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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.

Subsea Multiplex BOP Control System 50f79 Basic Operation Manual

CONFIDENTIAL
ACCESS
RESTRICTED CAM_CIV_0000249




CONFIDENTIAL
ACCESS

RESTRICTED CAM_CIV_0000250




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
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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:
Subsea Multiplex BOP Control System 15 0f79 Basic Operation Manual
CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000259




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.

Subsea Muitiplex BOP Control System 16 of 79 Basic Operation Manual

CONFIDENTIAL
ACCESs

RESTRICTED CAM_CIV_0000260




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.

Subsea Muitiplex BOP Control System 17 of 79 Basic Operation Manual

CONFIDENTIAL

ACCESS

RESTRICTED

CAM_CIV_0000261




18-2__2.0WG

e

1\dehHOUSTO!

ALMVIO ¥OJ NMOHS
ONiid ONZ ® 3Avdd ATNO

M3IA aN3

[oaoesz] 0020l
=~ [0as00] 00'¢Z I

[cavoc) 0oL
~ [l

R

[s¥rxes) 00z

-2

fost52] 0001 L.\'

[ t

{oasst] covl

i

LRI 20 3000 Ivs Z
M3IA NOILYATTI s ontd Q nuhu/
umw fozoex] oot1 f
& s
- , L -
(oz's8vZ] 006
1 ﬁ [s¢-e292) szs01
~l —? [} o Wﬁ
| =
Q HOLOR ® &E% .
o 00ZL
WOAMISIH MM TN
AV 303 TINVG TVORLOTT Y
SUINION dOL INVHY LIOHLM NMOHS
M3IA NVd
(ozvree] cacez
. 13va
i
]
L]
J =
LU0
® SS3dd
HOH
I : 7
I3 D ﬁ
_“ NI

ONWY0 ¥O SL¥Vd TTYOS LON 00 Z
AINO ANSICONVIY TRONID 204 RAY NWOHS SNOISNING 't

SILON VIIND

1of1

CONFIDENTIAL
ACCESS

CAM_CIV_0000262

RESTRICTED




ALIMYY) BO4 NWOHS
ONidd ON3 ¥ 3MVad AING

1of1?

CAM_CIV_0000263

A18A3SSY
(e-0esz) cozar
so-auh i 01088502
- n“nnm NOUSAYD [evor) ooz i (@) I fosse} 002z
s, 79 3009 VST
zo_NﬂmmnmmpoﬂmwQ (z 1395 3) xagr?) “uv m x@) X9 e 121 @ xuw _ '_ [ (sza1) 812
Noav ey K &) @ %) ﬁ@ L35 1) ,a@ *® @ N 1
wJe = \@ — fzoee) oott N ! [ ] HEL oot
L / / / 1 _1 [o'siot} cooy . = = — fs'0es] o0z
1 —— -
| i 1 COE-
a3l ] Xz X
.# - .A [zovg1] coes
= § r (e e\
= m N A N B A p @xn
2 : _ - bgee @O
a 1
m” N | - X X
: i / e @ mﬁ (2
> LA}
LI 3 = — AN \ AY f \ Y
) .
M & v | O “ * e
“su ALRIYIS ¥0J TNvd WONLOIE ONY
SHIGNAN JOL ‘FNVAY LOOHLM NMOHS
FIANVd
[z¥ee8] ooz
XE XC X1 XBl X@b XL xg (Z L3305 339)
& [~ tes2] ooor OO TS, ) Qo
2 -~
m ?....284_. = .4,// 1 ‘\.®
| d \Y | 1 [
1314
Jnnd
-4 30303 .,.Ou.: Aoy
1 =
0 []
e hd e
m o (] w_m‘w__\_m @
= = _ ! | TN
e - “ A@ § ~ T WL 'SOM BOSLL) 581 000'0F LM
HH * a'ces] etz r - G SO nmnn—w SH1 098'6Z .—.».»M.n! s
. v (z L3S 739) @ ¥3d mn.nx 13Ty
|q m% g Q SNOANLNOD 'NIM .¥/\ 38 OL SO TV (¥
(eoeil se's freos) ocvi “u SOVINHL 3eid NO (@SN 3@ OL 3dvL NO'UdL ON (T .
{o'vzst] o0'0s "L¥0ddNS 3did 304 ATBAISSY LY QIUINDIY SY
a3sn 38 0L Y €55 NYHL 625 sMalt (T
(zsoic) szzzs ‘T LT3HS 35 SMIA NV SNOILO3S ¥0d (‘1

SION

{zever] ool —

CONFIDENTIAL

ACCESS
RESTRICTED



j\danHOUSTONreleasa\prodparidrawings\dwgi11216-2-03.0k1

108.25 [2673.35)

“ 5%;

I

—tXN—

LB

[Fin T — il
F@ j
L 7&-:-
L
3

o

L-®
i

&
s

=ell e
& G

b0

R & B FALCON

“DEEPWATER HORIZON"
P.0. 408700101

12/17/%9 7:03 am.

CONFIDENTIAL
ACCESS
RESTRICTED

1of 1

CAM_CIV_0000264



1of3

wd 01:g 66/4/TL Mop
o e 0 SOMS NIINLIE SNOILIINNOOUIAN! WIM0ISN) — — — —
ks 303 TIAENODSIY 38 TIVHS ¥INOLSND (1 UVHING ————
T 0NVIGH
SISWLN 0 ’ SINN
-7
7 IS 10N 00 W o W St S W R N R N W W W W W MR WD B 0 R W W R St WP 0 VA W O W S 0 NN W0 SN W —" e
T oI T _I . o l_
3T MOT MO - "
(000 on w4, : dolS dnnd S IS :
e | F 7T SONTIST 17 1 i
aind XA .
: TATI K0T VY NOTIVO 00T1 ves :
— \olo (3] —
- (3.2 Ll
5 W3LSAS ONIXIN LMVIS :
| WA oINS s oo |
. iR IR B i A v, H
{ _
79 3000 IVS.Z * 710 | :
sNenLay Tivo o ﬂ ] 1_ i
H : . H
H | AN |
§ . ’ N :
m = S Ll
3 { Zia |
=4 . oid .
: :
3 _ zwo [2H _
» old ol -
! o !
- roeY H
- = I )4 _|® I
aAvvE T wvaow || — —
: .
5 s s W 4] m *d va yq UVE En\_m.m_,\omw va m
3 N R wivan caaes H ret0 ==
W » ! .
H & | &d | H
oo ary VA 6L5/1Sd 00SS E
3 varoan w D | nml 1¥ 13§ @ @m v |
= mmr ) LTS by | ] : o e AT “om 4 :
e —0 TS I o sres oome ] TR 0 i
ST e |  [amedii |l : : s el L SO
wouso 3 /et wva nam P ipuﬂuadu‘m-ﬂ_ u _ t T &d _
- LU TR | . : ) ) S o0 ®
e SRR ot D | | | T v . v o |
X e awecas PR z9 3000 IvS.Z - " w :
vy AT | AlddnS - m = T —
aureeen sesca [I) Wﬂﬂs H «
[rop—— (ﬂc ﬂ‘!i%“{ » M
AR | I
wasues mane —4— | ons anernu eﬂ. R ) : :
THRL VT X TO
e o onew T oion ceszru (@ 0S oo ah | 4 — _
— e : :
m=s ot || e i i Yo anna |
2 —m ¢ Ean o] L.L.. S VUL oo L IO
s § | ™ manil 79 3000 IWS.Z
= rv— ® TR a4 aIXIN

CAM_CIV_0000265

CONFIDENTIAL

ACCESS
RESTRICTED



g
2 5! 2 gggg

R & B FALCON

%
7

2

108.52 [2756.459).

\j

83.47 (2120.062]

fa————-87.73 [1720.367)

|—46.32 [11786.503]
PY

2" SAE, CODE 8.

12.50 [317.500)

L

PUMP, 5,000

ACCUM.
5,000
2° SAE

DIVERTER
_l CODE 62

2

RETURN
SAE, CODE 6.

r

7.00 [177.800] —{

®Q

\

\

Lod

8,000 PSI, 2° SAE CODE 62

ACCIRMRRLATOR

CET™A
o [c ) E-I-H

"DEEPWATER HORIZON"

P.0.$08700101

126.00 [3200.400]

|

®

7X 5.80 [147.62]J

FOIOIOA et ¢

8 Al
g 8= def e

[ Of ol+f o
Gl maEE

- Of Sl EEHEE
ol 3} EEEEN
| O ¢} EEEEE

|

108.25 [2698.75)

CONFIDENTIAL

102.00 [2580.800] —

CAM_CIV_0000266



JAIatHOUSTON

VIEW "G"

"DEEPWATER HORIZON"

R & B FALCON
P.0.$#08700101

VIEW "J”

VIEW "H"

VIEW "R” (. 2008

MEW A-—-A

fod
VIEW L-L
NOTE:RGTATED 90, TVP. 2 PLCS.

CONTROL SKID
DIVERTER CONTROL UNIT

VIEW D-D

CONFIDENTIAL
ACCESS
RESTRICTED

CAM_CIV_0000267




JAdanHOUSTO

S

e . -

CONFIDENTIAL
ACCESS

RESTRICTED CAM_CIivV_0000268




\215-2-0A.DWG

ThECE X 0 ME

" o 108 £

Tom IV X U9 SET
s TSNS X V8 X

lllll

x

O ullonh:n-

& e —— e ™| o

W @d .:i."-‘ﬂh-.l.‘wh )
9 roasenn wegua —i— .Illlx@.. i“ﬂuﬂ.ﬂ%“

BT A UO |y

g
Y

st

(=]
o
i

5
“B-900ZT Wa W0 B () M s 2
SO KEIAL38 SNOGINNOEAN
W TESHOED: 38 TS KIS0 {1
I

CAM_CIV_0000269

CONFIDENTIAL

ACCESS
RESTRICTED




=1 =]
=1 = ]
L,

&

=] [=7

of |

QU el clehol
i sl ofl of] of off of] of
ﬂ Oﬁ GHGH@@QHQQ

AEEEEE)
2

o] @ ot et gt

]

(o]e]

ONONONONO
0 0 © ©
%"—‘ >
.

Eq
4
=

r

%
i
o
H
H
H

o
§
g'/ ed |2
g io §
g8 !

NNNNNNNNNNNN

RRRRRRRRRR CAM_CIV_0000270




20T

o IPCC
[0} Np
- ;m:gm
@/ e EEE
2 LGH
= 3

1 /1 [=

O OO

—==a=r

e |

r

] [

=]

S

oo
o
36—

Rocsuloegae

CONFIDENTIAL
ACCESS
RESTRICTED

EXTERNAL VIEW OF PANEL

CAM_CIV_0000271



-2-00.dwg

J\danHQUSTO!

_

el

wrd 2% sa/ir/e

|
N
O-”hul .....

<

LL._/

CONFIDENTIAL
ACCESS

CAM_CIV_0000272

RESTRICTED




CONFIDENTIAL
ACCESS

CAM_CIV_0000273

RESTRICTED




\datHOUSTO! 31235-2-0Q.0wg

3

v Wilioms

[T

171) 14
mer [ E

’ = 166 1167 1188) 18X
j - 240) 2%

208) 2%

e @

166]167)]168) 2x

241) 2%
SECTION "A=A"

9/27/99 &28 pm.

=\

LQ o
CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000274

1oft



1oft

TENVd TOHLNOD [N
‘ATBNISSY

meuzees  §19UANO
ity  WORBRV:
N D )

(L7iNG SV ‘NOLONN4 A8 G3HLLN3CI 38 O1)

IVLIA NOILYVN9ISIA 13INVd dv3IHd1Ng
(z 133HS 33S)
vV IvL3d

[¢]
O
[<]
[o]

M r————— | r———= A= T A r——-. ar-— - = A | —— Ar = " | | -
] bt © @ bt o d @ @ b e i et @ @ bt A @ O b o
|~ so0a momoor | |~ so00 momoo || w00 onw | |7 wooows 1] wdx01ond | I md w01 o | | NwA | | AWA |

9 Nwoa CHYORINO L1804 GIVORD 1304
L e J L 1Buse ) _NoswAL s ) L _NOSNIL WISy _NOSNAL MESM ) L bomGlase T 2 J L~ J
_ﬂ ||||| J_ “.|H<ﬂ_u<1|4_u ||||| ." “u|ﬂ<....l.5<||.|“_ﬂ ||||| 1" ﬂlﬂ<|:54|.“_ﬂ ||||| .“ | e
o 1@ Olgmmdt 1@ © et 1 © O bzt © O o
| ] ‘ 1" wpovd adan | | ] 1 e o 11 I 17 wmovd kmo1 | | 3wwA awommno | (Caxwva avommo”|
b J LAMor 3o ) _ J Lo N i L Ateor 3400STHL ) _ GMvoSMIS ) L _Qevosms
e Ol T N e le Ol el el ® @A 0 O b
_pzn.wc%mﬂ.mp_ _»zb_.ovwh.n_uﬂﬂ__ Wa 10d | |” wNwimod |} wmnolwd | |” wano wod | | SoLveadas svo anfl| [ Sa1vaa3azs svo |
LT J Lo TEE JL oS | LMK SY) | MTeeH S L_anooHse | g Omh & L Tows
1 N NG N e
| bmml® OF  dhmmd @ O haimetaimd © O hgimdtamed © O b
g |7 3oL mes | | | | uwie ourvomavis | | uana | | auno | | "vatno cuvomvis | | 3awa Tod 0 | " 3awva T 300 |
- LSS IS4 00020 Lo L L C L NS )| STeH S ) L _MNeHE® ) 2ddawis ) L _ 3ddis
- r -/ r—-= arT—— —— a r————7— arT v a ﬂ|1|zu|3|||__| || P | r——- - A

- A @ O]
o o
| WA 117 3awA Tus 300 | 17 3awA Tng om |

L—— J Lo — JL_Xview L__Bviaw | WPl Ims ) L ADVHS IVES ) NMidum ) L_Wwiow

—
i 8
_o——
==
¥

E

—o—

-
-—-o-—
—
_o_
==
38
—o—

CAM_CIV_0000275

CONFIDENTIAL

ACCESS
RESTRICTED




of1

276

CAM_CIV_0000:

.
|
_
.nh o _P. —
m ] | |
w 1 ] I
= “ o o | “ !
el -y 1) Hutl o 4y 1) — [ “
| I Lo L L | Lo A e _A_..__E _
| | I I [ I I LT [ L —
B +— T T + 5]
L
_ I L | I I [ o L_ b= |
| L L L L I L L _% @u _
_ [ [ I Lo [ [ I I - ey "o
_ _ | [ I I [ I R T [ [ _ i
| I I I L I | I T B S R
| |_||_|||LILI|\|_||_1\||_||_|||r|p|1|_||_11|h.LL||m |:|||M L=

CONFIDENTIAL
ACCESS

~ RESTRICTED




..
L AXI m—'g

.
y g g
LR
: t éri . 5
v ,
kd 3 i
i i T I
------ &,
é: g gﬁ’"ﬂ
»___g_,__,gu L 4 :
; i@ Ef:“;:::::::g"ﬂﬁi SN N g E
P-%u_“ ! iy | 2 :
__ %!____a 1e ] ; 1l
. ' s !5 ) JF -
¥ i |0 i o,
g . 7 i
& ¥
1 %i . i
L B
T S Al
% Fo
18, I
1? : ? é'llaﬂﬂs
; Ei 1} T
g ;
Bt
T T 6y
' B . ) ooy
PR '
\ al; el il il
. 10f1
CONFIDENTIAL
ACCESS

RESTRICTED CAM_CHV_0000277




(A
AR SuPRLY
FROM WU
[+
WIRARI SUPPLY
WA 5000P9
o}
WS TO MRED
FLD RESRVGR

CONFIDENTIAL
ACCESS

- RESTRICTED CAM_CIV_0000278




SYINOLSNO Ad
SIATVA NO Q3LVv30T SIHOLIMS ALINIXOYd

of

NOIWISOd NGMYH
FATVA TOULNCD AOUS ST TINVG JMYVHGAH JHL LV NOLVIKIN WOLISOd
ATND 3HL TNV OMLNOD JFVIVIKIAH JHL NO SYOOTREIN ON 3uv Jum (£

HOLMS FESTUd VI\ 52 NOUYIION “BNS30 § NOUYALDY MU

OIS SI 103TES WANYVA (300 143A0) QALTTES HEOA WY 350D
UDOYD WALEAKD ONY GHVORGAD JHL NBHA (1 HO/QNY '@3HSAd S1 MOLLAS

( W3 350D 01 035AYD S1 HDOYJ ANOF aNS (InnvaaiH) 2o (9

TIHOLMS

gg $1 IS0D/ME40 GNY XITNI00T 304 NOWVOKN (96
1) Y00 OL G350 30 LSMA DN NOSNAL B {95
g&@ﬁ!hﬁie&é!ﬁ
HOOTMILN SN NOSNEL (5

®

J\dattHOUSTO

\ﬁﬂ_ 35070

350D _HT);W
18, ..

AVOSHIA0 QUVOBYVLS

NETREN
ﬂ <

S04 NMOAXI0T HALAEAT FHL 40 SNDIXYT GNY NOLVYTIVISM

MY THODI ATND SOHVISNNOHD TYMYON N ¥3HIVd WL 40 NOUVHIO
AN 3HL 33N 10N T SHL ODO0T RGM $I00 NWODO0T L I0NS.
Q5SYd 3AVH SONGIIS 01 LSVIT LY TUNN IS0 LON TR ¥BOVY MALMGAD
FHL LVHL OS Q3UNOLNOO3Y 36 TR AVTIO 3HL “ATNO STONYG AOM

gguﬁag MALMBAN ML guggsgﬁ
340438 ONOJES O) LSVAY LV ¥0J GIXO0T 38 15NN S0 NWOGXIO0T UNIAG (+

CAM_CIvV_0000279

“SFHILIMS NOILISOd SMaSIES
N3J0 3L AR (IAVAINZD Y STYNOIS OSHISOTO JATVA TIV SV IAL WS 3L

s 1

38 01 GEVOGHVIS/WLOG/ LEO/HISSVIIN INWOT IHL 30 HINVIS/HNvL
L THL ONROTIV "ATVA JATITS NI LWN8 T4l SVH FRISIS ONDIOVS

B SV 'MDOVY MALGAI0 FHL QL GDOORILM RV SIATVA BHL 40 JNON (€

N30 ALY
SIIVA CHVOSNIAO FHL NO SIHILMS MRLSOJ HIOB & AWND 1N oNm

AOMJ 51 NOLYOIIMI GUVOEVAS/HI08/130d N30 §1 HISSYI30 IO ML
4 TIONVLSWIOHD NOdN EONGENT GVOSHVLS/MLOS/LE0d 40 NOUVORM (2

N3O QHVOSHYLS HO/QNY LuOd ML 30 MLOG M0 HGHLGE (B ONY M3JOD QL
QTN T4V SIATVA GUVOBHVLS ONV 1MOd HI08 (I LYHL L4303 ‘GMVORHIN0
GUYOBHYLS ONY LHOd HLOB ONUDTIS 404 ¥YIFPS SI NOUYNLS 3L (3T

"KALMS NOUSOd ATVA
CHYORVLIS JHL YW JS0T0 O STATVA ORML EHIO FHL SNENANDIS 'JATVA
IVOGUAND UVOGNYLS IHL OMUDTES HOJ MYVINSS SI NOLVALE L (G2

SIAIVA UISSYOR] MO QMY QSVORIVLS 3L
SO OL WANS JHL SILYNINGD FAVA 1¥0d JHL NO HOLIS NOUSOd N3O
FHL GNY "U3N340 SI FATVA (RYOREMO 1¥0d ML ‘MLOTES $1 L1¥0d NI (9T

WOTE MAS30

SY SIHILMS NOUISOd M0 FATVA ALViddOdddy FHL ARl GG SI
TYROS 3S0T0 H3SSVOIA IO 3HL  ‘SIATVA (IYORMIAG JHL HOJ SUNVAROD
a0 JATVA JHL SUVEIGD NOUITTES WL NI "TUOTTS SI GUVOREA0 JHL
4 (0 STNVI UONGY FHL NO MEIAYLISI] OGNV ‘ANOYGA Jd QLN QLS

1 GYYORMYLS/HL0B/180d 40 NDLLOTTIS 3HL ‘N340 SI JATVA IO 3L 4

n_ “QEYORNIA0 €9 O NOUWI3TS OL MORSd NOLYHNOLNDD SATVA GVOSRGA
3HL 40 NOUDTISIHd JHL AOTW OL SI StHL Eﬂg\ﬁé

LS
FNSSIYd IS FSOV MONd (10TTIS CHVOBNEA0) 3500 "AVA NO HOLMS
Eggﬂgazkngggﬁgg

SIATVA QUVORNAD
gngg-ﬁggiggggég

UDTTIS CUVORNAD/MISSYI] IO ¥ GRIS/HI0S/1H0d (2

HOLMS NOUYOION! HOWISOd GIvS A8 JALYMINE) N3JO H0J NOLLYOIGNM

WALOTES S1 DIVHS JHL N3HM AISHIARM 1n8
HYUMS S1 NOUVALS 3HL  AVA UDIVHS 3HL 35070 04 FALSAS Y0ULNOD

!ah(xbgﬂgggg!h&-!
BAIA 3HL SNG40 ATUVIEWG MILSAS WHLN0O WL TUIITIS S1 NNYL
ditl FHL N3HM AVS 01 ST AYHL IATVA USOddD FHL JO HILMS NOWISOd
INISKIS N3O0 FHL MO
WY UDIVHS Y

M3 QALVHINGEO SI IS0 OL VKOS 3HL LNd “GC3NNN
M5 HO MNVL doit JHL N3JO OL STYNOS 3HL UIUVHS/NNVL o (1
NOULVYHHOINI SHOOTHILN v

CONFIDENTIAL

ACCESS
RESTRICTED



4 8 | ¢ | [ { s L y I £ i z Tj i
g I 01 12-¥66020¢ tapanndrs ] B b |
&
A T 3 N.oz V.m.o.m TINVd T0UINOD NIYW NdH tmun o ge0uLINOD bm\:m, X s\&w s§m
Wl TAA JTAA Ny ‘ILVNIHOS T¥OI¥10373 wena iovvy  NONIANVD o]
s NOZRIOH ¥3tvidi30 = ON OMO sy, | @m0 noganvo 439002 [ w00 1] 00/20/40
101002804 "0°d
3
a
%)
2
- 3z
3=
=
od
ax
a ~
Q@
mu =
a Qs
24
]
~<
as 0 a W.
) 3000 MUT -
L E!iﬁ. UGS SRR - a0sn w.
o et i o
HE- OUE- 9K R Y- a5
IS - - T~ T C1x- Noin o
YIBRN ITHS ,m
LS maa Nl 3aa Wy | 5 B
7% Y 3
3 ) “ -&-& z/ie % 1336 - oon- 158 m
2 Y| wn 8
| | 2 » 7/ 2 ome - w | 9%
! A %z " -\\\ e/ z
7 B2%Z 92 LIRS ¥~ (SX- -
NOUVNDSIq Wil m x \\-- P s oo e . _..h h
= WOTEA/NI3D DAV ¥i ON 39 OL ONRIM ONNOWD TV T W " N-W " ¢
DML \\ \\ X4
ON 30 TVHS SIHI ININO D0AS ONY JGAVE ¥ S SRSV e el « 2 m 2 N-m- a/ U FE—
TAVYL ON 30 TWIS SIAR WGNOd I T SIIAD WOMACIN (INW0 ATRORITY - & 2 a7
oo 0 g0 oS S s v s e 2% | = G e -
DWYYT 38 TVHS SR INAIND GHY INE TV L SHIONONCONGS SN = A W o ““- "
) TION SYI%WHD 'SUOIVIIOON = N \ \\ A
Ee_oﬂswmﬂpﬁzz . ‘\\ " “.&_\\ o
Swoss - 8 w » N“m- e
SINOUD YN0 MY STIAIC THRILMS D \ \WWN
e <= o, S5 s e & 7 . v . }
solon - "
i — v, —— o ey - 3 o] v | wram
oM TEL/00S ol
PN S TN TN HWOS - K ns -2 "0t
oo ne o - e s woene -2 | F] (0100 0 e | sz ras
(900) WUV TNRGSZY - % SeveTaem - 3 838 BREBHR: o /
v SIAX IWM0LS ‘TIM AK0 SUCRTH A8 = O e 3 = Ruiossse A5 B/ KiddNS 43M0d / D ey
KIS CI - KOEWD - 2 (UAL/N0CT) BN NS widd -t
WIIITTA DL WORILITTI-NON SEINOSNVAL = § ¢ @
samaL 1o - SNGGSSNS 'SIEIISEY - ¥ LE | 7oy 355 = -
ONTOIT 53003 W3037 ] o0z oomA NOILVYNISIO 133HS

CAM_CIV_0000280

] T z T B 1 3 { v T < 1 z T v

CONFIDENTIAL

ACCESS
RESTRICTED




CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000281




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
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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:

Subsea Multiplex BOP Control System 24 of 79 Basic Operation Manual

CONFIDENTIAL

ACCESS
RESTRICTED CAM_CIV_0000305



“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 wi