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AUTHOR'S NOTES

. The BOP Manual contains simplified descriptions of the various control systems equipment available from
Cameron Controls. Any given system will likely not include all of the equipment described in this Basic
Operation Manual.

We like to advise that for detailed information we have the Rig Manuals, which give all information
necessary to service and maintain our equipment. For functionality questions or for test questions please
use the FAT Procedures or the Side Integration Test Procedures (SIT Procedures).

We also have technical bulletins on specific items. [f you have other question, please use also the Standard
Subsea BOP Multiplex Control Description we have in the beginning of the manual. The scope of supply for
the standard multiplex control system gives a lot of technical detailed information which will normally get
you into position to fully understand this system.

For rig engineers we have special training courses and classes and also we are able to train in the FAT in
the factory rig engineers necessary to service and work with the system.

-For the software and the electronic, we offer electronic and software engineer classes that they are able to
change or re-configure the system. This is a special course will be done inside our organization in Celle or
Houston and is only applicable for the engineers with electronic or software knowledge.

’ Cameron Controls, April 1999
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1 DESCRIPTION
. 1.1 ABBREVIATIONS

ACS
APL
BOP
CPU
OIM CP
DU
EID-Display
HPP
HPU
LRP
LMRP
MCP
MMCP
MP
NPD
PETU
PLC
RCB

4 RIS

‘ SEM
SSECP
WP

Acoustic Control System
American Petroleum Institute
Blowout Preventer

Central Processing Unit

OIM Control Panel

Diverter Unit

Error, Interlock and Diagnostic Display
Hydraulic Power Package
Hydraulic Power Unit

Lower Riser Package

Lower Marine Riser Package
Modular Control Pod

Multiplex Modular Control Pod
Multiplex Package

Norwegian Petroleum Directory
Portable Electronic Test Unit
Programmable Logic Controller
Riser Control Box

Riser Instrumentation System
Subsea Electronics Module
Subsea Engineer’s Control Panel
Working Pressure
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SCOPE OF SUPPLY - TYPICAL STANDARD SUBSEA MULTIPLEX CONTROL SYSTEM

‘ Item Part Number Typical | Description
Quantity

1. 223010-34 1 Hydraulic Power Unit

2. 223130-42 2 Uninterruptable Power Supply

3. 223020-79 1 OIM Control Panel, EX

4. 223020-80 1 Subsea Engineers Control Panel, NON-EX
5. 223038-08 (04) 2 Cable Reel Yellow/Blue

6. 223050-58 2 Multiplex Subsea Modular Control Pod

7. 300753-14 1 Shuttle Valve 1/2"

8. 251423-01 4 Shuttle Valve 1/2" balanced

5. 307488-11 1 Pilot operated Check Valve 1.1/2"

10. 619010-03-97 300 Cable/Hose Clamps

11. 223190-07 2 Cable Turning Sheave for BOP Cable

12. 223050-65 2 Conduit Valve Module (2 conduit lines)

13. 223311-04 1 Mixing System (typically, part of HPU)

14. 223180-48 1 Portable Electronic Test Unit

. 15. 619002-56 4 Safety Valve

16. 714207 4 Bleed Valve

17. 223050-24 1 Gate Valve "Fail Safe Open"” Kit

18. 223378-13 (12) o1 Event Logging System

19. 223376-04 1 Riser Inclination and Instrumentation System
20. 223160-23 2% Accumulator Rack

21 619012-02-02 7 Subsea LRP mounted Accumulator

22. T.B.A. 2+ Pod Alignment Funnel

23. 223410-01 1 Accumulator Precharge Kit and Compressor
24. 223180-56 1 Portable BOP Test Box

25. Per Project 1+ Set of Commissioning Spares

26. Per Project 1+ Set of 2 year Spares

* Quantity depends on stack size, water depth and customer requirements for closing times.

+ Will be tailor made to customer stack.
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1.2 DESIGN BASIS

The multiplex BOP conti-ol system will comply with the following rules and standards:

Electrical Equipment - General -

Note: All materials comply to the following specification unless stated differently in this actual
product description.
Codes and Standards:

The electrical equipment and components will be in accordance to the following codes and standards:

. IEC 79-8 Classification of maximum surface temperatures

. IEC 79-10 Hazardous area classification

. IEC 79-14 - Electrical installations in explosive gas atmosphere

. [EC 332 Testing of cables submitted to fire (Characteristics of fire retardant cables)

] IEC 529 Classification of degrees of protection provided by enclosures

. IEC 617 Graphic symbols for diagrams

. EN 50014 ~ Electrical apparatus for use in potentially explosive atmospheres: general
requirements

. EN 50018 Electrical apparatus for use in potentially explosive atmospheres: flameproof
enclosure "d"

] EN 50019 Electrical apparatus for use in potentially explosive atmospheres: increased
safety "e"

o EN 50020 Electrical apparatus for use in potentially explosive atmospheres: intrinsic safety

i"
Hazardous Area Classification

The electrical equipment will be suitable for Zone 1, Gas Group IIA, Temperature Class T3, hazardous area.

A member of the CENELEC organization certifies all explosion proof components if applicable. The
certificates will be delivered in the language of origin.

An English translation will accompany certificates, which are not in English. The translation will not be
certified.
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1.4 HYDRAULIC POWER UNIT (HPU)

The HPU provides the hydraulic power fluid, which operates the subsea BOP-Stack and Lower Riser Package
(LRP) system functions. It provides fluid at a pressure level of 230 barg (3000 PSI) regulated or 345 barg
(5000 psi) direct. The HPU and the related accumulators on surface and subsea are sized with sufficient fluid
volume capacity to operate the BOP-Stack functions in accordance with either API 16D or NPD requirements.

The HPU consists of three main integrated systems: a Hydraulic Power Package (HPP), a Diverter Control
Unit (DU) and a Mixing Unit (MU),

Typical functions controlled locally by the HPU include:

® Surface Accumulator Pressure
° Air Supply Pressure

. Flow Indication

° Fluid levels at the Reservoir

. Pump status

1.4.1 Hydraulic Power Package (HPP)

The Main Control Box (located on the Diverter Unit) electrically controls the HPP. It includes the electrical
. equipment for the Motor Control, Alarm System, the PLC system includes The communication controller and
the interface parts to the Remote Control Panels.

The HPP is equipped with two, three or four pump systems with independent, dedicated electrical power
sources configured as applicable for the project requirements. The pump system is designed in accordance with
API 16D so that the combined systems are able to supply a sufficient quantity of hydraulic fluid to charge the
entire accumulator system from precharge pressure to the maximum rated operating pressure within fifteen
minutes.

One hydraulic fluid reservoir is provided to contain the hydraulic operating fluid and is designed to have a
capacity equal to the usable hydraulic fluid capacity of the accumulator system. The fluid reservoir is complete
with baffle plates, when necessary, fill and drain ports, vent piping, level sight gauge, access to tank bottom for
cleaning and low-level float switch. See API requirements.

The HPP is assembled as a heavy-duty, oilfield-type skid, of welded construction for installation on a drilling
rig.

The base frame assembly is constructed of seal-welded St 37-2, DIN 17100 (or equivalent) carbon steel
structural members. Painting is in accordance with a Cameron approved paint specification. The skid-mounted
unit is equipped with forklift slots in the skid base. The skid structure is designed to withstand four times the
unit static weight. Fixing positions are provided to allow for the unit to be permanently located on the drilling

ng.
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All piping, tubing, fittings, valves, accumulators, pumps, connections and other components in contact with the
. control fluid are compatible with control fluid.

The HPU mounted electrical equipment is rated to IP55 as a minimum.

All electric cables are oil-resistant, seawater resistant and flame retardant (IEC 332 or equivalent). Internal
HPU cables are not armored. The conductors have an appropriate cross section for the component and its
function.

The electrical power supplies that are required to operate the HPU are typically 440 VAC, 3ph, 60Hz; 220
VAC, 60Hz and 24 VDC must be supplied by the customer. Other volitages are possible.

Technical Description

The HPU typically consists of the following main components:

. Hydraulic Reservoir

Electric Motor Driven Hydraulic Pump System
Air Supply Manifold

Hydraulic Filtration System

Surface Flow Meter

Conduit Select Valve

Air Solenoid Valves

Hydraulic Pipe and Fitting

. HPU Control System (Motor - and Alarm System)

Hydraulic Reservoir

The hydraulic reservoir is located inside the structure of the HPU. The reservoir is constructed from type AISI
304 stainless steel or equivalent. The fluid volume capacity inside the reservoir is typically 1000 gallon (3800
liter) in the standard design, but is verified to meet system requirements according to API 16D guidelines.

All hydraulic surface outlets are flanged, threaded or welded to the reservoir wall.

The reservoir is designed with a sloped bottom with a minimum of 1 drain port, minimum size I-inch, located
at the low end and isolated with a ball valve and a metal plug.

The hydraulic reservoir is typically equipped with the following:

. Inspection hatch with cover for cleaning

. Visual Level Indicator

. Float control assembly for automatically refilling fluid reservoir

® Low level float switch (EEx-d) with alarm for indicating low reservoir fluid level
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. Drain Valve
® Necessary piping and valving for pump suction

Electric Motor Driven Hydraulic Pump System
The pump system consists of electric motor driven hydraulic triplex pumps.

The pumping capacity depends on the type, size and number of pumps installed and is sized to meet system
requirements.

A typical System consists of the following main equipment parts:

Single electric motor driven hydraulic triplex pumps.

Motors 440V AC, 60 Hz, 3ph EEx-e, direct on-line (Standard is Cenelec)
Contact gauges (EEx-i) or transducers to start and stop the pumps
Suction strainers

Non return check valve in pump discharge lines

Pressure relief valve at pump discharge lines and pressure switches

Hydraulic Filtration System

The hydraulic filtration system contains a duplex redundant, downstream, in-line filtration unit with 20-micron
filter elements, rated at the specific system hydraulic working pressure. Each filter incorporates a high
differential pressure, pop-up, blocked filter indicator and a hydraulic bypass check valve, which operates when
the differential pressure across the filter element is excessive, but not sufficient to collapse the filter element.
The filter incorporates isolation valves, allowing on-line maintenance of the system.

Surface Flow Meter

The explosion-proof display on the Diverter Control Panel indicates the totaled flow rate for the hydraulic fluid
circuit, which is measured by turbine flowmeter. A reset button for the counter changes the display to "zero."

The turbine, flow counter display and the associated push button are connected to the Main Control Box (EEx-
d,e,i). Different types of protection, EEx-d, EEx-e, and EEx-i are used.

The surface flowmeter incorporates isolation valves for bypassing the turbine and allow on-line maintenance of
the part.

1.1/2" Conduit Select Valve

Typically, two 2" stainless steel single air-piloted (2-way / 2-position) ball valves are installed inside the HPP
for the "CONDUIT SELECT" function.

1/4" Solenoid Valves
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Typically, three (3) 1/4” solenoid valves (3-way / 2-position) are installed inside the DU for the remote
. operation of functions via the Remote Control Panels.

Hydraulic Pipe and Fitting (for Diverter Unit, Mixing Unit and H);draulic‘ Pump Package)

All hydraulic high pressure tubing (1/4", 3/8", 1/2" OD) is seamless annealed ASTM A-269, type AISI 316
stainless steel or equivalent . The pressure rating of the hydraulic tubing is minimum 345 bar (5000 psi). All
tubing of the hydraulic circuits is capable of withstanding the application of 1.1/2 time specified design
pressure without any deformation or other damage.

The tubing of the hydraulic circuits are accurately cut by the use of an automatic sawing machine and bent by
the use of standard tube benders. No burrs are allowed and each section of the tubing is biown and cleaned
before assembly to ensure that no contamination (dirt) enters the control components.

Hydraulic fittings are of the double ferrule compression type (e.g.: Swagelok or equivalent) AISI 316 stainless
steel. :

PTFE tape is not used on any part of the hydraulic control system, except for drain plugs.
All high pressure pipe (1"size or larger) is ASTM A106 grade B, seamless carbon steel or equivalent with type

ASTM A105, 5,000 psi, forged fittings. Next generation systems have 316 stainless steel pipe work with
welded connections and SAE std code 62 flanged connections between branches.

. Over pressure protection to prevent potential damage to hydraulic system parts is ensured by pressure relief
valves and pressure switches (not used to detect overpressure), that are installed in the pressure circuit. These
valves will limit the maximum operation pressure in the circuit to 110 % of the design working pressure of the
related hydraulic circuit.

All air pressure pipes (1" size or larger) are 316 stainless steel.

All air pressure tubing (1/4" or 3/8" OD) is Dekabon tubing with brass tubing fittings of the twin ferrule type.
The complete system is equipped with all necessary gauges, check valves, bleed valves, safety valves, fittings
and connections for proper operation. All water, air, high pressure discharge lines and fluid return lines
connections to the skid are manifolded to a common point for easy access.

HPU Control System (Motor - and Alarm System)

An electronic Programmable Logic Controller (PLC) unit is installed in the explosion proof Main Control Box
(inside the DU) to monitor the Hydraulic Power Unit and the fluid mixing system. Air and hydraulic fluid

pressures, pump running status, fluid level alarms, etc. are monitored by the PLC and transmitted to the
Remote Control Panels via serial link cables.

The PLC is equipped with one CPU board, two Power Supplies, Interface Cards and uses a redundant
Communication Interface to the serial bus systems and is powered by the redundant UPS system.
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Local HPU Control Panel

The Local HPU Control Panel is mounted in front of the DU and allows status indication and control of the
following main functions:

Typically two (2) 1/4” stainless steel local or remote operated 4-way / 3-position valve for the surface
"CONDUIT SELECT" pilot function are installed on the DU Control Panel.

The conduit select valve allows the hydraulic fluid supply to be transmitted to either the blue pod or the yellow
pod; then the subsea conduit valve package is piloted by the MUX package remotely from either electric
Remote Control Panel. The hydraulic fluid is supplied to each subsea pod through two conduit lines, which are
mounted to the drilling riser alongside the choke and kill lines. It is possible to select the conduit supply line
(Blue or Yellow) locally at the HPU Local Control Panel by operating the conduit select valve.. This valve can
be operated into center position either manually at the Control Panel, or remotely at the Remote Control
Panels. In center position the main supply to both conduit lines is isolated and both conduit lines are vented.

Up to Six (6) pressure gauges are installed on the local HPU Control Panel for local pressure indication:

. System Pressure E-Pumps 1 + 2 set points

_ System Pressure E-Pumps 3 + 4 set points
Diverter Accumulator Pressure
Surface Accumulator Pressure
Air Supply Pressure
Conduit Select Pilot Pressure (when applicable)

Up to three (3) individual alarm-indicating lights are installed on the local HPU Control Panel for visual
indication together with an alarm hom for audible indication of the following functions:

Low Accumulator Pressure

Low Air Pressure

Low Rig Water Supply (When applicable)
DU Alarm

Low Glycol

Depending on pump configuration, up to Five () individual indicating lights are installed on the local HPU
Control Panel for the following functions:

. Power ON (2) + 24 VDC Power On

. E-Pump 1 Running

. E-Pump 2 Running

. E-Pump 3 Running

. E-Pump 4 Running

Subsea Muttiplex BOP Control System 14 of 79 Basic Operation Manual
CONFIDENTIAL

ACCESS

RESTRICTED CAM_CIV_0000258




-

Up to One (1) display for surface flow indication complete with "RESET" push button is instalied on the local
HPU Control Panel. ~

. Up to Two (2) push buttons are installed on the lbcal HPU Control Panel for the following functions:

J Lamp Test
., Alarm Quit

1.4.2 Diverter Control System

The Diverter Control System is supplied as an integrated part of the HPU. The Diverter Control System
controls the Mixing Unit, which provides the hydraulic fluid, which in turn, operates the surface Diverter
system valves. The HPU provides unregulated fluid pressure at 345 bar (5000 psi) to the Diverter Control
System.

The Main Control Box electrically controls the Diverter Control System.
Hydraulic Accumulator

The hydraulic accumulator unit for the Diverter Control System typically consists of two (2) accumulators with
a working pressure of 345 barg (5000 psig) or 517 bar (7500 psi), depending on system operation depth.

All the accumulators are made of carbon steel and painted in accordance to Cameron approved paint
' specification X-65390-03 (or A-018011-33),

The accumulators are designed according to BS 7201 (British Standard), BS 5045 Part 1 or ASME, Section
VIII and have an approval by Lloyds Register of Shipping or by an equivalent agency. The accumulator banks
are equipped with bleed and isolation valves such that the loss of any bank of accumulators will result in the
loss of a maximum of 25% of the total accumulator volume, as per API 16D.

Diverter Control Panel

The Diverter Control Panel is mounted in front of the DU and allows control and operation of the surface
Diverter Control System functions. Following functions are included:

Up to Three (3) 1/4" stainless steel manual or air operated 2-position valves for the following typical functions:

o Selector Diverter Packer
. Slip Joint Pressure
. Lower Slip Joint Packer

Up to Eight (8) 1/4" stainless steel manual or air operated 4-way / 3-position hydraulic valves for the following

typical functions:
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Diverter Packer - OPEN / CLOSE
. Diverter Packer Lockdown Dogs - UNLATCH / LATCH
‘ : . Diverter Lockdown Dogs - UNLATCH / LATCH
| . Stip Joint Selector - UNLOCK / LOCK 4
° Discharge Overboard Valve - STARBOARD / PORT
e Discharge in Circulation System Valve - OPEN./ CLOSE
. Fill Up Valve - OPEN / CLOSE :
) Flowline Seals - PRESSURE / VENT

Typically, up to one (1) 172" panel mounted air regulator for the local operation of the Slip Joint Packer Air
Pressure.

Typically, up to one (1) 1/4" panel mounted air regulator for the local operation of the Diverter Packer
_ Pressure.

Up to Three (3) 1/4" stainless steel manual operated hydraulic pressure regulators for the following typical
functions: ‘

. Diverter Panel Pressure - INCREASE / DECREASE
° Flowline Seals Pressure - INCREASE / DECREASE
e Lower Slip Joint Packer Pressure - INCREASE / DECREASE

NOTE: The maximum Set Pressure is typically as follows:

‘ . Diverter Panel Pressure set to max. 105 bar / 1520 psi
. Diverter Packer Pressure set to max. 70 bar / 1000 psi
. Flowline Seals Pressure set to max. 50 bar / 725 psi
. Slip Joint Packer Air Pressure set to max. 10 bar / 145 psi
. Lower Slip Joint Packer Hydraulic Pressure set to max. 35 bar / 500 psi

Up to six (6) pressure indicators are installed on the Diverter Control Panel for local pressure indication of the
following typical functions:

. Diverter Packer Regulator

® Flowline Seals Regulator

. Diverter Panel Regulator

. Slip Joint Packer Air Pressure

. Lower Slip Joint Packer Hydraulic Pressure
. Lower Slip Joint Packer Pressure

Typically, one (1) 3/4" stainless steel hydro-pneumatic hydraulic pressure regulator complete with air
regulator, air receiver and local/remote switch for the Diverter Packer function.
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Typically, one (1) 3/4" stainless steel hydraulic piloted 4-way / 2-position valve for the operation of the
Diverter Packer function.

Up to two (2) electric pressure transducers are installed inside the Diverter Control Unit for pressure indication
and transmission to the Remote Control Panel for the following typical functions:

. Diverter Packer Pressure
. Slip Joint Packer Air Pressure

Up to four (4) air solenoid valves 3-way / 2-position are installed on the Diverter Control Panel for operation
from the Remote Control Panel for the following functions:

. Diverter Packer Pressure - INCREASE / DECREASE
. Slip Joint Packer Air Pressure - INCREASE / DECREASE

Twenty-one (21) electric solenoid valves 3-way / 2-position together with twenty-one (21) pressure switches
are installed inside the Diverter Control Panel for operation and indication from and at the Remote Control
Panel for the Diverter functions.

Electronic PLC interlock circuit:

PLC is installed to be able to generate any interlock on the system. PLC energizes solenoid valves to provide
pressure where needed in sequences chosen by customer. Unit is freely programmable.
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1.5 UNINTERRUPTABLE POWER SUPPLY (UPS)

The UPS provides all the AC power necessary to keep the microprocessor based control system, both surface
and subsea equipment, operational under all conditions. The only electrical parts excluded from the UPS are
the electric motor driven pumps on the HPP.

Since all primary functions of the BOP stack are controlled through the multiplex system, a loss of power
would results in a loss of control of these functions.

It should be noted, however, that partial operation of the stack is still possible if an optional, acoustic back-up
control system is installed. This equipment is totally independent of the multiplex control system.

In keeping with the philosophy of maximizing availability and safety, redundant UPS systems are included.

Each unit is sized to deliver all the AC power necessary to power the entire control system for at least 2 hours

(assuming normal operation). The UPS power distribution system is arranged in a continuous configuration. In
the normal operation mode the rig electrical supply system powers the UPS and the battery charging circuits of
the UPS. The UPS Inverter converts the Battery Power into AC. In the event of rig power loss the UPS will
continue to power the system using its batteries. The switchover is "bumpless.”

The UPS is sized to provide power to the Panels, Diverter Controls, Event Logger and Pods for at least two
hours of normal operation.

Typical Technical Data:

J Input Voltage: 230 VAC

) Input Frequency: 60 Hz +- 5%

) Power Factor: 0.7

) Output Voltage: 230 VAC +- 2%

. Output Frequency: with Input Voltage 60 Hz +- 1Hz

Without Input Voltage 60 Hz +-0,1%
Continuous Output Power: 6 kVA /120 min
Maximum Qutput Power: 200 %, 10 sec.

Each UPS unit includes the following main sections:
L Battery charger

) Battery bank
. Inverter

Alarm outputs are available at the UPS to actuate alarm indicators on the operator panels Local indicators and
Readbacks of the UPS include the following: :

Subsea Multiplex BOP Control System 18 of 79 Basic Operation Manual
CONFIDENTIAL
ACCESS
RESTRICTED CAM_CIiv_0000282




»e

Input voltage

Battery Status
Overload

Emergency Power “Off”
Common Alarm

Input Power consumption
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1.6 ACCUMULATOR RACK

. The surface Vaccumulator packages typically consist of stand-alone Accumulator Rack(s) populated with
accumulators rated for the maximum system working pressure.

The required total stored hydraulic fluid volume (accumulator volume system capacity) to operate the BOP-
Stack is calculated in accordance with API 16D or Norwegian Petroleum Directorate (NPD) rules.

The typical surface accumnulator package is divided into independent accumulator banks. Two accumulator
banks can be mounted on a single, stand-alone Accumulator Rack. The accumulator rack is of heavy duty
welded steel construction. The parts are constructed of seal-welded St 37-2, DIN 17100 or equivalent.

All welds are continuous to minimize ingress of salt laden moisture and internal corrosion of the structural steel
members. The frame parts are painted in accordance to Cameron approved paint specification.

Supply pressure isolation valves and bleed valves are provided for each accumulator bank to allow
accumulators to be isolated from the manifold and drained back to the control fluid reservoir for maintenance
or replacement. The accumulator system is designed so that the loss of an individual accumulator or bank does
not result in the loss of the total accumulator system capacity.

The subsea accumulator packages, which are mounted on the Lower Riser Package (LRP), are described in
another section of this document. They are installed to provide the fluid required for running or retrieving the
BOP-Stack or the LRP. It also functions to reduce BOP closing times and/or to serve as a backup supply of
fluid power. Accumulators mounted subsea have a surface controlled valve to permit isolation of the supply

. pressure to the subsea accumulators so that the pump system can be directed straight through to a selected
BOP-Stack function, such as the shear rams.

Subsea Muitiplex BOP Control System 20 of 79 Basic Operation Manual
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1.7 OIM’S CONTROL PANEL (OIM CP)

The OIM CP is housed in a stainless steel enclosure. The panel is suitable for installation in a Zone 1, Gas
Group IIA, Temperature Class T3, Hazardous Area. A member of the CENELEC (is this typical of all
components) organization certifies all explosion proof components. Certificates are provided in the language of
the manufacturer's origin.

A PLC unit, equipped with single Communication controller and single 1/0 module is mounted in a 19-inch
relay rack configuration and installed in an explosion proof junction box and is used to control and monitor all
I/O functions (buttons, lamps, meters etc.). The communication between the various /O- Controller within the
DU, SSECP and OIM CP will be via a redundant serial bus system (PROFIBUS).

The control panel typically includes the following controls:

* Up to Fifty-five (55) sets of illuminated push buttons complete with nametags for the BOP-Stack and
Lower Riser Package valve functions are configured graphically on the panel to ensure easy
identification. Depending on system configuration, the following subsea valve functions can be
operated from the OIM Control Panel:

Pod Select - BLUE / VENT/ YELLOW

Upper Annular Preventer - OPEN / VENT / CLOSE
Riser Connector - UNLATCH / VENT /LATCH
Riser Connector Secondary - UNLATCH / VENT
Lower Annular Preventer - OPEN / VENT / CLOSE
Shear Ram Preventer - OPEN / VENT / CLOSE
Upper Pipe Ram Preventer - OPEN / VENT / CLOSE
Middle Pipe Ram Preventer - OPEN / VENT / CLOSE
Lower Pipe Ram Preventer - OPEN/ VENT / CLOSE
Wellhead Connector - UNLATCH/ VENT / LATCH
Wellhead Connector Secondary - UNLATCH/ VENT
Blue Conduit Isolation Valve - OPEN / CLOSE
Choke/Kill Isolation Valve - OPEN / CLOSE

Upper Outer Kill Valve - OPEN / CLOSE

Upper loner Kill Valve - OPEN / CLOSE

Lower Outer Kill Valve - OPEN / CLOSE

Lower Inner Kill Valve - OPEN/ CLLOSE

Blue Riser Stinger - RETRACT / EXTEND

Blue Riser Stinger Seals - DEENERGIZE / ENERGIZE
Blue Stack Stinger - RETRACT / EXTEND

Blue Stack Stinger Seals - DEENERGIZE / ENERGIZE
Blue Pod Lock - UNLOCK / LOCK

Yellow Conduit Isolation Valve - OPEN / CLOSE
Conduit Flush Valve - OPEN/ CLOSE

Upper Outer Choke Valve - OPEN/ CLOSE
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NOTE:

-

Upper Inner Choke Valve - OPEN / CLOSE
Lower Outer Choke Valve - OPEN / CLOSE

-Lower Inner Choke Valve - OPEN/CLOSE

Yellow Riser Stinger - RETRACT / EXTEND

Yellow Riser Stinger Seals - DEENERGIZE / ENERGIZE
Yellow Stack Stinger - RETRACT / EXTEND

Yellow Stack Stinger Seals - DEENERGIZE / ENERGIZE
Yellow Pod Lock - UNLOCK / LOCK

Solenoid Valve Supply Pilot Function - OPEN / CLOSE
Yellow Solenoid Valve Supply - OPEN / CLOSE
Acoustic System - RESET / VENT / ISOLATION
Acoustic Accumulator - SUPPLY / VENT / DUMP

LRP Accumulator Isolation - OPEN / CLOSE

Orientation Pin - OPEN / VENT / CLOSE

Optional Wellhead Connector - UNLATCH / VENT /LATCH
LMR®P Connector Gasket Release - RELEASE -

Booster Line Test Valve — OPEN/ CLOSE

Choke Kill Line Connector - UNLATCH /LATCH

Outer Gas Bleed Valve ~ OPEN / (CLOSE)

[nner Gas Bleed Valve - OPEN / CLOSE

E-Connector — EXTEND / RETRACT

Casing Shear Ram Preventer - OPEN / VENT / CLOSE
High Pressure Shear Function - CLOSE / (OPEN)

Stack Accumulator —- (CHARGE / DUMP) Isolation

BOP Connector Gasket Release - RELEASE / (CLOSE)
Upper Annular Regulator - INCREASE / DECREASE
Lower Annular Regulator —- INCREASE / DECREASE
BOP Manifold Regulator — INCREASE / DECREASE
Spare Valve I - OPEN/ CLOSE

Spare Valve Il - OPEN/ CLOSE

Protective guards are provided for the connector functions and the shear ram function related to

customer specification or NPD requirements.

Lubricant Level

Blue Solenoid Pilot Pressure
Yellow Solenoid Pilot Pressure
Low Accumulator Pressure
Low Air Pressure

Low/Low Fluid Level

Low Lub. Level

Low Glycol Level

HPU Failure

E-Pump 1 Running

Up to Eighteen (18) indication lamps for the following typical functions:
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NOTE:

) Up to Eighteen (18) indication lamps for the following typical functions:

Upper Inner Choke Valve - OPEN / CLOSE

~ Lower Outer Choke Valve - OPEN / CLOSE

Lower Inner Choke Valve - OPEN/ CLOSE

Yeliow Riser Stinger - RETRACT / EXTEND

Yellow Riser Stinger Seals - DEENERGIZE / ENERGIZE
Yellow Stack Stinger - RETRACT / EXTEND

Yellow Stack Stinger Seals - DEENERGIZE / ENERGIZE
Yellow Pod Lock - UNLOCK / LOCK

Solenoid Valve Supply Pilot Function ~ OPEN / CLOSE
Yellow Solenoid Valve Supply - OPEN / CLOSE
Acoustic System - RESET / VENT / ISOLATION
Acoustic Accumulator - SUPPLY / VENT / DUMP

LRP Accumulator Isolation - OPEN / CLOSE

Orientation Pin - OPEN/ VENT / CLOSE

Optional Wellhead Connector - UNLATCH/ VENT /LATCH
LMRP Connector Gasket Release - RELEASE

Booster Line Test Valve - OPEN/ CLLOSE

Choke Kill Line Connector - UNLATCH/LATCH

Outer Gas Bleed Valve — OPEN / (CLOSE)

Inner Gas Bleed Valve — OPEN / CLOSE

E-Connector - EXTEND / RETRACT

Casing Shear Ram Preventer — OPEN / VENT / CLOSE
High Pressure Shear Function - CLOSE / (OPEN)

Stack Accumulator — (CHARGE / DUMP) Isolation

BOP Connector Gasket Release ~ RELEASE / (CLOSE)
Upper Annular Regulator - INCREASE / DECREASE
Lower Annular Regulator — INCREASE / DECREASE
BOP Manifold Regulator - INCREASE / DECREASE
Spare Valve I - OPEN / CLOSE

Spare Valve II - OPEN/ CLOSE

Protective guards are provided for the connector functions and the shear ram function related to

customer specification or NPD requirements.

Lubricant Level

Blue Solenoid Pilot Pressure
Yellow Solenoid Pilot Pressure
Low Accumulator Pressure
Low Air Pressure

Low/Low Fluid Level

Low Lub. Level

Low Glycol Level

HPU Failure

E-Pump 1 Running
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E-Pump 2 Running
“ Lub. Pump Running
. Glycol Pump Running
. Spare 1
. : : Spare 2
. Lamp Test
Alarm Test

. Depending on system configuration, the Following subsea regulator control functions will be operated
from the OIM CP:

Lower Annular Regulator Pilot Pressure -- INCREASE / DECREASE
Upper Annular Regulator Pilot Pressure - INCREASE / DECREASE
BOP Manifold Regulator Pilot Pressure- INCREASE / DECREASE

. Depending on system configuration, up to fifteen (15) pressure meter indicating systems complete with
nametags are provided for the indication of the following pressures:

Surface Accumulator Pressure

Surface Air Supply Pressure

Upper Subsea Annular Regulator Pilot Pressure

Lower Subsea Annular Regulator Pilot Pressure

Upper Subsea Annular Readback Pressure

Lower Subsea Annular Readback Pressure

. Subsea BOP-Manifold Regulator Pilot Pressure

. . Subsea BOP-Manifold Readback Pressure

Subsea Blue LRP Accumulator Readback Pressure
Subsea Yellow LRP Accumulator Readback Pressure:
Subsea Blue Solenoid Valve Supply Readback Pressure
Subsea Yellow Solenoid Valve Supply Readback Pressure
Diverter Packer Pressure

Slip Joint Lower Packer Pressure

Slip Joint Upper Packer Pressure

. Typically Error-, Interlock- and Diagnostic Display are provided
Provides an alphanumerically indication on system status, alarm or diagnostic information via a
two line (each with 20 characters) display. The display will show clear text in case of a certain

situation.

. The appropriate section in the Rig Book will give additional hints to detect the problem area and
provide more guidance for repair.

. Typically one (1) Lamp test pushbutton are provided on the OIM CP.
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. Tvpically, one (1) Alarm acknowledge pushbutton is provided on the OIM CP

. Typically. one (1) Enable (Push-and-Hold-to-Operate) pushbutton are provided on the OIM CP

. . Depending on system configuration, up two (2) digital flow totalizer indicators, complete with reset
push button, are provided on the OIM CP for the following flowmeter indications:

Subsea Blue / Yellow Flowmeter
Surface Flow Meter Indication

One section of the OIM CP is equipped with push buttons for the remote operation of the surface Diverter
Control System functions. The following functions are typically included:

) Up to twenty-one (21) sets of illuminated push buttons complete with nametags for the surface Diverter

Control System:

. Diverter Packer - OPEN / CLOSE
Insert Packer Lockdown Dogs - UNLATCH/LATCH
Diverter Lockdown Dogs - UNLATCH / LATCH
Diverter Support Dogs - UNLATCH /LATCH
Support Ring Support Dogs - UNLOCK / LOCK
Slip Joint Support Dogs - UNLOCK / LOCK
Flowline Seals - PRESSURE / VENT
Overboard Selector - STARBOARD / PORT
Trip Tank Valve - OPEN / CLOSE

. Brine Line - OPEN / CLOSE

: Main Overboard Valve - OPEN/ CLOSE

‘ . Shale Shaker Valve - OPEN / CLOSE

Pin Connector - UNLOCK / LOCK
Subsea Dump Valves - OPEN / CLOSE
Riser Fill Up Valve - OPEN/ CLOSE
6 Spare Functions / Push Buttons

® Up to Three (3) sets of push button controls complete with nametags are typically provided for the
surface Diverter Control System pressure regulator controls.

Slip Joint Upper Packer Pressure — INCREASE / DECREASE
Slip Joint Lower Packer Pressure - INCREASE / DECREASE
Diverter Packer Pressure - INCREASE / DECREASE

NOTE: The Maximum Set Pressure is typically as follows:
Diverter Packer Pressure set to max. 70 bar / 1000 psi
Slip Joint Packer Air Pressure set to max. 10 bar/ 145 psi
. Up to Three (3) pressure meter indicating systems complete with nametags are typically provided for

the indication of the following pressures:
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“Slip Joint Upper Packer Pressure
Slip Joint Lower Packer Pressure
Diverter Packer Pressure
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1.8 TOOLPUSHER’S CONTROL PANEL (TCP)

‘ The TCP of a Cameron Multiplex BOP Control System is the second, redundant, control station in the system.
Therefore, it is functionally identical to the DCP. The panel is designed for installation in a safe area on the rig
and is not explosion proof. It is housed in a stainless steel enclosure with hinged doors.

A PLC unit, equipped with redundant Communication controllers, mounted in a 19-inch rack configuration is
used to control and monitor all I/O functions (buttons, lamps, meters etc.). The communication between the
various I/O- Controller within the DU, TCP and DCP is via a redundant serial bus system (PROFIBUS).

SURFACE INTERCONNECTION

The surface interconnection cable between the various remote panels, the DU and the UPS should be
unarmored, oil-resistant, seawater resistant and flame retardant in accordance to IEC 332 or equivalent.
Twisted-screened pairs will be used for power and signal transmission between the units.

Each unit should be interconnected with the next unit by two redundant cables each containing buses and

power lines. The two cables should be routed on separate ways on the rig to avoid mechanical damage to both
cables at the same time. :
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1.9 CABLE REELS

Two reels are required for the subsea control electrical cables. The reels are constructed as a compact unit with
all components required for operation, mounted on the reel drum and within the reel structure. Air-motor units
drive these reels. Pneumatic power has to be provided from the rig air supply with minimum 6 barg (87 psi). A
fail-safe, pneumatically controlled automatic brake (“fail-on) will be used to hold and stop the drum rotation.

A level wind assembly assists in spooling and un-spooling the cable in uniform layers.

Drum and Stand

The standard cable reels are designed to store, deploy and retrieve 2100-meter (6825 feet) or 3600 meter
(11700 feet) lengths of electrical cable. The drum will be designed to have a minimum outside diameter of
twice the electrical cable minimum bend radius. Each drum will have an opening to allow the electrical cable to
pass inside for termination and connection to the slip ring assemblies. Sufficient reinforcement of the flanges
will be provided to contain the electrical cable. Flange edges will be free of sharp edges to prevent cutting into
the cable sheath. A shaft is installed within and connected to the drum and flange weldment, and extending
outboard for installation in the stand mounted pillow block bearing. The pillow block bearing at one end of the
shaft will be suitably protected from the environment.

Electrical power and communication signals are continuously fed to the cables through explosion proof, slip
rings assemblies mounted on the reel shaft ends. The slip ring assemblies will be mounted in the center of the
reel shafts. The slip ring assembly includes an explosion proof plug for interface to the interconnection cable.

The electrical cable will be an armored umbilical with signal and power lines. It will contain in a typical
configuration one twisted screened quad of PE insulated 2.5mm? cores for signal and up to nine PE insulated
2.5mm? cores for power transmission. The cable will be armored with two contra-wounded layers of steel
wires. Each single core has been insulation resistance tested prior to cabling into the complete cable. The
electrical cable is manufactured per Cameron Spec. X-006950-03 (Houston) and X-006950-01 (Celle).

The subsea end of the cable is equipped with a diver. The Connector is of a field installable design and will be
connected to the Control Pod.

The stand structure is designed to support the weight of the drum and the weight of the 2100- meter (6825 feet)
or 3600 meter (11700 feet) electrical cable. The design considers forces incurred during transportation of the
completed assembly, as well as forces incurred during running operations.

The cable reels consist of two weldments: a drum and a heavy duty steel stand. The parts are constructed of
seal-welded St 37-2, DIN 17100 or equivalent carbon steel structural members, All welds are continuous to
minimize ingress of salt laden moisture and internal corrosion of the structural steel members. Both weldments
are painted in accordance to Cameron approved paint specification.

Pneumatic Motor and Drive System
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A shaft mounted pneumatic motor and gearbox unit drives the cable reels. The pneumatic motor as well as the
gearbox is sized for operational conditions, sufficient to deploy and retrieve the required cable length and
‘ incorporate variable speed controls for: '

. Forward
. Reverse
. Stop

The pneumatic power to drive the pneumatic motors must be supplied from the rig air supply. The air
conditioning units in the air powered cable reels provide clean and lubricated air for the motors during
operation. The maximum speed of the electrical cable is estimated to be 1m/sec. (3,28ft/sec.) Power from the
pneumnatic motor is transmitted directly to a gearbox to rotate the drum. The cable reel drive is equipped with a
brake of the fail-on type for stopping and preventing drum rotation. A mechanical locking pin is provided to
prevent reel drum rotation during periods of operation inactivity and transport. The pin will lock the drum in
90° intervals. A manual control valve, spring centered 3 position / two way- type, for the reel operations is
permanently installed at the reel drive motor.
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1.10 MULTIPLEX MODULAR CONTROL POD

. The subsea Multiplex Modular Control Pods are designed in a way that they can be individually retrieved (that
is, retrievable without the LMRP), and re-run, for maintenance. The hydraulic portion of a control pod consists
of the standard, Cameron, Modular Control Pod. Guide funnels are used when the pods are used in a guideline-
drilling situation. If the pods are to be run and retrieved in a guideline-less situation, an ROV or other means,
must be used to guide them into alignment with the base-plate on the subsea BOP-Stack. The pods are color-
coded blue and yellow for identification.

An extended function control pod (Mark II) is also available for larger BOP Stacks. The Mark II Pod is
capable of controlling a six Ram BOP Stack with two Annular Preventers and extends the total number of
functions from the maximum of 72 available on the Standard Pod to a maximum of 112 available functions.

The Mark II Pod can also incorporate all the retrievability and testing features of the Standard Cameron
Control Pod.

Modular Control Pod

The lower section of the complete subsea Multiplex Modular Control Pod consists of the standard, Cameron,
Modular Control Pod.

.__, The pod frame is of heavy duty welded steel construction. The parts are constructed of seal-welded carbon steel
) immersion coated. All welds are continuous to minimize ingress of salt laden moisture and internal corrosion
of the structural steel members. Anodes are also installed to provide additional cathodes protection. The covers
are painted in accordance to Cameron approved paint specification for subsea used parts. The pod frame with
the main base and the removable covers includes the following main items:

. Up to three (3) 1.1/2" stainless steel piloted regulators, installed for the following typical functions:

Annular Regulator - INCREASE / DECREASE (may be 1 or 2 regulators)
BOP Manifold Regulator - INCREASE / DECREASE

. Up to Four (4) 1.1/2" stainless steel single piloted 3-way / 2-position slide valves with spring return,
installed for the following typical functions:

Annular Preventer, Upper - OPEN
Annular Preventer, Lower - OPEN
Annular Preventer, Upper - CLOSE
Annular Preventer, Lower - CLOSE

. Typically, one (1) 3/4" stainless steel double piloted 4-way / 3-position slide valves with spring center
or two(2) 4" SST double piloted 4-way/3-position slide valve spring center.
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” Riser Connector - UNLATCH / LATCH

NOTE: Typically, one Annular Preventer is located on the LMRP and another Annular Preventer is in
. the BOP Stack, however both may be located on the LRP.
o Up to Five (5) 1" stainiess steel double piloted 4-way / 3-position slide valves with spring centered,

installed for the following typical functions:

Shear Ram Preventer - OPEN / CLOSE
Upper Pipe Ram Preventer - OPEN/ CLOSE
Middle Pipe Ram Preventer - OPEN / CLOSE
Lower Pipe Ram Preventer - OPEN / CLOSE
Casing Shear Ram - OPEN / CLOSE

) Up to Ten (10) 1/4" stainless steel double piloted 4-way / 3-position slide valves with spring center,
installed for the following typical functions on the stack section of the subsea pods:

Acoustic Accumulator - SUPPLY / DUMP
Acoustic Arms - UP/ DOWN |
Wellhead Connector —- UNLATCH /LATCH -
Wellhead Connector Secondary — UNLATCH /LATCH
Stack Accumulator —~ CHARGE / ISOLATION
Stack Stinger - RETRACT / EXTEND
. Stack Stinger Seals - ENGERGIZE / DEENERGIZE
‘ . Choke / Kill Isolation Valve — OPEN / CLOSE
‘ . . Choke / Kill Line Connector - UNLATCH / LATCH
Booster Line Test Valve —OPEN / CLOSE

. Up to Eighteen (18) 1/4" stainless steel single piloted 3-way / 2-position slide valves with spring return,
installed for the following typical functions on the LMRP section of the subsea pods:

Riser Connector Secondary - UNLATCH /LATCH
Pod Select Function - BLUE / YELLOW
Upper Outer Kill Valve - OPEN / CLOSE
Upper Inner Kill Valve - OPEN / CLOSE
Lower Outer Kill Valve - OPEN / CLOSE
Lower Inner Kill Valve - OPEN / CLOSE
Lower Outer Choke Valve - OPEN/ CLOSE
Lower Inner Choke Valve - OPEN / CLOSE
Upper Outer Choke Valve - OPEN / CLOSE
Upper Inner Choke Vaive - OPEN / CLOSE
Shear Ram Lock —~ OPEN / CLOSE

Upper Pipe Ram Lock -~ OPEN / CLOSE
Middle Pipe Ram Lock — OPEN / CLOSE
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Lower Pipe Ram Lock - OPEN/ CLOSE

Inner Gas Bleed Valve - OPEN / CLOSE

Outer Gas Bleed Valve - OPEN / CLOSE
: Spare Valve | - OPEN / CLOSE

. . Spare Valve Il - OPEN/ CLOSE

. Typically, one (1) 1/4" stainless steel single piloted 3-way / 2-position slide valve with spring return for
the Modular Control Pod open supply and bleed function as well as for a the test function.

The 1/4" stainless steel single piloted 3-way / 2-position slide valve with spring return mentioned above
is installed inside the Modular Control Pod supply line in such a way that this line is vented whenever
the other pod has been selected. The 3-way / 2-position slide valve is piloted to "CLOSE" position by
the Pod Select pilot line for the Multiplex Modular Control Pod. This valve is necessary to vent the
"unselected" Multiplex Modular Control Pod supply line to ensure that the shuttle valves on the LRP
functions and on the BOP-Stack functions can shift properly. [In addition to this, the valve is used to
ensure the testing possibility for the unselected Multiplex Modular Control Pod while the selected Pod
is still operational. In this mode the valve is piloted to "CLOSE" position commanded by the PETU,
that needs to be connected to the surface installed SSECP or the DU The active Multiplex Modular
Control Pod will be controlled via the surface installed OIM CP during this period of time.

All valves and pressure regulators are designed for easy access and replacement. All normal maintenance
processes are done without disturbing any hydraulic hose or tubing fittings.

All valves and regulators are constructed of stainless stesl and other corrosion resistant materials. The pilot
ports of all valves are equipped with purge fittings so that air and stagnant fluid can be flushed without

. disconnecting tubing or hoses.

Following direct hydraulic function lines from the Solenoid Valve Package can be connected to items that are
installed inside the Jower section of the complete subsea Multiplex Modular Control Pod or will run through it

(the following are typical of what can be done)
Run Through:

Yellow Conduit Isolation Valve - CLOSE
Blue Conduit Isolation Valve - OPEN

Yellow Conduit Isolation Valve - OPEN

Blue Conduit Isolation Valve - CLOSE

Pod Select Function - OPEN

Conduit Flush Function - FLUSH

Solenoid Valve Supply Function

Solenoid Valve Supply Pilot Function - OPEN
LRP Accumulator Isolation - OPEN/ CLOSE
Acoustic System - [ISOLATION

Acoustic System - RESET

Orientation Pin - EXTEND

Orientation Pin - RETRACT
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_ Spare(s) (depending on the system configuration)

Intermal Function:
. Annular Regulator - INCREASE / DECREASE (for 1 or 2 regulators)
Annular Regulator Pilot Pressure (for 1 or 2 regulators)
Annular Readback Pressure (for 1 or 2 regulators)
BOP-Manifold Regulator - INCREASE / DECREASE
BOP-Manifold Regulator Pilot Pressure
BOP-Manifold Readback Pressure
LRP Accumulator Readback Pressure
Stack Stinger - EXTEND / RETRACT
Stack Stinger Seals - ENERGIZE / DEENERGIZE
Riser Stinger - EXTEND / RETRACT
Riser Stinger Seals - ENERGIZE / DEENERGIZE
Pod Lock - LOCK / UNLOCK
Main Return (used only on Close Loop Systems)

All hydraulic supply and outlet connections are made through two, pressure-balanced, male, multi-port
connectors extending from the bottom of the pod. One is for all of the BOP-Stack functions (riser stingers), and
the other is for the Lower Riser Package (LRP) functions and accumulator supply connection. The two
connectors may be independently extended and retracted. The connectors are typically retracted during pod
installation, retrieval and pod leak testing. The primary reason for retracting these connectors is to protect them
from damage during running and retrieval operations. The individual port seals on the male stabs are easily
replaced and are extremely durable; they can be successfully disconnected under full pressure without damage.

NOTE: Pod leak testing can be accomplished subsea without having to retrieve the Control Pod to the
surface by retracting the stinger into the test ring, which is internal to the pod. [These tests can
be performed without making the BOP-Stack. function and while the other Multiplex Modular
Control Pod completely controls the BOP-Stack.

On close loop systems, an included configuration of the valves and pressure regulators is the installation of a
fluid recovery manifold, which returns all exhausted hydraulic fluid to the surface through one of the two
hydraulic conduits on the riser. This closed loop system configuration has several benefits, including:

. Conservation of potable water

. Conservation of water lubricant and ethylene glycol

. Pollution of seawater is eliminated

. Higher lubricant concentrations are possible to improve the hydraulic fluid properties

. Improved valve reliability by elimination of seawater entry into subsea valves

The closed loop system also has a disadvantage that of a slower response time to close the rams (due to the

return of fluid to the surface).

Multiplex Package
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The Multiplex Package will be installed on top of the Modular Control Pod. Each Multiplex Package typically
consists of thé following main items:

. Typicaliy, one (1) mounting frame of heavy duty welded steel construction constructed of immersion
coated carbon steel (standard control pod) or 316 stainless steel (Mark II control pod).
o The MUX Package carries all the solenoid valves needed for the pod functions.

There are mounting plates assemblies which carry up to 8 or up t016 solenoid valves
. Typically, one (1) 1/2" stainless steel inlet high pressure filter for the solenoid valve supply fluid
including one (1) 1/4" stainless steel check valve, ensuring subsea fluid storage for the solenoid valve
supply function.
. Typically, one (1) 1/2" stainless steel manual adjustable hydraulic regulator for the solenoid valve
supply pressure. (The Regulator is connected to the main accumulator supply at the inlet and can
produce a 3000 psi pressure at the outlet for the pilot lines:

. Regulators pilot lines are provided with 1-liter (1 quart) bladder accumulators.
. The MUX package is provided with 1 bladder accumulator on the pilot fluid supply line.
. Typically, one (1) multiplex pressure vessel suitable for 3500-meter (11550 feet) water depth.

. Typically, one (1) subsea transducer module suitable for 3500 meter (11550 feet) water depth including
mounting possibilities for up to ten (10) system transducers and one (1) inclinometer. The transducer
vessel also includes the batteries for when the deadman system sequence is requested.

. Typically, one (1) jumper cable for electrical connection from a subsea transducer module to the
Multiplex pressure vessel.
. Retrievable Pods, one (1) jumper cable for electrical connection from the Multiplex pressure vessel to

the Base Plate of the Multiplex Modular Control Pod.

The mounting frame is constructed of seal-welded stainless steel 316 structural members for the Mark II
control pod and painted carbon steel for the standard control pod. All welds are continuous to minimize ingress
of salt laden moisture and internal corrosion of the structural steel members. The mounting frame will include a
top plate with single lift point and removable covers. All the components like solenoid valve mounting
assemblies, jumper cables, multiplex pressure vessel and accumulators are mounted within the frame structure.
For the standard control pod, a hydraulic stab plate assembly, which fits onto the stab plate of the lower
Modular Control Pod is located in the lower section of the mounting frame. The plate contains a quantity of up
to eighty-six (86) male plate mounted, self-sealing, stainless steel, hydraulic couplers:

The plate is fabricated from type AISI stainless steel or equivalent.

The male plate can include popped type hydraulic couplers with elastomeric seals (as per customer request).
The couplers are typically manufactured from type AISI 316 stainless steel. They are designed to ensure that
all lines are sealed after disconnection. The maximum working pressure for the installed hydraulic couplers is
345 barg (5000 psig) for all functions. The sealing materials are compatible with the control fluid.

During the installation of a retrievable pod, the first contact with the Modular Control Pod stab plate a central
locking pin holds the stab plate in position. A second pin (smaller diameter) orientates the stab plates during
connecting operation. Spacers are used to ensure correct distance between both stab plate assemblies. Hex head
screws provided from the frame mounted stab plate secure both stab plate assemblies in position after make up.
Screws are fabricated from type AISI stainless steel or equivalent
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The solenoid valve mounting assemblies contains all the necessary solenoid valves and the electrical
connectors for the complete system functions. The solenoid valves are sub-plate mounted and equipped with
electrical jumpers having a penetrator on the solenoid side and an underwater mateable connector at the jumper

. end. The electrical connectors are connected directly to the multiplex subsea pressure vessel (SEM) housing
assembly. The solenoid valve mounting plate and the multiplex subsea pressure vesse] housing assembly are
fabricated from type AISI stainless steel or equivalent. No special instructions during installation or removal of
the solenoid valves need to be followed. The multiplex subsea pressure vessel housing assembly together with
the electrical connectors assures maximum reliability and isolation of the valve electrical connections from the
seawater. The valves are of a low power design using only 8 watts. The hydraulic section of the valves
incorporates sliding, metal-to-metal, shear type seals. The valves are manufactured from stainless steel and
other corrosion resistant materials. Magnetic circuit materials are special steels, which are electroless nickel-
plated and externally sheathed with stainless steel housing components.

. Up to ten (10) Pressure Transducers are installed inside the subsea transducer module for the following
subsea pressure read-back functions:

Upper Annular Regulator Pilot Pressure
Upper Annular Readback Pressure
Lower Annular Regulator Pilot Pressure
Lower Annular Readback Pressure
BOP-Manifold Regulator Pilot Pressure
BOP-Manifold Readback Pressure
Subsea LRP Accumulator Readback Pressure
Solenoid Valve Supply Readback Pressure
. Hydrostatic Head Pressure
‘ Internal Housing Pressure

. Up to seventy-two (72) solenoid valves are installed on different solenoid valve mounting assemblies
for the following typical subsea valve pilot functions:

Upper Annular Preventer - OPEN

Upper Annular Preventer - CLOSE

Riser Connector - UNLATCH

Riser Connector - LATCH

Riser Connector Secondary - UNLATCH
LMRP Connector Gasket Release - RELEASE
Booster Line Test Valve - OPEN
Booster Line Test Valve - CLOSE
Choke/Kill Isolation Valve - OPEN
Choke/Kill Isolation Valve — CLOSE
Choke/Kill Line Connector - UNLATCH
Choke/Kill Line Connector - LATCH
Quter Gas Bleed Valve - OPEN

Inner Gas Bleed Valve — OPEN

Lower Annular Preventer — OPEN
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. Lower Annular Preventer - CLOSE

E-Connector - EXTNED

E-Connector - RETRACT

Casing Shear Ram Preventer — OPEN
Casing Shear Ram Preventer — CLOSE
High Pressure Casing Shear ~ CLOSE
Shear Ram Preventer - OPEN

Shear Ram Preventer — CLOSE

Shear Ram Preventer Lock — CLOSE
High Pressure Shear Function — CLOSE
Upper Pipe Ram Preventer - OPEN
Upper Pipe Ram Preventer - CLOSE
Upper Pipe Ram Preventer Lock - CLOSE
Middle Pipe Ram Preventer — OPEN
Middle Pipe Ram Preventer — CLOSE
Middle Pipe Ram Preventer Lock —~ CLOSE
Lower Pipe Ram Preventer - OPEN
Lower Pipe Ram Preventer - CLOSE
Lower Pipe Ram Preventer Lock — CLOSE
Upper Outer Kill Valve - OPEN

Upper Inner Kill Valve - OPEN

Lower Outer Kill Valve — OPEN
Lower Inner Kill Valve — OPEN

Lower Outer Choke Valve — OPEN
Lower Inner Choke Valve - OPEN
Upper Outer Choke Valve — OPEN
Upper Inner Choke Valve — OPEN
Orientation Pin — EXTEND

Orientation Pin — RETRACT

Stack Accumnulator - CHARGE

Stack Accumulator — DUMP

Stack Accurnulator — ISOLATION
LMRP Accumulator Isolation — OPEN
Wellhead Connector ~ UNLATCH
Wellhead Connector - LATCH

Wellhead Connector Secondary ~ UNLATCH

Wellhead Connector Secondary - LATCH

BOP Connector Gasket Release - RELEASE

Pod Select Function -~ OPEN
Conduit Flush Function - FLUSH

Solenoid Valve Supply Pilot Function - OPEN

Stack Stinger — EXTEND

Stack Stinger — RETRACT

Stack Stinger Seals —- ENERGIZE
Stack Stinger Seals - DEENERGIZE
Riser Stinger - EXTEND
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Riser Stinger - RETRACT

Riser Stinger Seals - ENERGIZE

Riser Stinger Seals - DEENERGIZE
Upper Annular Regulator - INCREASE
Upper Annular Regulator - DECREASE
Lower Annular Regulator - INCREASE
Lower Annular Regulator - DECREASE
BOP Manifold Regulator - INCREASE
BOP Manifold Regulator - DECREASE
Pod Lock - LOCK

Spare Valve I - OPEN

Spare Valve II - OPEN

Accurmulator banks are installed to provide pilot pressures for the three (3) or two (2), pod pressure regulators
(two or one Annular Preventers and the BOP-Manifold Regulator). Each accumulator pilot line contains three

3) or four (4) small accumulators. All these accumulators are installed inside the frame of the Multiplex
Package. The precharge pressure for each accumulator is different, in a series of increasing pressures. The
pressures are specified as a function of water depth. The staggered precharge pressures ensure that the charge
pressure of the bank can be easily controlled throughout the required setting range by "feeding” and “bleeding”
pressure with short pulses of the controiling solenoid valves. If only a single, small, pilot accumulator is used,
the pressure changes too rapidly in the higher range to be controlled by the solenoid valves.

. Six (6) or Four (4) Solenoid Valves are installed on different solenoid valve mounting assemblies for
the following subsea regulator pilot functions:

Upper Annular Regulator - INCREASE
Upper Annular Regulator - DECREASE
Lower Annular Regulator - INCREASE
Lower Annular Regulator - DECREASE
BOP-Manifold Regulaior - INCREASE
BOP-Manifold Regulator - DECREASE

Remote control of the valves in the Modular Control Pod is accomplished with the redundant subsea electronic
module that is installed in a vessel, which is fitted on top of the hydraulic pod. It communicates via modem
with one of the Communication Controllers in the surface electronic system. Dual electronics are used to
provide full subsea redundancy in each control pod, including redundant coils in the solenoid valves.
Redundant control wiring is provided in the control cable and the surface Communication Controller has
redundant modems. A complete loss of one electronic system will not cause a system shutdown. This
configuration gives the electronic system a high degree of reliability and availability.

The electronic units, power supplies and the power conditioning equipment is located in a cylindrical pressure
vessel mounted inside the structure of the Multiplex Package. The interior of the vessel is purged with dry
nitrogen. This ensures a humidity-free, inert environment for the electronics equipment. The main electrical
supply connection is made with a diverless, underwater mateable, pin connector located in the base plate of the
Modular Control Pod. All the other subsea electrical connections are made at the surface using subsea
environmental connectors. Connections are required for the control cables, the solenoid valves and the subsea
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transmitter module. The solenoid driver units continuously monitor the status of all of the solenoid valve coils.
whether energized or de-energized. The circuitry determines if each coil is normal. shorted. open circuit,
energized or de-energized. Any coil, which is shorted or open-circuit, initiates an alarm at the surface control
panels.

The hydraulic piloting connections between the Multiplex Package and the Modular Control Pod are made
through the standard hydraulic stab plate located in the top plate of the Modular Control Pod. Using this
interface. the Multiplex Package can be removed from the Modular Contro!l Pod for easier access in
maintenance situations. :

The hydraulic filtration system for the solenoid valve supply fluid contains one (1) single, downstream, in-line
filtration unit with a 20-micron (P rates= 200) filter element, rated at the specific system hydraulic working

pressure. The filter incorporates a hydraulic bypass check valve, which operates when the differential pressure |
across the filter element is excessive, but not sufficient to collapse the filter element.

One (1) 10 liter (2.6 gallon) gross capacity 345 bar (5000 psi) WP hydro-pneumatic accumulator, designed
according to BS 7201, BS 5045 Part 1 or ASME Section VIII, for the solenoid valve supply pressure is
installed inside the frame structure of the Multiplex Package. The accumulator stores the fluid required to
operate some of the valve functions, prior to when, or after disconnection, when the complete Multiplex
Modular Control Pod is not connected to the main fluid supply system nor to a hot line or an LMRP mounted
fluid supply. This happens, when it is intended to individually retrieve or install a Multiplex Modular Control
Pod prior to or after surface maintenance. Charging of this accumulator prior to any reinstallation of the Pod
after surface maintenance is extremely important and an additional warning tag on the Multiplex Package
cover panel near the charging needle valve should be installed.

The accumulator is made of carbon steel and will be painted in accordance to Cameron approved paint
specification for subsea used parts.
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‘ 1.11 BOP-STACK AND LRP MOUNTED EQUIPMENT

1.11.1 Gate Valve “Fail-safe Close” Kit

The BOP-Stack can be provided with up to Six (6) Gate Valve "Fail-safe Close” Kits, that can be installed for

the following typical functions:

. Upper Outer Choke Valve & Upper Inner Choke Valve - CLOSE (Fail-safe)
. Lower Outer Choke Valve & Lower Inner Choke Valve - CLOSE (Fail-safe)

. Upper Outer Kill Valve & Upper Inner Kill Valve - CLOSE (Fail-safe)
. Lower Outer Kill Valve & Lower Inner Kill Valve - CLOSE (Fail-safe)

. Outer Bleed Valve — CLOSE (Fail-safe)
. Inner Bleed Valve — CLOSE (Fail-safe)

Stainless steel relief valves are installed on the Fail-safe Kits, ensuring over-pressure protection of the

accumulator when the BOP-Stack is retrieved from deep water.

Stainless steel manual bleed valves are installed on the Fail-safe Kits, for bleeding the accumulator fluid.

. 1.11.2 Conduit Valve Module on Lower Riser Package

Two (2) Conduit Valve Modules are required for selecting the vellow or the blue pods working with a conduit
line on a dual conduit system or for flushing the conduit lines. Each unit typically consists of the following

main items:
. One (1) 1.1/2" stainless steel double piloted 3-way / 2-position slide valve spring return for the conduit
supply function.

. Two (2) 1.1/2" stainless steel pilot operated check valves for the Modular Control Pod supply function

and the conduit line flush function.

o One (1) 2" stainless steel check valve for subsea fluid storage.

. One (1) 1/4" stainless steel pilot operated check valve for the Solenoid Valve supply function.

. One (1) 1/4" Start-up Valve

The Hydraulic Conduit Valve Module is a compact, integrated hydraulic valve block, which is mounted near

the top of the Lower Riser Package (LRP). It functions to control the flow of hydraulic fluid from the riser-

mounted conduit to (and from) a Multiplex Modular Control Pod All the valves on the Module are sub-plate

mounted to a electroless nickel plated block for compactness and reliability. The first valve in the block is the

Conduit Isolation Valve, which is a 1.1/2" stainless steel double piloted 3-way / 2-position, 3000 (5000 psi

available), slide valve, spring return (normally close) that blocks the bottom end of the conduit line. When it is
‘ piloted to "OPEN", fluid is ported to the following downstream valves in the block:
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. Conduit Flush Valve (1.1/2" stainless steel pilot operated check valve)
. Associated Pod Supply Valve (1.1/2" stainless steel pilot operated check valve)
. Solenoid Supply Valve (1/4" stainless steel pilot operated check valve)

The Conduit Flush Valve is a 1.1/2" stainless steel pilot operated check valve. The primary function of this
valve is to flush out the drill water, which has been used to fill and test the conduit while the BOP-Stack has
been run, and replace it with clean hydraulic operating fluid. The flushed fluid is discharged either to the sea
(or returned to the surface if a fluid recovery system is purchased with the system.

The associated Pod Supply Valve is another 1.1/2"stainless steel pilot operated check valve which ports fluid to
the associated Multiplex Modular Control Pod when it is piloted to "OPEN" position.

The Solenoid Supply Valve is a 1/4" stainless steel pilot operated check valve, which can be used to isolate
hydraulic pressure from the solenoid valves in the Multiplex Modular Control Pod. The initial supply to the
solenoid valves is stored in an accumulator so that the hydraulic system can "bootstrap” start itself after the

BOP-Stack has been run.

The Start-up Valve is a 1/4" size pilot operated 3/2-way valve with non-interflow and in normally open
position.

In the instance of high accumulator precharge pressures on the surface due to water depth) the conduit line 5
hydraulic fluid is able to pass through this valve to supply fluid to the necessary solenoid functions for start-up "
of the controls system. When the pressure in the conduit lines builds up to operation or test level, the valve

closes automatically and you can perform testing of conduit linss or operated the system normal. Cameron also
provides Conduit Valve Modules for Single Conduit System, with or without hot line connections.

1.11.3 Gate Valve "FAIL-SAFE OPEN" Kit

Typically, one (1) Gate Valve "fail-safe Open" Kit is required as part of the Multiplex BOP Control System for
the LRP choke & kill isolation valves (i.e., two gate valve actuators). The Gate Valve "fail-safe Open" Kit is
necessary to ensure that the LRP Choke & Kill Isolation Gate Valves on the Lower Riser Package (LRP) will
fully open whenever hydraulic closing pressure is vented from the valve actuators. The kit typically consists of
the following components for the pair of gate valves on the LRP:

. One (1) accumulator, 345 bar (5000 psi) WP hydro-pneumatic accumulator, designed according to BS
7201, BS 5045 Part 1 or ASME Section VIIL
The accumulator is made of carbon steel and is painted in accordance to Cameron approved paint
specification for subsea used parts. The accumulator is nitrogen pre-charged to 104 bar (1500 psi) plus
the hydrostatic head pressure as a function of the water depth.

. One (1) stainless stee] check valve, ensuring storage of the fluid inside the accumulator.

. One (1) 1/4" stainless steel single piloted 3-way / 2-position, normally closed, non-interflow valve with
spring return for the activation of the "Fail-safe " function.

. One (1) stainless stee] relief valve, ensuring over-pressure protection of the accumulator when the LRP

is retrieved from deep water.
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. . One (1) stainless steel manual bleed valve for bleeding the accumulator fluid.

The valves are connected at BOP-Stack integration. Application of "CLOSE" pressure to the two gate valves
first applies pressure to the "CLOSE" port of the gate valve and shifts the associated 1/4" stainless steel 3-way /
2 position, non-interflow valve to its "CLOSED" position, venting pressure from the "OPEN" port of both gate
valve actuators. The "CLOSE" pressure charges the accumulator through the associated stainless steel check
valve and, at the same time, closes the gate valve. When "CLOSE" pressure for the gate valves is vented as a
result of an "OPEN" command, the 1/4" stainless steel 3-way / 2 position, non-interflow valve immediately
shifts to its "OPEN" position applying pressure from the charged accumulator to the "OPEN" port of the two
gate valve actuators, causing them to shift open. The accumulator stores enough fluid to open both gate valves.
The relief valve is required to prevent over-pressure of the accumulator when the LRP is retrieved from deep
water.

According to the accumulators capacity and the number of ¥4 valves, 3-way, 2-positions, the kits can operate |
or 2 manifolds (kill or choke) valves.
1.11.4 Shuttle Valve,1/2"

Typically, one (1) stainless steel shuttle valve, %", 53000 psi WP, is provided for each Choke and Kill Valve,
Riser Connector and Wellhead Connector. A typical function is:

‘ ) LRP Choke/Kill Isolation Valve - CLOSE

1.11.5 Shuttle Valve, 1/2" Unbalanced

Up to four (4) stainless steel shuttle valves, 1/2" unbalanced 5000 psi WP can'be provided for the following
typical functions:

. Blue Conduit Isolation Valve - OPEN

. Yellow Conduit Isolation Valve - OPEN
. Conduit Flush

. LRP Accumulator Isolation - OPEN

Typically, Shuttle Valves are required for each LRP, BOP-Stack and auxiliary function that are operated from
both Control Pods. All of the shuttle valves are made from stainless steel. Cameron 2” positive (unbalanced)
shuttle valves are used for all such piloting functions and low volume actuators. These valves use Cameron
metal-to-metal, shear type seals in an unbalanced, non-interflow configuration to ensure that a positive shift is
accomplished, even if the valve has supplied from both of its alternate supply ports. One of the pilot pistons of
these valves has twice the area as the other so that the valve always feeds the outlet port when supplied with

: pressure.
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‘ 1.11.6 Pilot Operated Check Valve, 1-172

Typically, one (1) stainless steel pilot operated check valve, 1.1/2" Size, 5000 psi WP is provided for the
subsea accumulator isolation function and also for dumping fluid into the sea.

Accumulators mounted subsea require a surface controlled valve to permit isolation of the supply pressure to
the subsea accumulators so the surface pump system can be directed straight through to a selected BOP-Stack
function, such as the shear rams, This is a requirement of AP1 16D and is achieved by installation of a pilot
operated check valve, with 1.1/2" ports, in this line.

1.11.7 Subsea LRP Mounted Accumulator

The required total stored hydraulic fluid volume (accumulator volume system capacity) to operate the BOP-
Stack is calculated in accordance with AP1 16D and Norwegian Petroleum Directorate (NPD) rules.

The accumnulators are installed so as to provide the fluid required for mnning or retrieving the BOP-Stack or
the LRP. They also function to reduce BOP closing times and/or to serve as a backup supply of power fluid.
The LRP Mounted Accumulators have a surface controlled valve to permit isolation of the supply pressure to
these accumulators so that the surface pump system can be directed straight through to a selected BOP-Stack
function. This is achieved by installation of a pilot operated check valve,

The accumulators are made of carbon steel and are painted in accordance to Cameron approved paint
specification for subsea used parts. The accumulators will be nitrogen pre-charged to 62 bar (900 psi) plus the
hydrostatic-head pressure as a function of the water depth.

Typically, one (1) overpressure protection device (e.g., burst disk or relief valve) installed in the subsea

accumulator supply line will ensure an additional over-pressure protection of the accumulators when the BOP-
Stack is retrieved from deep water., a piloted dump valve is typically used.
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1.12 MISCELLANEOUS

1.12.1 Cable/Hose Clamps

300 Dual Cable/Hose Clamps are provided to securely attach the one or two electrical control cables to the Kill
and Choke pipelines on the drilling riser. The clamps are designed to be permanently attached to the riser pipes
and permit easy installation of the electrical cable as the BOP-Stack and Riser is run. The clamps ensure that
the cable is supported and protected from damage throughout its length.

1.12.2 Cable Turning Sheave

Up to two (2) Cable Turning Sheaves are supplied for the system. The control cable Sheave is semi-circular in
shape and is sized to ensure that the control cable cannot be bent to less than the manufacturer’s recommended
minimum bend radius. The Sheave utilizes a standard roller design to give cable support throughout its turning
radius.

The Sheave has keepers with rollers to prevent the cable from jumping out. A sturdy pad-eye is suitably
located for attachment of the Sheave to the rig structure. The keepers and lifting eye mechanism are attached 1o
the Sheave frame with pins and are retained in place with stainless steel, hairpin style clips. These pins permit
installation and removal of the cable without disassembling the roller units. The hairpin clips are permanently
attached to the cable Sheave frame with sturdy lanyards. The structure parts of the Sheave are constructed of
seal-welded St 37-2, DIN 17100 or equivalent carbon steel, painted. All other hardware parts are manufactured
from corrosion resistant materials.

1.12.3 Accumaulator Precharge Kit

The Accumulator Precharge Kit comprises all the fittings, adapters, pressure gauges and hoses necessary to
service all the accumulators in the Multiplex BOP Control System to maintain the proper precharge pressures
throughout the system. The kit is supplied in a sturdy, steel box for use on the rig.

A nitrogen compressor is necessary to achieve precharge pressures for subsea accumulators at depths greater
than about 1000 feet because precharge pressures are then greater than about 1400 psi (97 bar), and compressed
nitrogen is normally furnished at a maximum pressure for about 2200 psi (152 bar).

Subsea Muttiplex BOP Control System 42 0f79 ‘ Basic Operation Manual
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1.13 RISER INSTRUMENTATION SYSTEM (RIS)

A RIS is typically custom-conﬁgured for a project. Howaver, a typical system includes the following general
components:

The RIS provides the System with all relevant data collected at the Riser and the LMRP. The RIS is equipped
with several sensors. A Riser mounted Riser Control Box (RCB) reads all sensor data and provides a dedicated
serial interface with each MCP.

This RCB is powered from one power supply line of each electrical umbilical in a way that a defect on one
umbailical will not interfere with its functioning.

The electrical lines (power and signals) from surface to the MCPs are fed through the RCB. The basic features
are typically as follows:

* - Riser mounted RCB including:

Pressure Vessel, filled with dry Nitrogen

Redundant Power Supplies

Redundant Communication Links (RS485)
Industrial Grade Analog to Digital Converter (ADC)
Industrial Grade Strain Gauge Converter

Industrial Grade Microcontroller (uC) - -

Riser Inclinometer (x and y direction; + [4,5°)
Electrical receptacles for Strain Gauge connections
Electrical receptacles for Cable Reel Connections
Electrical receptacles for MCP Connections

Communications

The interface to the Multiplex Control Module Electronics is via two dedicated RS485 links (one per MCP).
The MCP will request data from the RCB periodically and relays the data to the surface system where it will be

sent to the Vessel Positioning Systemn.

The Protocol between the MCP and the RCB is equipped with extensive data checking including a CRC check
to detect data corruption.

Connectors

The interfaces to the sensors are made using dry mateable electrical jumper cables. The cables are of an oil-
filled pressure balanced design and will be attached to the structure to prevent them from damage.

The interface to the Cable Reel is accomplished using two receptacles where the Cable Reel Connectors fit.

Subsea Multiplex BOP Controf System 43 of 79 Basic Operation Manual
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The interface to the MCP is accompiished using two jumper cables with a single entry subsea environmental
connector on one side to allow retrieval of the MCP subsea.

. . Stress Sensors

To measure the load of the riser there are strain gauges mstalled at 4 positions at the circumference of the riser.
At each position there are two strain gauges installed, one for axial and one for circumferential strain. The
strain gauges are protected against seawater by oil filled pressure compensated caps. They are connected via
jumper cables to the RCB. A heavy protection cover prevents damages during handling and installation of the
riser.

Riser Inclinometer (T223 series)

The inclinometer is designed specifically for long term use in subsea drill strings to measure the angle in x- and
y-direction. The sensors have been developed for use in Drilling locations, Vessel- and Platform stabilization
and Level control on Missile- and Radar platforms. The design is extremely robust against shock and vibration
and hermetically sealed to provide the best résistance against aggressive fluids.

The LMRP inclinometer is installed inside the RCB,

Technical Data:
Measurement Range: < 14,5 degree
Resolution (without ADC): type 28 * 10° degree
Resolution (with ADC); type 0,003 degree
Linearity: <0.02 %
Repeatability: <0.002 %
Temperature impact: <0.006 %/ °C
Temperature Range: -18°C to +71°C (continuous operating)
: -40°C to +75°C (maximum, short term)
Shock: max. 1250g
Vibration: | max. 50g peak (sinus)
max. 35g mms (20-2000Hz=, random)
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1.14 TEST EQUIPMENT

1.14.1 Portable Electronic Test Unit (PETU)

The (PETU) permits the user to test Control Pods and other system functions with a pod either fully installed
on the BOP stack or with the Pod sitting on the deck. The Test unit is housed in a robust case designed to IP 65
environmental standards. [t typically consists of the following:

IBM compatible industrial Laptop PC

Control Pod electrical power supply

Modem

Interconnection Cable to TCB or Distribution Unit
Interconnection Cable to Cable Reel
Interconnection Cable to Electronic Vessel

. Power Cable to 230 VAC Power Supply

. Closed [P 65 rating, open [P 20 rating

“The software offers an easy to use interface. Test sequences may be changed easily. Information and data is
displayed on a simple overview screen and can be broken down into clear and easily understandable analog
and digital data displays.

The software typically features the following:

. Commanding of Valves (Open, Vent, Close)
. Requesting of Analog, Status and Diagnostic Data

The unit can also be used to simulate a Con&ol Pod to test the functionality of the surface system. This feature
is extremely helpful to test the Surface System without affecting the BOP installed pods. The interface cable
will interface with the SSECP. '
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1.15 Distribution Unit

. ' ~ The Distribution Unit / Cabinet is a carbon steel painted housing with front door access. It typically has the
following main features:
. Standard design for all systems
. Two units as subsea communication controller
. Profibus Interface via optical link module
. Crossover connectors for PETU

. Interface for UPS

The Distribution Unit provides the downlink to the control pods via subsea cables. Two dual processor systems
are included, each in dual configuration independent:

Total: _ 4 x Profibus Interface Cards
4 x Power Supply Cards
4 x CPU Cards
4 x Modem Cards

All necessary electric and mechanic hardware to provide a professional unit.
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1.16 BOP TEST BOX

The BOP Test Box is used to function test the BOP Stack onboard the Rig. It consists of a small box equipped
with a carrying belt to walk around with, when the tests are carried out.

The Test Box is typically equipped with:

. Alphanumerically Display, 2 Lines, 20 Characters each, fluorescent type

. Two push buttons for function select

. Three illuminated pushbuttons for functions

. One enable button

. 50 m of oil resistant cable ¢/w connectors at both ends
Detail Description

The Test Box will be connected to the SSECP or Distribution Unit when the BOP Stack shall be operated from
a remote location.

As the Test Box is not explosion proof, the operator has to enable the use of this box by a remote key switch
installed in the SSECP. This will disable both panels as long as the test box is enabled. In this case, both
panels will indicate that they are disabled.

Once the Test Box is enabled, it will display the selected Function on its display. The function can be changed
by pressing the UP or DOWN Button on the right side of the Test Box. All functions accessible will “scroll’
through the Display.

Afier selecting the function, the first line displays the function and the second line displays the possible actions
(OPEN, CLOSE sometimes also VENT).

The function can be activated by pressing the ENABLE Button and the appropriate function button.
Technical Details
The fluorescent type display was selected due to the superior visibility compared to LC type displays.

The Box is fabricated of glass reinforced epoxy. It is fully weatherproof IP66 and can be used with gloves. To
prevent mistakes, the ENABLE button has to be pressed when forcing a function.
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1.17 EVENT LOGGING SYSTEM (Standard version — Desk Top)

‘ The Event Logging System is a customized unit, which is connected to the surface bus system. All system data
can be recorded and analyzed and/or printed at a later stage.

The software typically features the following:

° User configurable function names and display point names
° Powerful search functions

Report and data export functions including:

. Full report, all messages

. Changes initiated from the OIM Panel

. Changes initiated from the Subsea Engineer’s Panel

* Changes in subsea transducer values (Deadband is free selectable)
° Inter- Pane] communications

The Event Logging System is based around a deéktop computer consisting of:

. IBM compatible PC

. 15" Color VGA monitor in industrial case
. Keyboard with separate trackball

. Bubble jet printer

. Profibus Interface

. Interconnection cables

The software offers an easy-to-use interface. Information and data are displayed either on an overview screen
or on a scrollable text screen. All events and significant data changes can be logged into the file system.
Reports are available off-line; alternatively, the results can be exported to text processing software packages for
generation of custornized, printed reports. '
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1.18 FACTORY ACCEPTANCE TEST (FAT)

. ' The control system is tested in accordance to Cameron FAT procedures with the following tests:
. Pressure test with 1.5 of the required working pressure of single units
. Function test of single unit

A function test of the complete system can be performed for an additional charge.

Customer representatives, Cameron QA personnel and service personnel typically witness the tests. DNV or
an equivalent agency witnesses the tests when appropriate.
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1

1.19 System Overview — Overall Arrangement of the MuX Drilling System

1.19.1 G_eneral Arrangement Interconnection Diagram - Multiplex BOP Control System

A general overview drawing of the system shows you that the system is located in two different areas. One
area is classified as safe area and the other area is classitied as hazardous area. You will find this in the
above-mentioned drawing on the left top and right topside. Both of these areas will be interconnected with
the two independent data bus and two independent power supply systems. All lines are indicated in black in
the middle of the drawing. Basically, the hazardous area will be connected to the safe area via the data lines
but also receive from two independent power supplies power. Both are the black lines called power signal
*A” and power signal “B”.

“Safe Area” Discussion

The safe area is typically classified as a non-explosion proof area. In the safe areé, the following equipment
will be located: TSP the wheelhouse panel, Junction box no. 1, the distribution cabinet A, distribution
cabinet B, event logger, BOP test box and the PETU.

_In looking at the General Arrangement drawing, one will notice how the equipment are inter-connected.
Some of the equipment also has other electrical supply lines, which are supply lines that are not permanently
mounted. The safe area includes the wall socket mounted connection cable.

Also indicated are the cables for the RS232, distribution rack cable and the BOP control pod test cable.
These cables will be used in different modes. “Hazardous Area” Discussion.

The hazardous area is connected to the safe area again via the two power and two signal bus lines called
power signal “A™ and power signal “B. The first big unit in the hazardous area, fully explosion proof, is the
HPU / and Control Box located on the Diverter Unit. Also the main control items such as the OIM CP, fully
explosion -proof, is located in the hazardous area and it is connected with four independent lines to the data
and power supply bus lines. The hazardous area also has junction box no. 2, junction box no. 3 and junction
box no. 4.

The blue and yellow cable reels are located in the hazardous area. All the signals and the power will go from
the two main data / power boxes “A” and “B” to the cable reels and via the cable reels into the subsea area.
There are two signal lines and two power lines on each cable reels.

“Subsea” Discussion.

From the cable reels the system goes subsea. At the bottom of the system is the RCB. Connected to the
RCB are strain gauges, the compass, and optional temperature and pressure transducers.

The RCB monitors the angle of the riser, versus the position of the bop stack. The main subsea components
are the Multiplex Subsea BOP Control Pods, one Subsea Control Pod (blue) on one side and the same
subsea Control Pod (yellow) on the other side.
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Located in the control pods are independent inclinometers that provide constant monitoring of the stack
position. :

‘ On the bottom of the two pods are the hydraulic stingers and the electric connection, which transfer the
electric, electronic, multiplex and hydraulic signals / functions from the pod into the base plate of the
LMRP. The base plate of the LMRP is the main base to permanent or retrievably mount the control pod.

Also located on the LMRP is the mini pod assembly, which is used to connect the BOP instrumentation and
the pressure temperature transducer, which is used to monitor the pressure and temperature in the bop stack.
The general arrangement inter-connection drawing includes a table called connection inter-connection cable
interface diagram. The table is used to give the rig engineers an overview of which cables are used to supply
electrical or electronic signals from the safe area into the hazardous area. It also specifies the cable type.

The system overview drawing gives a full overview about all-the components or items added to build up a
multiplex drilling system for deep sea subsea drilling application. Also, the interconnection diagrams
provide information about the cables needed to connect a typical Cameron system together while also
indicate the interfaces provided for your rig.

All the items shown in these drawings can also be found in the Cameron Rig Manuals. The Rig Manuals
include a detailed description of each system component, how it works and how it’s designed. Maintenance
will be shown and Cameron recommends each customer to get acquainted with the system by reviewing the
applicable rig manual for the system and studying each section to identify each component shown in the
general arrangement inter-connection drawing.

Subsea Muitiplex BOP Control System 510f79 Basic Operation Manual’

CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000379



NOZRJOH ¥3LVMd3IQ,

VIV SNOQYVZVH

BNYJ DUINGD SHIMSNA00L OL TYNOS ZEM——4

iNdat\HOUSTO!

ZHOB/OVADYZ ¥ AN H3M0d A

O Y3 ¥ IHN TVNAS ¥~

T =
QU0 ¥361) ¥ IWNOIS TIBYD LINNODUILNE 91—

NN MO NIV
NOOY TOUINOD 08 NI @@LYI0T
AR BOLY TNV 1~ —|

CONFIDENTIAL
ACCESS

NOOY LNINJIND3 SHITING) 04LNOO SHATING G

CAM_CIV_0000380

RESTRICTED



Tof1

‘ON 3N8vd A

LAGIFEONVENY TVAMENID ANO (@ 0 1V (IONNOND 20 1SN SHOLINGNDD TNS TV
TR wmd om0 i 24 - 5
EZLL) 1 € 133HS NO GINNILNOD EYIN IWEHO SSTHY 200 NANE KIS STHND K04 TV
10100/80# 0'd “SAION
LNOZIMOH ¥3lvMd33a,
LeZEKR

91~-90-LFRINT TUe-T0I~LC TBYREAY e (105 x08-F) X08 1S3L 08 BNYd OULNOD SUIHSII00L WS 190 TRHORRIYNN oy o d81 ¢ A v O

20-£8601T 51969 TEYA-ISHON o TNV TOUINGD SU3HSI00L 8 TNYd NOLNERILSI) MIMO/ W00 TS 050 ORI 3A0MLVIN A0 B3 (MS20) 2900 9] & [+ 3

0-1800LZ 0 TBENOEHN o TNYd CAINOO SHBHSIKIO0L v BNYd NOLNEGYLSIO 304/ MO0 ™S 50 AROMIYIN 00MUN X440 M3 (MS29) 400 9| A_ oo~

088012 ¥Eiv69 BEV-ISHON us BNV WHLNDD SITIRNG 8 TNvd NOWNBRILSIO ¥/ W00 TS 50 TRIOWHY N 3AOMLVIN A0 W3 (MG29) W00 9| A -

W—eB0UT IEIPE9 b g TNV WHINGD SYTTR0 ¥ TENYd NOILNBRISI) MO/ N0 S weo TRIORSYN 300MLINA iLd0 ¥334 (M529) 3800 9 & -

91-20-L¥BHILZ 09-201-£8 TEVRIRY oo TaNvd DUINDD SAIHSNII00L € TNV NOLLERILSID N0/ 0D ™S 200 AROMIVIN oy o o5t 1 Q -

S~T0-LHALT 0l9-201—1 TEVRERY o TANYd DUINGD SBHSNAN00L ¥ GNYd NOUNERUSK) 13800/ A0 oS ze00 AROMIYNN Y oif o5t | A -

. 0-£88012 ¥iven CEVR-ESHON 61 BNV TOMINOD NIV MELIOARY N 6 BNV NOUNERUSI) A0/ 0D ™mes 950 ATOMIYN 300MLINN MO HIEY (MST8) 30D 9 A Szm-

m_ Z0-£0600LZ (769 TAVI-S90N L6t BNV T08LNOD N HALAAI/ Nl ¥ TNV NOUNGRILSI) 13800/ R0 ™S w50 QHOMYND ORI N0 33t (MST9) 00 9 A_ ru-

m 1S—204~L8 TEVRORY ] NOLYLS 3R0M TOHINDO d08 6 TNYd NOLNERUSI) IO/ R0 wWod Sovo aROMYN ANVOIVIIY 3TV A009 My T (9) A_ -

] H5—20t~LC TRV -] NOLYLS JRI0M TOHINDD do8 ¥ TNV NOUNSRISIO YMOd/ AROO YMOd £590 CRORYNY ANVOHVIIY 3AvY A00S MY Zuf (K A -

3 NG-TON~S TEVRENY a X08— MGTEA X¥ VION 4 TINYd NOUNEISO ¥Od/ 0D *M0d 590 TRIOWHY N ANVOHVLTS VU AD09 MY 2 (OX 1} 1za-

IS—-Z01~ <& Tgvousny -] X0a-* 34 X¥ YIGN 8 TNvd NOUNGRIISIY MO/ N0 amod «ro TRIORUVYND Eﬁgsﬁ:caxﬁin

\S—20k~L8 TEVRIRY wu X081 AGTEA X¥ VIGN ¥ TNV NOWNGRILSIO 1380/ RR0D wWod «%ro GOmIN ANVOIVI 3TV A009 MY ZW (9K A on~

~204~L8 TEvRanY -] X081 IMA X¥ YIGN ¥ TINVd NOUNERLSK YM0d/RNOO wwod 40 AIHORHYNN INYHYITY VU 4009 MY T (O) A M~

20~£860LLT (31 “BEVI-SHON ) W01 INI 8 TINVA NOUNEALSK YIMOd/NROD WIS 450 ARAOMAYNY J00ALINA U0 A (529} 0D 9 & 17 e

Z0-£860ME e VAWM -] 3900 1NGAT ¥ "BNYd NOILNBRISID 3804/ RR0D NOE 60 oMM 00NN IO A3 (METI) 2400 9 & o

M.n 6002046 TEVRENY a 9 TAYA NOILNBRISKT MO/ NN0D a.s4n *Mod 90 AROMYNY LNvQuvITH 3RV A009 Sy of (o) AH Sta-

3 808-204~£8 TEVDY "4 X08 N4 8 San TNV U0d WADISTO ‘ZHD ‘W1 ‘OVASY MO 9050 CRORNND INVGVIIH VU A0S MY O (X A_ yu-

M S0C-201~L8 TEYaEAY s %08 3504 ¥ Sdn TNV M0 WAALSNO ‘ZHOY I ‘OVACOY ¥3MOd %050 TROMIVNN ANVOIVIDI IV 4002 WY O (D) A cn-

2 NS-Z04~L8 TEYROY 6t 310N 30T 3aM ~ MALYVIS ¥oLOW YIDLST ZHOS ‘9 ‘IVAQOY MINOS €50 TTHONHYNN oy zif Ok A -

§-20b~L8 TR L6 ADLOM 0D O ~ FAUNVIS B0L0W WNOISD ZHOY ‘9 “OVADGY YIMOd K" QROMAYRN ay zif (O AH 18

€0°-20t-¢ TEVRORY ] ¥ BNVd NOLNBHISIC ¥M0c/1eA00 ¥ sdn ¥NOd £290 ORIV ANVCIYIE VU A009 MY BF (O A_ ow-—

W-L8B0KZ s CEN-NSUON 9 NOLYLS J0M TOUNID dod ¥ TINYd NOWNBUISI) YO/ WG ™mes 450 QUORAYHN 00RO H38 (MSZ0) 300 9 A_ a-

US—TOL~L8 TEVRENY 1o BWd WUNO SUMSAI00L @ TNYJ NOULNARILSI0 ¥/ KACD MO 590 CRHOMINNN LNYGUYLIY INVH ADDD WY 2 (OX A_ -

S~Z201-(C TNV 198 TNV TOUINOD SHEHSNAI00L ¥ TBNYJ NOUNGRISIO 43M0d/AN0D ¥Wmod svo Q34OMIYNO INVOIVIT IV A009 MY 2W (O A_ -

\S—201 - TEvaEAY [ L0 T0HLNOO @ONNG 6 TNYd NOUNEULSIO X304/ R0 wwod vo TROMIVRO INVOUVI3 IV A00 MY Zif (O A_ -

9S-Z0I-L8 TRVRORY %y 1NN 0RIMG) GERiNG v BNVd NOUNGRILS W04/ KRGO wod «%ro aROMIYNN ANYGHYITS I U AX0O omY 28 ()¢ A_ [V

US-T0~28 TBYREY L) TINVA TOULNOD NIV BRI/ N & TINVG NOUNERISY] 43W0d/ 00 ¥NOd %90 EOMNNN LNYGHVITS IVU A009 MY ZW (3K AH -

0IS-Z01~L8 TEVOANY " “BNYd 0HINOD NIV LA/ Nt ¥ TNV NOLNBRILSID A3M0d/Am00 YMOd ®ro CRHONLYNN INPQHYLRY 3L A00S MY 2 () A_
'ON 1¥¥d NOM3WYD | "ON 1uVd 94 23N (14) HLONT ol WOY4 9IS/ ¥Md ('NI) 00 Tivy3no| "ISNOD J18v0 3Z1S/ALD ¥OLONANOD
SNOLLIINNODYALNI 3718vD

CONFIDENTIAL
ACCESS

CAM_CIV_0000381

RESTRICTED



O=1=DOEZ T3] 7 O R PSR VAR -
K NOWD: Nt
AWNO (A3 3NO 1V (IONNDYD 30 LSTIY SHOLINANDO VS TV
=z g e a0
%] o ) TAUYOIN FSMAHIO SSTWN ZHO3 “WAOYE OMKTNS STHYD MINOS TV
10100280 #:0'd “SII0N
NOZRIOH ¥3ILYMdT3q, ¥ LIIHS NO G3INNLLNOD
NOOWVig® ¥
91-20-0060LLZ H9-20I—€ FievRGnY -1 X8~ TRY VO MOTEY X06- MOTHA X VIGN s 5090 a3IoRVNR onv oif g5t 2 A o
..... uwz He-ZoL-8 T [ x08-f TR THEVO I8 ¥0a-f ITH Xy VIGK ™os 6090 @orn v o1 51 2 A Tom—
-5 TavoanRY owT 00— BR TRVO #OTEA XOG— MOTGA X VPG ¥ 50 CHORNNN 009 ‘oav Zi (9 Aﬁin
LS-TON-L8 Favasny X4 Xog- W TWYD I 0a— I Xp VN ¥Mod ¥50 Lo ] A009 ‘Say Z¢f ()9 A_ ou-—
Z0I-18 TRV i £ HOION ~ OO dMNdd ONddNS HMOLSAO T YALUVIS YOLON ZHDE #C “OVAODY MIMOJ orvt THOMIVYNN 009 oMy o/ (O Aﬂnn
LIE-ToV—L8 TEVRGNY 19e T HOLON - QDS dRnd QINGANS LMOLSIO ‘7 LRLAYIS HOLOK ZHOB '9E ‘VADGY NIMOd o't a3IoRVNR 000 ‘oav o/2f (ak A -
. =20~ TRy ¥oi L HOLON ~ ODS dMnd TANS HIUSID ) MALYVIS HOLOR 2400 ' ‘OVAODY MINOd ory't CHORNNN Ao09 ‘oMY o/ (o)X A_ET
“m 9US-T04-LC TEVONY -] W0001 1NGAI @ TINVd NOUNSRUSID IO/ WA0D WO 590 Q3UOMRIVIN ANYGNV13N 3NV A0S ‘Oav Z ()X Aoﬂl
! w 201! TavownY ze W01 INAT ¥ TNYd NOUNBLASK) MIN0L/WR0D e ] (22 ROV LNVONvIIH IV ACOS DAY ZUf (0} 1] SsM-
! ~Z0~L¥8HLT I9-T0—LE TavRony s %08~ MOTHA X WGN 6 TINYd NOUNSRILSID MINOL/WR0D ™mos 00 TROMVNN 2Ky Ol st 4 A on-
—T0-L8ILT oto-2oI-Le TEw %8 X086 3B X¢ VWON 8 BNV ROUNGRASI NIN0/ W00 wes 0 Lot v o i L Aa-
-0~ ol9-zai-L8 TEuINY [ X08- MOTEA X¢ VIGN ¥ T3YJ HOLNGRILSIO MINOL/ MO b %o ROV oy o 518 A -
............. 'y TRy 3 X08— VI8 X VIGN ¥ TV HOLLNGRUSIO MINO/ RGO WNoIs 60 TRIOMINN v o &L ) Ail t
TO-£980KZ 519 TEHEW0R 2 NOUYLS X0k 39007 JALH 8 T3YJ NOUNERASI IO/ W00 b 5090 ROV J0MLIN AL M3 (R5T0) F00 9| A ogm- d
Z0-C960UZ "wiven BEN-ISION s NOWLVLS JI0R 339007 JLH ¥ TV NOILNGRILSKD NINO/AN0O NS 6090 CROmVNN J0OMLION N0 H0 (MSZ3) 300 9 A [
8 FL-LO-HeILZ Z5-Ti-L8 TEvRGnY ®Z TNINS WOLSNO - MWIS MDION Fom 1 X08— WIRLITT OIS ONDXIN (30} 9 0L LBSITSUI0 ¥ MR DVIS TVROS s CHORNNN ony vi# (O} A_ -
L0~ 1Z5-201-L8 Tgvaany [-<4 OIS LSO — YIUWIS HOLOR DN | X068~ TWORLITT GDIS INKKEY {0002} Od QL LICRRINGIEHO 3 MO “LIVIS WSS os TR onv vid () A_s?
m -LO-RILT 125-204-L8 TEvRInY TNddNS AINOLSD — § HILNVIS HOLOW 1 X068~ WORLITE 00 dAnd (00A12) T 0L LICHNYOMIO B W ‘LIVIS TWNOIS ase TROMVNN ony vi# Q) A_ni-
-L0-9¥RILT L0~ Ty cor S YINUSO — T HALNVIS HOLOK | X068~ TVORLITE ODS AN (0MZ) T 01 DERISUIO ¥ MR DVIS “WNSS 7] CROmVNN omy ¥if (O} A_:?
-L0-9RILZ 1z6-204 TR THAANS AINOISD — § HALNVIS HOLOM | X08— WIRUITT 0DS dRNd (O0AYZ) T 01 LIGENONTNO 3 MK LHVIS TVROS @250 ROV onv i (O A_?T
—T-WBILT $T5-T0! Tavomy 1IN0 9NN LN TOBLNOO HALMEAKY NH s &80 ABORVNA omy o (o2 A_ -
-9 RLT 62520118 T MO NI LINN TORLNOO. LAY N WHIS AIOMIVNA oy ouf (Or AH -
—T-MOILT §TS-T0I~¢S Ty 8 | L X08~ VORLOTT DS N 1NN TOBLNOO MY N s 690 OBHOmIVHN v ouf (I A_ onm-
Z0-£e801 oiree TSN NOULYLS 20408 TRINGO 08 6 TNYd ROUNERASI MINOL/MR0D NS v ARONRIVHO 89:5:2&553&8&&.9-
H-90-LIBILZ 20128 Tigvrny % 1 X068 WORLITH OIS dANd N0 TORLNOO HALIIAY e NS ¥y ROV oy ouf a8l § A_B-u
‘ON L¥Vd NOY3AVI| 'ON LY¥Vd 9IK 93N (L4) HIONTI oL nOM 915/ 4d (‘'Ni) GO TWH3AO| LSNOD 318vD 3ZIS/ALD HOLINANOD ‘ON 3avd ‘
. SNOLO3INNOJYALNI 318V0

CAM_CIV_0000382

CONFIDENTIAL

ACCESS
~ RESTRICTED



10f1

|
ATO G@ M0 Ly CONOED 38 LSHN SLNGHD RIS T
ek y B ™ saones o 21 -
g T | WAYONN ISMEZHLO SSTINN ZHOD “IYAOKZ SNATANS STEVD W3M0d T
iatooz80 #0'd 30N
NOZIMOH ¥3LYMdTA.
NoWIgx g
we-mi-ee | v o w0 TYY TN ST wNOd zaD @RI v aif (X <) e
206-T0I-LS EvLRY -] OOV TINVA TOULNOD SHATIRIO YMOd L0 ROV awy o (O A_ 06m~
Il

_m 94-20-BYEOKZ 19-201-£8 TEvEnY oot (0R1S "WOO0Y “diNDI SSI008J M 20-00) avaes TNV TOUINGD SHUIHSTAI00L s €90 oMY oMy o as1 2 A_ oon-

32 N-T0-L¥EIKEZ 019-201-1£ TevoERY v TNV VRN LEWIGH TV J0HLNOD SHITRI TR ze00 oV My o oSt L A_ tam-

, w SV-20-LYENLZ 018-201-28 TEvRENY -3 TINYY TOVARAIN LATVI0H TENYS TDAUINGO SUHSII00L TS 00 ANV oy o o5t i & -

9-90-LVBILE cI9-201—~8 TEvREnY ] 104 TIOSHOO DIOHD WL TNV TOUNDD SHITIRIK s woo ORIV oy o oSL ¥ A_ ou-

005-201-L8 Tavaeey " GNINS EINOLSND — MAUNYIS BOLON 39T NOULYLS TOHINGD ™01 0L ~ 450 = GNVH TIDHLNGO HOLOM o Q3omvan awy vif O A con-

S0S-201-L5 TevoERY 61 @Brddns ¥IMAISMO — MALYYIS HOLON WOAD NOULYIS WHINGD WO QLAY ~ 40 ~ GNVH TTOHINOD HOLOM ] aOmIVNY v rif (O A oM

605-201-£C TRvRENY cat NS IAOLSTO ~ MAUNYIS NOLOA JWd SNLY YRR NOUYLS W0ALNGD VOO 440 — NO TIOMINGD MDLON o0 AIWOrRVNL v rid Ok A— oM

9Is—2oi-18 TEVOERY oaL I SMLYVOUODS — 00IS JMd NS WOLSIY — YAUVLS HOLON 2109 'L "IVACSY ENOd S50 ERIORRIVNN INVOAYIIH IMVH A009 DlY Zif (o)) A oan-

Z 605-Z01~L8 TSvouEY 0l QNS WIS — € YIUAVLS BOLOM NOUYLS T04LNOD W20 0L — 450 — GNVH “I0NINOC MRUON 1 10] TRIOFCIYNN oy #if (o AET

m 605-2i-L8 T g GHNNS MINDISAO — Z YILAVIS BOLOW NOWLYLS TCHINGO W0 GLOV — 40 = ONYH “TOMINGO MOLON o0 GOSN owy v (O Aw -

m 605-204-48 TSvouEY 91 THNS YIMOLSAO ~ L HINVLS HOLOW NOLLYLS TOHINDD W2 QW — 430 — GNYH TIOHINGO HOLOM L] ORIV ony vid (O 1| U~

2 -20-L¥81Z 019-204~28 TV v TINYA TORLNGD SAFHSAA00L a.sdn WS ) a3omvan oy o osL L A oun-

9-20-LH9ILZ o19-201-££ TEVoERY [ TRYA TOULKGD SHIHSNID0L v sdn WS o ERIORRIVNN oMy o 5L 1 A St

8752014 TEvREY 5t £ YOLOM =~ OS5 dANd | X08— HAHVLS HOLON — £ S¥id DS JANd [ 61 IVAOZL MAFHL ¥ SHILVEH TIOHLNOD HOION zvo GOV oMY 9 (oW A S

855-201-48 TgvRIRY 3 Z WUON — DS dMnd | X0 HIANVLS HOION — T MNd ODES Wi | #1 IVAOZ! FRIHL % SAILYIH TIGHINOD HOLON o ARIOMIVHN awy oif (O A um=

825-201-L5 TEVoERY 1 1 010K — ODES MO 1 X0 MAIMVIS HOUIOM - | JMNd ODIS dWd | S8 OVAGZL MRGHL ¥ SHALYZH TIONINOD NOLOR o ERIORRIVNN ouy ouf (ol A LA~

91-Z0-MALLZ WS=201-28 JuvReny @ w (SHOLNS (I3) JOV-RIUN HINAISKO X08-f X+ YFGN OS £950 TROPYN ony o Q2 AHBT

81-T0-9¥BMLZ w08-201-¢8 revouny [N e ) X06-1 X9 VION s coro aomn v o (O 7 -

A-Z20-o¥oLILZ 0S-20b-28 TR @ ur ) wa-f X» VR RS £ TN anv o (O A Lo~

H-T0—HLT w0s-Tol-£ TEVROGW @ ur (s30lS CERN) VRN YERAUSO WGt Xt VIGN mos s ¢ CHORIVRR oy odf (OR A aaM—

20O 0s-z01-£8 FEvRany @ [ QIR} VREUN X08- Xp VION ™es £ ROV ouy o (3K & Son—

ON 14Vd NONINVD]ON 1¥vd "9dW] 94N | (13) HIONT? oL WOY4 oIS/ ¥md ('NI) 00 TIVMIAO| LSNOD 18D |  3ZIS/ALD HOLONANOD
SNOILOINNODYILNI 318V0

‘ON 318YD

CONFIDENTIAL
ACCESS

CAM_CIV_0000383

RESTRICTED



20

CONFIDENTIAL
ACCESS
RESTRICTED CAM_CIV_0000384



1.20 General Arrangement Subsea BOP Control System

“ This drawing will be used to show you the hydraulic power generation and the hydraulic flow of the overall
system. Also, the electronic panels are listed and drawn and the inter-connection is shown.

On this drawing you see on the top left side the hydraulic power unit. This hydraulic power unit generates
with the pump assemblies, the hydraulic pressure and flow for the overall system. On a four pump system
where two pumps have sufficient capacity to power the system, two of the four pumps are connected to the
normal power supply of the rig. The two other pumps are connected to the emergency electrical system of
the rig in the case of power failure of the standard system. The emergency system will then supply the two
hydraulic pump units with the electric motors, the necessary energy for the system in an emergency
operation. The hydraulic power unit is built in a frame, which contains the tank on the left side, sometimes
also, a lubricant tank, but the system is also available with a separate lubricant unit. In the middle you see
the hydraulic pumps and on the right side the explosion proof control boxes to start and stop the pumps and
monitor the system. The hydraulic power unit is connected with the bus interface to the overall system.

The hydraulic power unit generates water-based fluids as Hydraulic media as recommended in the rig
manuals. The hydraulic fluid power is supplied first to the accumulator racks. The size of the accumulator
racks depends on the system and certification requirements.

Rig air must be supplied to the air valves in the hydraulic power unit. The hydraulic supply connection line
to the accumulator racks should be at least 1'% inch. There is also a return line from the accumulators into
the HPU for bleeding the accumulators. There are two standardized pressures for the hydraulic power units,

. the normal version is 3000 psi; up while the deep-sea version is 5000 psi WP.

All rig components must be sized to the relevant pressure level.

The HPU also supplies hydraulic power to the conduit lines “blue” and “yellow”. These are lines on the left
side in the middle of the drawing going subsea to the conduit valve assembly. These conduit lines are
mounted on the riser. The minimum requirement, which is dependent of the water depths, is 2 inch. . The
size of the conduit lines depends on the pressure, the water depths of the rig, the accumulator fluid storage
you have on the surface, and also the accumulators located on the BOP stack.

The hydraulic fluid will be supplied subsea by the “yellow” or “blue” conduit lines into the subsea conduit
valve assemblies. Which line will be used can be selected. This will be done via the panéls or by hand in the
HPU so either lines can be used for supply. In the standard system, the conduit valve assembly exhausts the
return fluid into the sea. :

An option available for conduit valve assembly is to have one conduit line used for supplying hydraulic
fluid subsea and one conduit line used to retrieve fluid to the surface. Thus, no fluid is discharged into the
sea. ‘

The conduit valve assembly is described in the rig manual. The conduit valve assembly will supply the fluid
to the receptacles of the Cameron control pod. You see the two control pods at the bottom of the drawing
left and middle. Via the stingers, the hydrautic fluid will be transferred into the bottom section of the pod
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where the main valves are located. The top section of the multiplex modular control pod is designed to
implement the electronic vessel and also the solenoid valves. The solenoid valves are used to supply :
. hydraulic into the bottom section and operating main valves and the main valves will operate through the

receptacles, the hydraulic fluid through the LRP to plate and rings into the BOP stack.
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1.22 Hydraulic Fluid Supply Diverter System

." The other hydraulic supply also used from the HPU is for the Diverter System. This supply in volume and
pressure is always tailor made and customer specific. One possible system is shown in principle on the right
bottom side of the drawing. There you will see the following valve functions:

. Fill Up Valve

. Discharge Overboard Valve

. Discharge Circulation System
Diverter Packer

Insert Packer Lockdown Dogs

. Fluid Seals

. Diverter Log Down Dogs
. Upper Slip Joint

. Lower Slip Joint

These functions are located on the Diverter Control Panel.
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1.21 How does it work?

.' The hydraulics will be controlled by the OIM CP, SSECP or the PETU. An electrical signal is supplied via
the cable reels into the subsea multiplex electronics. The electronics energize the solenoid valves in the top
multiplex package. The solenoid valves supply hydraulic fluid through the middle pod connection plate,
which separates the top and bottom package of the pod. The hydraulic fluid flowing from the solenoid shifts
one of the main valves or adjusts the regulators to the relevant/ chosen pressure.

The main supply is sent via the conduit valve assembly through the bottom section, the main valves or
regulators and directly into the BOP Stack / Units. The hydraulic fluid operates the BOP Pistons or Gate
Valve Actuators.

. . s
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2 HOW THE ELECTRONIC SYSTEM WORKS - MUX
.. CONTROL SYSTEM ELECTRONICS

2.1 MULTIPLEX CONTROLS SYSTEM ELECTRONIC OVERVIEW

This drawing shows the complete Cameron Multiplex Drilling System. The drilling system in this drawing
consists of six main sections. a) Touchscreen Control Panel, b) OIM Control Panel, c) Subsea Engineer
Control Panel, d & e) Communication Distribution Panels A&B, f) hydraulic power unit. These four panels
are located at the deck in the safe or explosion proof area, and connected with the distribution cabinets (A &
B).

The other key items that you see is the subsea part: The multiplex package of the yellow pod on the bottom
of the left side of the drawing and the multiplex package blue pod on the right side on the bottom of the
drawing.

All this is connected to the distribution cabinets by the yellow MUX cable and the blue MUX cable. The
drawing also shows on the middle right side the uninterruptable power supply called UPS “A” and UPS “B”
(Not to be supplied to Transocean by Cameron). On the right side top of the drawing you see the connection
points to the event logger, which is the item that monitors the complete system surface and the subsea.

_ The multiplex control system electronic overview drawing shows also the key items of the overall systems.
" The main components are exchangeable so that the daughter boards that you will see in the drawing for the
' output/input CPU’s and interfaces are same on surface as subsea, so a maximum interchangeability is given
for the system. The Subsea Engineer’s Control Panel, OIM & HPU are equipped with the same type of
hardware: analog output card, digital input card, digital output card, CPU, Profibus interfaces and the power
supplies. The same components exist in all three locations.

The same daughter boards exist in the distribution cabinets “A” and “B”; which are Profibus interface,
power supply, CPU and modems. In the next chapter, we will explain the signal flow, so that you have an
understanding of the system. Before, I would like to point out, that similar elements would be found in the
subsea package. You also have the CPU’s, the power supplies, the modems, the solenoid power supply, the
solenoid driver cards, the analog input cards and the RS 485 interface cards. So everywhere the system has
similar components in use. As you will see in the drawings, we have one processor in each panel on the
surface, dual processors in the distribution cabinets (one in each distribution cabinet) for the important
subsea communication part and we also have dual CPUs in the multiplex yellow pod and multiplex blue
pod. So, it’s a fully dual redundant system with dual independent highways. This dual concept is distributed
through the whole unit.

You see that the Profibus interface marked black in the drawing and the Profibus interface marked red in the
drawing are totally independent from each other, so you have two independent systems from top to bottom.

Also, the uninterruptable powers supplies “A” and uninterruptable power supply “B” supplying independent
the power to the different data bus and power distribution system. This guaranties that a failure in one of the
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system will fiot effect the availability of the overall system. The UPS “A” and “B” can be also be switched
so that the breakdowns in one of the UPS will not shutdown the system. Also, be aware that the UPS system
is monitored by all processors. We wiil now explain how the data transfer will be done in the system.
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2.2 Control and Data-Acquisition

" The key element in the systems is the input/output devices and the communication that interconnect them
all. The communication system depends on various programmable logic controllers (PLC) and the way they
communicate. These PLCs you see in each of the main items shown in the drawing: Multiplex Control
System Electronic Overview. The PLCs are configured in the following way: they have the analog output
cards, the digital input cards, the digital output cards, the CPU’s, the Profibus cards and the power supply.
All this is what the electronic engineers call PLC (Programmable Logic Controllers). So, every key element
of the drilling system is equipped with one of these PLCs or in dual mode with dual PLCs. Basically, all the
surface PLCs are connected to a common bus pair of conductors shown in the drawing in red and black.
Each PLC, depending on how its logic has been programmed, reads certain or all binary “messages” created
by another PLC on the bus. Each PLC can generate a message. The bus requires that a valid message meets
certain requirements of the bus with the regards to number, arrangement and size of pulses. This is the bus
“protocol”. We use in our system: Profibus. Message security is assured by two check routines: first, each
message must be in the right format, and second a 16-bit message is generated at the end of each message on
which a cyclic redundancy check (CRC) is performed. Years of use in military, industrial, and computer
applications have proved the CRC technique.

When a message passes these two security checks, there is virtually nor chance that a faulty message will be
accepted, nor that a message will reach the wrong address or initiate any but the desired action. To your
understanding of the system that means every single message is equipped with addresses or numbers so that
the right processor will do the right action as needed.

will see this distribution cabinet “A” and distribution cabinet “B” include inside each two of each modems,
that means in totally four modems for safety reasons. An uninterruptable power supply (UPS) supplies 24
volt DC to the power PLCs and other electronic components. The hydraulic power unit supplies hydraulic
fluid as explained before to actuate cylinders on the BOPs and also related units, like gate valves or
connectors. As you will remember on the bottom of the drawing you will see the solenoid valves which are
trigged from both sides of independent computer systems because they are dual coiled solenoids. This is
clearly shown in the multiplex package “yellow” pod and “blue” pod. You will see that the solenoid driver
card get from each side an output line into the solenoid valve and the dual coils are independent activated by
the processor system. This guaranties maximum availability and also state of the art technology.

*. Messages between the surface units and the subsea pods are handled through modems, in the drawing you

The blue and yellow subsea pods both operate continuously.

One is the active pod and the other is operating in a “hot standby mode” so it can take over should fault
develop in the active pod.

Subsea Multiplex BOP Control System 58 0of 79 Basic Operation Manual

CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000395



25

CONFIDENTIAL
ACCESS

RESTRICTED CAM_CIV_0000396



-

2.3 Multiplex Control System Message Ovetview

( * We will go through a simplified communication review of the system to give you an impression how the
data’s get exchanged in the units. For simplification this drawing shows only one Profibus, that is the red
colored Profibus connection. So you will see again the main components the Subsea Engineers’ Control
Panel, OIM and the hydraulic power unit. Connected is the red Profibus, that means the red data
communication bus, also for simplification for explanation views the red data bus subsea via modem as
indicated in the drawing in the middle on the subsea communication controller called controller “B” and the
downlink is the modem in green color to the blue pod, this means the system working now in the blue mode
that means that all processors working the in blue communication arrangement.

In general form, as you see in this drawing each of the panels supplies unit status data’s simultaneously.
They also receive subsea analog data, subsea status data and unit status data. That means that each panel
knows in which condition the panels or the partner panels are, but they also know the conditions of the
communication controllers and the subsea PLCs. What happened in simple form is the full exchange or
permanent communication between all the controllers or PLCs. On the subsea side there is a permanent
exchange of valve command going subsea if directed or controlled by the PLCs on the surface and there is a
permanent data flow of analog data, starter data and valve command answers. This will guarantee a
permanent active and self-checking and safe system.
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2.4 How does the Communication work?

The PLCs in the OIM, the SSECP and the four communication units are connected to the Profibus and each
read all messages appearing on the bus, .

A PLC in the HPU interface reads only the pushbuttons on the OIM and SSECP and send backs a status
signal to confirm a control action. Subsea communication controllers in the blue and yellow pods
communicate with the Profibus communication controllers via modems. The communication controllers
communicate with the SEM PLCs. Essentially, all PL.Cs and communication controllers constantly scan the
bus looking for a message, or for messages that meet the specific format for which a PLCs logic has been
programmed to be read. Depressing a pushbutton causes a PLC associated with the panel on which the
pushbutton is mounted to create a message. Other PLCs those on the Profibus and those subsea connected to
the bus through modem reading the message, they de-code it and can tell which pushbutton on which panel
has been pushed.

The internal logic then tells the affected PLC what sort of output has been requested and initiates that action.

Hydraulic action takes place when an electronic signal results in a solenoid operated pilot valve being
energized. The valve controls the hydraulic fluid path from hydraulic accumulators to the power cylinder in
the BOPs to get action for the desired function. Look again at the chapter “Hydraulic System” to see how it

works.

A similar sequence of events takes place when analog inputs or status switch changes are detected by the
associated PLC, which then generates an appropriate message. Each multiplex pod has a pair of system
called “A” and “B” or blue and yellow. The subsea electronic module buttons on the OIM and SSECP

allows selecting which system is active.
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2.5 What happens when various buttons get pushed?

All control pushbuttons except control of viewing information on the “A” or ”B” systems of the multiplex
pod or multiplex pod require also depressing the ENABLE button on the panel simultaneously. An “E”
preceding the button to be pressed indicates this in the following text.

We will go through some examples to show and illustrate.
For example, E-OPEN means to hold the enable button while pressing the desired open button.

For information, please look again at the drawing of multiplex control system electronic overview and the
multiplex control system message overview. Also, look in the section where you will find some drawings of
the Cameron standard panels showing you different messages and pushbuttons possible to be operated. We
have also added to this operation manual the function list where you can see where the functions of each
Cameron standard control system can perform. Use this also as indicated to understand this section of the
operation book. To come back to our operation what happens when the pushbutton gets pushed?

We have the following control:

3-button controls

OPEN VENT CLOSE
UNLATCH VENT LATCH
RETRACT VENT EXTEND
CHARGE VENT DUMP

When system starts cold, all VENT lights will be on. There is a separate solenoid for the other two functions
(i.e., one for OPEN and one for CLOSED). Operation of the valves then is:

VENT - . neither solenoid energized.
OPEN - OPEN solenoid energized, CLOSED solenoid not energxzed
CLOSE- CLOSE solenoid energized, OPEN solenoid not energized

When E-OPEN is pressed, the ENABLE and OPEN lights will flash. A report back to surface when SEM
solenoid is in its commanded position results in the OPEN light illuminating steadily. Other panel will
indicate when valve is open but not blink while valve moving.

When pressing VENT, light will blink until solenoids become de-energized. The last position a solenoid was
in will remain lit.

2-button controls

OPEN CLOSE

VENT ENERGIZE
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LOCK UNLOCK
EXTEND RETRACT
‘ INCREASE DECREASE
When system starts cold, all VENT ligl:ﬁs on. There is only one solenoid involved,
VENT means the solenoid is not energized.
When E-ENERGIZE are pressed, lights on both buttons flash, become steady when solenoid energized and

reported so back to the surface.

If ENERGIZE light is on, operator can press E-VENT, and both lights will flash until the solenoid is de-
energized. VENT light then comes on steady. The two button together act like a latching circuit.

1-button controls

Examples:

SEM CONNECTION RELEASE.

System start: lamp off, and solenoid valve not energized.

. Press E-CONNECTION RELEASE. Indication lights begin to blink for both buttons; when lights light

A steadily, solenoid for connection release is energized. Operator can now release both ENABLE AND
RELEASE buttons.
The solenoid will then de-energize, and lamps for button will of off. (This function has only one solenoid
and one button with no latching).
INCREASE / DECREASE:
When system starts cold, pressure for BOPs should be zero.
Press E-INCREASE and BAR gauge for pressure being commanded will start increasing. Release both
buttons when desired pressure reached. BAR Gauge will drop back to zero as surface PLC sends set point

to active SEM; ENABLE light will blink.

When SEM has received signal, the INCREASE solenoid will energize and stay energized until SEM
achieves the set point pressure. SEM will continue to monitor and report pressure.

DECREASE works similarly with matching Decrease solenoid.
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There is again a chapter describing how pushbutton works in the start-up procedures in the next chapter
following this chapter. So, we recommend if you want to get more information how system works in start-
.' up that you continue reading into the next chapter called “How to start operating this System.”

Before we come to this chapter we would like to inform you about other details you need to know.

SEM analog and alarm signals are sent direct to the surface and displayed in the BOP section in the OIM
control panel or Subsea Engineers control panel. Subsea hydraulic pressure is not displayed but is fed to the
computer so that ambient sea pressure on the SEM is subtracted by the computer from pressure transmitter
readings.

Alarms are set from analog-output readings displayed on the OIM control panel or Subsea Engineers control
panel gauges. Alarm calibration takes into account hydrostatic head.

The riser location pin signal is actuated by a magnetic switch, which feeds a signal to an analog input board
in the surface computer system. Response time is several seconds.

A water detector is located in each SEM. Indication lamps are water in “YELLOW?” pod and water in
“BLUE” pod. Alarm trip points have been factory set if water enters the SEMs.
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B 2.6 Emergency Disconnect, Emergency Shear and Hydr Connector Stack
™ Retract

The emergency disconnect sequence is initiated by pressing the emergency disconnect button. This is a press
and hold button. The button must be pulled out to reset. The surface computer logic automatically creates
the sequence as programmed for the customer.

A typical example is as follows:

Actions:

Kill and chock lines subs RETRACTED,
Stack pilot isolation CLOSED
Hydraulic connector stack RETRACTED
Riser connector — primary UNLATCHED
Riser connection - secondary UNLATCHED

Sequence complete.

Another example for emergency shear
Action

‘ If rams OPEN or VENT, nothing occurs
If rams CLOSED, VENT will be actuated
Vent annular preventer #2
Vent outer kill valve
Vent inner kill valve .
Vent lower inner choke valve
Vent lower outer choke valve
Vent upper inner choke valve
Vent upper outer choke valve
Vent wellhead connector
Close shear ram -
Energize 3000 psi or 5000 psi increase valve (depending on the system the customer has ordered)
Lock Wedgelocks and
End interlock

This can take up, depending on sizes, water depths and volumes, between to 13 to 14 seconds.

For the functions hydraulic connector stack retract
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Pod selection and SEM selection and also the alarms and panel functions will be described in our next
chapter “How to Start and Operate the System”. Therefore this will not be mentioned in this chapter. Please
: - continue to read how the systems will be started and operate and you will get the necessary information for
’ these functions. : -

The deadman sequence is software Based and can be programmed as per customer request. The only

limitation is the capacity of the batteries installed on the transducer modules, and the volume of
accumulators assigned to the job.
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3 HOW TO START AND OPERATE THE SYSTEM

Remarks:

This start procedure is ONLY VALID if the system passed a factory expectation test at the Cameron facility
or SIT on the drilling rig or drilling ship and the operator is aware that the system is in operation and of the
standard condition as designed.

If the equipment is not tested properly or connected in the way to be a complete operational subsea drilling
system, this start-up and operation following cannot be used. Prior to start-up, the system must be tested per
the Factory Acceptance Test Manual and/or in the SIT Manual. Then only can you use the following
operational description to start to operate the system. This is important and necessary without any deviation.

To understand the start-up and operation instruction use the drawing supplied in this manual. For the first
start and best understanding you can use the multiplex controlling system electronic overview drawing or in
certain areas other drawings supplied with this manual, ‘
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3.1 Distribution Unit

To start this system at first you need to open the Distribution Unit. After you open the Distribution Unit you
have to switch on the fuses supplying the current and energy for the panels and the HPU.

The first fuse that you switch on, which is clearly indicated is the OIM control panel fuse called OIM CP
fuse. After this fuse is on - the second fuse, the Subsea Engineers control panel can be switched on. It is
marked SSECP fuse.

Third, you switch on the fuse for the HPU (Hydraulic Power Unit).
Fourth, you have to switch on the fuse for the Event logger and you have to switch on both SEMs. The

SEMs are for the blue pod “A” and yellow “B” or vice-versa. After this the system is ready and has power in
all items connected in the system.
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3.2 OIM Panel (OIM CP)

‘ You start the OIM CP after the power is supplied by the distribution unit but first push the alarm re-set
knob. Check if the emergency disconnect or ESD display has no indication. Push the reset button as long as
it is necessary to stop the alarm until the system shows that it is ready to work - ready OK available.
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3.3 Subsea Engineers CONTROL PanelL (SSECP)

. Follow the same procedure as indicated in OIM CP
First, use the reset button to put the alarm out of function.
Secondly, check if the ESD display is in workable condition.
Third, push as long as the alarm reset button shows in workable condition and Subsea Engineers panel is
started. All alarms on both panels must be OFF this is an indication that both panels are in workable
condition. You will find the indication of the alarms in the alarm lamp at any panel.
Study the possible functions and also the alarm indication of the standard Cameron system on the supplied
drawings. We have included panel drawings where you see the indicated functions and alarms, but we have

also included in the manual reference list with the functionality of the system.

w Study these lists and drawings and then you will get verification that all the points listed in the start-up
procedures can be found in the panels or relevant equipment.
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3.4 Hydraulic Power Unit (HPU)

' Check on the HPU if all alarms are out and quiet and look through the unit to see if there is any leakage or
lost of fluid. Look to the diverter system if any alarm or if any other non-operational condition is visible in
the system. This can be checked by visual go through the system, but it can also be checked with the rig
manual if you follow the drawings from the HPU and the interconnection diagrams supplied in the Cameron
Rig Manuals. Normally, the HPU after site integration tests or FAT is in proper condition so that a visual
checkout is sufficient. Only after a long period of time it is advised to have a more detailed test to verify

condition of the HPU.
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3.5 Action— Status of Subsea Pods

. To verify the system the pods must be in the status where you know which function or which condition any
pod is in. Therefore, the following action needs to be done.

e With the SSECP or with the OIM CP do the following steps:

. Riser stack stinger de-energize, wait 60 seconds until verification and then continue.
. Riser and stack stinger extend, wait 60 seconds until verification.
. Riser and stack stingers energize, do this, wait some seconds until you get verification by the

lamps in the panel that the system reacted as necessary for the commands. After this you can
use every general function of the panel in the following way. That means preventer functions,
gate valve functions, connector functions as follows:

e Push and hold Enable button.
e Push selected Function button.

e The lamp of the function will flash every half-second in interval sections. You will get a feedback if a
positive action was achieved by the system and by the applicable SEM, because the lamp will be
illuminated permanently after this situation.

e Slow lamp flashing, second by second cycle. This is applicable for SEM lamps and indicates
. communication loss to the selected SEM subsea.

¢ Did you have the slow frequency of the lamp twinkling, blinking on the diverter functions and the HPU?
This indicates that you have no communication with the HPU and diverter panel.

e [fthe selected function is still flashing second by second, for example, shear ram open continues to
twinkle every second, then a malfunction or malfunction to the solenoid valve has occurred, that means
you have a wire break or a shortage in this system to this selected applicable function.

e The Cameron standard system has an automatic changeover frequency if one of the selected subsea
electronic modules - OPEN - SEM — CLOSE is out of process. There will be an automatic changeover to
the next SEM in the same control pod. If you want to change pods, you can only do it manually; it is not
programmed automatically into the system. It can be changed, but the standard system pod changes is
done on manual bases with the system.
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3.6 Regulator Pressure Adjustment

. Pressure Adjustment

° Push the ENABLE button and hold it steady pressed.

. Increase or decrease, as needed the pressure by permanent actuation of the decrease or increase
function.

. If the selected value is visible in the pilot pressure display stop this process.

. Release also the ENABLE button

. You will see on the pressure display that at first the value will be as you have started the regulation

process, but then automatically it will increase (or decrease) and the pressure will be regulated by the system
fully automatically to the value you have selected and will be on end to the final selected value of the
pressure.
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3.7 Alarms

‘ In the process the alarms will be shown as follows:
J The horn will start to sound. )
) The alarm lamp, for example, LOW AIR will start to light up or twinkle. If no alarm lamp is

available, then you will see on the ISD display the malfunction of the system.

. [f you push the ALARM RESET, the horn will stop sounding.

. If you push for the second time the ALARM RESET button, also the indication on the panel will be
illuminated and no alarm will be shown on the display anymore.
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3.8 Portable Electronic Test Unit - PETU

. First, connect the cable as indicated in the electronic diagram for the PETU to the system. Switch on the
PETU to get operational. Switch on the laptop to get operational. It is 2 manual driven system. You only
have to select the function and to push the ENABLE pushbutton and then the FUNCTION button.
Automatically, the chosen function will be executed by the system. It is a self-guided process so that more
explanations are not necessary. Follow the instructions shown on the screen.
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3.9 BOP Test Box

. The BOP Test box will be operated in the same way like you operate the SSECP and OIM CP. There is no
difference. Look to the description of the SSECP or OIM CP. There is only one exception, related to the
regulator. The regulators can be adjusted as described on the panels but there is the enable function in the
middle of the three-actuation button of the BOP Test Box. This middle button needs to be pushed and hold
like the ENABLE button on the panels. This is a safety feature so that the “Dead-Man-Concept” as used on
the panels is also implemented in the BOP Test Box to guarantee dual handed execution of system
functions. Also it avoids uncontrolled actions in the handling process of the BOP Test Box.
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3.10 Event Logger

‘ . Switch on the PC and also switch on the monitor
® You will be automatically in the file view where you can select the applicable file you wanted to
work with or to review. 1f you want to have a special report, go into the report view section as .
described.

. 7/10 10 onToobuhethel -
) 13%0717/10‘“)" TCP Ensble on Toolpusher P anel :OM > OFF

*,/{1998.07.17 100108 SEM Blue B Sclenoid Vaive Supply Readback Pressiss >+ 3%: 131 -> 157 bar
1996.07.17 710:03:35 SEM Blue B Sclenoid Valve Supply Readback Presswe >+ 3%: 157 > 183 bar
1996.07.17 710:12:05 SEM Blue B Solenoid Valve Supply Readback Piessuwie >+ 3% : 183 -> 209 bar
. |1998.02.37 7101250 SEM Blue B Subssa Supply Readback Piessue »e 3%:0-> 4 ba

- 11938.07.17 /10:1251 SEM Blue B Subsea Supply Readback Pressue >- 3%:214-> 174 bax
1398.07.17 /10:12'52 SEM Blue B Subsea Supply Readback Preswure > IX:174-> Sba
1998.07.17 710:13:13 OCP Enable on Drillers Panel :

1996.07.17 /10:1329 SEM Bhue B Pod Select Function

1990.07.17 /10:13:30 DCP Enable on Drilers Panel

1998.07.17 10:13:37 SEM Blue B Subaea Supply Readuack Pressue
SEM Biue B LMRP jncination Y-Diection

1998.07.17 /10.13: 38 SEM Bh B Subw. Supply Readback Pres:

. Report view will be selected via the mouse click supplied. You have to indicate year, month, day and
hour. Then you can see the report and can also review it,

. You can also select filters into the text elements that you will only see certain activities or data’s
from the report view or if you want to select certain functions you can also separate file them and
print them or supply them in your own dictionary.
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¥e data - [vemluqqu
Eru Qpl V’-w [do

[ [2T ]

File View j | Report View _Diagnostic View I
MARK Slring
‘ g | Mark Sting l Update View |
| [1336.07.17 710:52:35 SEM val 8 Subxé Supply Readback Pressure >+ 3%.284-> 3Dbar __J Rwrbv—-——' e ]

1999.07 17 110:54:33 SEM Yel 8 BOP Manifoid Pressuse
1988.07.17 110:54:47 SEM Yed B 80P Mandold Readback Pressuse
1398.07.17 1054:54 SEM Yell B Lower Annulr Readback Preasue

1938.07.17 /10:55:04 SEM Yel § Lower Anruidas Piot Pressue

.| 1996.07 17 710:55:04 SEM Yell B Lowe: Anrudar Raadback Presswe
.|1998.07 17 /10:55.09 SEM Yel 8 BOP Manifold Readback Pressue
:]1998.07.17 /105513 SEM Yel B Subssa Supply Aeadback Prasture
|1998.07.17 105515 SEM Yell B Lowes Annular Piot Pressue

i SEM Yell B Lower Arvnides Beadback Pressise

1998.07.17 710.55:35 SEM Yell B Upper Annular Regulaior
1938.07.17 /10:55:35 SEM Yell B Subsea Supply Readback Piessure

-|1998.07 17 710-55:35 SEM Yell B Lower Anradar Pilot Pressise

: SEM Yell B Lower Anmadar Readback Pressue
-] 1998.07.17 /10:55:41 SEM Yel B EOP Maniiold Readback Pressure
- |1996.07.17 110:55:48 SEM Yet B Uppes Anrdar Regulalos

1398.07.17 /16:54:30 SEM Yell 8 BOP Mandoid Regulator Plot Pressure
1998,07.17 710-54.44 SEM Yel B 80P Mandoid Regulatos Plot Pressuie

" |1998.07.17 /10:55:00 SEM Y=t B BOP Maniold Regulator Plat Pressuie

1998.07.17 710:55:25 SEM Yel B Upper Anradar Regulator Pilol Prastice
" ]1998.07.17 110:55:25 SEM Yel B Upper Anraldar Regudatos Readback Pressue >+ 3% 99> 126 ba
1]1990.07.17 710:55:34 SEM Yel 8 BOP Mandold Aegulater ;Pl‘alugmua

esue

'11998.07.17 710:55:35 SEM Yell B Uppet Anndas Reguistos Headback Presswe >+ 3% 126 -> 152 bat

Pt Presswe
-] 1990.07.17 N0:55.50 SEM Yel B Upper Annular Hegulslor Readback Presse >+ 3% 152 - 178 bar
Plot Pressure

>+ 3%:85.> 110 ba
>+ 3%.88->115ba
>+ 3%.110-> 136 ba
>+ 33 15 141 ba
>+ 3%:83-> 109 bar
>+ 3%.136-> 162ba
>+ IX106-> 135bar
>+ 3%:109.> 135ba
>+ 3%:141 > 167 b
>- I%: N0-> 284 by
>+ 3%:135-> 164 bar
>+ 3%:135-> 161 ba
> 3%:95-) 122bx

l oAuuu_MMs_Dav Houlog

>+ 3%:162-> 187 b
>+ 3%:122-> 149 ba
>+ 3%: 284 > N0 ba

>+ 3%:16§-> 189 bar

>+ 3%: 161 -> 187 ba
>+ 3%:167 -> 193 ba
>0 3%:148-> 174 ba

>+ 3%: 174 -> 200bar

- 1996.07.17 /10:56:00 SEM Yed § Upper Anriar
/11998.07.17 110:56:11 SEM Yel § Uppes Arendar Aogulaios Readback Pressuse >+ 3X. 178 => 204 ba
:| 19968.07.17 /10:55:00 SEM Yed B Upper Anrias Regulaios Pilol Pressute >+ 3%:199-> 172bar
>11998.07.17 /10:58.01 SEM Yel B Upper Anvwdar Regudatos Readback Prastwe >- 3% : 204 -> 174 bar
-'1998.07.17 /12:58:06 SEM Yeld B Uppet Anvadar Regulatos Plot Prestue >~ 3% 172> 146 bar
211990.07.17 /10:58:09 SEM Yed B Upper Annular Regulaior Beadback Presswa >- 3X: 174 > 148 bar
1]1998.07.17 112:58:12 SEM Yel B Upper Aniar Regriator Pilot Pressue > 3%:146-> 118 ba
11998.07.17 /10:58:15 SEM Yed B Uppes Arendar Aegulator Readback Piessua >- 3%: 148 - 122ba
+|1998.07.17 /10:58:22 SEM Yel B Subsea Supply Aeadback Pressue > I NC-> Wby

:11998.07.17 710:58:33 SEM Yell B Lower Aniay Pilot Pressure > 3X: 189> 1R bar
.]1990.07.17 710:58:36 SEM Yell B Lower Annuler Readback Pressue
£11990.07.17 /10:59:40 SEM Yel B Lower Armuder Piot Pressue

2| 1998.07.17 /10:58:42 SEM Yed B Lower Arendar Readback Prassurs
511990.07.17 /10:58:47 SEM Yel 8 Subsea Supply Headback Prossuse
119%8.07.17 n&s&nssuwa I.MA’IIJ. mﬁual
11990.07.17 110:53.03 SEM Yel
11998.07.17 710.53.23 SEM Yol B BOP Mandold Hudwdt Pressure
-11998.07.17 /10:5229 SEM Yed B BOP Mardold Regulalor Plot Pressue

Rl gy
]
£

. With the mouse you can also select the diagnostic view. The diagnostic view will show you the
functionality of the system online. You will see all the analog data online, all the values and the
status. You can also select certain values and you can also get them graphically indicated on the
screen. Also you can get inactive SEM or other inactive status data of the system and can monitor
them. This section is especial section where the applicable customer electronic engineer gets training
in the Cameron FAT section of the system and therefore it will not be shown in the normal
operational manual.
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nl’djd - Event [ ugger
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File View J | | Disgnostic View
-} Funcionname . . . . . Funct
Riser Connector Upper Annular Reguiator Plot Pressure
.| Rises Cormector Secondaiy Upper Anmda Regulatos Readback Pressve
{Upper Anmdar Preventer Lowes Ancwias Pilct Prestue
Lowes Anvuwils Preventer i |Lower Anmular Readback Pressuse
i | innet Gos Bleed Vaive BOP Mandold Regudatot Piot Pressuse
Outer Gas Bloed Vaive BOP Mandtold Readback Pressure -
Choke/Ail Isolahon Valve
-} | Choke/Xil Line Cannectot Spare 01
1 | Lowes Innex Kit Valve Solenaid V aive Supply Readback Pressue
.| Lowor Duder KA Vaive Hydrosiatic Haad Prossue
1’| Lowet Innet Choke Valve STM Veasel Pressue
' | Lowes Quter Choke Valve SEM Vessel Frassuis
.1"|Uppes Inner K Valve ‘- |SEM Vessel Walerdetect Moniios
‘ 3:]Uppes Outer KA Valve |SEM Power Supply Morstar
‘ *1.{Uppes Innes Choke Valve : |LMRP inclnation X-Drection
] 5 |Uppes Outet Choke Valve LMRP Incination Y-Direction
| | Welhead Connector
\ -+ [Welhead Connector Secondary | vent
5 |Stack Stnges Retract
‘ Slack Stinger Seals Eneig:
\ Riser Stinges Retract
‘ Riser Stinges Seals Energze
‘ open
|
| vent
i venk
verk
vent
vent
venk
vent
vent
| venk
vent
vent

. All dates are stored on the hard disk. The last 25 days are stored in the standard system. After 25
days the first date will be overwritten with the new data. This can be changed or tailored made to

customer needs.
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3.11 Conduit Valve Package Start-up

Blue yellow pod isolation valve needs to be open after few seconds.

LMRP accumulators to be closed. This will be done with the panel.

" Conduit flush valve open. This will be done with the panel.

Manual conduit selective valve shift into blue or yellow conduit. This will be done on the HPU,
After this flush the conduit lines on the riser to the conduit valve package for approximate 30
seconds. ,

Close the conduit flush function from the panel.

Elect the blue or yellow pod for working condition from the panel.

Open the solenoid supply biue or yellow as selected before from the panel.

LMRP (Lower Marine Riser Package) Accumulators need to be open from the panel. Now you are
ready with a full system to start drilling.
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