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Forewor

d

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison wit
Commissio

Internationd

Draft Intern
Publication

Attention is|
patent right

Internations
offshore st
equipment.

ISO 13628
and operati

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:
Part 8:

Part 9:

SO, alS0 ake part i the Work. 150 collaborates closely WIth the mternatonal Elecirqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

htional Standards adopted by the technical committees are circulated to the mempber bodies f
as an International Standard requires approval by at least 75 % of the membern-bodies casting

drawn to the possibility that some of the elements of this part of 1ISO.13628 may be the s
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard 1SO 13628-6 was prepared by Technical Committe€ ASO/TC 67, Materials, equip
yuctures for petroleum and natural gas industries, Subcommittee SC 4, Drilling and p

consists of the following parts, under the general title,Petroleum and natural gas industries -
On of subsea production systems:

General requirements and recommendations

Flexible pipe systems for subsea and matine applications

Through flowline (TFL) systems

Subsea wellhead and tree eqguipment

Subsea control umbilicals

Subsea production‘control systems

Workover/completion riser systems

Remotely:Operated Vehicle (ROV) interfaces on subsea production systems

Remotely Operated Tool (ROT) intervention systems

technical

br voting.
h vote.

ubject of

ment and
roduction

— Design

Annex C forms a normative part of this part of ISO 13628. Annexes A, B and D are for information only.
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Introduction

Description of hardware is included in this part of 1ISO 13628 to illustrate functional requirements. This part of
ISO 13628 should not be interpreted in a way which would limit new solutions with documented improved life-cycle

benefits.
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Petroleum and natural gas industries — Design and operation of
subsea production systems —

Part 6:

Subs

a production control systems

1 Scqgpe

This part
control s

This part
control fl
gas injeq
applicatiq
NOTE

This part

order to provide for the safe and functional control of subSea production equipment.

This part
are:

— infor
the

— basi

— sele
rele

— optig
or th

In view @

of ISO 13628 is applicable to design, fabrication, testing, installation and.operation of subses
stems.

of 1ISO 13628 covers surface control system equipment, subsea-installed control system equ
ids. This equipment is utilized for control of subsea productionof oil and gas and for subse
tion services. Where applicable, this part of ISO 13628 may/be used for equipment on
ns.

Typical main elements of a subsea production control system are described in 5.1.1.

of ISO 13628 establishes design standards for systems, subsystems, components and opera
of 1SO 13628 contains various types of*information related to subsea production control syg
mative data which provide an overview of the architecture and general functionality of control
urpose of introduction and information;

C prescriptive data which must be adhered to by all types of control system;

Ctive prescriptive .data which is control-system-type sensitive and need only be adhered tg
ant;

nal data or xéquirements which need only be adopted when considered necessary either by th
e vendor.

f theudiverse nature of the data provided, control system purchasers and specifiers are advis

production

ipment and
h water and
nultiple-well

ing fluids in

tems. They

systems for

when it is

e purchaser

ed to select

from thi

part of ISO 13628 only the provisions needed for the application at hand. Failure to adopt

a selective

approach to the provisions contained herein can lead to overspecification and higher purchase costs.

Downhole intelligent well-control equipment is beyond the scope of this part of ISO 13628.

Rework and repair of used equipment are beyond the scope of this part of ISO 13628.

2 Nor

mative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 13628. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 13628 are encouraged to investigate the
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possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers of

currently valid International Standards.

ISO 4406:1987, Hydraulic fluid power — Fluids — Method for coding level of contamination by solid particles.

ISO 6073, Hydraulic fluid power — Petroleum fluids — Prediction of bulk moduli.

ISO 10432, Petroleum and natural gas industries — Down hole equipment — Subsurface safety valve equipment.

ISO 13628-5, Petroleum and natural gas industries — Design and operation of subsea production systems —

Part 5: Subkea control umbilicals.

EN 287-1 +|Al, Approval testing of welders — Fusion welding — Part 1: Steels (Amendment A1:1997)incllided).

EN 287-2 + Al, Approval testing of welders — Fusion welding — Part 2: Aluminium and-aluminiym alloys
(Amendment A1:1997 included).

EN 288 (all|applicable parts), Specification and approval of welding procedures for metallic' materials.

ANSI/ASME B31.3, Process Piping.

APl RP 14H, Installation, Maintenance and Repair of Surface Safety Valves and Underwater Safely Valves
Offshore.

API Spec 6A, Wellhead and Christmas Tree Equipment.

API Spec 1¥YD, Subsea Wellhead and Christmas Tree Equipment;:

ASME Boilgr and Pressure Vessel Code, Section VIII, Divisien 1, Rules for Construction of Pressure Vessgls.
ASME Boilgr and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications.

ASTM D92/| Test Method for Flash and Fire Points by Cleveland Open Cup.

ASTM D445, Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (the Calculation of|Dynamic
Viscosity).

ASTM D471, Test Method for Rubber.Property — Effect of Liquids.

ASTM D66%, Test Method for Rust Preventing Characteristics of Inhibited Mineral Oil in the Presence of Water.
ASTM D892, Test Methad,for Foaming Characteristics of Lubricating Oils.

ASTM D1293, Test.Methods for pH of Water.

ASTM D1889, Aest Methods for Turbidity of Water.

ASTM D25
Method).

ASTM D4006, Test Method for Water in Crude Oil by Distillation.

Four-Ball

BS 7201-1, Hydraulic fluid power — Gas-loaded accumulators — Part 1: Specification for seamless steel

accumulato

BS 7201-2,

r bodies above 0,5 L water capacity.

Hydraulic fluid power — Gas-loaded accumulators — Part 2: Dimensions of gas ports.

IP 280, Petroleum Products and Lubricants — Determination of Oxidation Stability.

NAS 1638-64, National Aerospace Standard — Cleanliness Requirements of Parts Used in Hydraulic Systems.
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https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

ISO 13628-6:2000(E)

3 Terms and definitions
For the purposes of this part of ISO 13628, the following terms and definitions apply.

3.1

boost

pressure maintained on the spring-return side of a subsea actuator for the purposes of improving closing-time
response

3.2
commanded closure
closure df the underwater safety valve and possibly other valves depending on the control system desig

=)

NOTE Such commands may originate manually, automatically or as part of an ESD.
3.3

control pfth length

CPL

total distance that a control signal (electrical or hydraulic) travels to the subsea control module or valve actuator

3.4
design pressure

rated wofking pressure
pressure|which is equal to or greater than the maximum service conditions, and for which all components are rated

3.5
direct hydraulic control
control method wherein hydraulic pressure is applied through® an umbilical line to act directly on a sulbsea valve
actuator

NOTE Upon venting of the pressure at the surface, the tontrol fluid is returned through the umbilical to the stirface due to
the action| of the restoring spring in the valve actuatori.Subsea functions may be ganged together to reduce thle number of
umbilical jnes.

3.6
downstrgam
direction Jaway from the source of preéssure or flow

3.7
electrohydraulic control
control method wherein._gefectrical signals are conducted to the subsea system and used to opgn or close
electrically-controlled hydraulic control valves

NOTE Hydrauli€_fluid is locally sourced and acts on the associated subsea valve actuator. "Locally sourced" may mean
locally stgred pressurized fluid or fluid supplied by a hydraulic umbilical line. With electrohydraulic control systems, data
telemetry [readback) is readily available at high speed. Multiplexing of the electrical signals reduces the number of gonductors in
the electripatbumbilical.

3.8

hydrostatic test pressure

proof pressure

maximum test pressure at a level greater than the design pressure (rated working pressure)

3.9

minimum operating pressure

lowest operating pressure, at any point in the system, during normal conditions at which the system can operate
effectively

© I1SO 2000 — All rights reserved 3
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3.10
offset
horizontal c

3.11

omponent of CPL

response time
sum of the signal time and the shift time

3.12

running tool
tool used to operate, retrieve, position or connect subsea equipment remotely from the surface

NOTE Al

3.13

shift time
period of ti
control fung

NOTE g
the underwai

3.14
signal time

h example is the subsea control-module running tool.

ne elapsed between the arrival of a control signal at the subsea location and the completi
tion execution

f primary interest is the time to fully stroke, on a subsea tree, a master or wing-valve that has been des
er safety valve.

period of tifne elapsed between the remote initiation of a control command and the initiation of a contro

operation s

3.15
subsea pro
control syst

3.16
surface-con
SCSSV
safety devig
upon loss 0

NOTE It
equipment p
emergency §

3.17
surface safs
SsV
safety devig
point of suk
loss of hydr

Ibsea

juction control system
em operating a subsea production system during production operations

trolled subsurface safety valve

e that is located in the production bere of the well tubing below the subsea wellhead, and that
f hydraulic pressure, as definechin’lSO 10432

5 function is to provide clostre of the well flow in the event of catastrophic loss of the primary flow con
rovided by the subsea tree assembly, or when commanded from the surface facility, e.g. in the e
hutdown Level 0.

bty valve

e that.ds:located in the production bore of the well tubing above the wellhead (platform well),
sea well production embarkation onto a platform, as defined in APl RP 14H, and that will cl
pulic pressure

bn of the

gnated as

function

will close

trol safety
ent of an

or at the
Dse upon

3.18
umbilical

group of electric cables, hoses or steel tubes, either on their own or in combination (or with optical fibre cables),

cabled toge

3.19
underwater
usv

ther for flexibility and oversheathed and/or armoured for mechanical strength

safety valve

safety valve assembly that is declared to be the USV as defined in API RP 14H and will close upon loss of

hydraulic pr

essure

© 1SO 2000 — All rights reserved
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3.20

upstream

direction

towards the source of pressure or flow

4  Abbreviated terms

ANSI
API
ASME
ASTM
AWS
BER
cfu
CIGRE
Clu
CPL
CRC
DCS
DCV
DHPT
EPU
ESD
EXT
FAT
FMECA
HIPPS
HP
HPU
IEC

IP

LP
MCS

American National Standards Institute

American Petroleum Institute

ISO 13628-6:2000(E)

——America Society of Mechanicat Engineers

American Society for Testing and Materials
American Welding Society

bit error rate

colony-forming units

International Conference on Large Electrical Systems
chemical injection unit

control path length

cyclic redundancy check

distributed control system

directional control valve

downhole pressure and temperature
electrical power unit

emergency shutdown

extended

factory acceptance test

failure mode effect and criticality analysis
high integrity pipeline-protection system
high pressure

hydraulic power-unit

International Electrotechnical Commission
Institute™of Petroleum

low-pressure

master control station

MEA
MIL-STD
NAS
NBR
NPT

malt extract agar

Military Standard

National Aerospace Standard Institute
natural buna rubber

national pipe thread

PARCOMS Paris Commission

PC
PREP

personal computer

preparation

© 1SO 2000 — All rights reserved
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PSD
PTFE
QA
ROV
SCM
SCSSsV
SEM

-6:2000(E)

process shutdown

polytetrafluoroethylene

quality assurance

remotely operated vehicle

subsea control module

surface-controlled subsurface safety valve

subsea electronic module

SSV
STD
TAN
TBN
THPU
TSA
UPS
usv
VAC
VDU

5 Syste
5.1 Gengq

5.1.1 Gen
The main e

a) hydrau
The HH
fluid is
subsed

b) master,
The M
subseg

c) distriby
The D¢

surface safety valve
standard

total acid number

total base number

test hydraulic power unit
tryptone soya agar
uninterruptible power supply
underwater safety valve
volts alternating current

video display unit
m requirements

bral requirements

eral
ements of a subsea production control system typically include the following:

ic power unit (HPU);

valve actuators.

control station {MCS);

ted.control system (DCS);

LS ean perform the same functions as an MCS, but with a decentralized configuration.

PU provides a stable and clean supply of hydraulic fluid to the remotely operated subsea valves. The
supplied via the hydraalic umbilical, the subsea hydraulic distribution system, and the SCMs tp operate

CS may be the Central control "node™ containing application software required to control and mpnitor the
productigh,system and associated topside equipment such as the HPU and EPU.

d) electrical power unit (EPU);
The EPU supplies electrical power at the desired voltage and frequency to the subsea users. Power
transmission is performed via the electrical umbilical and the subsea electrical distribution system.

e) modem unit;
This unit modulates communication signals for transmission to and from the applicable subsea users.

f)  uninterruptible power supply (UPS);
The UPS is typically provided to ensure safe and reliable electrical power to the subsea production control

system

© 1SO 2000 — All rights reserved
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The umbilical(s) transfers electrical power and signals, hydraulic power, and/or chemicals to the subsea
components of the subsea production system. Signals may be transmitted via power cable (signal on power),
signal cable or fibre optic.

subsea control module (SCM);

In a piloted-hydraulic, electrohydraulic or electric control system, the SCM is the unit which upon command
from the MCS directs hydraulic fluid to operate subsea valves. In an electrohydraulic system the SCM also
gathers information from sensors located subsea and transmits the sensor values to the topside facility.

subsea distribution systems;

Distfibution systems distribute electrical, hydraulic and chemical supply from the umbilical terminat

g) umb
h)
i)
subs
syst
j)  subg
Sen
subs
k) cont
Oil-k
orlo
[) cont
Am
conr
cont
links
This part]
used.
5.1.2 S
5.1.2.1
The subs
surface
hazardoy

Product
without d

design life of the-system.

ea trees, manifold valves, injection points, and the control modules of the subsea produd
Em.

ea located sensors;
bors located in the SCMs, or on subsea trees or manifolds, provide data to help imonitor oper
ea production system.

rol fluids;
ased or water-based liquids that are used to convey control and/or hydraulic power from the s
cal storage to the SCM and subsea valve actuators.

rol buoy.

bored buoy housing generation, communication and chemical injection (optional) equipment.
ected to the subsea components of the subsea produgction system via an electrical/fibre op
rol umbilical. The buoy can communicate with the surface production facility via acoustic, radic
or a combination thereof.

of ISO 13628 covers all systems, both hydraulic’and electrohydraulic. Only the relevant clause

ervice conditions

Suitability for working environment

ea control system shall pe-designed and operated with consideration for the external envir(
acilities, this will includeclimatic conditions, corrosion, marine growth, tidal forces, illumi

egradation;, 'exceedance of allowable stresses, or impairment of other performance requirem

on(s) to the
tion control

ation of the

urface HPU

The buoy is
ic/hydraulic
or satellite

s should be

nment. For
nation, and

s area classifications,-For the subsea environment, this will include corrosion, ambient pressure and
temperature, and maintenance considerations.

esigns shall\boe capable of withstanding design pressure (rated working pressure) at rated {emperature

ents for the

5.1.2.2

Pressure ratings

5.1.221

General

The design shall take into account the effects of pressure containment and other pressure-induced loads.
Specialized conditions shall also be considered, such as pressure rating changes in system and component
interfaces (such as subsea control module to receiver plate, umbilical to tree-mounted terminations) and
pressurizing with temporary plugs and caps installed. The effects of external loads (i.e. bending moments, tension),
ambient hydrostatic loads and fatigue shall be considered.

Hydraulic systems shall have a maximum allowable operating pressure at least 10 % below design pressure (rated
working pressure).

© 1SO 2000 — All rights reserved
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5.1.2.2.2  Hydraulic control components

Hydraulic control components other than for SCSSV circuits shall have design pressures (rated working pressures)
of 10,3 MPa, 20,7 MPa or 34,5 MPa (1 500 psi, 3 000 psi or 5 000 psi) or according to the manufacturer’'s written
specification. Hydraulic control circuits for SCSSVs shall have a design pressure (rated working pressure) in
accordance with the manufacturer’s written specification.

5.1.2.2.3 Other equipment

The design pressure (rated working pressure) of other equipment such as running, retrieval and test tools shall
comply with-manufacturer's written specifications

5.1.2.3  Temperature ratings (surface-installed equipment)

5.1.2.3.1 |Without controlled environment

Surface-insfalled equipment covered by this part of ISO 13628 and not installed in a controlled environment shall
be designed, tested, operated and stored in accordance with the temperature ratings listed in Table 1.

Tabje 1 — Temperature rating — Surface-installed equipment without controlled environment

Electronics System
e CF) oc CF)

Design

a) Standdrd 0to 40 (32 to 104) O0to 40 (32 to 1p4)
b) Extended —18to 70 (0 to 158) —181t0 40 (0to 104)
Operate

a) Standdrd 0to 40 (32 to 104) O0to 40 (32 to 1p4)
b) Extended —-5t0 40 (23 to 104) —-51t0 40 (23 to 1p4)
Store —181to0 50 (0to 122) —-18to 50 (0 to 122)

Temperatures relate to environment) not individual components.

Equipment ghall be marked.infaccordance with 12.1.2.

5.1.2.3.2 |Controlled_environment

Surface-insfalledsequipment covered by this part of ISO 13628, and installed in a controlled environment| shall be
designed, fested,” operated and stored in accordance with temperature ratings compatible with the [specified
controlled environment

Packaged assemblies or components that are restricted for use in a controlled environment shall be appropriately
marked in accordance with the provision of 12.1.3.

5.1.2.4  Temperature ratings (subsea-installed equipment)

Subsea-installed equipment covered by this part of 1ISO 13628 shall be designed, tested, operated and stored in
accordance with the temperature ratings listed in Table 2.

8 © IS0 2000 — All rights reserved
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Table 2 — Temperature rating — Subsea-installed equipment
Electronics System
OC (OF) OC (OF)

Design

a) Standard —10to 70 (14 to 158) 0to 40 (32 to 104)

b) Extended —-18t0 70 (0 to 158) —181t0 40 (0 to 104)

Test

a) Starndard —10to 40 (14 to 104) N/A NIA

b) Extgnded —181t0 40 (0 to 104)

Operate

a) Standard 0to 40 (32 to 104) 0to 40 (32 tg 104)

b) Extgnded —5to0 40 (23 to 104) —5t0 40 (23 tg 104)

Store —-18to 50 (0to 122) — 18050 (0 to[122)
Tempergtures in Table 2 relate to environment, not individual compénents. Subsea sensors whjch monitor
produced or injected fluid may operate outside the ranges given; they shall be rated accordingly.

Equipmept shall be marked in accordance with 12.1.2.
5.1.2.5 | Storage/test temperature recommendations
If subsed-installed or surface-installed equipment is te\be stored or tested on the surface at a temperature outside
its tempgrature rating, then the manufacturer should’be contacted to determine if special storage or sufface testing
procedures are recommended. Manufacturersf-shall document any such special storage or surface testing

considerations.

5.1.2.6

In subse
loading §
enclosur

5.1.2.7
Compon

513 H

External hydrostatic pressure
b applications, external hydrostatic pressure may be higher than internal system pressure. T

ituation shall be considered, especially relative to seal design, self-sealing couplings and one-
bs. Umbilical collapse during installation and in service should also be considered.

Fluid compatibility
bnts shall'be selected considering compatibility with both control fluid and chemical injection flu

ydraulic system

his external
atmosphere

o

5.13.1

Hydraulic fluid

Selection of hydraulic fluid shall consider the maximum temperature and pressure to which the hydraulic fluid can
be exposed in the well. All parts and components in the system shall be compatible with the selected fluid.
Reference should be made to annex A.

5.1.3.2

Cleanliness

The hydraulic fluid-wetted portion of the control system shall be prepared to a cleanliness level as defined in
NAS 1638 or ISO 4406. The selected level shall be clearly identified in the manufacturer's written system
specification and shall be demonstrated during the testing of the system.
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Typical cleanliness levels are NAS Class 6 (ISO 15/12) or NAS Class 8 (ISO 17/14).

All control fluids introduced into the system shall meet the selected cleanliness requirements. Provisions shall be
made to maintain cleanliness (e.qg. filters) and to take samples.

Methods for circulation and flushing out seawater and solid particle contamination should be considered for the
lifetime of the system.

The subsea hydraulic system should be designed to tolerate some contamination by seawater and solid particles.
Vulnerable parts with very low fluid consumption (e.g. directional control valve pilot stages) shall be protected by

filters or sui

table screens.

5133 (
System pre

The setting

5134 \

Design of t
This shall in

5.1.4 Eled
The electri
interfaces,
continued g

The UPS sy

In order to
and signal ¢

For subsea

industrial griade or better wherever possible.

Topsides e
designed tg

5.1.5 Red

The level o
the followin

Dverpressure protection
ssure-relief (safety) valve settings shall not exceed design pressure (rated working pressure).

of the primary relieving device shall not be greater than the design pressure.

ibration and pressure pulses

e hydraulic system should consider high-pressure pulses and vibration on lines, valves and
clude external sources (e.g. chokes).

trical system

cal power for the surface control equipment of anselectrohydraulic control system, its a
and the subsea equipment should be supplied from,'an uninterruptible power supply (UPS) t
peration in the absence of primary power for a minimum period of 30 min.

stem should include isolation and regulationto ensure a clean constant supply of electrical poy

minimize the number of conductors, inthe control umbilical, signal multiplexing and combini
n the same pair of wires should be-considered.

assemblies, electrical compenents of high reliability shall be used. Components shall be pr

uipment should be procured to industrial grade or better wherever possible. The equipment s
facilitate modular replacement.

undancy

redundancy will depend on the actual field development and reliability of equipment used.
) guidelines are applicable.

Redundanc

couplers.

bsociated
0 ensure

ver.

g power

bcured to

hould be

Senerally

i I’ mast impnrt;mf when companent rpplarpmpnr is difficult or when Qignifir‘anr lnmdm‘rinn

or operating capability is lost through single-component failure.

/ailability

When redundant components are used, the reliability of the method for switching from the primary to the backup

component

should be evaluated.

The subsea electrical distribution system design should be redundant or include spares that can be configured to
replace failed circuits.

The subsea hydraulic distribution system should be redundant or should include spares that can be configured to
replace failed lines in either LP or HP service.

10
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The subsea chemical distribution system and supply line should have redundancy consistent with the importance of
the treatment chemical.

The number of spares in the umbilical should be specified based on the redundancy needed and relative impact on
umbilical design (e.g. spares which fill space in a given cross-section add less cost than those which lead to a
diameter increase).

Redundancy of instruments should be based on criticality and retrievability of the sensors.

The level of redundancy throughout the system will influence complexity and reliability. An analysis of the expected
benefit from redundancy should be performed for all critical parts of the system.

5.1.6 Reliability
Reliability of the subsea control system should be optimized to result in maximum benefit. The@se of high-reliability
compongnts should be compared against redundant components of more standard quality.)Special consideration
should bg given to the reliability of components that are difficult to repair or replace.

Minimum reliability, mean time to repair and availability targets for subsea equipment should be stated for each
project.

Critical gensor systems located on subsea trees or manifolds should have component reliability, pr reliability
obtained| by redundancy, that is optimum relative to the need for thle sensor data and the risk| of subsea
interventjon. This is most important for sensors that trigger safety or shut‘down responses.

Reliability figures for all critical components and assemblies showld be documented and justified by galculations,
tests or gn accepted industry data base.

5.2 Functional requirements

5.2.1 (eneral performance requirements

Control gystem equipment built to this partof\1SO 13628 should perform in a manner which is efficient, safe and
protects the environment. Performance requirements for the control system as a whole should

— provjde for individual or multiple.operation of all remotely controlled subsea valves;

— provjde sufficient data-readback information to operate the system safely and to react promptly t¢ conditions
requfring emergency shut-down (ESD);

— provjde ESD capability that ensures the subsea system will shut-in production safely within the time specified
by this part of ISO 13628 or by applicable regulatory authorities for all production scenariog, including
simyltaneous.drilling, completion and workover operations.

5.2.2 Qperating pressure

The control system shall be capable of delivering pressure sufficient to open subsea valves under the worst case
set by valve manufacturer specifications. The minimum operating pressure shall be at least 10 % greater than the
minimum opening pressure specified by the manufacturer for the worst-case condition. The decrease in operating
pressure while a subsea valve is opening should not reach a value at which any of the other opened subsea valves
begin to close.

5.2.3 Fail-safe philosophy

Subsea control systems shall be designed to render the production system to a fail-safe status upon loss of
hydraulic power. Typically this is achieved by closure of a USV. Such closure can be achieved by either de-
energization of electrical circuits or depressurizing of the hydraulic power supply. If the system contains directional
control valves, they should be designed to close at a pressure higher than the subsea valves to minimize the

© 1SO 2000 - All rights reserved 11


https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

ISO 13628-6:2000(E)

closure time of the subsea valves. If an all-electric-type control system is used, the system shall be fail-safe upon
loss of electric power.

There should be no subsea control system component failure which will prevent the fail-safe closure of the SCSSV

and the des

ignated USV.

5.2.4 Response time

5241

Valve closing

52411

The primar
subsea pro
supply of cq
a loss in ¢

General

constraint on control system response time is set by the need to execute promptly-a.shut
duction upon command from the surface facilities. Such shut-ins are associatedcwith elim
mbustible materials to the surface facilities, and/or reducing pollution of the enviranment in the
ontainment integrity of the subsea system. Where closure of a valve is the, means by

tin of the
inating a
event of
which a

downstreanm) segment of piping is protected against overpressure, the response time shall'be less than that which

would allow

52412

All control
USVs to re
equipped v
contingency
manner to

should be the last valves to close.

5.2.4.1.3
Upon recei

using the p
on all flowin

52414
In the everj

closure corj
control mod

5.24.15

The shift tin
limitation m)

the segment to be overpressured due to continued flow.

Requirement for contingency closure control mode

bystems for which malfunction or failure of the primary control’system will not necessarily o
turn to a fail-safe position, and, as such, can potentially aliow flow to continue indefinitely,
ith a contingency closure control mode that can execute the necessary valve closures

closure control mode involves bleeding off supply hydraulic pressure, the system shall reset
brevent the automatic reopening of the closed valvesowhen supply pressure is restored. The

USV closing-time requirement using primary ¢ontrol mode

imary control mode with a response.time not to exceed 10 min. For multiple-well installations,
g wells shall close within the designated 10 min time allowance.

USV closing-time requirementusing contingency closure control mode
t that a subsea control, system failure has necessitated a valve closing operation in a co

trol mode that is notyin compliance with the 10 min closure-time limitation, the contingenc
e shall still executethe closure in a manner that meets the general requirements stated in 5.2.

Shift time limitation

ne portien of the overall response time for a single USV shall be limited to 3 min or less. This

by other vajves or flow control devices that have previously been closed or that are simultaneously resp

ay be ‘waived if flow in the subsea well associated with the respective USV has already beer

ause the
shall be

If such
n such a
SCSSVs

t of a commanded closure, the subseacontrol system shall complete a closure of the designated USV

he USVs

htingency
y closure
4.1.1.

shift time
stopped

bnding to

the commanded closure.

5.24.1.6

Failure of boost system

Failure of the boost system shall not prevent the fail-safe closure of the USV under the loss of hydraulic pressure.

52417

Relationship of surface and riser safety system response requirements to subsea control

system response requirements

The response time of an SSV or riser valve following a commanded closure is established by regional regulations
for the protection of the surface facility. The response time of these surface and riser safety devices is independent

12
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of the requirements for subsea control system response. As such, this is not a part of this performance
specification, but should be considered in a total system safety evaluation.

5.2.4.2 Valve opening

If equalization of pressure across the USV is not possible prior to opening, the USV shall be constrained to a shift
time not to exceed 3 min. This requirement may be waived if there is another valve or flow-control device in the
flowstream that can be closed such that the USV can be opened without encountering a prolonged differential
pressure.

5243 D amanateatian—afi B I
LA, DCTHOTIStratoT OT TCSPUTTSTCTUITIc

One of the following four methods shall be used to demonstrate that the response time projected-for| the control
system meets the objectives (prior to installation):

a) run p control system simulation using perfectly elastic umbilical volumetric data @nd valve opgrator data,
typidally available from the respective manufacturers. This approach will typically result in the most
congervative calculated response times;

b) run & control system simulation using viscoelastic umbilical volumetric data;-based on measurements made on
at lgast 30 m (100 ft) of sample material of pressure and volume versus time. Combine with manufacturer's
valve operator data;

c) run a control system simulation using a previously calibrated model for an identical umbilical matenal, allowing
for new variables such as CPL, operating pressure, and end device characteristics;

d) measure response time directly using actual equipment.
5.2.5 Functional considerations

5.2.5.1 | Leak tests and diagnostics
The subgea control system shall be capablé aof performing required diagnostics and regulatory-mandatdd leak tests
on the sybsea equipment. Such leak tests will include leak-testing of the SCSSV and leak-testing of the| designated

USV. In the event of leak-test failurexthie control system should provide capability to facilitate diagngstics of the
failure cgnditions.

5.2.5.2 | Production pressure-monitoring
The subgea control system should accommodate the monitoring of pressure in the tree production bore),

5.2.5.3 | Annulus pressure monitoring

The subgea.control system should accommodate the monitoring of pressure in the annulus between thg production
tubing arjd{psoduction casing.

5.25.4 SCSSV seal failure

Backflow of well fluids into the subsea control system due to seal failure in the SCSSV shall not impair the ability of
the subsea control system to execute the fail-safe closure of the USV.

5.2.5.5  Actuation indication
The production control system shall provide a surface indication of the actuation of a selected hydraulic function.

As appropriate to the hardware, such indication may be through use of visual flow indicators, pressure transducers,
pressure gauges, position-indication sensors, flow sensors or pressure switches.

© 1SO 2000 - All rights reserved 13


https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

ISO 13628-6:2000(E)

5.2.5.6  Protection of SCSSV

Under commanded-closure conditions, the design of the production control system should protect the SCSSV from
slam or creep closure on a flowing stream, through operational procedure or introduction of a delay following the
closure of the valves downstream of the SCSSV. Any such provisions should not impact the ability of the subsea
production control system to close the SCSSV in ESD conditions.

5.25.7  Safety isolation during workover

The production control system shall be capable of being positively disabled from operation of tree control functions

while a workaver control system is in use on that free

5.2.5.8  Control fluid venting and leakage

External vepting and leakage of control fluids shall not exceed local regulatory requirements. Internal leakiage shall
not exceed [control component manufacturer’s written specifications.

5.2.5.9 Uoad capability

Product desgigns shall be capable of sustaining rated loads without degradation, exeeedance of allowable| stresses
or impairmgnt of other performance requirements.

5.3 Design requirements

5.3.1 Genferal design requirements

The design|shall provide for reliable and safe operation of the-subsea equipment. The design shall alsp provide
means for 4 safe shutdown on failures of the equipment or6n loss of control from the remote control point.
Vulnerable jareas for connection such as electrical cauplers, hydraulic couplers and hubs shall be furnighed with
necessary protection equipment in order to protectithe equipment when being unmated and in service.

Early in the|project, the manufacturer and purchaser should clearly establish utility interface requirements.

5.3.2 Desjgn methods

5.3.2.1  Rressure-containing yessels

All pressurg-containing vessels used for applications in excess of 0,1 MPa (15 psi) shall meet the requirgments of
the ASME |Boiler and Rressure Vessel Code, Section VIII, Division 1, or BS 7201-1 and BS 7201-p, or the
applicable g¢ode or regulation which applies.

5.3.2.2  Hlectrical'devices

5.3.2.3

Interconnection piping

Vibration-induced fatigue failure of the subsea piping system shall be considered. All tubing runs shall be installed
with sufficient and appropriate clamps. Interconnecting piping shall meet the requirement of ANSI/ASME B 31.3.

14
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esign analysis

The following analyses shall be performed during detailed design of the production control system for the purpose
of establishing system (performance characteristics, requirements, etc.), and only when they are relevant to the
type of control system:

— a hydraulic system operation and response time analysis;

— ane

— ane

lectrical power distribution analysis;

ectrical communication analysis

Hydraulid
is safe 4
following

— the time to prime the hydraulic system from a depressurized state;

— ope
proc

— the time for the pressure to recover following a process valve opening;

— the fime to carry out a sequence of valve openings, such as_the opening of a tree (neglecting

oper]

— the 4
and

— resp
at th

— peal
hydr]

— thei
has

— thed

—  hydr
hydr|

— chern
dow

system analyses should ensure that the hydraulic system performance in the various medes
ind operationally acceptable. The areas of hydraulic performance that should be @address

ESS pressure;

ation);

tability of opened control and process valves to pressSure transients caused by operation of @
process valves (sympathetic control valve delatching, process valve partial closing, etc.);

pnse time to close process valves in the event'of a common close command, such as an ESL
e surface, venting off hydraulic control valves via supply lines;

return-line pressure transients that\may cause partial opening of closed process valves and
pulic components with limited return<pressure capability;

mpact that failure of subsea accumulation and return-line boost pressure systems (assist closi
Lipon the safe operation and closure of the process valves;

xtent of control fluid-total loss rate;

pstatic conditions’ which could give rise to line collapse, sea water ingress, etc., caused by
pstatic pressures resulting from differential heads and differential fluid densities;

nical system flow analysis should establish that a specified supply of well-treatment, start-u
n chemicals is achieved under the range of wellhead flowing and shut-in process pressures.

bf operation
ed are the

ing and closing response times of the process valves under conditions of minimum and maximum

thoke valve

ther control

vent-down

damage to

g systems)

differential

D and shut-

The electrical power distribution analysis should establish the following:

— voltage at SEM for maximum and minimum SEM power loads;

— voltages at SEM at maximum and minimum numbers of SCM on the subsea electrical distribution line;

— voltages at SEM at minimum and maximum umbilical lengths;

— voltages at SEM at redundant and non-redundant power distribution (where applicable);

— voltages at SEM at cable parameters for dry and wet umbilical insulations if applicable;

© 1SO 2000 — All rights reserved
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SEM component stress levels should be maintained within acceptable limits for normal and degraded modes
of operation;

maxim

minimum and maximum subsea power requirements;

um current load.

The electrical communication analysis should establish the following:

signal

distriby

interfe
power

signal

BER and signal-to-noise in SEM and topside at minimum and maximum umbilical lengths;

signal voltage in SEM and topside at minimum and maximum umbilical lengths;

voltage in SEM and topside at maximum and minimum numbers of SCM on the subséa
tion,;

ence from the subsea and topside power supplies in the signal frequency band,;
requency components in subsea and topside receivers due to umbilical cross-talk;

oltage in SEM and topside at cable parameters for dry and wet umbilical(insulations;

electrical

— dynamjc bit detection margin (eye pattern) in SEM and topside at minimum and maximum numbers of SCM on
the subjsea electrical distribution.

The followinng analyses should also be considered during detailed design:

— reliability, availability and maintainability analysis;

— FMECA,;

— structufal (static) analysis.

A simulatiof of the control system shall be created, and analysis made, such that the required opening and closing

time requirgments for the system may be.weérified. The response time of the control system shall be simulafed in the

absence of| any bore-pressure assistance to the closure of the valve. The simulation shall properly account for

response-time degradation due to useJof high density gradient and high viscosity control fluids. Effects of

pressure sy
if the analy
system failg

5.3.4 Des

Control sys
individual W

pply acting to assist the jprompt closure of the valve operator may be included in the analysis;
bis depends on boost pressure to meet the requirements for the primary control mode, then if
and boost pressure is lost, the system is not in compliance with this part of ISO 13628.

gn review.

tem, design documentation shall be reviewed and verified by a qualified individual other
ho-created the original design.

a boost-
however,
he boost

than the

5.3.5 Con

5351

trol system design documentation

General

The control system design documentation should be maintained for a period of one year following abandonment of

the subsea

5.3.5.2

system.

Manufacturer's engineering data records

Engineering data records shall include required analyses listed in 5.3.3, other design analyses performed by the
manufacturer and FAT procedures and records.

16
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Installation, operating and maintenance manual

The installation, operating and maintenance manual should incorporate information on the following.

a) Insta

llation procedures

-6:2000(E)

The manufacturer shall write procedures which prepare the equipment for installation and commissioning in a
manner which is effective and minimizes the risk of damage. The procedures shall cover the testing of control
modules, control umbilicals and connections just prior to, during, and immediately following installation.

b) Oper

ating procedures

Ope
adeq

1

2)

3)

c) Main

The
equi
incly

rating procedures shall be prepared for use by field personnel and service technicians, and sh
uate schematics and block diagrams. They shall define the following:

general description and features;

This portion shall describe the function of each major component of the system and define its
and interfaces with other components.

peneral function and shutdown philosophy;

This information shall include block diagrams, panel logic and schematics that represent
system. Sensor-initiated inputs and outputs should be ineluded. The interface between th
circuits on host facilities, instrument and emergency utilities such as air, water and electrig
ncluded. The nature and purpose of all signals to andfrom the surface-facility fire and safe
Imotor control centre, and supervisory controls shall>be identified. The approximate time
shutdown actions to occur should be noted.

system checkout.

The system checkout shall be based an FAT and integrated tests described in clause 11. The
the procedure is to verify the correct_function of all shutdown inputs and safety devices, and

correct setting of all control system adjustments. The procedure should be written to allow te
fullest possible extent without interrupting well production. Where mechanical or electrical o
required, their active status shall be clearly indicated. A document should be prepared that co
set points and allowable rahges for the process variables. This document can be updated as

attached to the procedures:

The system checkout-shall include a test and documentation of the safety shutdown system.
fenance procedures
manufacturer shall furnish suitable instructions concerning field assembly and mainteng

ded:

buld include

capabilities

the control
P operating
ity shall be
ty systems,
equired for

purpose of
o verify the
sting to the
errides are
lects all the
heeded and

nce of the

bment:,Instructions for periodic checks and/or replacement of control system surface equipmeit should be

5354

Manufacturer's data record book

The manufacturer shall collect data record information for the supplied equipment, including subcontractor supplied
equipment as required by the customer. The following should be included:

general assembly drawings with list of materials;
electrical schematics;
hydraulic schematics;

interface drawings;

© 1SO 2000 — All rights reserved
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— material certificates with appropriate test reports;

— component data sheets, including performance specifications;
— load test reports;

— welding procedures;

— certificates of conformance.

6 Surfage equipment

6.1 Gengral
The purpode of this part of ISO 13628 is to set forth additional requirements that arecspecific to the| surface-

installed equipment that is part of a subsea production control system. All such surface-installed equipment shall be
designed tg perform in accordance with these additional requirements.

6.2 Gengral requirements
All host fdcility-based production control system equipment shall beybuilt and documented accqrding to

specifications applicable for the host facility where the equipment<will’ be located. Relevant standards and
installation specifications shall be a part of the contractual documentation for the specific project.

6.3 Fungtional requirements

The functiopal requirements for the surface equipment typically include all or some of the following:
— supply fand conditioning of electric and/or hydraulie’power for the subsea equipment;

— commynication with the subsea equipment;

— controlland monitoring of subsea equipment;

— commynication with the host pracess equipment;

— ESD/PBD;

— chemidal injection;

— recordipg and stering data;

— commynication with drilling rig for rig-initiated shutdown.

6.4 Design requirements

6.4.1 Master control station (MCS)

The MCS is the unit that controls and monitors the subsea production system. It can range in complexity from a
manual hydraulic panel to an automated computer system.

The MCS shall be designed to include the following capabilities to:
— operate safely in the sited environment;

— respond to the host safety systems;
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— provide effective operational interface;

— display and warn of out-of-limit (fault) conditions;
— display operating status;

— provide a shutdown capability.

The MCS may optionally provide the following additional capabilities:

—  seqy enced npnrnhr\n of \/al\/nc;

— software interlocks;

— process-control interconnections with host facility;

— datalcollection and storage;

— remg@te communication to offsite control centre;

— interface with remote shut-in system on drilling or workover vessel,

— rate jof change of pressure analogue(s) for rudimentary leak detection;

— hydrpte detection by pressure/temperature (P/T) curve comparison;

— flowrate control by detection of choke position and pressure sensors up- and downstream of choke

The appl|ication software should be simple. Startup \operations after shutdown situations should bg under the
completg control of the operator, having the appropriate level of access, with a minimum number|of inherent
interlocks.

The MC$ or DCS shall provide the operator interface and automated functions for the production confrol system,
as appropriate to the selected configuration.

The MCS$ should be installed in a safe jarea.
6.4.2 Eectrical power unit (EPVY)

For electfohydraulic systems, an EPU may be installed as a separate system, or may be combined with{the modem
unit or the MCS.

The EPY, which.isvnormally powered from the UPS, supplies electrical power to the subsea wells vig the control
umbilical

The EPU-should-include eafnhj[ devices which ensure fhnf, under electrical fault r\nndifinne7 the egL ipment and
personnel are protected from electrical hazard.

If redundant power conductors are provided in the umbilical, the output voltage of the EPU should be individually
adjustable for each umbilical power pair. Each pair should be galvanically segregated from the rest of the system.
The design shall allow for individual pair connection/disconnection.

The design should allow easy access to individual power systems for maintenance and repair.
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The following EPU parameters should be monitored by the MCS or DCS:

line ins

input voltage;
input current;

umbilical voltages/currents;

ulation (optional).

The EPU shall be designed to operate safely in the sited environment.

6.4.3 Modg

Modems, fil

The modenp unit may either be connected to a MCS, dedicated to the production control(system or, alte

may interfa

In either cqg

em unit

ters and isolation transformers are typically included in the unit.

Ce directly with the host facility DCS via a communication interface unit (part,0f the DCS).

nfiguration, the communications protocol shall provide a means of ensufing the security of

being transferred.

The surface
The followir
input v
input ¢
umbilic
line ing
The moden

6.4.4 Unin

-to-surface communications link should employ an industry standard serial link.
g modem unit parameters should be monitored by the MCS or DCS:

Dltage;

irrent;

al voltages/currents;

ulation (optional).

unit shall be designed to operate safely in the sited environment.

terruptible power supply (JRS) (optional)

The UPS shall supply electrical power to the EPU, modem unit and the MCS.

Only critical
from the UH
of the total

The UPS battery'back up shall be capable of running the system for at least 30 min after loss of host-facilit

components which are necessary for operation of the production control system should be
PS. HPU electrieal pumps should not be regarded as critical. Each UPS shall have a capacity
oad, and should be designed to include future planned expansion of the production control sys

The followir

arameters-should-be-monitored-by-the MCS:

rnatively,

the data

powered
of 100 %
em.

y power.

20

fallal
g

input voltage;

input current;

UPS output frequency;
UPS bypass mode;
UPS on-line mode;

UPS failure.
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UPS output power shall be conditioned to a range of

— VAC £ 5 %;

— (50 + 1) Hz or (60 + 1) Hz;

— maximum 5 % total harmonic distortion;

or according to manufacturer's written specifications.

The UP

shall he dpeignpd to operate Qafply in the sited environment

645 H

6.45.1

The HPU
The HPU
drainage
shall sati
NAS 163
Redundd
The sam

The HPU

The des
without in

The layo

6.4.5.2

The acc
BS 7201

All surfa
pressuriz

As a min
recharge

ydraulic power unit (HPU)

General

shall supply filtered and regulated hydraulic fluid to the subsea installations,

should contain provisions for obtaining and maintaining the specified- eleanliness requirems
or circulation and filtration capability should the fluid become contaminated. Output fluid frg
5fy a cleanliness requirement according to manufacturer's written specification, as defined in |
3-64.

ncy should be provided on key components such as pumps and filters.

b type (style) of fitting should be used for each pressure, class throughout the system.

shall be designed to operate safely in the sited environment.

gn should allow maintainable components within the unit to be isolated for servicing or 1
terrupting the normal operation.

Accumulators

Umulators shall comply, with ASME Boiler and Pressure Vessel Code, Section VIII, Divi
1 and BS 7201-2, or-the’applicable code or regulation which applies.

ce-located high/pressure accumulator systems shall have a pressure-relieving device to pn
ation.

mum, thevaccumulator volume shall allow all valves on one subsea tree to be operated withd
of thézaecumulator(s).

it of the HPU should allow easy and safe access to all components for maintenance and repait.

nt, such as
m the HPU
SO 4406 or

eplacement

sion 1 and

event over-

ut requiring

maximize

Nitrogen

prnr‘hargn pressure should he Qignifir‘antly lower than normal hydmnlir npprating pressure f

stored energy in case of a supply pump failure.

Accumulator capacity shall be in accordance with the following criteria:

— to maintain sufficient subsea pressure to keep process valves open, should a failure of the HPU pumps occur,
for a period of 12 h neglecting all other methods of fluid energy storage such as umbilical line expansion and
subsea accumulation;

— to prevent short pump-run cycles which would be detrimental to the life and reliability of the pumps;

— a minimum HPU accumulation of 21 (0,07 ft3) off 37| (1,3 ft3) accumulators for the common low-pressure
header, and 2 1 (0,07 ft3) off 10 | (0,35 ft3) accumulators for the common high-pressure header.
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Failure of one accumulator (when more than one is used) shall not impair more than 50 % of the surface system
capacity. Under such failure conditions, available pressure shall not drop below the minimum level required to
maintain system operations.

Visual indication of low nitrogen pressure should be considered.

6.4.5.3

Pumps

Control devices shall be incorporated to shut off pumps upon occurrence of low fluid level in the supply reservoir.

Control dev,

ces shall he inr‘nrlnnrn'rpd to Pyr‘lp lhllmlh(Q) on and off to maintain pressure within nlnpmfing lim

its.

Pumps sha|
line.

The pressu
or isolation

6.4.54 H

The main rg¢servoir should have a minimum capacity of 1,5 times the fluid required to charge the system

accumulato
acceptable.
all fluid in c

The hydray
should be p

The resery

mechanism|.

The hydrau

Fluid reser
filters. Sam

Considerati
from subse
supplying ¢
6.455 (
The HPU is

If primary c

re-relieving device shall be installed at the output of all high-pressure pumps upstréam of any
valves.

eservoirs

rs. However if the main reservoir is 2 000 | (70,6 ft3) or above,.a Spare capacity of 750 | (2
The reservoir(s) should be sized, or alternative disposal meahs)provided, to accommodate dr
hse of a total system depressurization (accumulators, valves'and umbilicals).

ossible without draining of tanks.

oir(s) should be fitted with an inspection/aecess hatch and tank-fill breather or press

ic fluid tanks should be designed to minimize build-up of contamination and facilitate flushing.

oirs shall be made from non-corrosive material, and should be equipped with circulating py
ble points shall be located no_ higher than pump suction ports.

bn should be given to the_use of two fluid reservoirs, one to be used for filling of new fluid, re

a (if implemented) and)return fluid from depressurization of the system, the other to be
ean fluid to the subsea system.

ontrol and monitoring
typically.eontrolled locally, but may be controlled and monitored from the MCS.

bntrol.is from the MCS, provision shall be made for local control. A local control panel shall be

all the necs

| be fitted with isolation valves, a pressure-relief valve and a non-return valve at each pump glischarge

blocking

including
5,5 ft3) is
hinage of

lic fluid reservoirs should be equipped with visual level indicators. Calibration of level transmitters

ure-relief

mps and

turn fluid
used for

itted with

ssary gauges. switches, valving and indicators to enable operator control and monitoring. Pro

vision for

setting pum

ps in manual mode shall be provided.

If the facilities provide for ESD capability, then the HPU and control panel, if applicable, shall incorporate devices to
bleed off system-control pressure upon execution of ESD.

Should an ESD which requires hydraulic-pressure bleedoff occur, inadvertent reset of any HPU/ESD circuit shall be
prevented while ESD conditions are still present.
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The HPU parameters monitored may include the following:

— hon-

— regu

—  fluid

— pum

regulated supply pressure(s);
lated supply pressure(s);
levels;

p status;

— delivery flowrates:

-6:2000(E)

— retuin flow;

— filter|status;

— ESDindicators.

Monitorirjg of filter clogging should be provided.

6.4.6 Chemical injection unit (CIU)

6.4.6.1 | General

This subglause addresses surface facilities for the supply of wellstreatment chemicals to the subseg
system V\fia the production control system. Excluded from these requirements are storage and han
chemicalp.

6.4.6.2 | General requirements

The ClIU|shall supply filtered and regulated chemical injection fluid(s) to the subsea installation. The
pressure|is typically sufficient to deliver fluid infothe wellbore, subsea tree, or other delivery points at a|
excess of the shut-in pressure.

The CIU [should contain provisions foriobtaining and maintaining the specified cleanliness requirement.
from the [CIU shall satisfy a cleanliness requirement according to manufacturer's written specification, a
ISO 4406 or NAS 1638-64.

The use pf redundancy sheuldbe considered for critical components such as pumps and filters.

Any acctimulators used-in the CIU shall comply with ASME Boiler and Pressure Vessel Code, S
Division 1, and BS~201-1 and BS 7201-2, or the applicable code or regulation which applies.

The CIU| shall\be designed to operate safely in the sited environment. Special consideration shall

toxicity ahd-flammability typical of the injection chemicals.

production
dling of the

CIU supply
pressure in

Output fluid

s defined in

ection VIII,

pe given to

The design should allow maintainable components within the unit to be isolated for servicing or replacement
without interrupting the normal operation.

The layout of the CIU should allow easy and safe access to all components for maintenance and repair.

6.4.6.3

Pumps

Control devices shall be incorporated to shut off pumps upon occurrence of low fluid level in the supply reservaoir.

Pumps shall be fitted with isolation valves, a pressure-relief valve and a non-return valve at each pump discharge

line.
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The pressure-relief device shall be installed at the output of all high-pressure pumps upstream of any blocking or
isolation valves.

6.4.6.4

Reservoirs

The chemical injection fluid reservoirs, if integral with the CIU, shall be equipped with visual level indicators.
Calibration of level transmitters, if supplied, should be possible without draining the reservoir.

The chemical injection fluid reservoirs, if integral with the CIU, should be designed to minimize build-up of
contamination and facilitate flushing.

To prevent
considered

Fluid reser
suction port

6.465
The ClU is
If primary c
all the nece
setting pum
The CIU an

The CIU pa|

regulat
fluid le

pump s

filter st
deliver

Monitoring

non-regulated supply pressure(s);

return flow (if applicable);

Lindesirable contact between air and chemicals, a bladder tank or a blanket protection systemms

oirs shall be made from non-corrosive material. Sample points shall be located nohigher th
S.

ontrol and monitoring

ypically controlled locally, but may be controlled and monitored from the”lMCS.

bntrol is from the MCS, provision shall be made for local control.A local control panel shall be
ssary gauges, switches, valving and indicators to enable opefator control and monitoring. Pro
ps in manual mode shall be provided.

d control panel shall incorporate devices to terminate injection upon execution of an ESD/PSD.,

Fameters monitored may include

2d supply pressure(s);
els;

tatus;

Atus;
flowrate,

f filter-clogging should be provided.

hould be

an pump

itted with
vision for

and-maatarial

6.4.6.6

d
r

Lud coman ot farrRaRaenia P~y
oS- CoTTPatiomty O COTTPOTCT IS arta rratcTars

All surfaces and seal materials in contact with the chemical injection fluids shall be verified to be compatible.

Some treatment chemicals require anaerobic conditions to prevent oxidation. Bladder tanks or variable volume
tanks should be used when such chemicals are used.
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6.4.7 Hydraulic control fluid

6.4.7.1 General

The fluid in a subsea control system is intended to transmit both signals and power from one point in the system to

another. The fluid may be either oil-based or water-based.

The fluid is expected to remain in some parts of the system for the life of the project. Since most projects have a life

of 10 years to 20 years the long-term stability of the fluid is extremely important.

Reference_shall he made to annex C for detailed information on contral fluid specifications and testing

6.4.7.2 | Design

Any wategr-based hydraulic fluid shall be an agueous solution (not emulsion) of its components. The fluid shall
retain its|properties and remain a homogeneous solution, within the temperature range, from manufacture through

field-life pperation.
Any oil-Based hydraulic fluid shall be a homogeneous miscible solution of it§ components. It shg

properties and remain stable as a solution, within the temperature range, «from manufacture throy
operatior.

7 Subsea equipment

7.1 General

The purppse of this clause is to set forth additional requirements that are specific to the subsea-installeg

Il retain its
gh field-life

equipment

that is pprt of a subsea production control system ‘Al such subsea-installed equipment shall be ¢esigned to

perform ih accordance with these additional requirements.

7.2 Ggneral requirements

Subsea gquipment can range in complexity from a simple umbilical interface (direct hydraulic control system) to full

electrohydraulic control with multiple=well capability. The subsea-installed equipment shall be designed
is safe tg install and operate. Runqing, landing and retrieving shall minimize the hazard to personnel, e
environnment. Devices requiring diver makeup shall be designed to minimize the possibility of diver injt

such that it
uipment or
ry resulting

from shafp corners or edgesfand should consider electric shock or stored-energy release. Ease of insfallation and

maintengnce should be considered.

All subsda retrievable items of the same type shall be fully interchangeable. The design should consi
vibration$ and pressure/temperature variations experienced during transportation, including air and sea
offshore pperations during all seasons.

der shocks,
freight, and

7.3 Functional requirements

The functional requirements for subsea equipment typically include all or some of the following:
— communication with the surface MCS;

— processing and execution of commands from MCS;

— monitoring and transmitting of sensor data;

— monitoring and transmitting of diagnostic data;
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executi
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on of surface or subsea commands under ESD conditions;

optional monitoring and distribution of well-treatment chemicals in response to surface commands.

7.4 Design requirements

7.4.1 Subsea hydraulic systems

74.11

The subsed
well.

Considerati
closed safe

Design of t
plates or d
distribution
activate sp§

Design of h
physical rou

7.4.1.2

Multifunctio
possible. La

7413 H
All pipe/tub

All pipe/tub
normal ope

Allowable s

Design sho

Multifunction connections

allowalple stresses.atiworking pressure;

allowalple stresses at test pressure;

Subsea hydraulic distribution system

y systems in the event of inadvertent separation of hydraulic interfaces.
bmplate/manifold hydraulic distribution systems should consider having ROVzreconfigurable ¢
ver-operated isolation devices, so that leakage can be isolated from the system. A subsea
module is an approach that allows retrieval, replumbing and replacement to isolate failed
res, if available.

ydraulic systems should consider single-point failures, which may be addressed through sep
tes and hydraulic isolation of redundant supplies.

N connections should be polarized or keyed such»that only one possible orientational arrang
belling for proper identification should be considered.

ipe, tubing and hoses
ng shall have a minimum 6 mm (1/4.in)nominal outside diameter.

ing shall be supported and protected to minimize damage during testing, installation/rem
ation/ maintenance of the system.

resses in pipe/tubing shallbe in conformance with ANSI/ASME B31.3.

Lld take into accounts

externg

hydraulic distribution system distribuies hydraulic power from the umbilical termination headl

to each

bn should be given to preventing pressure being trapped in critical tree-valve operators or ¢ther fail-

onnector
hydraulic
ines and

aration of

ement is

oval and

| (eading;

collaps

fluid co

temper

26

€,

manufacturing tolerances;

mpatibility;

flowrate;

corrosion/erosion;

ature range;
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74.1.4

ISO 13628

connection requirement;

vibration from external sources.

assemblies shall meet the criteria described in the hose sections of ISO 13628-5.

Sea chest compensation chamber

-6:2000(E)

The capacity of each sea chest compensation chamber tied to the spring/boost side of the subsea-valve operators
should be at least 125 % of the total swept volume for simultaneous actuation of all operators tied to the chamber.

The use

7.4.15

Consider
Code, S¢

standard
Accumul
The accy
Subsea

reaction.
742 C

74.2.1

The subs
well or nj
testing a
fluid from

Dependi
substant

of hvnace chack valvas chauld ha caonsidarad-to-pbravaent chast damaaae.
P eI e e S-SHEtha-BEe-coHStaere ato-preveRt-ereSt+aariage-

Subsea accumulators
ation should be given to designing subsea accumulators to comply with ASME Boiler and Pres
5, personnel safety during land testing and other above-water operations shallnet be comprom
htor selection should consider minimizing gas precharge loss due to diffusion or leakage.

mulator system design shall consider loss of accumulator efficiency-with increasing water dept

hemical injection systems

Subsea chemical-injection distribution system

ea chemical-injection distribution system distributes chemicals from the umbilical termination h
anifold header. In addition, it may pravide the means for supplying and bleeding fluid used
nd in equalization of pressure differential across flow-control devices. It may also support the
the well annulus for leak detection and during the normal warm-up of a well.

g on the well-treatment-fluid, the flow capacity of the chemical-injection distribution systs

ection VIII, Division 1, and BS 7201-1 and BS 7201-2. However, if not designed’to comply

hccumulators may be mounted internally or externally to the)SCM. If mounted external tg
accumulator shells should be painted to inhibit the absorption of hydrogen evolved from the cathodi

sure Vessel
with these
sed.

n.

the SCM,
protection

-
L

pad to each
in pressure
removal of

em may be

lly greater than that-of-the hydraulic distribution system. Additionally, the pressure rating of the

nts is typically higher(eompatible with wellhead system rating) and corrosivity of the fluids

separation of physical routes and flow isolation of redundant supplies.

7.4.2.2

Pipe, tubing and hoses

All pipe/tubing shall have a minimum 6 mm (1/4 in) nominal outside diameter.

conveyed is

er-operated
nodule may
Jl lines and

jed through

All pipe/tubing shall be supported and protected to minimize damage during testing, installation/removal and
normal operation/maintenance of the system.

Allowable stresses in pipe/tubing shall be in conformance with ANSI/ASME B31.3.
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Design shall take into account:

— allowable stresses at working pressure;

— allowable stresses at test pressure;

— external loading;

— collapse;

— manufg

cturina-tolerances:
39 7

— fluid cdmpatibility (injection, annulus and wellbore fluids);
— flowrate;

— corrosipn/erosion;

— temperature range.

All hose ass
7423 §
The design

— friction

— seal material compatibility with injected and produced-\fluids;
— corrosiyity of injected and produced fluids;
— permeation of fluids through hose liner materials (typically low-mass constituents);

— selectipn of control valves and other.flow control devices;

—  metal-t
is due

Where diffu
diffused chq

7.4.3 Sub

emblies shall meet the applicable criteria described in the hose sections of ISO 13628-5.

pecial considerations
shall consider the following:

and wear increase in methanol service;

p-metal seals and methanol. An additional resilient elastomer seal should be included as bacK
0 problems resulting’ffom cavitation and flow-induced material degradation (erosion wear).

sion of chemigals through hose materials is anticipated, the system design should ensure
bmicals do not{contaminate the hydraulic control fluid through either leakage or secondary diffu

Sea electrical systems

7431 S

-up. This

that the
sion.

ubsea electrical distribution system

The subsea electrical distribution system distributes electrical power and signals from the umbilical termination
head to each well.

The number of electrical connectors in series shall be kept to a minimum. Redundant routing should, if possible,
follow different paths.

In order to minimize electrical stresses on conductive connectors, voltage levels should be kept as low as practical.

Manifold electrical distribution cabling and jumper cables from umbilical termination to the SCM should be
repairable or reconfigurable by the use of ROV or diver.
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If one electrical line supplies more than two SEMs, consideration should be given to the ability to isolate a faulty
SEM.

Connection of electrical distribution cabling and electrical jumpers should be made by ROV or diver using simple
tools, with minimum implications on rig/vessel time.

A minimum of two barriers should be provided between sea water and the conductor. Barriers should be designed
for operation in seawater.

If an oil-filled system is selected, the cable assemblies should be designed and installed such that any seawater
entering the dielectric fluid moves away from the end terminations by gravity. The cables should be installed into
pressuretcompensated fluid-filled lines. The fluid shall be of a dielectric type.

All the mpterials utilized in the subsea electrical systems shall be compatible with both seawatenand, if applicable,
the diele¢tric fluid selected. Qualification testing of new materials to prove their compatibility shall be pefformed.

7.4.3.2 Prevention of electrical shock

All subsda systems to be serviced by divers shall be designed to protect divers fromyelectrical shock hazards.

7.4.4 Subsea control module (SCM)

The subgea control equipment for piloted or sequential hydraulic or eléctrohydraulic systems should bge packaged
in retrievable units/housings. Depending on the system type, the SCMdmay include some or all of the folfowing:

— elecfrohydraulic or hydraulic piloted DCV and other valves (e:g. check valves and shuttle valves);
— feedthrough connectors (electrical and hydraulic);

— hydrpulic manifolds and tubing;

— interpal sensors and transmitters;

— filterp/strainers;

— accymulators;

— prespure compensator;

— prespure intensifiers;

— prespure reducers;

— cherical-injection regulation valves;

— SEMs:

To maximize production uptime in multiwell systems, it is desirable that installation and retrieval of one SCM should
not adversely affect the operation of any other SCM.

All active electronic circuits should be in enclosures filled with nitrogen gas at nominal 1 atm pressure designed for
full external pressure conditions.

Electrical elements of subsea electrohydraulic components shall be mounted in a dielectric-fluid-filled and
pressure-compensated compartment of the SCM. The SCM design shall be optimized to limit the possibility of
draining the dielectric fluid when installed subsea by making any necessary penetrations to the module at as low a
level as possible (water usually displaces dielectric fluid until the level of the leak is reached). Although protected
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from the environment, all interconnecting cables and connectors shall be suitable for direct exposure to the subsea
environment, thus providing a double barrier against seawater-induced malfunctions

Leakage in

the hydraulic part of the system shall not affect the integrity of the electric system.

In order to minimize the electrical power consumption, solenoid-operated valves should be pulse-operated and
hydraulically latched, with the exception of an electrically held fail-safe valve, if used.

All hydraulic coupler interfaces shall be made up with couplers which seal upon disconnection, unless safety
considerations stated in this part of 1ISO 13628 are compromised. The design shall minimize ingress of external
fluid during running and make-up operation. The coupler half containing the seal shall be located in the retrievable

equipment.

7.45 Sub

q

.

7451

The SEM h
obtain an a

The SEM s

The SEM s
capacity for

Current limi

The SEM ir
signal typeg

Description
description

Due consiq
optimizing f

Considerati
required.

q

.

7.4.5.2

q

The SEM
tested as in
real-time oq
module ang

5ea electronic module (SEM)

EM hardware

cceptable level of reliability and flexibility in the design.
hall be protected against water intrusion. The design should include two separate and testable

hould be designed with minimum 25 % spare memory capéacity. The SEM should have 20
other capabilities.

tation shall be provided for all SEM outputs and sensor. excitation supplies.

terface to sensors and directional control valves_should be limited to the minimum practical n
and formats. International Standards should beradopted wherever possible.

of signals shall be specified for each application by reference to International Standards, or by
pf signal type.

eration should be given to standardizing SEMs to enable interchangeability as an alter|
pr specific applications.

bn should be given to the~inclusion of signal processing of critical measurements in the)

EM software

oftware should be structured in functional tasks or modules, which should be designed, cq
dependentunits. These modules typically conform to the defined tasks, including interrupt tag
erating'system, or the main program calls in a real-time monitor if a simple sequential scan is U
overall software structure may be designed to make later software updating and maintenanc

hrdware should be based on the use of one or more microprocessors and power supply units in order to

barriers.

% spare

umber of

detailed

hative to

SEM, if

ded and
ks in the
sed. The
b easy to

perform.

Coding of software modules should be done in a high-level programming language. Only for small, very time-critical
tasks should assembly language be used.

The SEM software should have built-in diagnostic functions to simplify testing and debugging of the modem,
subsea computer and sensors.

The SEM can be programmable to allow for reprogramming from the surface while in place.

The SEM can have capacity to temporarily store all relevant data gathered from the subsea production system.
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The SEM can be capable of performing sequenced monitoring operations and/or sequenced controlling based on
one command from the MCS.

The SEM software may be designed to accommodate the DHPT information.

7.4.6 Communication protocol

A reliable and suitable communication system, preferably based on a proven design or an industry standard, is
required for supervision, remote control, shut-down and data transfer.

The communication shall transport the defined data Qign:\le with, high rnliahility and have sufficient Capacity to
handle the required traffic in all foreseeable situations.

The communications and power systems should be designed to withstand the normal noisé land disturbances
typically [occurring in the operating environment without malfunction. The communications\@and power systems
should agcommodate the specified range of voltage and frequency variations and the changes in thg number of
connectgd SEMs that the distribution can support.

The MC$ shall be the governing end of the communication link between the MCS @and the SEM.

The communication shall be based on formatted messages. The format should have a reliable identification of
message start and a defined length.

Messagg "time out" shall be included.
Receptioh of corrupted message and "time out” shall result in the‘MCS retransmission of the message.

Each mgssage shall have CRC or a similar type leaving, ho possibility for faulty messages to be rgceived and
interpreted as correct.

The protgcol should be convenient for loading of the"SEM software and auxiliary computer software.

Systems|communication performance shall meet a BER of < 1 x 107> or 1 x 108, as specified by thg purchaser,
with a BER performance design goal of < 1'%1075.

The samp communication protocol should be used throughout the subsea control system. Communicatipn protocol
should b¢ based on IEC 60870-5-1 [12], IEC 60870-5-2 [13] and IEC 60870-5-3 [14], or an equivalent Irjternational
Standard.

7.4.7 Subsea instrumentation

All subsea instrumentation shall meet the system requirements given in clause 5. In general, subsea
instrumeptation should be as simple as possible, so that the number of electrical and hydraulic connegtions to the
SCM is g minimum.

Failure of stbsea instrumentation shall not adversely affect the operation of other parts of the system.

For sensors directly exposed to produced fluid, potential blocking of the interface by sand, hydrates or wax should
be considered.

Methods of calibration or adjustment of the sensor signals should be taken into consideration when designing the
system.

The connections and bodies of any sensors used to monitor well-bore conditions shall have a pressure rating
appropriate for the maximum operating conditions and shall comply with the requirements of specifications
API Spec 6A and API Spec 17D. A minimum of two independent barriers shall be provided within the sensor body
to be compatible with well-bore fluid, and isolate well-bore fluid from the environment.
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A method for inferring the position of hydraulically operated tree valves shall be incorporated.

All devices exposed to well-bore fluids shall be installed with isolation valving between the sensor and the well bore
if it is installed upstream of the tree master valve or the USV, and the location of the sensing element is remote
from the well bore.

7.4.8 High integrity pipeline protection system (HIPPS) (optional)

The HIPPS is designed to protect a pipeline and other associated equipment from exposure to high pressure from
the subsea wells, thus allowing the pipeline and equipment to be designed for a pressure lower than maximum well
shut-in pressure

The HIPPS| should be an autonomous safety system with a local logic system controlling HIPPS agctivation. The
system shopld include the following elements:

— control|of dual barrier isolation valves;
— minimym dual independent pilots or pressure transmitters responding to the pipeline pressure;

— positivg control of system reset, to prevent hunting or throttling through the isglation valves.
7.4.9 Testequipment

7.49.1 General

In order to fest each type of equipment during FAT, integration testing and during commissioning offshord, a set of
test equipmient may be required.

All test equipment shall be compatible with the hazardous-area classification of the location in which it will be used.

The test equipment should be capable of simulating-all primary operations necessary to control and monitor the
subsea profluction equipment in a manner similarto the actual system.

The test eqlipment should be designed with-units identical to the production equipment, where practical.
7.4.9.2  Control module test stand

The controljmodule test stand should support the following test functions:

— verify the mechanical.and functional interface between the module and the module receiver plate;
— verify the interface,to external process sensors;

— verify the functional operation of the control module.

7.4.9.3  Test hydraulic power unit (THPU)

The THPU, if utilized, should supply hydraulic fluid at system operating pressures to the control module test stand.
The THPU may be capable of performing flushing operations as a general source of clean fluid.
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Dummy control module

The dummy control module should have a mechanical and hydraulic interface to the receiver plate similar to that of
the control module. The dummy module can be equipped with manual valves simulating the real directional control
valves, and can be used for the following functions:

— verification of control module installation tool operation;

— pressure and functional testing of system hydraulic components;

— flush

ing of hvdraulic systems:

— throyigh-connection to downhole gauges for remote interrogation via cable and/or acoustic link:

7.495
A simula

The simu

7.4.9.6

The elec
comman
should b
including

7.4.9.7

The com
commun
unit.

7.4.9.8

The sen
applicabl

8 Inte

8.1 Go

Interface

Umbilical simulator
or may be provided to represent the characteristics of the electrical cables withifthe umbilical.

lator should model the impedance of the communications and power conductors in the umbilic

Electronic test unit
tronic test unit should be capable of performing the contrel\and monitoring functions of th
Is described in the communication protocol should be .supported. In addition, the electror

b able to simulate one or more complete control modulesyThe electronic test unit may be a n
a portable PC and necessary power/signal interfaces;

Communication test unit

munication test unit, if used, should be able to display data from the SCM. It can be us

Sensor test unit

5or test unit should simulate each type of sensor used in the SCM, including downhole
E. The sensor test unitmay be part of the control module test stand or a stand-alone unit.

rfaces

neral

5 _between the production control system and other parts of the subsea and host facility s

critical to

=

e MCS. All
ic test unit
nodular unit

bd to verify

cation if the real topside node is not available. This function may also be provided by the el¢ctronic test

sensors if

ystems are

suecessful operation and should be fully defined during initial design

8.2 Int

erface to host facility

The subsea production system may be regarded as an extension of the host facility or as an independent system
interfacing with the host facility control system.

The interfaces with the host facility are typically:

—  host

facility control system;

— PSD/ESD system;
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utilities

chemical injection system;

UPS (optional).

The platform-installed subsea control system shall functionally interface with, or optionally be integrated with, the

host facility

control system.

Subsea wells are typically monitored and controlled from the primary operator station. Temporary operator stations
may be used for testing, commissioning, programming and maintenance

The operat
facility proc

All host fa
specificatio

If an integra
and the hc
subsea/topy
regarded as

If a fully int
and control
application
operation.
located equ

8.3 Intert

The interfad

pr station VDU displays should provide as much commonality as is reasonably possible.with
bss control system.

cility-based production control system equipment should be built and documented acc
s applicable for the host facility where the equipment will be situated.

the host

brding to

ited control-system philosophy is adopted, the interface between the subsea production contr
st facility shall, as a base case, be between the MCS and hostAacility nodes. Optio
ide interface can be defined between the MCS and EPU. Hence the“topside modem shall
functionally part of the subsea system when this option is selected.

bgrated control-system philosophy is selected for the host facility, the subsea wells shall be
ed from standard operator stations as first option. In this.case, the subsea-production contrg
software should be integrated with the host facility*software to ease offshore mainteng
[he control and monitoring of subsea functions should’be as similar as possible to that for the
ipment.

ace to subsea equipment

es with the subsea equipment are typically:

bl system
ally, the
Iways be

nonitored
| system
nce and
topside-

a) tree;

1) mounting footprint;

2) fotm and fit;

3) maintenance access:
b) chokes;

1) maintenance access.
¢) manifo|d;

See tree items.
d) umbilical;

1) electric, hydraulic and optical fibre connectors.
e) external instrumentation;

1) downhole instrumentation;

2) pressure/temperature transducers;
34
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3) position sensors;

4) sand probes;

5) pig detectors;

6) subsea flow meters.

f) ROV tooling;

g) SCS

SV.

8.4 Interface to workover control system

The inte
workovel
control s

Emphasip shall be put on cleanliness requirements of the workover control systemy so that the produg
not contaminated during workover operations or during subsequent pfeduction operations dug¢ to residual

system is

fluid in subsea valve operators. System design shall minimize possible seawater contamination of ¢
during workover operations, and should consider a means for flushing these lines.

9 Materials and fabrication

system has control of all functions that might affect safety of the workover epération. The
stem can be utilized for workover control, provided primary control is from the-workover rig.

face between the production control system and the workover control system sheuld ensyre that the

production

tion control

ontrol lines

9.1 Ggneral

All comppnents used subsea shall be qualified, eitherby being field-proven or by qualification testing in simulated
environments similar to the specific application.

9.2 Materials

9.2.1 Material selection

Materialg selected for use in cantrol system applications shall be capable of being cleaned to [a specified
cleanlineps level and maintainegdin an environment that provides that specified cleanliness level throughout the life
of the system.

9.2.2 Corrosion considerations

Corrosion protection/through material selection based upon a marine environment should consider, as p minimum,
the following:

— extetnal'fluids;

— internal fluids;

— weldability;

— crevice corrosion;

— dissi

milar metals effects;

— cathodic protection effects (including classification in carbonate-rich environment);

— coatings;
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marine

bacterial effects;

growth.

9.2.3 Fluid compatibility

All wetted surfaces shall be verified compatible with the wetting-control fluid, chemical-injection fluid, and/or well-
bore fluids. Resilient seal materials shall be selected to ensure compatibility with wetting fluids, temperature and

pressure.

9.3 Fabr

9.3.1 Fitti
PTFE tape
NPT thread

Use of fittin
connection

The same t

9.3.2 Wel

Structural-Ig
documente

All pressurg
or applicabl

Welders sh
Vessel Cod

Brazing and

9.3.3 Cleg

Hydraulic ¢
specified cl
for straight

Considerati
corrosion.

cation

1gs and connections
shall not be used within any parts of the hydraulic system.
5 should be avoided.

gs in the subsea hydraulic system should be restricted to a minimunt.-Wherever acceptablg
should be used for performing maintenance.

ype (style) of fitting should be used for each pressure class throughout the system.
ding

ad-bearing welds shall be treated as nonpressure-containing welds and shall comply
| structural welding code such as AWS D1.1 [7].

-containing welds shall be in accordance with'the ASME Boiler and Pressure Vessel Code, S
e parts of EN 288.

all be qualified in accordance with-EN 287-1 + A1l or EN 287-2 + Al or ASME Boiler and
e, Section IX.

soldering are not acceptablefor load-bearing systems.

inliness
bmponents should-be assembled in a verified clean environment. Equipment should be clean
panliness standard prior to assembly. Flushing is not accepted as a primary method of cleanin
Diping without‘dead pockets.

bn should be given to cleaning, pickling and passivating stainless steel hydraulic tubing tg

, welded

with a

pction X,

Pressure

ed to the
g, except

prevent

9.3.4 Electrical and electronic assembly

For the subsea electronics, reliability of components should be established and should meet the specified life, free

of failure.

At a minimum, workmanship should conform to MIL-STD-2000 [18] or equivalent for assembly and repair.
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Equipment manufactured according to this part of 1ISO 13628 shall conform to a certified QA programme. The
manufacturer shall develop written specifications that describe how the certified QA programme will be

implemented.

11 Testing

11.1 General

All testing shall be performed with due consideration for the safety of personnel and potential(damhage to the
surroundjng area.

A comprehensive test programme should be undertaken to ensure that control system performance requirements
are met.

11.2 Qalification testing

11.2.1 Qeneral

Qualificafion tests shall be performed to confirm the performance of the equipment at its specified operating
conditions. As an alternative to testing, the manufacturer may provide other objective evidence, corjsistent with
documerted industry practice, that the equipment will perform as specified.

This subclause defines the qualification test procedures to~be used to qualify product designs. Equipment or
fixtures Ysed to qualify designs should be representative of production models in terms of design, dimgnsions and
materialg.

If a prodlict design undergoes any changes in fit,form, function or material, the manufacturer shall dgcument the
impact of such changes on the performance\of the product. A design that undergoes a substanfive change
becomeq a new design requiring requalification (A substantive change is a change identified by the manufacturer
which affects the performance of the product in the intended service condition.) A change in materjal may not
require r¢qualification if the suitability can be substantiated by other means.

A type tept for SEMs should be perfarmed to qualify the design with respect to temperature cycling and vibration.
11.2.2 Hydrostatic and pressure testing (internal and external)

As part df the qualification’test, hydrostatic pressure tests shall be performed on all pressured comporjents and/or
assemblies. An internal hydrostatic test pressure (proof pressure) test shall be performed at 1,5 timeg the design
pressure| (rated waorking pressure) for components rated at 103,4 MPa (15 000 psi) and below. Interpal tests for
compongnts rateéd*above 103,4 MPa (15 000 psi) shall be performed at 1,25 times the design pressure. External

hydrostafic tests shall be performed at 1,1 times the design ambient pressure.
The test pressure shall be maintained for a minimum of 10 min without exiernal fluid Teakage from any component,
line or joint.

All hydraulic accumulators shall be isolated from the circuit during the test.

The low-pressure portion of the control equipment, including, if applicable, the fluid reservoir, low-pressure filter,
pump-feed lines and system-return lines, shall not be subjected to the hydrostatic test pressure (proof pressure).
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11.2.3 Minimum and maximum temperature testing

Qualification tests shall be performed to confirm the performance of the equipment at a test temperature equal to or
less than the minimum rated operating temperature classification, and at a test temperature equal to or greater
than the maximum rated operating temperature classification.

11.2.4 Cycle testing

Equipment for which cyclic performance is an operational requirement shall be subjected to qualification testing
which simulates long-term field service. The number of test cycles shall equal or exceed the number specified for
the applicatjon

11.3 Fact@ry acceptance tests (FAT)

11.3.1 General

Factory acgeptance testing of the subsea control system elements shall be performed prionto delivery.
The manufacturer shall develop and implement a comprehensive test programme. The programme shall
demonstratg that all systems and components of the supplied equipment will perferm satisfactorily in sefvice and

meet all requirements. A complete subsea production control system test should be part of this programme, using
simulators for actual units where they are not available.

Step-by-step procedures with objectives and acceptance criteria shall be“available prior to start of the FAT
As a minimym, during the complete FAT, attention shall be paid te;the following:

— electropydraulic directional control valve performance and leak rates;

— accuragy of monitoring system,;

— commynication system sensitivity and noise.immunity;

— electrigal power requirements and sensitivities;

— pressufe test of all tubing, pipework-and hydraulic components;

— accumblator precharge pressure;

— relief-vplve pressure setting;

— fluid arjd system/Cleanliness;

— pressufe testing of control module;

— verificalion of equipment matng;

— electrical cable insulation resistance and conductance;

— leak-testing of applicable canisters;

— conductance to sacrificial anodes.

Environmental-stress screening for all subsea instruments and electronics shall be in accordance with

manufacturer's written specification. For example, all SEMs may be required to pass a programme of temperature
cycling, vibration and burn-in. The purpose of the temperature test is to verify that all components will function over

38 © IS0 2000 — All rights reserved


https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

ISO 13628-6:2000(E)

the design temperature range, and to force possible premature component failures. The purpose of the vibration
test is to reveal possible poor workmanship during assembly. All SEMs shall be leak-tested after final closure.

11.3.2 Integrity
Hydrostatic pressure testing shall be as specified in 11.2.2.
Components which may be excluded from this testing are those which have been tested and certified for use by an

appropriate regulatory body, (e.g. American Bureau for Shipping, ASME, Det Norske Veritas.) The hydrostatic test-
pressure (proof pressure) test shall be performed prior to installation of safety overpressure equipment.

11.3.3 Fpnction and continuity
Functiongl tests shall be performed to demonstrate proper operation of the equipment. The purpese of| these tests
is to verify the correct functional operation of the control equipment, including all interlocks, sequencep, overrides
and resefs.

During the test, each hydraulic and electrical circuit shall be tested for proper operation,
Hydraulig circuits shall be tested at the design pressure (rated working pressure)of the circuit.

Electrical circuits shall be tested to ensure that there is no electrical short©r open circuit.

Any circit malfunction shall be reworked and retested to the above criteria prior to final acceptance.

11.3.4 Spfety and operational checkouts

These tepts are intended to verify that the system adjustments are as prescribed by the design specifications and
manufacfurer's data sheets, using a checklist of all set{points relating to pressure levels (regulators, relief valves,
alarm arld shutdown switches, accumulator precharges, pump start/stop switches), fluid levels, voltages, time
delays, and similar parameters.

All safetyf features or devices shall be verified'to operate correctly.
11.3.5 Qther testing which may be reguired by the purchaser

11.3.5.1 | Internal leakage testing

The purgose of leak-testing-is to verify that internal system leakage is within acceptable limits in accofdance with
manufacfurer's written specifications. The test shall be performed at the design pressure (rated working pressure)
of the hydraulic controf system, with all circuits being tested. The minimum duration for testing shall|be 10 min.
Leakage|rate shallbe monitored by either

— prespurizing the system to design pressure, isolating the source of supply and monitoring pressure decay.
Pregsure decay shall be monitored and recorded;

— applying a constant pressure source to the system and monitoring the leakage rate of the various system
components.

11.3.5.2 Fluid flushing
The purpose of the fluid flushing is to remove any contamination which may have been introduced into the

hydraulic system during fabrication. The fluid flushing should be carried out using the specified system operating
fluid. Acceptance criteria shall be in accordance with 5.1.3.2.
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11.3.5.3 Sensitivity testing

Sensitivity testing may be performed on subsystems or the complete production control system.

The purpose of this testing is to vary key parameters in a controlled manner while monitoring system performance
and limits of operation.

11.4 Integ

rated system tests

An integrated system test may be performed. If practical, process equipment, subsea hardware and controls should

be tested tqgetherbefore-irstallation—Fhese-tests-are-typicallyperformed-at-a-shore-base-to-facilitate-meodifications

and rework

Integrated 4
non-redund
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well as the
installation.
should be 1
the location

In addition,
recovery tin
circuits, exg

Reference §

11.5 Docd

The manufacturer shall document the procedures used and the results of all performance verification

FATs. The
place of the

12 Marki

12.1 Mark

12.1.1 Conpponent identification

All major ¢
identifying
and shall i

that may be necessary.

ystem tests should be carried out for all modes of operation and, if applicable, in fully redun
ant configurations. Separate tests should be conducted for minimum, normal and maximum log

ystem tests typically include end devices and interconnecting jumpers, umbilicals, junction
non-control system components to which they interface, and any running toals’ that will be us
Function tests would verify the final result of all input signals, overrides, and resets. Key s
echecked. A primary benefit during integrated testing is the familiarization of operating perso
of the adjustable devices and the methods used to verify or change the set points.

performance tests should record actuation times for actuators; accumulator bank discharge
nes for pumping systems, power consumption for electrical €ircuits, delivery rates for chemica
ansion volumes for long hoses, and the accuracy of readback monitors.

hould be made to ISO 13628-1 [16] for additional disctssion on system testing.

mentation

documentation should identify the person(s) conducting and witnessing the tests, and the
testing.

g, packaging, storage(and shipping
ing
mponents (e.g. HPU, SCMs, surface computer and electrical power supplies) shall be mark

g, name*plate, or imprinted identification. The identifying means shall be suitable for the eny
ncludel appropriate information such as an identifying manufacturer's number, input utilities

dant and
dings.

oxes, as
ed during
et points
nnel with

volumes,
injection

ests and
time and

ed by an
ironment
5 ratings,

equipment

jésign pressure (rated working pressure), and date of manufacture.

12.1.2 Surf

ace and subsea equipment temperature ratings

Surface and subsea equipment manufactured in accordance with 5.1.2.3 and 5.1.2.4 shall be permanently marked

as follows:
a) standar
EXAMPLE

Stamp:

40

d operating temperature;
Low-temperature rating of 0 °C (32 °F) and high-temperature rating of 40 °C (104 °F)

0 °C — 40 °C (32 °F — 104 °F) STD
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b) extended operating temperature.

EXAMPLE Low-temperature rating of — 5 °C (23 °F) and high-temperature rating of 40 °C (104 °F)

Stamp: —5°C-40°C (23 °F - 104 °F) EXT

12.1.3 Special marking — Usage restricted to controlled environment

Surface-installed equipment that is designed to operate in a controlled environment shall be labelled with a blue

and white label warning the user to be aware of the environmental usage restrictions to be found in the operator's
manual. The label shall have the following format:

Controlled Environment
Usage Only

12.2 Pdckaging

12.2.1 Rust prevention
Prior to ghipment, parts and equipment shall have exposed metallic surfaces\(except corrosion-resistant materials
and spegial items such as anodes or nameplates) either protected with',a“rust-preventive coating which will not
become fluid at temperatures less than 50 °C (125 °F), or filled with a eompatible fluid containing suitable corrosion

inhibitorg in accordance with the manufacturer's written specification.” Equipment already coated, Qut showing
damage pfter testing, should undergo coating repair in accordancewith the manufacturer's written specification.

12.2.2 Sprface protection for seals
Exposed|seals and seal surfaces, threads and operating;parts shall be protected from mechanical damage during
shipping| Flange faces, clamp hubs and other vulnerable parts shall be protected by suitable covers or other

protectivg devices. Shipping skids or containers should be designed such that equipment does not restjon any seal
or seal syirface during shipment or storage.

12.2.3 Lpose components
Loose cgmponents shall be separately packaged and identified as specified in 12.1.
12.3 Storage and shipping

12.3.1 EJastomer age eontrol

The manufactureréshall document instructions concerning the proper storage environment, age control procedures,
and protection_of:elastomeric materials.

12.3.2 Hydraulic and pneumatic systems

12.3.2.1 General

Prior to shipment, hydraulic lines shall be flushed, filled and/or drained in accordance with the manufacturer's
written specification. Exposed hydraulic end fittings shall be capped or covered. Follow the instructions in 12.3.2.2
to 12.3.2.5.

12.3.2.2 Pressurized circuits

Bleed all gas and pressurized hydraulic circuits to zero pressure.

© I1SO 2000 — All rights reserved 41


https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

ISO 13628-6:2000(E)

12.3.2.3 Accumulators

Bleed the gas precharge of all accumulators to zero pressure.

12.3.2.4 Fluid reservoir

Drain the hydraulic control fluid from the reservaoir.

12.3.2.5 HPU fluid and electrical connections

Disconnect @attntetandouttet conmections—Capattconmections:

12.3.3 Eleqtrical/electronic systems

The manuffcturer shall document instructions concerning proper storage and shipping ofcall “electricgl cables,
connectorsand electronic packages (SCM, MCS, etc.).

12.3.4 Crafing and handling

For shipmgnt, units and assemblies should be securely crated or mounted on skids to prevent damade and to
facilitate slipg handling.

Protective packing material should be fixed in place over all outside mounted panel gauges to protect them from
damage.

12.3.5 Shigping and storage temperature limitations

For shipping and storage, control system equipment should*be designed and prepared to allow for the maximum
expected tgmperature range, see 5.1.2.3 and 5.1.2.4.
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Annex A
(informative)

Types and selection of control system

A.1 System selection

Factors

maintengnce and lost production caused by control system failures), offset distance from the hast) res

requirem

All-hydraplic systems are generally the least complicated and the most reliable subsea-control system|
relatively] slow to respond, compared to electrohydraulic systems, and have limited‘¢apability for prg
telemetry from the subsea system. The specific needs of each application should be carefully

particula
All-hydra|
where m

Electrohy
capability

multi-wel
and/or re

A.2 All;

A21 G

The three¢ types of all-hydraulic systems are-defined below. A choice among these three system approa

consider

A.2.2 D
For direc

actuator,
required,

A23 P

Piloted h

6:2000(E)

which affect control system selection are cost (including life-cycle estimates that_inciu

ents, and data telemetry requirements.

ly with respect to data needs and speed of response, before selecting-an/all-hydraulic systen

ulic systems are generally preferred for single satellite wells located rélatively close to the host

nimum cost must be maintained for project economics.

draulic systems have the added complexity of SEMs, but offer/much faster response time a
to monitor a wide range of data-telemetry devices. Electrohydraulic systems are typically f

developments where operating flexibility, speed of operation and data telemetry is needed for
Servoir monitoring.

hydraulic system descriptions

eneral

the system response-time needs and umbilical requirements.

rect hydraulic systems
[ hydraulic systemsy. a’separate hydraulic line is provided for each function, connected directly

pressure-sensing_point or other subsea function to be controlled. No subsea control e
other than an"umbilical connector and routing of control lines to each function.

loted hydraulic systems

de cost of
ponse-time

s. They are
viding data
considered,
N approach.
facility, and

nd have the
referred for
well control

thes should

to the valve
juipment is

ydraullc systems include a subsea control module contamlng pilot vaIves along with a IocaI sul

of hydratlic

hSea source
The signal

lines are requwed to prowde only enough f|UId to shlft one of the smaII pllot valves and the flwd to actuate tree or
manifold valves is provided locally from the subsea accumulators. This type of system extends the allowable
distance between the subsea system and the host, compared to a direct hydraulic system, by minimizing the valve

actuation

time.

A.2.4 Sequential hydraulic systems

Sequential hydraulic systems also use control modules with special pilot valves which do not require a separate
line for each function. An increasing sequence of hydraulic pressure steps on a single pilot line common to all pilot
valves in a module causes activation of different pilot valves at each pressure level to control subsea valves, using
power fluid from subsea accumulators. The number of hydraulic lines is minimized, since only one pilot line per tree
is needed. The disadvantage of this approach is that the opening sequence of subsea valves is predetermined,

© 1SO 2000 — All rights reserved

43


https://standardsiso.com/api/?name=437678a7b8a5bf5283fe90f2be9e61dc

