wellbore

following the shear tests.

Wellbore and function tests
ft .r" ^t. wellbore, ,urn *d stack valve pressure tests. The tests are arranged so that

valves are tested from both directions and the rams are tested from the downhole

direction.

API Drifttest
In this test an API drift (18.72" diameter and
the riser adapter to the bottom of the stack-

8.3 FMEA Proving Tests

13.5" lenEh) is run through from the top of

8.3-l It is proposed that these lests are caried out after the well control equipment has been

installed on the rig and could form part of the system integration tests- The purpose of

these tests would be to demonstrate that system alarms, shut-offs and standby systems

function as designed. Thc tests are outlined in Section I I and an overyiew of these tests

is listed in the following paragraphs

8.3.2 The tests are based on the system outlined in the Hydril drawings which are listed in

Section l.l . However it is understood that there may have been a number of changes to

lhe system ald the proposed FMEA tests havc only been outlined to ipdicate the

philosophy of failurc mod" t.rts. It is anticipated that more detailed procedures will_be

,.quired when the scope ofthese tests have been revierved and agreed by Global Santa Fe'

8.3.3 HvdraulicSystenr

Fluid reservoir and mixing unit:
- system low level, lvater supply and ptrmp alarms'

Hydraul ic  pumPing uni t :
electrical power sr-rpply reclttnclancy-
reservoir lorv level alarrns/switches.

- pump operation pressLtre switches.
pump capacity to shut-in stack functions (annular ratns aud choke valves).

purnp capacity to chalge surface accumulators-

Surface accumulators:
- accumLrlator capacity rvith HPU

preventers).

Subsea accl.lmLllators:
- accumulator capircitl' lvith HPU

preventers).

LMRP discon nect t lonitor :

isolatecl (ability to oPerate ram and annular

isolated (ability to cperate ram and annulat'
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function test of disconnect mechanism (signals to CCU and riser recoil system)'

Autoshear function:
- function test loss of hydraulic and electrical power'

EDS:
covered in FAT tests althoLrgh it is recommendecl that these are repeated when the

system is installed on the dril l ing rigs.

8.3.4 ElectricalSystem

- vessel power supply redtrndancy.

blue and yellow UPS switchover and durability'
- power distribution panel redundancy'
- driller's power isolation J-box.

surface Power redundancY.
subsea porver redundancy - testeil in llydril function tests'

8.3.5 Electronic System

- Network redundancY - surface-
- Network redr.rndancY - subsea.
- Modem redr-rndancY.
- CCU (CPU cards) redundancY.
- SECM s.
- Subsea sensors - tested in Hydril function tests'
- Interface panels - tested in Hydril tunction tests'

8.3.6 LMRP

Tested in FAT tests.

8.3.7 BOP

Tested in FAT tests.

Page 39

CONFIDENTIAL

Global iVlaritime CIv{-44108-050 l -47366 Rev 2

B P-HZN-2 1 79MD 100098395



Global Santa Fe - Rigs 184i5 BOP FMEA Conclusions & Recommendations

9. CONCLUSIONSANDRECOMMENDATIONS

9-l General

9.1.1 Hydril documentation and drawings of the BOP multiplex control system hlve !-een
reviewed in order to trnderstand the operation of the system and identify possible failure

modes. An FMEA test has been proposed and this is based on the results of the FMEA

and a review of the Hydril FAT and integration test programmes'

g.1.2 As mentioned earlier failtrres of importance are those that rvould result in loss of well

control or the inability to disconneci the LMRP on demand or in an emergency' These

failures are discussed telow and considered under Normal and Emergency conditions'

9.2 Normal Conditions

g.2.1 No single point failures in the MUX control system have been identified that could

prevent operarion in normal conditions- The suiface and subsea components of MUX

controlsystemareduplicatedandprovideatleastonelevelofredundancy'

g.2.2 The vessel electricai power supply to the HPU pumps is provided from two separate

sources and this 
"nr,,i.r 

ryrt"*-ridr-tttdancy- There is provision for an auxiliary pumP

skid to be connecred into the HPU skid but ihis would only be installed if the system size

increased or if a client specified it as an additional reqtliremenl

g.2.3 However there are some potential failures on the BOP and LMRP. The most critical

failures ,,vould be external leakage and connector failure to r'rnlock on demand- External

leaks at the BOp or LMRp connectors or the flex joint could result in loss of well control'

However the probability o[ these occurring is very- lor,v- A recent SINTEF study in the

Gulf of Mexico inrlicated that the majority of lealis repofted were identified during

regular BOP testing and not during operations'

g.2,4 In normal conditions a connectol failure to release on demand rvould cause operational

delays, but since the connectors are fitted with primary and secondary unlocks rhe

probabilitY of this is lo',v.

L).2.5 There is a remote possibility that thilure of a BoP mounted shuttle valve could prevent

operation of a stact valve or mm. However this lvoulcl only become apparent if control

was changed tiom blue to yellotv or vice-versa. This implies that there has already been a

failure of the blue or yelloiv control circuits ancl this represents a double failure'

9.3 EmergencYConditions

9.3.1 A fire could disable the bluc or yello,,v network cabling, horvevcr if the cable routes were

separate it i, ,,rniitety that both cha,',nels would be affectecl. (GM do not have details ol

the cable routes at this tilre). In thc event of failr.rrc of thc blrrc ancl yellorv CCUs jt rvould

be necessary to deploy the ROV to close the stack rams, horvever the use of the ROV

could be limited Ly *rluir,r,r,u'rntal conditions preventing the laurrcir of tlre vehicle'

However the contri syslenl is configured for the installation of an Acousli,; backr'rp it

required by a client and this rvould provide additional contingency. In anv event if such a

catastrophic event occurred it is likely that vessel sat-ety would be more of a concem than

that of rhe r.vell. l"he probabiliry of-this occtlrrence is considered to be very lorv' It is
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understood that a number of HAZIDS have been carried out and it is likely that this

vulnerability has been addressed.

g.3.2 Failure of the riser disconnect monitor lvor-rld result in the failure of the control system to

identify the unplanned separation of the LMRP from the BOP. However the disconnect

mechanism is very simple ancl is activated by the ambient water presstlre and_ the

probability of failure is very low. In addition the Marine Riser Tensioner system is fined

with a sensor and the separation of the LMRP from the BOP rvould be rapidly evident to

drill floor personnel.

9.3.3 EDS and Autoshear functions

g.3.4 The EDS is based on a pre-programmed sequence contained within the control system

software. Provided the sequence is thoroughly tcsted during the FAT programme, failure

is unlikely since thc relevant control signals are transmitted through the blue or yellow

circuits. Apart from the Autoshear components all other EDS functions can be controlled

through the blue or yellorv circuits'

9.3.5 Since the Autoshear system comprises a single circuit with components ananged in series

failure of any of these components could disable the Autoshear function. This would

result in the loss of well control with the LMRP separated from the BOP. However the

tailures associated with an Autoshear disconnect are alarmed and it should be possible to

activate the EDS system to close in the well and disconnect the LMRP.

9.3.6 Well Control

9.3.j In a well control situation the failure of the shear rams to cut tubulars (drill pipe or casing)

and seal the rvell bore would be critical. However the BOP is fitted with casing shear

rams and blind shear rams and the probabiliqv of tlris occrlrrence is low. For large

assemblies, such as drill collars or the BFIA, the time across the BOP rvould normally be

kept to a minimum and heightened levels of alert are likely to be in place. Thcsc aspects

rvoLrld be addressed in the Global Santa Fe procedures. In the worst case a No-Shear EDS

sequence would be ipitiated and the ',vell bore ,would not be sealed. The philosophy of

this tunction is that vessel safety is more important than well integrity.

9.3.8 As inclicated above extemal leaks woLrld be problematic and this type of failure rvor-rld be

evcn rnore relevant in a well control situation.

g.3.9 The most critical LMRP or BOP failures would be external leakage through the tlex joint,

riser or wellhead connector or ram bonnets. External leakage cotrld result in [oss of lvell

conirol, depending on the well statLrs il rnay be possible to shut-in tlte BOP and

investigate the leak. It is noted that the only LMRP connector extemal leaks in the Golvl

stucly rvas observed during surface pressnrc tests and the probability of external leaks is

considercd to be very low.

9.3.10 Emergency Abandonment (DP)

9.3.1I Operator delay in init iating an emergenay disconnect could restrlt in vessel/riser ot|sets

exceeding safe limits with the potential lor catastrophic consequences. To assist

op"rntorJ the system response times for the various discorrtrect seqtlences shotrld be-

measured and made available to the Dril l ing and DP personnel- It is not known if
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operating procedures have been developed but these should include contingcncics for DP
failures taking into account the various drilling scenarios. These procedures cottld be
developed along the lines ofthe green, yellow, red alerts used for DP diving operations

9.3.12 Failure to shear pipe could be critical in emergency abandonment or well control
operations and the driller should always be aware that it may become necessary to hang
off the drill pipe, shear and disconnect. The Autoshear system on the BOP is designed to
automatically close the casing and blind shear rams and unlock the LMRP connector in
the event of failure of total loss of hydraulic pressure and electrical power to the subsea
pods. This includes a delay circuit so that the casing shear ram starts closing before the
blind shear ram and casing could still be lodged above casing shear ram and the blind
shear ram rvould not be effective. The system is being reviewed to tie-in the dralvorks to
pick up the drill string after EDS has been activated, this will be based on the time delay
before the blind shears close.

9.3.13 Failure of the Autoshear system could result in the LMRP becoming separated from the
BOP while the shear and upper rams were still open. In this event the only way of closing
the BOP rams would be to deploy the ROV and use the ROV overrides- It should be
noted holvever that this represents a double failure (LMRP/BOP disconnect 4g!
Autoshear systern failure) and the probability of such an event is most likely very low.
However the consequences could be catastrophic. It may be possible to close the BOP
rams using an acoustic back up system, however this would only be fitted if specified by
the client.

9.3.14 Failure to unlock the riser connector would be critical in an emergency disconnect
situation such as a DP drifi/drive off. In previous incidents disconnection failures have

been attributed to location pins jamming as the riser angle increased. The connector
disconnect system comprises a primary (1,500 psi) and secondary (3,000 psi) r.rnlock
capability to provide an unlocking fbrce which is greater than the locking tbrcc. lncident
data indicates that the secondary unlocking system is generally successful in unlatching
operations.

9.3.15 A power blackout would represent the worst case t-ailure, however power to the blue
control circuit is supplied from the emergency switchboard and providcd thc changeover
to emergency power is successful the control system would still be operational. lf the
vessel was on DP the excursion could exceed safe limits within the 45 second shut down
time. It is therefore critical that DPOs and drillers are aware of the limitations related to
each well location so that EDS can be initiated early enough.

9.4 Recommendations

9.4.1 Although the MUX control system provides at least one level of redundancy the system
could be disabled by fire/explosion on the drilling rig. It is recontrtrencled that fire
vulnerability studies include a lcview of the PDP and CCU locations and
power/communication cable rotrteing to identifu whether the system could be disabled by
a single occurrence of fi re/explosion.

9.4.2 The EDS shutdown [irncs lrave l.reen recorded during tlte FAT tcsts (se.- s:'i;iion ii A) and it
is recommended that these are repeated when the equipnrent is installed and
commissioned on the drilling rigs. 

'l'he 
EDS tirnes should then be revierved in
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conjunction with vessel DP drive/drift off times
procedures can be developed.

so that appropriate abandonment
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Global Santa Fe - Rigs 184/185 BOP ryvlE4 Tabulated FMEA Tests

1I. TABULATEDFMEATESTS

Page 6 I

CONFIDENTIAL

GlobalMari t ime CM- 44308 -- 0501 - 47366 Rev. 2

BP-HZN-21 79MD10009841 5



Tabulated FMEA TestsGlobal Santa Fe - Rigs 184/185 BOP FMEA

11.1 Equipment Sub-System 1 Hydraulic

I 1.1-l Fluid Reservoir and Mixing Unit

Method:
Set AUTO mode at OIU:
1. Drain concentrate tank contents below low level switch
2. Drain glycol tank contents below low level srvitch
3. Reduce water supply pressure
4. Close offrig rvater sr.rpply
5. Fail concentrate pump flF POSSIBLE IN AUTO MODE)
6. Fail glycol pump (lF POSSIBLE IN AUTO MODE)
7. Reduce concentrate flow by more than fio/o for 25 seconds
8. Reduce glycol tlow by morethan l}Yo for25 seconds

Results expected:
l. Low level alarm and then no concentrate flo',v alarm - system shut down
2. Low level alarm and then no glycol flow alarm - system shut down
3. Low water pressure alarm - system shut dorvn
4. No water flow alarm - system shr"rt down
5. Concentrate pump failure alarm
5. Glycol pump failure alarm
7. Concentraleflow out ofrange
8. Glycol flow out of range
NOTE: The feasibility of tests 5 and 6 to be verified rvith Hydril

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.1 Equipment Sub-System I Hydraulic

l l. l .2 Fluid Reservoir and Mixins Unit - Continued

Method:
Set AUTO mode on OIU
l. Fill mix tank to upper level
2. Drain mix tank so that level is 10% below fluid fill shut-off
-).

Results expectcd:
l. System pumps shoLrld stop when high level switch is actuated
2. System pumps restart

Results found:

Comments:

Witnessed by: Date:

i;,

i
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.1 Equipment Sub-System I Hydraulic

l l 1.3 Hydraulic Pumping Unit

Method:
Both pumps operating
l. Fail electrical supply (480 Vac emergency switchboard) to pump No.
2. Reinstate power to pump No. 1
3. Fail electrical supply (Drilling MCC No. 2) to pump No. 2
4. Reinstate power to pump No. 2
5. Drain/transfer fluid from reservoirto actuate lor,v level switch

Results expected:
l. Pump No. I shut down - hrmp No. 2 continucs operating
2. Both pumps operating
3. PumpNo. 2 shut down-FumpNo. I continues operating
4. Both pumps operating
5. Pump(s) stop

Results found:

Comments:

Witnessed by: Date:

CONFIDENTIAL

GlobalMari t ime Gvl- 44308 *0501 - 47i66 Rev. 2

BP-HZN-21 7sMD10009841 8



Tabulated FMEA TestsGlobal Santa Fe - Riss I 84/185 BOP FMEA

11.1 Equipment Sub'System I Hydraulic

I l. i .4 Hydraulic Pumping Unit

Method:
Both ptrmps operating in AUTOmode
L Pressurise system to 5,000 psi - monitor pump operation
2. Reduce pr.iru." to 4,500 psi (or 90% of system pressure) - monitor pump operation

Results expected:
l. Pumps stop
2. Pumps start
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Global Santa Fe - Rigs 184/185 BOP FMEA TabLrlated FMEA Tests

11.1 Equipment Sub-System 1 llydraulic

i  1.1.5 Hydraulic Pumping Unit

Method:
Open all annulars and rams and close hydrar.rlic choke valves. Sct 5" mandrel in wellbore.
1. Isolate accumulators from system "
2. Select one pump
3. Close one annular ram (must be closed on 5" mandrel)
4. Close choke valves
5. Recorcl time to close ram and choke valve
6. Reinstate well bore and isolate rigid conduis and hot line
7. Reduce accumulator system pressure to pre-charge pressure
8. Charge accumulator system to working system pressure using both pumps

Results expected:
l. Time to close ram and choke valves should be less than 2 minutes
2. Time to charge accumulator system should be less than l5 minutes

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Ries l84i i85 BOP FMEA Tabulated FMEA Tests

tl. l  Equipment Sub-System I Hydraulic

1 I .l .6 Surface Acclunulator Racks

Method:
Start status - wellbore pressure at zero and all annular and ram preventers closed - annular

ram closed on 5" mandrel
l. Charge accumulator system to full working pressure
2. lsolate HPU purmps
3. Open all ram preventers and one annular preventer
4. Close all ram preventers andthe annularram (closed on 5" mandrel)

5. Record accumulator pressure

Results expected:
1. After tire opening and closing cycle there should be at least 500/o reserve and the

remaining stored pressure shall exceed the greater of the following: 1. the minimum

calculated p..truri required to close any ram preventer at m&Yimum rated pressure ofthe

stack or 2. the minimum calculated pressure required to open and hold open any choke

or kill valve at maximum rated pressure of the stack

Witnessed by:
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Tabulated FMEA TestsGlobal Santa Fe - Rigs 184i 185 BOP FMEA

11.1 Equipment Sub-System 1 Hydraulic

11.1.7 Subsea Accumulators

Method:

1. Wirh LMRP locked onto srack open stack rams and kill & choke valves

2. Fully charge subsea accumulators
3. Isolate rigid condtrits and hot line
4- Close one pipe ram
5. Close casing and blind shear rams
6. Close kill and choke valves
7. Unlock riser connector
8. Record accumulator pressure
(Note: Rams to be closed on 5" mandrel)
Results expected:
9. There should be adequate subsea accumulator capacity to carry out above operations

Witnessed hy:
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Global Santa Fe - Rigs 184/185 BOP FlvlEA Tabulated FMEA Tests

11.1 Equipment Sub-System I Hydraulic

l l 1.8 Autoshear Function

Method:

1
I .

2.
3 .
A

5.

With LMRP latched onto stack power up blue and yellow pods and pressurise blue and
yellow rigid conduits
Arm auto shear function
Power down blue and yellow pods
Vent blue and yellow rigid conduits
Record function timings

Results expected:
1. Autoshear function activated

Results found:

Comments:

Witnessed by: Date:

:
t:-;,

l
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Global Santa Fe - Rigs 184/185 BOP FMEA TabLrlated FMEA Tests

ll.2 Equipment Sub-System 2 Electrical

I 1.2.l Vessel Power Supply

Method:

l. Power up blue and yellow supplies
2. At PDP set blue and yellow breakers to ON
3. Power up blue and yellow UPS
4. Fail blue supply at 480 Vac emergency switchboard
5. Veri$ control system operation
5. Reinstate blue power
7. Repeat steps 2 and 3 with yellow supply

Results expected:
l. Powe r supply to control system not intemrpted - AC power alarms
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.2 Equipment Sub-Systern 2 Electrical

11.2.2 Blue and Yellow UPS

Method:

l. Blue and yellow power online - at PDP set up parallel operation witir UPS connected

2. Fail blue rectifier supply
3. Verifo operation and UPS endurance (2 hours)
4. Reinstate blue rectifier supplY
5. Fail yellow rectifier supply
6. Verifu operation and UPS endurance (2 hours)
7. Reinstate yellow rectifier supply

Results expected:
1. Changeover to UPS supply no supply inferruption - UPS alarms
2. UPS duration at least 2 hours

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.2 Equiprnent Sub-System 2 Electrical

11.2.3 Power Distribution Panel

Method:

l. Power source switches set for system wide operation
2. At PDP set blue mains breaker to OFF
3. Verif, system status
4. At PDP set blue mains breaker to ON
5. Repeat steps 2 to 4 with yellow sttpply

Results expected:
l. No intemrption to system operation - PDP Alarms

Results found:

Comments:

Witnessed by: Date:
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Tabulated FMEA TestsGlobal Santa Fe - Rigs 184/185 BOP FMEA

ll.2 tr)quipment Sub-System 2 Electrical

I 1.2.4 Dril ler's Power Isolation J-Box

Method:

l. System configured in normal mode with electrical power and air supplies connected

2. Shut offair supply and purge internal pressure
3. Verify Power Isolation Junction box status

Results expect€d:
l. Power to driller's panels isolated and alarm illuminated

Witnessed by:
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Global Santa Fe - Rigs l84i 185 BOP FMEA Tabulated FMEA Tests

11.2 Equipment Sub-System 2 Electrical

I1.2.5 Surface Power CCU

Method:
System configured in normal operational mode
1. Operate system with powerto Blue and Yellow CCU
2. Fail power Yellow power supply (CCU breaker OFF)
3. Verify operation of Yellow CCU
4. Reinstate Yellow power supply
5. Repeat steps 2 to 4 on the Blue power supply

Results expected:
1. No power interruption to CCUs

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Ries 184/185 BOP FMEA Tabulated FMEA Tests
' l

;

11.2 Equipment Sub-System 2 Electrical

I 1.2.6 Subsea Power

Method:

l. Set pod power selection to 'Local' on Logic Drawer panel
2. Attempt pod power control from CCU, Driller's, or Remote Control Panels
3- Monitor results

Results expected:
1. In 'Local' mode it should not be possible to control pod power from CCU, Driller's, or

Remote Control Panels

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

f 13 Equipment Sub-System 3 Electronic

I 1.3.1 CCU Network Links (subsea)

Method:
MUX System in normal operation
l. Select Blue pod
2. In CCU failBlue NCP processor (RS 485 interface)
3. Observe results
4. Restore BlueNCP
5. Repeat steps 2 to 4 on Yellow CP

Results expected:
l. Loss of communications to subsea pods - change over to standby pod.

Commnications alarm

Results found:

Comments:

Witnessed by: Date:
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

ll.3 Equipment Sub-System 3 Electronic

11.3.2 CCU Network Links (Surface)

Method:
Normal operation: For each link (Remote Control, Driller's and interlace panels (HPU &

Diverter):
1. Select Blue pod
2. In CCU fail Blue Ethemet link
3. Observe results
4. Restore Blr-rc Ethemet link
5. Repeat steps I to 4 with Yellorv pod

Results expected:
l. Communication maintained through spare Ethemet network. Communications alarm

?age17
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Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.3 Equipment Sub-System 3 Electronic

I1.3.3 Subsea Electronic Control Modules

Method:
On Blue and Yellow pods in tum:
l .  SelectSEMA
2. Fail SEM A RS 485 Interlace
3. Observe results
4. Restore SEM A RS 485 interface
5. Repeat steps I to 4 with SEM B

Results expected:
1. Loss of communications with SEM A should result in chanse over to SEM B and

Communications alarm.

Results found;

Comments:

Witnessed by: Date:
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Global Santa Fe - Riss I 84/ I 85 BOP FMEA Tabulated FN{EA Tests

ll.3 Equipment Sub.System 3 Electronic

I 1.3.4 Subsea Sensors

Method:

TESTED IN FAT TESTS

Resulls expectcd:

Results found:

Cornments:

Witnessed by: Date:

Page 79

CONFIDENTIAL

Global Marit ime CM- 44i08 - 0i0l - 47i66 Rev. 2

B P-HZN-21 79MD 100098433



l r  '  a

Global Santa Fe - Rigs 184/185 BOP FMEA Tabulated FMEA Tests

11.3 Equipment Sub-System 3 Electronic

I 1.3.5 Interface Panels

Method:

TESTED IN FAT TESTS

Results expected:

Results found:

Commcnts;

Witnessed by: Date:
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