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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
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ISO

for petroleum and natural gas industries, Subcommittee SC 4, Drilling and production equipment.

Thig
revi

ISO
Des

f[governmental, In_liaison with 150, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft) Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

13628-6 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor

second edition cancels and replaces the first edition (ISO 13628-6:2000) which has been
5ed.

13628 consists of the following parts, under(the general title Petroleum and natural gas il
ign and operation of subsea production systems:

Part 1: General requirements and recommendations

Part 2: Unbonded flexible pipe systems for subsea and marine applications
Part 3: Through flowline (TFL) systems

Part 4: Subsea wellhéad and tree equipment

Part 5: Subsea umbilicals

Part 6: Subsea production control systems

Part 7~Completion/workover riser systems

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for wvoting. Publication as an

ct of patent

e structures

technically

ndustries —

DAyt Q- Damntinl, Onaratad \aohiclo (RO inforfacoc on cithena nrodiction-systams.
O IROMOtey— o ptratet—verirere{ro v/t acesor Co-ProgTttroT-SySter S

T ot <

Part 9: Remotely Operated Tools (ROT) intervention systems
Part 10: Specification for bonded flexible pipe

Part 11: Flexible pipe systems for subsea and marine applications

Part 12 on dynamic production risers is in preparation.
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|bsea production control systems

Scope
part of ISO 13628 is applicable to design, fabrication, testing, dnstallation and operation
part of ISO 13628 covers surface control system equipment, subsea-installed control system
control fluids. This equipment is utilized for control of subsea production of oil and gas and
br and gas injection services. Where applicable, this part'of ISO 13628 can be used for eq
iple-well applications.
part of ISO 13628 establishes design standards for systems, subsystems, components an
s in order to provide for the safe and functionalControl of subsea production equipment.

y are

informative data that provide an overview of the architecture and general functionality of cont
for the purpose of introduction.and information;

basic prescriptive data.that shall be adhered to by all types of control system;

selective prescriptive’data that are control-system-type sensitive and shall be adhered to only
are relevant;

optional ,data or requirements that need be adopted only when considered necessary ei
purchaseror the vendor.

ew_of the diverse nature of the data provided, control system purchasers and specifiers arg

sel

of subsea

equipment
for subsea
uipment on

d operating

part of ISO 13628 contains various types”of information related to subsea production contriol systems.

rol systems

when they

ther by the

advised to

ctfrom this Ir_\ari‘ of 1SQ 13628 nnl\]/ the prn\/ieinne needed for the Qpplinnfinn at hand. Failurd

to adopt a

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

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

ative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning methods

ISO 4406:1999 Hydraulic fluid power — Fluids — Method for coding the level of contamination by solid

particles

ISO 7498 (
Model

ISO 9606-1
ISO 9606-2

ISO 10423,

christmas tree equipment

ISO 10945,

ISO/TR 109
cleanliness

1ISO 13628-
Part 4: Sub

1ISO 13628-
Part 5: Sub

ISO 15607,

ISO 15609
procedure 3

ISO 15610,
on tested wj

ISO 15611,
on previous

ISO 15612,
adoption of|

bll parts), Information processing systems — Open Systems Interconnection — Basic Referg

Approval testing of welders — Fusion welding — Part 1: Steels
Qualification test of welders — Fusion welding — Part 2: Aluminium and alumipitm alloys

Petroleum and natural gas industries — Dirilling and production equipment — Wellhead

Hydraulic fluid power — Gas-loaded accumulators — Dimensions 6Pgas ports

49, Hydraulic fluid power — Component cleanliness — Gdideélines for achieving and contro|
of components from manufacture to installation

A, Petroleum and natural gas industries — Design and operation of subsea production system|
sea wellhead and tree equipment

5, Petroleum and natural gas industries — Design and operation of subsea production system|
sea umbilicals

Specification and qualification of welding procedures for metallic materials — General rules

P, Specification and qualification of welding procedures for metallic materials — Wel
pecification — Part 2: Gas welding

Specification and qualification of welding procedures for metallic materials — Qualification b3
elding consumables,

Specification and-qualification of welding procedures for metallic materials — Qualification b3
welding expérience

Specification and qualification of welding procedures for metallic materials — Qualificatior
a stalidard welding procedure

ISO 15613,

nce

and

lling

Hing

sed

sed

by

Specitication-and-qualification-of-welding-procedures—for-metallic-materials—Qualification-ba

sed

on pre-production welding test

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

ISO/TS 16431, Hydraulic fluid power — Assembled systems — Verification of cleanliness

ANSI/ASME B31.3, Process Piping

ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, Rules for the Construction of Pressure

Vessels

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628

ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications

ASTM D97, Standard Method for Pour Point of Petroleum Products

-6:2006(E)

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

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

ASTM D665:2003, Standard Test Method for Rust Preventing Characteristics of Inhibited Mineral Oil in the
Presence of Water

ASTM D892, Standard Test Method for Foaming Characteristics of Lubricating Oils
ASTM D1141, Standard Practice for the Preparation of Substitute Ocean Water

ASTM D1298, Standard Test Method for Density, Relative Density (Specific Gravity),.or APl Grav

Pet

AST
Lub

AST
Bloq

AST
(Fa

AST

BS
bod

DIN
IEC
Inte
Inte
Inte
Inte

IP3

oleum and Liquid Petroleum Products by Hydrometer Method

M D2625, Standard Test Method for Endurance (Wear) Life and Load=Carrying Capacity o
ricants (Falex Pin and Vee Method)

M D2670, Standard Test Method for Measuring Wear Propertie$§ of Fluid Lubricants (Falex R
k Method)

M D3233, Standard Test Methods for Measurement of Extreme Pressure Properties of Fluid
ex Pin and Vee Block Methods)

M G1:2003, Standard Practice for Preparing, Cleéaning, and Evaluating Corrosion Test Specim

y201-1, Hydraulic fluid power — Gas loaded accumulators — Specification for seamless steel :
fes above 0,5 | water capacity

41612-2, Special contacts for mulfi two-part connectors; concentric contacts (type C)
61892 (all parts), Electrical installations of ships and of mobile and fixed offshore units

rnet RFC 791, Internet Protocol, http://www.fags.org/rfcs/rfc791.html

rnet RFC 793, The Transmission Control Protocol (TCP), http.//www.faqgs.org/rfcs/rfc793.html

Inet RFC 1332~The PPP Internet Protocol Control Protocol (IPCP), http.//www.ietf.org/rfc/rfc13

ity of Crude

f Solid Film

Pin and Vee

Lubricants

ens

accumulator

32. txt

rnet REC. 1661, The Point-to-Point Protocol (PPP), http://www.faqs.org/rfcs/rfc1661.html

4,-Determination of flash point Pensky-Martens closed cup method

IP 135:2005, Determination of rust-preventing characteristics of steam-turbine oil in the presence of water

3

For

3.1

Terms and definitions

the purposes of this document, the following terms and definitions apply.

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

© 1SO 2006 — All rights reserved
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3.2
commanded closure
closure of the underwater safety valve and possibly other valves depending on the control system design

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

33
control path

total distance that a control signal (e.g. electrical, optical, hydraulic) travels from the topside control system to

the subsea control module or valve actuator

3.4 L
design pregsure
maximum pressure for which the system or component was designed for continuous usage

3.5
design life
specified operational life of system after pre-delivery test

3.6
diagnostic|data
data provided to monitor the condition of the downhole equipment

NOTE Can include the ability to make (engineering) adjustments.
3.7
direct hydraulic control

control method wherein hydraulic pressure is applied through{an umbilical line to act directly on a suf
valve actuator

NOTE on venting of the pressure at the surface, the control fluid is returned through the umbilical to the su
due to the aftion of the restoring spring in the valve actuator. Subsea functions may be ganged together to reduce
number of umbilical lines.

away from @ component in the direction-ef-flow
3.9
electrohydfaulic control

control method wherein comimunication signals are conducted to the subsea system and used to ope
close electr|cally-controlled\hydraulic control valves

NOTE draulic fluid\is locally sourced and acts on the associated subsea valve actuator. “Locally sourced”
mean locally|stored pressurized fluid or fluid supplied by a hydraulic umbilical line. With electrohydraulic control syst
data telemefry (readback) is readily available at high speed. Multiplexing of the communication signals reduceq
number of cqnductors in the umbilical.

sea

face
the

N or

may
bms,
the

3.10
expert operation
operating the IWCS with other control commands or other methods than used for normal operation

NOTE Typically used by IWCS supplier or other skilled resource to read IWCS diagnostic data and make

(engineering) adjustments to IWCS equipment.

3.1
hydrostatic test pressure
maximum test pressure at a level greater than the design pressure (rated working pressure)

4 © 1SO 2006 — Al rights reserved
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intelligent well
well that employs permanently installed downhole sensors and/or permanently installed downhole control
devices that are operable from a surface facility

3.13

intelligent well control system

cont

3.14

rol system used to operate an intelligent well

normal operation

-6:2006(E)

opefating the system to perform the intended basic functionality

3.1

offget
horigontal component of control path length

3.16

propf pressure

ma

3.17

imum test pressure at a level greater than the design pressure

response time

sunj

3.18

of the signal time and the shift time

runhing tool

tool

NOT

3.1¢

used to install, operate, retrieve, position or conneet'subsea equipment remotely from the surfa

E An example is the subsea control-module rudning tool.

shift time
peripd of time elapsed between the arrival of a control signal at the subsea location (the compl
sigrjal time) and the completion of the control function operation

NOT

E Of primary interest is (the' time to fully stroke, on a subsea tree, a master or wing valve th

designated as the underwater safety valve.

3.2

sigial time

peripd of time elapsed between the remote initiation of a control command and the initiation
fungtion operationisubsea (the commencement of the shift time)

3.21

subseaproduction control system

con

ce

etion of the

at has been

bf a control

rolsystem operating a subsea production system during production operations

3.22
surf;

ace safety valve

safety device that is located in the production bore of the well tubing above the wellhead (platform well), or at
the point of subsea well production embarkation onto a platform, and that will automatically close upon loss of
hydraulic pressure

3.23

umbilical
combination of electric cables, hoses or steel tubes, either on their own or in combination (or with fibre optic
cables), cabled together for flexibility and over-sheathed and/or armoured for mechanical strength and
typically supplying power and hydraulics, communication and chemicals to a subsea system

© 1SO 2006 — All rights reserved
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3.24

underwater safety valve

safety valve assembly that is declared to be the USV and which will automatically close upon loss of power to
that actuator

3.25
upstream
away from a component against the direction of flow

3.26

well data
data provided from the downhole equipment for reservoir description, flow calculations and routine produgtion
monitoring

NOTE Typically, these include sensor readings and valve positions.

3.27
B

filtration ratio

4 Abbreviated terms

ANSI American National Standards Institute

AC alternating current

API American Petroleum Institute

AS Aerospace Standard

ASME American Society of Mechanical Engineerfs

ASTM American Society for Testing and Materials

AWS American Welding Society

BER bit error rate

capex capital expenditure

CB centre of buoyancy

CISPR Comité Internationaly Spécial des Perturations Radioelectrique (International Spegial
Committee on Radio-Interference)

Clu chemical injestion unit

Clv chemical4dnjection valve

CPS combined power and signal

Ccw clockwise

DC direct current

DCS distributed control system

DCV directional control valve

DH direct hydraulic

EPU electrical power unit

EM electromagnetic

EMC electromagnetic compatibility

ESD emergency shutdown

ESS environmental stress screening

ETH ethernet

EUT equipment under test

6 © 1SO 2006 — Al rights reserved
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EXT extended

FAT factory acceptance test

GND ground

HF high frequency

HIPPS high integrity pipeline protection system
HP high pressure

HPU hydraulic power unit

HRC hardness Rockwell C

HV| high voltage

IEC International Electrotechnical Commission
I/0 input/output

IP Institute of Petroleum

iISHM intelligent well subsea electronics module
ISMI industrial, scientific and medical

ITE information technology equipment
IWCS intelligent well control system

IWE intelligent well equipment

LF low frequency

LP low pressure

MQS master control station

MIL-STD Military Standard

mo month

MV manifold valve

OPC object linking and embedding-(OLE) for process control
Opgx operational expenditure

OREDA offshore reliability data

(ON| open system intefeonnection

PH piloted hydraulic

P production, master valve

PS process shutdown

PTFE potytetrafluoroethylene

PWV production wing valve

RE return

RMS root mean square

R remotely operated vehicle

RPC remote procedure call

RX radio receiver

SCM subsea control module

SCSSV surface-controlled subsurface safety valve
SEM subsea electronic module

TAN total acid number

TBD to be decided

TBN total base number

TCP transmission control protocol
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THD
TX

UPS
usv
VAC
vVDC
wk

yr

-6:2006(E)

total harmonic distortion
radio transmitter
uninterruptible power supply
underwater safety valve
volts alternating current
volts direct current

week

year

5 SysteI

5.1

In 5.2 t0 5.4
types and s

5.2 Conq

During fron
following itg

— flexibili
optimiz
optimiz
optimiz
flow as

project

life cyg
(opex)]

Operationa

front-end engineering.

Reference
exposure.

5.3 Production:control system functionality requirement

General

election of control system, and to Annex B for typical control and monitoring functions.

tept development

m requirements

are described the activities of specifying organisations. Reference should be made to Annex A

-end engineering, possible impact on control system functionality and infrastructure related tg
ms shall be considered:

y with respect to production scenarios;

ation with respect to operation;

ation with respect to cost-effective installation;

ation with respect to phased production development;
surance;

execution time;

e cost [component cost (capex), installation cost (opex), operation/maintenance/intervention
philosophy, installation.sequences and possible operational challenges shall be evaluated dy

should be made to Annex D for operational considerations with respect to flowline pres

\ for

the

cost

ring

pure

5.3.1 Gen

leral

The subsea production control system shall allow for flexibility and optimization. The basic system design shall
to a maximum extent allow for a full range of functionality with use of existing infrastructure.

The following elements shall be considered during system engineering:

intelligent well application;
flexibility with respect to electrical load situations (power and communication);
robustness of hydraulic system;

prevention of seawater ingress in hydraulic system;

© 1SO 2006 — All rights reserved
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seawater ingress material compatibility;

subsea intervention;

increased scope with respect to number of wells;

increased scope with respect to number of umbilicals;

increased scope with respect to control/instrumentation functionality;

interface toward subsea separation/subsea boosting systems;

-6:2006(E)

5.3.

If af intelligent well completion is clearly defined as a current or future requirement by front-end

effo
conm
dist
the

Aut

5.3.

The)
flex
con

5.3.4 Robustness of hydraulic system

The
ope

subsea chemical injection;
downhole instrumentation system interfaces;

downhole chemical injection.

P Intelligent well application

rts, the control system will provide valve functionality, data retrieval, computational s
munication pathways without the need for changing the subsea‘umbilical system and the
ibution system. Subsea control modules may be expected to beetrieved and retrofitted to ac
ntroduction of smart well systems at a future date.

bmatic shutdown functionality is not required for the downhole intelligent well functions.

3 Flexibility with respect to electrical load situations (power and communication)

system should be built to function properly within a large range of electrical load variations
bility regarding new wells. Load flexibility.can help overcome electrical distribution system
hecting more wells to the same cable.

ration.

engineering
upport and

associated
commodate

to allow for
failures by

hydraulic system shall be robust and maintain acceptable pressure values in the SCM during all modes of

Actdiation of valve actuators’shall not cause alarms or unintended valve movement due to low supply pressure

in th

5.3.p Seawateringress in hydraulic system

The
inst
creq
to fl

e SCM. The pressureishould not drop below 150 % of the highest latching pressure of any DC

hydrauli€ system shall be designed to minimize seawater ingress in all operational scenario
bllation<and retrieval of individual units. If seawater ingress prevention cannot be guaranteed o
ible(risk of seawater ingress, SCM fluid-wetted components should be considered along with
Lishhout contaminated fluid.

V.

s, including
if there is a
procedures

5.3.6 Subsea intervention

The subsea control system shall be designed for cost-effective subsea intervention tasks, with respect to both
ROV and diver applications.

5.3.7 Increased scope with respect to number of wells

The system shall allow for flexibility with respect to number of wells tied into the system. Operational and
criticality analysis should represent the practical limitations with respect to number of wells rather than
mechanical limitations.

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628-6:2006(E)

5.3.8 Increased scope with respect to number of umbilicals

System design, when defined as a future requirement by front-end engineering, shall allow for additional
umbilical systems to be connected. A philosophy covering both serial and parallel connections should be

outlined.

5.3.9 Interface toward subsea separation/subsea boosting system

The system design when defined as a future requirement by front-end engineering shall allow for possible
connection of a subsea separation or boosting system without extensive marine operations or modifications
related to an existing system. Possible impact on production control system shall be described at an outline

level during[System design.

5.3.10 Subsea chemical injection

Flow-assurance issues shall be considered during front-end engineering. The system shall allow-for flexi
with respedt to possible chemical injection scenarios during the operational phase. This flexibility carn
achieved b
injection syptem add on, reconfiguration of lines, etc. Possible impact on production control system sha
described at an outline level during system design.

5.3.11 Downhole instrumentation system interfaces

5.3.12 Downhole chemical injection

The subseg production system shall, if applicable, allow, for downhole chemical injection. Possible impagd
production ¢ontrol system shall be described at an outline,level during system design.

5.4 Gengral requirements

5.41 General

The functiopal building blocks of a subsea production control system typically include the following. Th
building blogks may be integrated in the Ssame physical units:

a) hydraulic power unit (HPU)

The HIPU provides a stable and clean supply of hydraulic fluid to the remotely operated subsea val
The flujd is suppliedivia’the controls’' umbilical, the subsea hydraulic distribution system, and the SCM
in system'désign) to operate subsea valve actuators.

b) chemiqal injection unit (CIU):

Dility
be

including spare lines in the subsea distribution system, plan for possiblé-subsea chenpical

| be

tion
tem

t on

ese

ves.
s (if

bred

The ClUprovides single and/or mixed “cocktail” chemicals at constant regulated pressure or metg

volume. The fluid is supplied via the hydraulic umbilical and the subsea hydraulic distribution system to

the injection points of the subsea production system.
c) master control station (MCS):

The MCS may be the central control “node” containing application software required to control
monitor the subsea production system and associated topside equipment such as the HPU and EPU.

d) distributed control system (DCS):

The DCS can perform the same functions as an MCS, but with a decentralized configuration.

and
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h)

k)

n)

ISO 13628-6:2006(E)

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.

modem unit:

This unit modulates and demodulates communication signals for transmission to and from the applicable
subsea users.

uninterruptible power supply (UPS):

The UPS is typically provided to ensure safe and reliable electrical power to the subsea production
control system.

umbilical:

The umbilical(s) transfer(s), as required, electrical power and communication'signals, hydraulic power,
and/or chemicals to the subsea components of the subsea production system. Communicgtion 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 that, upoh command
from the MCS, directs hydraulic fluid to operate subsea valves)tn an electrohydraulic or eledtric system,
the SCM also gathers information from the subsea control system equipment and transmits the
information to the topside facility.

subsea distribution systems:

Distribution systems distribute electrical, hydraulic and chemical supplies and elecjrical/optical
communications signals from the umbilical termination(s) to the subsea trees, manifold valves, injection
points, and the control modules of the subsea production control system.

subsea and downhole sensors:

Sensors located in the SCMs, on subsea trees or manifolds, on the seabed or downhole proyide data to
help monitor operation of the.subsea production system.

control fluids:

Oil- or water-glycol (based liquids are used to transmit, control and distribute hydraulic signals|and energy
from the surfacePU to the subsea control system.

control buoy?

Moored=buoy-housing generation, communication and chemical injection (optional) eduipment is
connected to the subsea components of the subsea production system via an elgctrical/fibre

optic/hydraulic control umbilical. The buoy can communicate with the surface production facility via
umbilical _acoustic_radio ar satellite links or a combination thereof

flying lead:

Flying lead(s) transfer(s) electrical power and communications signals, hydraulic power, and/or chemicals
to the subsea components of the subsea production system. Signals may be transmitted via combined
signal and power cable, separate signal and power cable, or separate fibre optic signal and power cable.

This part of ISO 13628 covers all systems, both hydraulic and electrohydraulic. Only the relevant subclauses
should be used.

© 1SO 2006 — Al rights reserved 11


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628-6:2006(E)

5.4.2 Service condition

5.4.2.1

Suitability for working environment

The subsea control system shall be designed and operated with consideration for the external environment.
For surface facilities, this includes climatic conditions, corrosion, marine growth, tidal forces, illumination and
hazardous-area classifications. For the subsea environment, this includes corrosion, ambient pressure and
temperature, marine growth and fouling, fishing activity or marine operations, currents, seafloor composition
and maintenance considerations. Suitability to the likely storage environment should be considered. This can
include ultra-violet radiation, ozone, ice, sand, wind, humidity or temperature extremes.

Product de
exceeding
system.

5422 K

54.2.21

Specialized
interfaces

pressurizing
tension), an

In order to preserve the existing installed base of designed, qualified and field-proven systems and equipn

with a safe
design-pres
specifying
exceptions
case-by-cas

The maxim
are used to

Provisions
valve, to e
component

When settin
design pres
system pre
prevent oveg

Proof press|

5.4.2.2.2

IIowabIe stress levels, or impairment of other performance requirements for the design life of

|such as subsea control module to receiver plate, umbilical to tree-mounted terminations)

ressure ratings

General

conditions shall also be considered, such as pressure rating changes.in_system and compo

with temporary plugs and caps installed. The effects of external-leads (i.e. bending moms
nbient hydrostatic loads and fatigue shall be considered.

field-operations history, such systems and equipment should be exempted from the working-
sure rating subclauses in this part of ISO 13628, and ‘accepted for use within projects/syst
compliance with this edition of this part of 1SO43628. Where applicable to the preced
to this part of ISO 13628 shall be identified early in‘the development process and addressed
be basis.

m working pressure of the system shall not exceed the design pressure of the components
build the system.

shall be made to include a system jpressure-relieving device, normally a system pressure T
hsure that surge pressures in the system do not exceed the design pressure of the syg
5 by more than 10 %.

g the system pressure-centrolling device, normally a pressure regulator, a minimum of 5 % of
sure shall be left as a'margin between the maximum working pressure of the system (as set by
bsure-controlling device) and the reseat pressure of the system pressure-relieving device. This
rlapping of the two.pressures with excessive pump operation as a result.

ure shall beta-minimum of 1,5 times design pressure.

Hydraulic control components

ion,
the

hent
and
nts,

hent
and
Ems
ing,
N a

that

elief
tem

the
the
sto

It is recommended that hydraulic components have design pressures according to Table 1.

Hydraulic

components for the SCSSV circuit shall have a design pressure in accordance with the design pressures of
the SCSSV.

12
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Table 1 — Pressure relations

ISO 13628-6:2006(E)

Recommended

design-pressure classes

Minimum proof pressure

MPa (psi) MPa (psi)
11,3 (1 639) 17,0 (2 465)
22,8 (3 307) 34,2 (4 960)
37,9 (5 497) 56,9 (8 252)
56,9 (8 252) 85,3 (12 372)

5.4.

The)
mar

5.4.

5.4.

Sur
sha

2.2.3

.3

2.3.1

75,9 (11 000)

113,8 (16 520)

113,9 (16 520)

170,8 (24 772)

Other equipment

Without controlled environment

Temperature ratings (host facility equipment)

design pressure of other equipment such as running, retrieval and 'test tools shall g
ufacturer’s written specifications.

ace-installed equipment covered by this part of ISO 13628 and not installed in a controlled ¢
| be designed, tested, operated and stored in accordafnce with the temperature ratings listed in

Table 2 — Temperature rating — Surface=installed equipment without controlled enviro

Electronics System
€ (°F) °C (°F)

Design

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

b) Extended -18t0 70 (0 to 158) - 181040 (0 to 104)
Operate

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

b)\Extended -5t040 (23 to 104) -5t040 (23 to 104)
Store -181to0 50 (0 to 122) - 1810 50 (0 to 122)

Temperatures relate to environment, not individual components.

omply with

bnvironment
Table 2.

hment

Equipment shall be marked in accordance with 12.17.Z.

5.4.2.3.2

Controlled environment

Surface-installed equipment covered by this part of ISO 13628, and installed in a controlled environment, shall
be designed, tested, 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.

© 1SO 2006 — All rights reserved
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5.4.2.4 Temperature ratings (subsea-installed equipment)

Subsea-installed equipment covered by this part of ISO 13628 shall be designed, tested, operated and stored
in accordance with the temperature ratings listed in Table 3.

Table 3 — Temperature rating — Subsea-installed equipment

Electronics System
°C °F) °C (°F)

Design

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

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

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

b) Extended - 18 to 40 (0 to 104) -181t0 40 (0 to 104)
Operate

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

b) Extended -5t040 (23 to 104) - 51940 (23 to 104)
Store - 18 to 50 (0 to 122) —18 to 50 (0 to 122)
Temperatures in Table 3 relate to environment, not individual components. Subsea‘sensors that monitor produced or injected fluid may
operate outsifle the ranges given. They shall be rated accordingly.

Equipment
54.25 B

The design
equipment
which cites
installed en
of this part
limits and s

lectromagnetic compatibility

5hall be marked in accordance with 12.1.2.

shall conform to the applicable local regulations regarding EMC for the environment in which
s used. For EMC, surface equipment comes within the scope of IEC 61892 (all relevant parts)
IEC 60533[22]. For subsealequipment, each application needs to be considered with regard t
vironment but guidance should be taken from the appropriate sections of IEC 61000-2[27]. Ann
of ISO 13628 gives definitions for a subsea environment and guidance on the selection of te
everity levels that'can be used in order to provide a presumption of compliance. Considers

the

D its
bx F
sts,
tion

should also|be given to IEG61000-1-2[28] particularly for HIPPS.

5.4.2.6 Storagel/testitemperature recommendations

If subsea-installed™or surface-installed equipment is to be stored or tested on the surface at a tempergture
outside its femperature rating, then the manufacturer should be contacted to determine if special storagge or

surface tes

surface testing considerations, such

or temperature extremes.

5.4.2.7

External hydrostatic pressure

as exposure to fluctuations in ultra violet, ozone, ice sand, wind, humidity,

In subsea applications, external hydrostatic pressure can be higher than internal system pressure. This
external loading situation shall be considered, especially relative to seal design, self-sealing couplings and
one-atmosphere enclosures. Umbilical and distribution flying-lead collapse during installation and in service
shall also be considered.
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5.4.2.8 Fluid compatibility

Components shall be selected considering compatibility with both control fluid and chemical injection fluid. In
addition, compatibility with process fluid, cleaners, preservers, seawater, brines, diesel and corrosion

inhibitors shall be considered.

5.4.3 Hydraulic system

5.4.3.1

Sel

hyd
flow
selg

The)
sele

54.

The
AS

spe
clez
tod

Typ
Note

All ¢
be 1

Met]
the

The
part
potd
sha

Sys|

Hydraulic control fluid

raulic fluid can be exposed in the well. The driver for the maximum fluid temperature islike
ing temperature at the SCSSV. All parts and components in the system shall be compatil
cted fluid. Reference should be made to Annex C.

handling and topside safety and environmental implications should be considered care
ction of the control fluid and control fluid distribution system.

3.2 Cleanliness

hydraulic fluid-wetted portion of the control system shall be prepared to a cleanliness level a
10591511, The selected cleanliness level shall be clearly identified in the manufacturer's wri
cification and shall be demonstrated during the testing of the)system. Achieving and main
nliness from component manufacture through life of field shéuld be part of the overall systen
bsign, manufacture, test and operation.

cal cleanliness levels are ISO 4406, Class 15/12.
For the purposes of this provision, AS 4059[811 Class 6B-F is the equivalent of ISO 4406, Class 1

ontrol fluids introduced into the system shall meet the selected cleanliness requirements. Pro
hade to maintain cleanliness (e.g. filters)and to take samples.

hods for circulation and flushing. out seawater and solid particle contamination should be co
ifetime of the system.

subsea hydraulic system/should be designed to tolerate some contamination by seawate
cles. In addition, the_components within the hydraulic system shall be tolerant to seawater ingr
ntial corrosion that.t.éan cause. Vulnerable parts with very low fluid consumption (e.g. DCV [
| be protected by filters or suitable screens.

tem cleanliness should be verified in accordance with ISO/TS 16431.

All

rties.who can influence fluid cleanliness, including drilling and topside construction personn

unfamiliar® with subsea practices, should be made aware of the importance of fluid cleanline

{a

 which the
y to be the
ble with the

fully in the

5 defined in
ten system
aining fluid
s approach

5/12.

isions shall

nsidered for

r and solid
ess and the
ilot stages)

el, normally
5s and that

working procedures to achieve, test and maintain cleanliness are to the required standard.

5.4.3.3

Seawater ingress and compensation

The potential to ingress of seawater during deployment and use shall be minimized. Recommended measures
include removal of residual air, flushing immediately after deployment, and pressure compensation of
hydraulic system.

The seachest/compensator shall be sized for the maximum required fluid volume, with a 25 % margin if the
seachest/compensator is being topped up during operation of the system (looped circuit). If the
seachests/compensators are isolated from the system, a minimum margin of 100 % is required (non-looped
circuit).
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As a minimum, the following situations shall be reviewed:

prevention of hydraulic lock during emergency shutdown;

the effect of ROV manual over-ride, with- and without external connections;

compensation of the SCM itself, for retrieval or deployment, when not connected to the christmas tree;

— fluid shrinkage during cool-down (SCSSV line).

5434 Qverpressureprotection

System prepsure-relief (safety) valve settings shall not exceed design pressure.

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

5.4.3.5 Vibration and pressure pulses

Design of the hydraulic system should consider water hammer, high-pressure pulses’ and vibration on lines,
valves and|couplers. This shall include external sources, e.g. chokes. If high cycli¢ loads are identified,| the
design and|manufacturing should be reviewed to mitigate associated risks, e.g~the use of butt-weld hydraulic
connectiong.

5.4.4 Elegtrical system

The electrigal power for the surface control equipment of an eléctrohydraulic control system, its associated
interfaces, and the subsea equipment should be supplied from>an UPS to ensure continued operation inf the
absence of [primary power for a minimum period of 30 min.

Typically, the UPS system should include isolation and regulation to ensure a clean constant supply of
electrical pgwer. In the case of communication on_power, the UPS shall have a THD figure of better than|3 %
with no morle than 60 % of the THD concentrated ih'the third harmonic.

In order to|minimize the number of conductors in the control umbilical, signal multiplexing and combihing
power and|signal on the same pair ofswires should be considered. Possible increased voltage stresg on
umbilical of distribution wires caused /by single insulation failures should be considered. For subsea
assemblies| electrical components_of-high reliability shall be used. Components shall be procured to industrial

grade or be
assurance
to the syste
of the contr

The design

of the distriputiontnetwork whilst the redundant and operational parts are in operation.

tter wherever possible. /The electronic control system supplier shall be able to provide a qu
Eystem or test docimentation to demonstrate component and system reliability levels approp
m application. Fypically, this should demonstrate failure probabilities acceptable for the desigr
Dl system.

of the subsea electrical distribution system shall consider the possibility of retrieving failed port|

ality
iate
life

ons

With respe

ot 1o “live disconnect” of subsea wet-mate connectors. consideration should be given to ar

ing

damage that can occur in the event of slow separation speed. Electrical distribution systems should be
designed such that “live disconnect” is not required during normal operation, maintenance or, if possible,
during failure mode operation or recovery periods.

Topside equipment should be designed to facilitate modular replacement.

5.4.5 Redundancy

The level of redundancy depends on the actual field development, control system uptime availability target
and reliability of equipment used. Generally the following guidelines are applicable.

16

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628-6:2006(E)

a) As a design intent, the level of redundancy should prevent or minimize the loss of subsea production due
to a single-component failure or common-mode failure.

b) Redundancy is most important if component replacement is difficult, or if significant production availability
or operating capability is lost through single-component failure.

c) If redundant components are used, the reliability of the method for switching from the primary to the
backup component should be evaluated. Active redundancy, which enables a seamless transfer to a
secondary system in the event of a primary system failure, should be implemented if practical.

d) The subsea electrical distribution system design should be redundant or include spares that can be
configured to replace failed circuits. Facilities should be provided to enable routine monitoring of spare-
line integrity.

e) |Consideration should be given to providing completely segregated redundant el€gtrical syistems. The
subsea hydraulic distribution system should be redundant or should include spares-that can beg configured
to replace failed lines in either LP or HP service.

f) | The subsea chemical-distribution system and supply line should have.-redundancy consist¢nt with the
importance of the treatment chemical.

g) | The number of spares in the umbilical should be specified based ¢n'the redundancy needed gnd relative
impact on umbilical design, e.g. spares which fill space in a givenh cross-section add less cosf than those
which lead to a diameter increase.

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

i) | The level of redundancy throughout the system is influenced by the complexity and reliability. JAn analysis
of the expected benefit from redundancy should be performed for all critical parts of the system.

5.4.6 Reliability

Reduired reliability of the subsea control system should be optimized to result in maximum benefit| The use of
high-reliability components should be_compared against redundant components of more standard quality.
Special consideration should be given. to the reliability of components that are difficult to repair or ré¢place.

Min|mum required reliability,-mean time to repair and availability targets for subsea equipment should be
stated for each project.

Thel demonstration of-these targets should be part of equipment acceptance criteria.
Critical sensor systems located on subsea trees or manifolds should have component reliability, lor reliability

obtained by redundancy, that is optimum relative to the need for the sensor data and the risk of subsea
intefvention.\T'his is most important for sensors that trigger safety or shutdown responses.

Religbility figures for critical components and assemblies should preferably be documented by fjeld data or
alteknativel\justified by cz ati = i S data-base (suchas C

5.5 Functional requirements

5.5.1 General performance requirements

Control system equipment built to this part of ISO 13628 should perform in a manner which is efficient, safe
and protects the environment. Performance requirements for the control system as a whole should

— provide for individual or multiple operation of all remotely controlled subsea valves;
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conditions requiring PSDs;

provide sufficient data-readback information to operate the system safely and to react promptly to

provide ESD capability that ensures the subsea system will shutdown production safely within the time

specified by this part of ISO 13628 or by applicable regulatory authorities for all production scenarios,
including simultaneous drilling, completion and workover operations.

5.5.2 Operating pressure

The control system shall be capable of supplying control fluid at a pressure which is sufficient to open subsea

valves und

rthe warst case set hv valve manufactiurer snecifications  The minimum warkina nressure sha
Y g I o

| be

at least 10
condition of
should not
state.

Pressure rg
SCSSV is g
the SCSSV,
well life. Ha

o greater than the minimum opening pressure specified by the manufacturer for the worst=g
the actual installation. The decrease in operating pressure while a subsea valve is being-actu
reach a value at which any of the other previously actuated subsea valves change cammari

quired to operate SCSSV is higher than for wellhead control. As the pressure required to ope
function of the tubing pressure, which is itself variable over time as the welkdepletes, the valy
hydraulic pressure shall be selected to ensure that the SCSSV is not overspressured at the en
ving an operator-variable SCSSV hydraulic pressure at the HPU mitigates against SCSSV o

ase
hted
ded

h an
e of
d of
ver-

pressurizatipns over well life.

5.5.3 Failtsafe philosophy

Subsea conptrol systems shall be designed to render the production system to a fail-safe status upon logs of
hydraulic ppwer. 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 hydraulie’power supply. If an all-electric-type coptrol
system is uged, the system shall be fail-safe upon loss of elegtric power.

There should be no subsea control system component failure that prevents the fail-safe closure of the SCESV

and the deg

ignated USV.

5.5.4 Response time

5.5.4.1 alve closing

5.5.4.1.1 |General

The primarly constraint on control system response time is set by the requirement to execute prompfly a
shutdown of the subsea praduction upon command from the surface facilities. Such shutdowns are associated

the

with dischafging a supply of combustible materials to the surface facilities, and/or reducing pollution of
environmertt in the event of a loss in containment integrity of the subsea system. If closure of a valve ig
means by which a.dewnstream segment of piping is protected against overpressure, the response time s
be less than that Which would allow the segment to be over-pressured due to continued flow.

the
hall

5.5.4.1.2

All control systems for which malfunction or failure of the primary control system do not necessarily cause the
USVs to return to a fail-safe position, and, as such, can potentially allow flow to continue indefinitely, shall be
equipped with a contingency closure control mode that can execute the necessary valve closures. If such
contingency closure control mode involves bleeding off supply hydraulic pressure, the system shall reset in
such a manner as to prevent the automatic reopening of the closed valves when supply pressure is restored.
The SCSSVs should be the last valves to close.
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5.5.4.1.3 USV closing-time requirement using primary control mode

Upon receipt of a commanded closure, the subsea control system shall complete a closure of the designated
USV using the primary control mode with the maximum response time not to exceed 10 min. For multiple-well
installations, the USVs on all flowing wells shall close within the designated 10 min time allowance.

5.5.4.1.4 USV closing-time requirement using contingency closure control mode

In the event that a subsea control system failure has necessitated a valve closing operation in a contingency
closure control mode that is not in compliance with the 10 min closure-time limitation, the contingency closure

contral made shall still execute the closure in a manner that meets the general requirements stated in
5.54.1.1.

5.5.4.1.5 Shift time limitation

The| shift time portion of the overall response time for a single USV shall be 3 min‘er less. This shift time
limifation may be waived if flow in the subsea well associated with the respective "USV has already been
stopped by other valves or flow control devices that have previously been closed or that are simultaneously
responding to the commanded closure.

5.5.4.1.6 Failure of boost system

Faillre of the boost system shall not prevent the fail-safe closire of the USV under the loss pf hydraulic
pregsure.

5.54.1.7 Relationship of surface and riser safety system response requirements to subsefa control-

system response requirements

Th

reg
dev|
this

5.5.

If equalization of pressure across the USV is not possible prior to opening, the USV shall be cons

shif

#.2

response time of an SSV or riser valve following a commanded closure is established
lations for the protection of the surface facility. The response time of these surface and

by regional
riser safety

ces is independent of the requirements, for'subsea control system response. As such, this is not a part of

performance specification, but shouldbg considered in a total system safety evaluation.

Valve opening

time not to exceed 3 min:~This requirement may be waived if there is another valve or flow-co

trained to a
ntrol device

in the flowstream that can-be closed such that the USV can be opened without encountering a prolonged

diffgrential pressure.

5.5.4.3 Demonstration of response time

Ong of the-following four methods shall be used to demonstrate that the response time projegted for the

confrol ,system meets the objectives (prior to installation).

a) erator data,
typically available from the respective manufacturers. This approach typically results in the most
conservative calculated response times.

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

¢) Run a control system simulation using a previously calibrated model for an identical umbilical material,
allowing for new variables such as control path length, operating pressure, and end device characteristics.

d) Measure response time directly using actual equipment.

© 1SO 2006 — All rights reserved
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5.5.5 Functional considerations

5.5.5.1 Leak tests and diagnostics

The subsea control system shall be capable of performing required diagnostics and regulatory-mandated leak
tests on the subsea equipment. Such leak tests include leak-testing of barrier valves in the HIPPS system, the
SCSSV and leak-testing of the designated USV. In the event of leak-test failure, the control system should
provide capability to facilitate diagnostics of the failure conditions.

5.5.5.2 Interlocks

The following interlock functions should be evaluated:

— prevent SCSSV from opening unless PMV or PWYV is closed;

— prevent SCSSV from closing unless PMV or PWYV is closed;

— prevent the cross-over valve from opening unless PMV is closed;

— prevenf the PWV from opening unless choke is at preset position.

5.5.5.3 $CSSV or intelligent well completion seal failure

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

5.5.5.4 Actuation indication

The produgtion control system shall provide a surface\indication of the actuation of a selected hydraulic
function. A$ appropriate to the hardware, such indication may be through the use of visual flow indicafors,
pressure transducers, pressure gauges, position-indication sensors, flow sensors or pressure sensors.

5.5.5.5 Rrotection of SCSSV

Under commanded-closure conditions,the design of the production control system should protect the SCESV
from slam pr creep closure on a flowing stream, through operational procedure or introduction of a delay
following thg closure of the valves'downstream of the SCSSV. Any such provision should not impact the ability
of the subsg¢a production control-system to close the SCSSV in shutdown conditions.

5.5.5.6 Hlushing of SCSSV hydraulic circuit

Provisions ffor flushing the hydraulic circuit from control module to SCSSV during installation and in| the
operational|phase.,shall be considered as part of front-end engineering. This function can be implemented by
using a dedicated flushing valve in the SCM. Flushing operations shall not result in HP system pressure ¢rop
which can gffect other wells.

5.5.5.7  Safety isolation during workover

The production control system shall be capable of being positively disabled from the operation of tree control
functions while a workover control system is in use on that tree.

5.5.5.8  Control fluid venting and leakage
External venting and leakage of control fluids shall not exceed local regulatory requirements. Internal leakage

shall not exceed the control component manufacturer's written specifications. Margins for leakage increase
shall be allowed.
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Internal leakage shall not threaten the safe operation of the isolation valves particularly the ability to shut-in.

For closed-loop systems, the return system shall be designed for the maximum leakage.

5.5.5.9 Load capability

Product designs shall be capable of sustaining rated loads without degradation, exceedance of allowable
stresses or impairment of other performance requirements.

5.6 Design requirements

5.6.1 General design requirements
The| design shall provide for reliable and safe operation of the subsea equipment. The."design shall also
proyide means for a safe shutdown on failures of the equipment or on loss of controldfrom the remote control
point.
Vulperable areas for connection such as electrical connectors, hydraulic couplers and stabplates shall be
furnjshed with necessary protection equipment in order to protect the equipment when being unmated and in
service and to prevent calcareous build-up and marine growth.

Early in the project, the manufacturer and purchaser should clearly €stablish utility interface requirgments.
5.6. Design methods

5.6.2.1 Pressure-containing vessels
All |pressure-containing vessels used for appligations in excess of 0,1 MPa (15 psi) shall meet the
reqlirements of the ASME Boiler and Pressure* Vessel Code, Section VIII, Division 1, or B$ 7201-1 or
ISO|[ 10945, or any other agreed-upon pressuré vessel or accumulator code or standard.

Notg For the purposes of this provision; BS 7201-2"is the equivalent of ISO 10945.

5.6..2 Electrical devices

All ¢lectrically driven motors,(motor starters and all other electrical devices shall conform to the r¢quirements
of the appropriate approved electrical code for the equipment location.

5.6.2.3 Interconnecting tubing

Vibration-induced-fatigue failure of the subsea tubing system shall be considered. All tubing runs shall be
installed with. sufficient and appropriate clamps. Interconnecting tubing shall meet the requ|rements of
AN$I/ASME.B31.3 or any other agreed upon piping code or standard.

5.6.

5.6.3.1 General

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

— hydraulic system operation and response time analysis;

— electrical power distribution analysis;
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optical

electrical communication analysis;

communication analysis;

communication data rate analysis;

failure mode effects and criticality analysis;

ty, availability, maintainability analysis;
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n of the control system shall be created, and analysis made, such_that the required opening
h the absence of any bore-pressure assistance to the closuré™of the valve. The simulation s
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the analysis. However, this does not relieve the supplier-from providing a system that meets
s of this part of ISO 13628 without the use of a boost.system.

lydraulic systems

ystem analyses should ensure that thehydraulic system performance in the various mode
safe and operationally acceptable. The-areas of hydraulic performance that should be addres
wing:

prime the hydraulic system from, a depressurized state;

j and closing response times of the process valves under conditions of minimum and maxin
5 pressure;

r the pressure to-recover following a process valve opening;

carry out_assequence of valve openings, such as the opening of a tree (neglecting choke v
pN);

of opened control and process valves to pressure transients caused by operation of other co
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cess valves (sympathetic control valve delatching. process valve partial closing, etc.):

safety or IWCS valves (sympathetic control valve delatching, process valve partial closing, etc.).

down at the surface, venting off hydraulic control valves via supply lines;
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response time and pressure for multiple simultaneous choke operations;
response time and pressure for subsea quick dump;

response and pressure for closed-loop systems;

stability of opened downhole control and safety valves to pressure transients caused by operation of other

response time to close process valves in the event of a common close command, such as an ESD vent-
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peak return-line pressure transients that can cause partial opening of closed process valves and damage
to hydraulic components with limited return-pressure capability;

impact that failure of subsea accumulation and return-line boost pressure systems (assist closing
systems) has upon the safe operation and closure of the process valves;

impact of loss of subsea accumulator pre-charge;

extent of control fluid total loss rate;

h\/r'lrncfnhr‘ conditions that can m\/n rise to line r‘nllnncn seawater mnrnee etc—caused-by differential

5.6.

The)

5.6.

The

hydrostat|c pressures resulting from differential heads and differential f|UId densmes

chemical system flow analysis that should establish that a specified supply of well-treatment, start-up and
shut-down chemicals is achieved under the range of wellhead flowing and shut-in prgcess pressures.

3.3  Electrical power systems

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 distribufion line;
voltages at SEM at minimum and maximum umbilical lengths;

voltages at SEM at redundant and non-redundant pewer distribution, if applicable;
voltages at SEM at cable parameters for dry and wet umbilical insulations, if applicable;

voltages at SEM at the limits of cable“parameters such as inductance, capacitance, resistance and
conductance (noting that some parameters may change when subsea);

SEM component stress levels that should be maintained within acceptable limits for normal and degraded
modes of operation;

minimum and maximum Subsea power requirements;
maximum current:load;

power factorsfor full range of control system operating conditions.

3.4 _ Electrical communication systems

electrical communication analysis should establish the following:

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

signal voltage in SEM and topside at maximum and minimum numbers of SCM on the subsea electrical
distribution;

signal voltages in SEM and topside at worst-case cable transmission line parameters, such as inductance,
capacitance, resistance and conductance (noting that some parameters can change when subsea and
are also subject to discrepancies between calculated and manufactured values);

interference from the subsea and topside power supplies or other sources of electromagnetic energy in
the signal frequency band;
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requency components in subsea and topside receivers;

signal voltage in SEM and topside at cable parameters for dry and wet umbilical insulations;

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

maximum numbers of SCM on the subsea electrical distribution;

consideratiq

the safety integrity level specified is maintained.
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nstallation, operating and maintenance manual

tion, operating and maintenance manual should incorporate information on the following:

ch is effectiveand minimizes the risk of damage. The procedures shall cover the testing of co
ntrol umbilicals and connections just prior to, during, and immediately following installation.

ng procedures:

acceptable amplitude variation within the frequency band required by the modem system at minimum and

subsea communlcatlon data transfer response time for downlink commands and upl|nk data transfer. The
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adequate schematics and block diagrams. They shall define the following:

1) ge

neral description and features:

ude

This portion shall describe the function of each major component of the system and define its

ca

ge

pabilities and interfaces with other components.

neral function and shutdown philosophy:

This information shall include block diagrams, panel logic and schematics that represent the control
system. Sensor-initiated inputs and outputs should be included. The interface between the operating
circuits on host facilities, instrument and emergency utilities, such as air, water and electricity, shall
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be included. The nature and purpose of all signals to and from the surface-facility fire and safety
systems, motor control centre, and supervisory controls shall be identified. The approximate time
required for shutdown actions to occur should be noted.

3) system checkout:

The system checkout shall be based on FAT and integrated tests described in Clause 11. The
purpose of the procedure is to verify the correct function of all shutdown inputs and safety devices,
and to verify the correct setting of all control system adjustments. The procedure should be written to
allow testing to the fullest possible extent without interrupting well production. Where mechanical or
electrical overrides are required, their active status shall be clearly indicated. A document should be
prepared that collects all the set points and allowable ranges for the process variables. This
document can be updated as needed and attached to the procedures.

The system checkout shall include a test and documentation of the safety shutdown systegm.
c) |maintenance procedures:
The manufacturer shall furnish suitable instructions concerning field, assembly and maintenance of

the equipment. Instructions for periodic checks and/or replacement of control system surface
equipment should be included.

5.6.5.3 Manufacturer's data record book

Thel manufacturer shall collect data record information for the supplied equipment, including sybcontractor
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;

— | material certificates with appropriate test reports;

— | component data sheets) including performance specifications;
— |load test reports;

— |welding praeedures;

— | certificates of conformance.

6 Surface equipment

6.1 General
The purpose of Clause 6 is to set forth additional requirements that are specific to the surface-installed

equipment that is part of a subsea production control system. All such surface-installed equipment shall be
designed to perform in accordance with these additional requirements.
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6.2 General requirements
All host facility-based production control system equipment shall be built and documented according 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 Functional requirements

The functional requirements for the surface equipment typically include all or some of the following:

— supply gnd-conditioningof-etectric-andfor-hydrattic- power-for-the-subseaequipment:
— commynication with the subsea equipment;

— control{and monitoring of subsea equipment;

— commynication with the host process equipment;

— ESD/PBD;

— chemidal injection;

— recordipg and storing data;

— commuynication with drilling rig for rig-initiated shutdown.
6.4 Design requirements

6.4.1 Masgter control station (MCS)

6.4.1.1 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. As an automated computer

system, it cgn be configured in three possible ways:

— fully integrated with the host DCS;

— as a stand-alone terminal beihg the primary interface for control of the subsea system;

— as a sfand-alone terminalwith interface to both the DCS and subsea equipment. The host DCS is| the
primary operator's interface for control of the subsea system. The MCS is secondary, but able to perform

subsed control should the DCS or the link to the DCS fail.

6.4.1.2 The MES shall be designed to include the following capabilities to

— operatg safely in the sited environment;

— respond to the host safety systems;

— provide effective operational interface;

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

— provide a shutdown capability.
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6.4.1.3 The MCS may optionally provide the following additional capabilities:

sequenced operation of valves;
software interlocks;
process-control interconnections with host facility;

data collection, storage, analysis and presentation;

remote-commiunication to offsite contral centre-
H

6.4.
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interface with remote shutdown system on drilling or workover vessel;

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

hydrate detection by pressure/temperature curve comparison;

flowrate control by detection of choke position and pressure sensors up-\and downstream of ¢
nder the complete control of the operator, having the appropriaté-level of access, with a minim
herent interlocks.

MCS or DCS shall provide the operator interface and+automated functions for the produg

MCS should be installed in a safe area.

dual redundant configuration is used, transferto the secondary or hot standby controller shall b
no loss of data or control.

MCS should allow for post-installation expansion, both of hardware and software. T
hndability of the MCS shall be defined during the equipment specification phase. The M(
Able of post-installation modification and upgrading of software.

R Electrical power unit(EPU)

electrohydraulic systems, an EPU may be installed as a separate system, or may be combir
em unit or the MCS.

EPU, whicb~is normally powered from the UPS, supplies electrical power to the subsea W
rol umbilical. The EPU should include safety devices which ensure that, under electrical faulf
equipment and personnel are protected from electrical hazard.

If rédundant power conductors are provided in the umbilical, the output voltage of the EPU

hoke.

1.4 The application software should be simple. Start-up operatiens after shutdown situations should

um number

tion control

e bumpless

he level of
LS shall be

ed with the

ells via the
conditions,

should be

individually adjustable for each channel of 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

The

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

input voltage;

input current;

umbilical voltages/currents (optional for communication lines);
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tage and overcurrent alarms;

line insulation (optional).

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

6.4.3 Modem unit

Modems, filters and isolation transformers are typically included in the unit.
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may interface directly with the host facility DCS via a communication interface unit (part.of

hfiguration, the communications protocol shall provide a mean of ensuring the security of the

t communication paths are provided, the redundant elements shall not share-=common hardw
pdems or power supplies. It shall be possible to switch communications easily between
paths. This feature should, preferably, be automatic with the status, ‘ef)the communication |
inced to the control system operator.

-to-surface communications link should employ an industry stafidard communication protocol.

g modem unit parameters should be monitored by the MCS-or DCS:
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The following parameters should be monitored by the MCS:
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input voltage;
input current;
UPS output frequency;

UPS bypass mode;

Cility
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— UPS on-line mode;

— UPS failure.

6.4.5 Hydraulic power unit (HPU)

6.4.5.1 General
The HPU shall supply filtered and regulated hydraulic fluid to the subsea installations.

The HPU shall include provisions for obtaining and maintaining the specified cleanliness requirement, such as
draihage or circulation and filtration capability, should the fluid become contaminated. Output(flyid from the
HPUW shall satisfy a cleanliness requirement according to manufacturer's written specificatien,)a$ defined in
1ISO[4406.

Notg For the purposes of this provision, AS 4059511 is the equivalent of ISO 4406.

Proper fluid sampling points shall be included to enable safe fluid sampling from-the active part|of the HPU
hydfraulic system.

HPWs shall be capable of being maintained without depressurizing the system.
HPWs should not have automatic filter bypasses that enable unfiltered fltid to pass around a filter Qlockage.
Redundancy should be provided on key components such as pumps and filters.
Thel same type (style) of tubing fitting should be used for eagh-pressure class throughout the system.
Thel HPU shall be designed to operate safely in the sitedenvironment.

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

Elegtrical equipment in the HPU shall be-designed to an ingress protection rating appropriate fpr the sited
env{ronment

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

6.4.6.2 Accumulators

Thel accumulators shalleomply with ASME Boiler and Pressure Vessel Code, Section VI, or BS[7201-1 and
ISO| 10945 or any otheryagreed pressure vessel or accumulator code or standard.

Notg For thévpurposes of this provision, BS 7201-2l'"1 is the equivalent of ISO 10945.
All gurface:located accumulator systems shall have a pressure-relieving device to prevent over-prgssurization.

Thig applies'both to the gas side in the form of fusible plugs or burst discs, and the hydraulic sidg in the form
of spfety‘relief valves.

Nitrogen pre-charge pressure should be significantly lower than normal hydraulic operating pressure to
maximize stored energy in case of a supply pump failure.

Accumulator capacity shall be in accordance with the following criteria (the one criteria giving the greatest
volume shall be used):

— allow all valves on one subsea tree to be opened and closed without requiring recharge of the
accumulators; to maintain sufficient subsea pressure to keep process valves open, if a failure of the HPU
pumps occurs, for a period of 12 h neglecting all other methods of fluid energy storage, such as umbilical
line expansion and subsea accumulation;

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

© 1SO 2006 — Al rights reserved 29


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628-6:2006(E)

— a minimum HPU accumulation of two 37 | (1,3 ft3) accumulators for the common LP header, and two 10 |
(0,35 ft3) accumulators for the common HP header.

Failure of one accumulator (if 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.
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Consideration should be given to the use of two fluid reservoirs, one used for the transport of new fluid, return
fluid from subsea (if implemented) and return fluid from depressurization of the system; the other, used for
supplying clean fluid to the subsea system.

6.4.5.5 Control and monitoring
The HPU is typically controlled locally, but may be controlled and monitored from the MCS. Consideration
should be given to the response time of the control loop.

If primary control is from the MCS, provision shall be made for local control. A local control panel shall be fitted
with all the necessary gauges, switches, valving and indicators to enable operator control and monitoring.
Provision for setting pumps in manual mode shall be provided.
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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 that requires hydraulic-pressure bleed-off occur, inadvertent reset of any HPU/ESD circuit
shall be prevented while ESD conditions are still present.

The HPU parameters monitored may include the following:
— non-regulated supply pressure(s);

— requlated supply pressure(s):

— |fluid levels;

— | pump status;

— | delivery flowrates;
— |return flow;

— [filter status;

— | ESD indicators.

Monitoring of filter clogging should be provided preferably using remote indication measures that provide
opefator alarms.

Hydraulic fluid leak detection with the HPU should be considered. This information is valuable in identifying
and|diagnosing subsea problems.

6.4.6 Chemical injection unit (CIU)

6.4.6.1 General

In §.4.6 are addressed surface_fagllities for the supply of well-treatment chemicals to the subseg production
system via the production control system. Excluded from these requirements are storage and handling of the
chemicals.

6.4.6.2 General requirements

The| CIU shall supply filtered and regulated or metered chemical injection fluid(s) to the subsealinstallation.
Thel CIU supply‘pressure is typically sufficient to deliver fluid into the wellbore, subsea tree, or other delivery
points at aspressure in excess of the shut-in pressure.

For|treatment chemicals that are delivered in specific rates, the CIU system should provide a mgans to vary
and-setthe—rate—tomeet-the opcu;f;cd dc“vcly rate— e tupo;dc Hhit—is a:vvayo the—sotree—of ptessure, but

might not incorporate flow control elements.

The CIU should contain provisions for obtaining and maintaining the specified cleanliness requirement. Output
fluid from the CIU shall satisfy a cleanliness requirement according to manufacturer's written specification, as
defined in ISO 4406.

Note For the purposes of this provision, AS 4059511 is the equivalent of ISO 4406.

The use of redundancy should be considered for critical components such as pumps, filters and flow-rate
control devices.
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Any accumulators used in the CIU shall comply with ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1, and BS 7201-1 and I1SO 10945, or any other agreed pressure vessel or accumulator code or

standard.

Note

For the purposes of this provision, BS 7201-2l'"] is the equivalent of ISO 10945.

All accumulator systems shall have a pressure-relieving device to prevent over-pressurization. This applies to
both the gas side in the form of fusible plugs or burst discs, and the hydraulic side in the form of safety relief

valves.

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

toxicity and
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bontrol and monitoring

The CIU is typically controlled locally, but may be controlled and monitored from the MCS.

If primary control is from the MCS, provision shall be made for local control. A local control panel shall be fitted
with all the necessary gauges, switches, valving and indicators to enable operator control and monitoring.
Provision for setting pumps in manual mode shall be provided.

The CIU and control panel shall incorporate devices to terminate injection upon execution of an ESD/PSD.

The CIU pa

32

rameters monitored may include

non-regulated supply pressure(s);
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regulated supply pressure(s);
fluid levels;

pump status;

return flow (if applicable);

filter status;

Mon
ope

6.4.6.6 Fluid compatibility of components and materials

All 4

Some treatment chemicals require anaerobic conditions to prevent oxidation. Bladder tanks

voly

6.4.

6.4.

The)

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

All
sea

The
a lif

Refi
6.4.
Any]

retal
thro|

dalivarns flowrata
SemTvYery ovwrate:

rator alarms.

urfaces and seal materials in contact with the chemical injection fluids shall be verified to be cd

me tanks should be used if such chemicals are selected.

7 Hydraulic control fluid
7.1 General
fluid in a subsea control system is intended to transmit both signals and power from one

control fluids shall provide inhibitors to prevent corrosion, biological growth and to tolerate
vater ingress without having a significant*effect upon performance and characteristics.

fluid is expected to remain in some parts of the system for the life of the project. Since most p
b of 10 years to 20 years, the long-term stability of the fluid is extremely important.

brence should be made to Annex C for detailed information on control fluid specifications and t¢
7.2 Design
water-based hydraulic fluid shall be an aqueous solution (not emulsion) of its components. TH

n its propertiessand remain a homogeneous solution, within the temperature range, from 1
ugh field-life-eperation.

itoring of filter clogging should be provided, preferably using remote indication measures {hat provide

mpatible.

or variable

point in the

b degree of

ojects have

sting.

e fluid shall
nanufacture

Any]

oil-based hydraulic fluid shall be a homogeneous miscible solution of its components. It sh

opefation.

Al retain its

proTenies and remain stable as a solution, within the temperature range, from manufacture thrngh field-life

6.4.7.3 Fluid compatibility

Hydraulic fluid compatibility with drilling brines such as zinc bromide, calcium bromide, zinc chlorine and
calcium chloride shall be considered.
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7 Subsea equipment

71

General

The purpose of Clause 7 is to set forth additional requirements that are specific to the subsea-installed
equipment that is part of a subsea production control system. All such subsea-installed equipment shall be

designed to

perform in accordance with these additional requirements.

7.2 General requirements

Subsea eqtlllipment can range in complexity from a simple umbilical interface (direct hydraulic control sysiem)
to full electfohydraulic control with multiple-well capability. The subsea-installed equipment shall be designed
such that i is safe to install and operate. Running, landing and retrieving shall minimize the-hazargd to
personnel, lequipment or environment. Devices requiring diver makeup shall be designed tocminimize| the
possibility df diver injury resulting from sharp corners or edges, and should consider electric shock or stored-
energy relepse. Ease of installation and maintenance should be considered.

All subsea-fetrievable items of the same type should be fully interchangeable unless system consideratjons
dictate otherwise. The design should consider shocks, vibrations and pressure/temperature variatjons
experienced during transportation, including land, air and sea freight, and offshore operations during all
seasons.

7.3 Fungtional requirements

The functiopal requirements for subsea equipment typically include‘al’or some of the following:

— commynication with the surface MCS;

— procesping and execution of commands from MCS;

— monitofing and transmitting of sensor data;

— monitofing and transmitting of diagnostic data;

— execution of surface or subsea commands under shutdown conditions;

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

7.4 Design requirements

7.4.1 Subsea hydraulic systems

7411 Subsea hydraulic distribution system

The subsedahydrauticdistribution systenTdistributeshydrautic power fromtheumbiticat termimation tead to

each well.

Consideration should be given to preventing pressure being trapped in critical tree-valve operators or other
fail-closed safety systems in the event of inadvertent separation of hydraulic interfaces.

Design of the hydraulic system shall employ self-sealing hydraulic couplings that minimise seawater ingress
during subsea connection/disconnection.

Design of template/manifold hydraulic distribution systems should consider having ROV-reconfigurable
connector plates or diver-operated isolation devices, so that leakage can be isolated from the system. A
subsea hydraulic distribution module is an approach that allows retrieval, re-plumbing and replacement to
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isolate failed lines and activate spares, if available. Consideration should be given to the provision of two-
series isolation against hydraulic pressure when designing live disconnect diver-operated distribution systems.

Design of hydraulic systems should consider single-point (and common mode) failures, which may be
addressed through the separation of physical routes and hydraulic isolation of redundant supplies.

7.4.1.2 Multifunction connections

Multifunction connections should be polarized or keyed such that only one possible orientation is possible.
Labelling for proper identification should be considered.

Loa
inte
sec

7.4.
All

All
nor|

The
fittin
potd

Allo
cod

Des

ts—createdduringhydrauticcoupter conmectiomanddisconmectiomwhichcreatestydrautic ot
hsification and vacuum shall be addressed when selecting the hydraulic couplers and-the
iring.

1.3  Pipe, tubing and hoses

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

ipe/tubing shall be supported and protected to minimize damage during testing, installation/r
al operation/ maintenance of the system.

use of continuous piping or tubing with welded connections is preferred over the use of g
gs and screwed fittings. National pipe thread (NPT) fittings,should be avoided where poss
ntial to generate contamination and the undefined extent of éngagement.

wable stresses in pipe/tubing shall be in accordance withr ANSI/ASME B31.3 or any other ag
e or standard.

ign should take into account the following:
allowable stresses at working pressure;
allowable stresses at test pressure;
effects of water hammer;

external loading;

collapse;

manufacturing tolerances;

fluid compatibility;

flow rate;

possible damage arising from incorrect connection;

k, pressure
method of

emoval and

ompression
ible due to

reed piping

corrosion/erosion;

temperature range;

connection requirement;
vibration from external sources;

impact damage from ROV operations.

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

Note For the purposes of this provision, API Spec 17E['% is the equivalent of ISO 13628-5.
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7.41.4 Seachest compensation chamber
The capacity of each seachest/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 of bypass check valves should be considered to prevent sea chest damage.

7.4.1.5 Valve actuators override

Design of the hydraulic system shall consider hydraulic lock and seawater ingress possibility in the event of

manual valve override, e.g. SCM removed.

g

\

7.41.6

Subsea ac

ubsea accumulators

cumulators with bladders and dynamic seals are susceptible to deterioration and -failure. T

should be ipstalled in a manner that permits their removal and maintenance over the life of the-system.

hey

Consideratipn should be given to designing subsea accumulators to comply with ASME-Boiler and Pressure
Vessel Code, Section VIII, Division 1, and BS 7201-1 and ISO 10945, or the applicable” code or regulgtion
which appligs.

Note For the purposes of this provision, BS 7201-2['71 is the equivalent of ISO 10945.

However, if not designed to comply with these standards, personnel safety during land testing and ather
above-watdr operations shall not be compromised.

Accumulatdr selection should consider minimizing gas pre-charge_loss due to diffusion or leakage.

The accumbilator system design shall consider loss of accumulator efficiency with increasing water depth.
Subsea acgumulators may be mounted internally or externally (local or remote) to the SCM. If moupted
external to fhe SCM, accumulator shells should be painted to inhibit the absorption of hydrogen evolved from
the cathodi¢ protection reaction.

7.4.2 Chemical injection systems

g

7.4.21 §
The subsed
each well g
pressure te
the remova

Depending
substantiall

ubsea chemical-injection.distribution system

chemical-injection distribution system distributes chemicals from the umbilical termination heg

r manifold headey- fn-addition, it may provide the means for supplying and bleeding fluid use
sting and in equalization of pressure differential across flow-control devices. It may also sup
of fluid from4he*well annulus for leak detection and during the normal warm-up of a well.

on the well-treatment fluid, the flow capacity of the chemical-injection distribution system ma
y greater than that of the hydraulic distribution system. Additionally, the pressure rating of

component

5 is” typically higher (compatible with wellhead system rating) and corrosivity of the fluids convg

d to
d in
port

be
the
yed

is typically more severe

Design of template/manifold chemical-injection distribution systems should consider having ROV- or diver-
operated isolation devices, so that leakage can be isolated from the system. A subsea hydraulic distribution
module may include chemical-injection lines, allowing for retrieval, re-plumbing and replacement to isolate
failed lines and activate spares, if available. Consideration should be given to provision of two-series isolation
valves against supply pressure when designing live disconnect diver-operated distribution systems.

Design of chemical injection systems should consider single-point (and common mode) failures, which may be
addressed through separation of physical routes and flow isolation of redundant supplies.
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7.4.2.2 Pipe, tubing and hoses

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

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 or any other agreed piping
code or standard.

Design shall take into account the following:

All K

Notq

7.4.

The

allowable stresses at working pressure;

allowable stresses at test pressure;

external loading;

collapse;

manufacturing tolerances;

fluid compatibility (injection, annulus and wellbore fluids);
flow rate;

corrosion/erosion;

temperature range.

ose assemblies shall meet the applicable criteria~described in ISO 13628-5.

For the purposes of this provision, AP| Spec 17E['% is the equivalent of ISO 13628-5.

.3  Special considerations

design shall consider the following:

friction and wear increase.in . methanol service;

seal material compatibility with injected and produced fluids;

corrosivity of injected and produced fluids;

permeation-of-fluids through hose liner materials (typically low-mass constituents);

selection*of control valves and other flow control devices;

metal-to-metal seals and methanol. An additional resilient elastomer seal should be included

as back-up.

Thisisduetoproblermsresultingfromrcavitatiomand-flow=imduced materiatdegradation{erosion wear).

If diffusion of chemicals through hose materials is anticipated, the system design should ensure that the
diffused chemicals do not contaminate the hydraulic control fluid through either leakage or secondary diffusion.

The chemical injection system shall be compatible with a range of chemicals that may be used during the life

of the field. The chemical injection system shall be appropriate for contact with wellbore fluids.

Check valves should not be relied upon as pressure-isolation devices.

National pipeline regulations can demand specific testing requirements for chemical systems.
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743 Sub

7.431

sea electrical systems

Subsea electrical distribution system

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

All electrical connectors that can remain powered after disconnection shall have contacts protected to prevent

exposure.
The number—af_electrical connectars in series shall he kppf to_a minimum_Redundant rnnfing should, if
possible, follow different paths. Consideration should be given to keeping voltage levels as low as practicgl in
order to minimize electrical stresses on conductive connectors.

Manifold elgctrical distribution cabling and jumper cables from umbilical termination to the SCM’ should be
repairable qr reconfigurable by the use of an ROV or a diver.

If one electrical line supplies more than two SEMs, consideration should be given toithe ability to isolate a
faulty SEM.

If possible,|electrical connectors should have orientation keys to prevent miseonnection and consequehtial
damage. Alternatively, pin allocation should ensure that misconnection does‘not give rise to consequential
damage. All connectors intended to be left unmated during deployment, usé and maintenance shall be fltted
with protecfjve caps suitable for direct exposure to seawater.

Each cableiconnector pair shall be qualified for use at the specified*depth.

Outboard cpnnectors of the ROV stab type that cannot be guaranteed to be bonded to the protection sygtem
shall be manufactured from corrosion-resistant materials.

Connection| of electrical distribution cabling and electrical jumpers should be made by ROV or diver uging
simple toolg, with minimum demand on rig/vessel time:

A minimum of two barriers should be provided between seawater and any conductor. Barriers should be
designed fgr 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 intp pressure-compensated fluid-filled lines. The fluid shall be of a dielectric type.

All the materials utilized ih“the subsea electrical systems shall be compatible with both seawater an{d, if
applicable, the dielectric‘fluid selected. Qualification testing of new materials to prove their compatibility ghall
be performed.

Disconnection of\pewered connectors is not recommended. For safety and long-term connector integrity, the
mating and|disconnection of electrically live connectors, particularly power connectors, is to be avoided, where
practical.

7.4.3.2 Prevention of electrical shock

All subsea systems to be serviced by divers shall be designed to protect divers from electrical shock hazards.

7.4.3.3 Electromagnetic compatibility

The subsea system is required to be compatible with the subsea electromagnetic environment. None of the
electrical and electronic elements shall interfere with the functional or safety-related operation of any other
element, whether part of the same system or an unrelated system. All elements shall be immune to all
predicted EM phenomena to a level determined by the functional or safety-related requirements of the system.
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7.4.4 Subsea control module (SCM)

The subsea control equipment for piloted or sequential hydraulic or electrohydraulic systems should be
packaged in retrievable units/housings. Depending on the system type, the SCM may include some or all of
the following:

— electrohydraulic or hydraulicly piloted DCV and other valves (e.g. check valves and shuttle valves);
— feed-through (electrical or optical) connectors and (hydraulic) couplers;

— hydraulic manifolds and tubing;

— |internal sensors and transmitters;
— [filters/strainers;

— |accumulators;

— | pressure compensator;

— | pressure intensifiers;

— | pressure reducers;

— | chemical-injection regulation valves;
— | SEMs;

— |iSEMs;

— | valve electronic modules.

To maximize production uptime in multi-well systems, it is desirable that installation and retrieval ¢f one SCM
shopld not adversely affect the operation of any other SCM.

Forfany development, all SCMs _should, where possible, be interchangeable.

All active electronic circuits’ should be in enclosures filled with nitrogen gas at nominal 0,101 NPa (1 atm)
pregsure designed forfull external pressure conditions. Requirements for internal overpressure relief to
envlronment by proeedural or physical means in case of seal failure should be considered.

Elegtrical elements of subsea electrohydraulic components shall be mounted in a dielectric-flujd-filled and
pregsure-compensated compartment of the SCM. The SCM design shall be optimized to limit the possibility of
draiping the.dielectric fluid when installed subsea by making any necessary penetrations to the nmjodule at as
low|a level as possible (water usually displaces dielectric fluid until the level of the leak is reached). Although
protected from the environment, all interconnecting cables and connectors shall be suitabl¢ 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 that seal upon disconnection, unless this
compromises safety considerations stated in this part of ISO 13628. The design shall minimize ingress of
seawater during running and make-up operation. The coupler half containing the active seal shall be located
in the retrievable equipment.

© 1SO 2006 — Al rights reserved 39


https://standardsiso.com/api/?name=c8f4c164ad5d22fbdd3f1726dd95001d

ISO 13628-6:2006(E)

7.4.5 Subsea electronic module (SEM)

7.451

SEM hardware

The SEM hardware should be based on the use of one or more microprocessors and power supply units in
order to obtain an acceptable level of reliability and flexibility in the design.

The SEM shall be protected against water intrusion. The design should include two separate and testable

barriers.

The equip
additional

The SEM s
and interna
excitation s

The SEM interface to sensors and DCVs should be limited to the minimum practical number of signal ty

and formatg

Description
detailed des

Due consid
optimizing f

Considerati
required.

g

\.

7.45.2

The SEM s
tested as in
the real-tim
used. The
maintenand

Coding of s
critical task

The SEM s

subsea confiputer and sensors.

The SEM s

The SEM ¢

emory should be considered which can be used in the future for additional SEM capabilities

hould be designed with spare capacity for increase of capabilities like data processing, exte
sensors and communication. Current limitation shall be provided for all SEM outputS)and se
Lipplies.

. International Standards should be adopted wherever possible.

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

eration should be given to standardizing SEMs to enable intefchangeability as an alternativ
br specific applications.

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

EM software

bftware should be structured in functionhal tasks or modules, which should be designed, coded
dependent units. These modules typieally conform to the defined tasks, including interrupt task
b operating system, or the main pregram calls in a real-time monitor if a simple sequential sc4
module and overall software ‘structure may be designed to make later software updating
e easy to perform.

pftware modules should\be done in a high-level programming language. Only for small, very t
5 may assembly language be used.

pftware should‘have built-in diagnostic functions to simplify testing and debugging of the mog

nould be-programmable to allow for reprogramming from the surface while in place.

hri-have capacity to temporarily store all relevant data gathered from the subsea production syg

rnal
hsor

pes

r by

e to

and
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and

me-

em,

tem.

The SEM can be capable of performing sequenced monitoring operations and/or sequenced controlling based
on one command from the MCS.

The SEM software can be designed to accommodate the downhole pressure and temperature information.

Requirements for time stamping of data should be considered.

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.

40
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The communication shall transport the defined data signals with high reliability and have sufficient capacity to
handle the required traffic in all foreseeable situations. There can be control system operations where the
SEM is acquiring a large amount of data (e.g. fast scan of an intelligent well system during well start-up). In
these instances, it might not be possible or appropriate, due to data rate limitations, to relay these data to the
MCS in real time. Temporary storage of the acquired data in the SEM is acceptable, provided the stored data
are subsequently relayed to the MCS in a timely manner. The storage and delayed transmission of data are
acceptable only if none of the acquired data is lost or overwritten.

The communications and power systems should be designed to withstand the normal noise and disturbances
typically occurring in the operating environment without malfunction. The communications and power systems
should accommodate the specified range of voltage and frequency variations and the changes in the number
of cpnnected SEMs that the distribution can support.

Thel MCS should be the governing end of the communication link between the MCS and thenSEM.

Thel communication shall be based on formatted messages. The format should have axeliable idenptification of
megsage start and a defined length.

Megsage “time out” shall be included.
Redeption of corrupted message and “time out” shall result in retransmission’of the message.

Eadh message shall have cyclic redundancy check or a similar typejdeaving no possibility for faulty messages
to bk received and interpreted as correct.

The| protocol should be convenient for loading of the SEM.software, external sensor and auxiliafy computer
softvare.

Syslems electrical and optical communication performance shall meet a BER requirement as spegified by the
pur¢haser, with a BER performance design goal af.<'1 x 106 and < 1 x 1078, respectively.

Communication between MCS and all SEMs"“should use the same communication protocol. Compmunication
profocol should be based on a recognised(industry standard.

7.4)1 Subsea instrumentation
All subsea instrumentation shall meet the system requirements given in Clause 5. In general, subsea
insttumentation should besas Simple as possible, so that the number of electrical and hydraulic copnections to
the SCM is a minimum.

Faillre of subsea instrimentation shall not adversely affect the operation of other parts of the systgm.

For|sensors diréctly exposed to produced fluid, potential blocking of the interface by sand, hydrates or wax
shopld be eonsidered.

Methods*of calibration or adjustment of the sensor signals and remote diagnostic should beg taken into

el +1 . Al H H . +
Con UTTAlVTT WiTCTT UTOoTyTniTy Uic oy olTITl.

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 ISO 10423 and
ISO 13628-4.

NOTE For the purposes of this provision, API Spec 6A8! and API Spec 17D!®! are the equivalents of ISO 10423 and
ISO 13628-4, respectively.

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.

A method for inferring the position of hydraulically operated tree valves shall be incorporated.
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All devices exposed to well-bore fluids shall be installed with isolation valving between the sensor and the
wellbore if it is installed upstream of the tree master valve or the USV, and the location of the sensing element
is remote from the wellbore.

7.4.8 Parking and protection provisions

Any physical interface such as hydraulic couplings, electrical connectors shall be protected against the
potential of marine growth, calcification by protection system, etc. when left exposed during deployment, use
or maintenance. These provisions shall take the form of parking plates, protective covers, etc. which are either
permanent features of the subsea equipment or temporary features which can be deployed by ROV or diver.

7.49 lIsol

7.49.1

The isolatio
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shutting in the well.

7.49.2
The subsyg
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Isolation of subsea well by ESD

Isolation of subsea well by PSD (optional)

ation of subsea well

h function concerns only the ESD functions related to the isolation, not the overpressure proteg
pugh the PSD system.

stem “isolation of subsea well” is defined as the system needed to isolate_one well. For a stan
, the sub-system normally consists of the following:

/onshore located ESD node;

/onshore located ESD hydraulic bleed down solenoid valve.innHPU,;
/onshore located EPU/ESD electrical power isolation relay in EPU;
nd CIV including actuators and solenoid(s);

cluding actuators and solenoid(s);

ple safety valve including actuators andsolenoid(s).

h starts at the unit where the,demand is initiated (unit not included), and ends with the va

tem “PSD isolation~of subsea well” is defined as the system needed to isolate one well &
equence of valve) operation. For a standard subsea well, the sub-system normally consists of

/onshore=located PSD node;

/6nshore-located MCS and EPU;

tion

lard

ves

y a
the

PWV a

nd CIV including actuators and solenoid(s);

PMYV including actuators and solenoid(s);

subsea control module including SEM and DCVs.

The function starts at the unit where the demand is initiated (unit not included) and ends with the valves

shutting in t
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he well.
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7.4.9.3 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 activation.

The

system should include the following elements:

control of barrier isolation valve(s);

The)

IEC
with
fund

7.4,

7.4,

In o
set

All't

The)
the

The)

7.4,

The)

minimum dual independent pilots or pressure transmitters responding to the pipeline pressure
positive control of system reset, to prevent hunting or throttling through the isolation valves;
reset system.

safety integrity of HIPPS shall be assessed using a recognized safety isystem specificati
61508 (all parts)40l. The safety integrity level of the safety functions of HIPPS shall be cor

the probability of the safety function to operate on demand and the.impact that this failure g
tion has.

10 Test equipment

10.1 General

rder to test each type of equipment during FAT, integration testing and during commissioning
bf test equipment can be required.

st equipment shall be compatible with the hazardous area classification of the location in whic

test equipment should be capable of-simulating all primary operations necessary to control
subsea production equipment in aimanner similar to the actual system.

test equipment should be designed with units identical to the production equipment, where pra

10.2 Control module.test stand

control module test'stand should support the following test functions:

verify the'interface to external process sensors;

verify the functional operation of the control module.

bn such as
nmensurate
f the safety

offshore, a

h it is used.

and monitor

ctical.

verify the méehanical and functional interface between the module and the module receiver plate;

7.4.

10.3 Test hydraulic power unit

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

7.4.

10.4 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 should be equipped with manual valves simulating the real
DCVs. The functionality below should be implemented by one or more units:
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pressu

long-te

verification of control module installation tool operation;

re and functional testing of system hydraulic components;

flushing of hydraulic systems;

rm protection of SCM receiver plate;

through-connection to downhole gauges for remote interrogation via cable and/or acoustic link.

7.4.10.5 UYmbilicatsimutator

A simulator|may be provided to represent the characteristics of the electrical cables within the umbilical:

The simulator should model the impedance of the communications and power conductors in the umbilical.

The simulator, or simulators, should model the range of umbilical lengths in a controhsystem. If a coptrol
system fealures two or more umbilicals connecting between the MCS and an SEM, it should be possible to
simulate the entire umbilical string.

If system c@nsiderations demand, a hydraulic simulator can also be required.

7.4.10.6 Electronic test unit

The electropic test unit should be capable of performing the controlcand monitoring functions related direct]y to
the operatipn of the SCM (one well). All commands described>in the communication protocol should be
supported. |[In addition, the electronic test unit should be able*to simulate one or more complete coptrol
modules. The electronic test unit may be a modular unit including a portable personal computer [and
necessary power/signal interfaces (signal only).

7.4.10.7 Sensor test unit

The sensor|test unit should simulate each type of subsea instruments exclusive of SCM internal instrumgnts,
including dgwnhole sensors, if applicable. The sensor test unit may be part of the control module test stand or
a stand-alone unit(s).

8 Interfaces

8.1 Gen

Interfaces Qetween the’ production control system and other parts of the subsea and host facility systems are
critical to syccessful operation and should be fully defined during initial design.

8.2 Inte

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

system inte

rfacing with the host facility control system.

The interfaces with the host facility are typically
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host facility control system;
ESD/PSD system;

chemical injection system;
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utilities;

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_operator station visual display unit displays should provide as much commonality as is reasonably
posgible with the host facility process control system.

All

spefifications applicable for the host facility where the equipment will be situated.

If a

nost facility-based production control system equipment should be built and documénted gccording to

h integrated control-system philosophy is adopted, the interface between the(subsea produgtion control

system and the host facility shall, as a base case, be between the MCS and host facility nodes. Ogtionally, the

sub

be negarded as functionally part of the subsea system when this option is sglected.

If a

maor

con
mai

htenance and operation. The control and monitoring of subsea functions should be as similar

to that for the topside-located equipment.

8.3

Interface to subsea equipment

Thelinterfaces with the subsea equipment are typically

sea/topside interface can be defined between the MCS and EPU. Hence-the topside modem ghall always

fully integrated control-system philosophy is selected for the, hést facility, the subsea wells shall be
itored and controlled from standard operator stations as first,eption. In this case, the subseg-production
rol system application software should be integrated with)the host facility software to ease offshore

as possible

a) |tree:

1) mounting footprint,

2) form and fit,

3) maintenance access,

4) hydraulicifunction lines,

5) tree.mounted sensors;
b) |choke:

1) maintenance access,

2) mateable hydraulic and electrical connectors (retrievable chokes);
¢c) manifold:

see tree items;
d) umbilical:

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

© 1SO 2006 — All rights reserved
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downhole instrumentation,
pressure/temperature transducers,
position sensors,

erosion probes,

corrosion probes,

pig detectors,

2)

3)

4)

5)

6)

7) su
f) ROV tg
g) SCSSYVY;
h) interve
8.4 Inter
The interfaq
workover s

control syst

Emphasis 3

control sysfem is not contaminated during workover operations or during subsequent production operat

due to re
contaminati
lines.

8.5 Inter

8.5.1 Gen
If interface
recommend

The subsed
electrical p
equipment

development process.and addressed on a case-by-case basis.

Details are

bsea flow meters;
oling;

ntion equipment.

face to workover control system

e between the production control system and the workover cgntrol system should ensure that
stem has control of all functions that can affect safety of the workover operation. The produg
em can be utilized for workover control, provided primary eontrol is from the workover rig.

hall be put on cleanliness requirements of the warkever control system, so that the produd

sidual  fluid in subsea valve operators. System design shall minimize possible seaw
pn of control lines during workover operations, and should consider a means for flushing th

face to intelligent wells

eral

s exist between an_|WCS and a subsea production control system, requirements
ations for such interfaces are provided by 8.5.

production controlsystem shall be used to provide a physical location, communications capab

pwer and hydraulic power for the IWCS. Where there are limitations of existing infrastrug
e.g. retrofit to-existing fields), exceptions to this part of ISO 13628 shall be highlighted early in

contained in 8.5.2 to 8.5.8 and in Annex E.

the
tion

tion
ons
ater
ese

and

ility,
ture
the

8.5.2 Physical

The interface options are as follows:

option 1: SEM interface

option 2: SCM interface

option 3: external interface

consecutive slots inside the SEM of a SCM,;
an intelligent well SEM, permanently fitted as part of the SCM;

an independent enclosure mounted external to the SCM.

The selected options (see E.1 for details) depend upon a number of application-specific factors.

46

an IWCS interface comprising one or two electronic cards fitted in
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Communications shall be based on recognized International Standards, oriented to the OSI reference model
in accordance with ISO 7498.

TCP/IP shall be used as the protocol between the intelligent well interface card and subsea electronic module

(Op

The

tion 1), or between the intelligent well SEM and the SCM (Option 2).
following requirements apply.

The physical layer (layer 1 of the OSI model) shall interface RS 422 full duplex channel RX a

nd TX, with

Con
use
pas

On
nee
unlg

The)
9 6(

Det
The)
Inn
1s.

meg

Figu

no hardware handshake. Communication signals shall be galvanically isolated on the int(
interface and provide separate ground wire from the isolated drivers.

The data link layer (layer 2 of the OSI model) shall use the point-to-point protocol, as specifie
RFC 1661.

The network layer (layer 3 of the OSI model) shall use IP, as specified in Infernet RFC 1332
RFC 791 for IP v4.

The transport layer (layer 4 of the OSI model) shall use TCP, as spécified in Internet RFC 793
nmunications between the IWCS subsea and the surface fagcility may make use of the com

H by the subsea production control system. In this case, the“subsea control supplier is res
5ing TCP/IP messages upward and downward.

s to communicate with the intelligent well equipment. This also applies to workover cont
ss a direct connection to intelligent well equipment is provided.

default communication speed between IWCS and the subsea production control syste
0 bits/s.

hils of this interface are shown in E.2

requirements in 8.5.3 cover-fhe production as well as commissioning phases.

This response time-may, however, be increased to whatever is necessary for passing
sages related to safety operations.

re 1 shows _one-possible implementation of communications interface.

blligent well

d in Internet

and Internet

munications
bonsible for

he surface facility, the subsea production control system shall provide the TCP/IP link to any mpachine that

rol systems

m shall be

prmal operation, the system response time, as measured by a typical “PING” command shall e less than

emergency
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1 2
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1 5
J
AL R
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10F SEMTx A | ChA_Rx_A
Rd_IWIS
10R SEM Tx B I ChA Rx B I_i_
\/? — < —
<
2K2 SEMRx A| ChA_Tx_A
Td_IWIS
2K? ﬂ120R SEM Rx_B I ChA_Tx_B b
J
¢ | XX
10 8 1

177777
Key
1 SEM 6 . gdalvanic isolation
2 interfacg board 7.~ optical or magnetic isolation, voltage depends on design
3 power 8 isolated ground
4 ground 9 SCM chassis
5 power IN 10 signal ground

Figure 1 — Communication port interface

8.5.4 IWCS interfaces with other systems

Three possible system configurations of the IWCS are as follows (see E.3 for more detailed implementation
guidelines):

— fully integrated with the host DCS;

“stand-alone”, where intelligent well control actions are initiated from and data are displayed by a
dedicated IWCS, being the primary interface for control of the IWE;
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“interfaced”, which is similar to “stand-alone”, but the IWCS has communication interfaces to the
DCS/MCS. Intelligent well normal operations are initiated from and data are displayed in the DCS/MCS.
Expert intelligent well operations may be performed by the IWCS.

Time stamping of the intelligent well data shall be performed as close as possible to the source of the data.
The resolution of the time format shall be 1 s or better.

8.5.5 Electrical power

The electrical power interface is classified into low, medium and high power.

A lgw-power interface is defined as a system where the interface resides entirely within the~$EM and is
proyided by power from the SCM.

A medium-power interface is defined as a system where the interface resides outsideéof the $EM and is
proyided by power from the SCM.

A high-power system requires power in excess of that available from an SCM and-is supplied diregtly from the
umbilical. These systems are considered project-specific.

Flogting power supplies shall be provided from the SCM.
Power supply health and status monitoring shall be provided.

E.4 [contains details of electrical power requirements.

8.5.6 Hydraulic power

8.5.p.1 Systems

Fluif cleanliness shall be as specified in 1ISO*4406, Class 15/12.
Notg For the purposes of this provision,”AS 4059511, Class 6B-F is the equivalent of ISO 4406, Class 15/12.

Particular attention shall be paid\to the higher temperatures and pressures and contaminatioh levels (in
parfcular well fluids) found downhole.

8.5.6.2 Hydraulic feédsthrough
Forleach hydraulic feed-through, the following parameters shall be defined in each case:
— | maximum Supply pressure from subsea system;

— | degreenof control of the pressure levels from the subsea system provided to the downholg intelligent
completion;

— instrumentation (pressure, flow);
— control valve functionality (bleed, supply and lock positions);

— volumes of fluid.

8.5.7 Tubing hanger penetrations

There shall be space to install a number of electric and hydraulic penetrators in the tubing hanger to
accommodate control of intelligent well equipment. The number is project-specific and needs to be verified. A
number of four electric signals and four hydraulic lines is recommended unless otherwise specified. These are
in addition to any downhole safety valve control or treatment injection lines.
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8.5.8 Testing

Qualification and ESS tests shall be performed to reduce failure rates of intelligent well interface equipment
installed subsea. Qualification is considered particularly important for equipment that is subjected to a harsh
environment, where the consequence of failure is severe and where the mode of possible failure can be
difficult to establish with any degree of certainty.

Subsea equipment, once installed, most likely operates in a very benign environment. However, in some
installations involving rotating machinery and/or large choke valves, the equipment can be exposed to long-
term vibration and switching transients from high-voltage equipment. During transportation and installation
handling, it is exposed to both shock and vibration. Typically, the equipment can be transported or stored

onboard th
vibration frq
severe sho

This part of

modulg

D

-

installation rig or on a supply vessel for days and weeks. In this situation, it is expose
m diesel generators, etc. During less than ideal conditions, the equipment can be expose
ks.

ISO 13628 shall apply for the following equipment:

s or sub-assemblies containing electrical and/or electronic equipment that~are intended

permament subsea installation;

modulg
mainte

This part of
testing not
humidity tes

Testing falls

s or sub-assemblies containing electrical and/or electronic equipment that are part of tools
hance of subsea installations.

ISO 13628 outlines the minimum requirements for testing. Gonsideration shall be given to rele
defined in this part of 1ISO 13628, e.g. thermal cycling-during qualification testing and rela
ting.

into the following two categories:

d to

d to

for

for

vant
tive

a) qualifigation testing, which shall be performed on allimodels of equipment used for IWSs. The tests shall
be caried out in accordance with E.5.1. It shall be verified that the various systems do not interfere with
each other through EMC testing;

b) ESS. All equipment supplied shall be subjected to ESS in accordance with E.5.2.

9 Materjials and fabrication

9.1 General

All components used subsea shall be qualified, either by being field-proven or by qualification testing in

simulated environments-similar to the specific application.

9.2 Materials

9.2.1 Material-selection

Materials selected for use in control system applications wetted by hydraulic fluid or chemicals shall be
capable of being cleaned to a specified cleanliness level and maintained in an environment that provides that
specified cleanliness level throughout the life of the system.

50
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9.2.2 Corrosion considerations

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

— external fluids;
— internal fluids;

— weldability;

— | crevice corrosion;
— |dissimilar metals effects;

— | cathodic protection effects (including calcification in carbonate-rich environmént and the impact of
hydrogen-induced cracking failures such as stress corrosion cracking);

— | the impact of breakdown of coatings due to damage and disbandment;
— | bacterial effects;

— | marine growth.

9.2.8 Fluid compatibility
All yetted surfaces shall be verified compatible with the ‘wetting-control fluid, chemical-injection fluid, and/or

wellbore fluids. Resilient seal materials shall bewselected to ensure compatibility with wefting fluids,
temperature and pressure.

9.3| Fabrication

9.3[/1 Fittings and connections
PTHE tape shall not be used within"any parts of the hydraulic system.

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

9.3.2 Welding

Stryctural-load-bearing welds shall be treated as non-pressure-containing welds and shall comply with a
dochimented structural welding code such as AWS D1.1[16],

All pressure-containing welds shall be in accordance with the ASME Boiler and Pressure Vessel Code,
Section)IX, ISO 15607, 1SO 15609-2, 1SO 15610, ISO 15611, ISO 15612, 1SO 15613, ISO 1$614-1 and
ISO 15607.

NOTE 1  For the purposes of this provision, EN 288 (all parts)l'® is the equivalent of ISO 15607.

Welders shall be qualified in accordance with ISO 9606-1, ISO 9606-2, or ASME Boiler and Pressure Vessel
Code, Section IX.

NOTE 2  For the purposes of this provision, EN 287-1[52] the equivalents of ISO 9606-1 and ISO 9606-2.

Brazing and soldering shall not be used for load-bearing systems.
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9.3.3 Cleanliness

Hydraulic components shall be handled in accordance with the requirements of ISO/TR 10949. Equipment
should be cleaned to the specified cleanliness standard prior to assembly. Flushing is not accepted as the
primary means to achieve system and component cleanliness.

Consideration should be given to cleaning, pickling and passivating stainless steel hydraulic tubing to prevent

corrosion.

9.3.4 Electrical and electronic assembly

For the sub
free of failu

10 Quali

Equipment
programme

assurance programme is implemented.

11 Testing

11.1 Gene¢ral

All testing g
surrounding

A compreH
requiremen

Reference i

11.2 Qualification testing

11.2.1 Quad

Qualificatio
conditions

manufactur
equipment

In11.2isd

sea electronics, reliability of components should be established and should meet the specified
e.

Lty

manufactured according to this part of ISO 13628 shall conform to a certified quality assura
. The manufacturer shall develop written specifications that describe (how the certified qu

hall be performed with due consideration for the safety of personnel and potential damage tg
area.

ensive test programme should be undertaken to ensure that control system performd
s are met.

5 made to Annex F for guidance on the selection of tests.

lification test

N tests shall be perforimed to confirm the performance of the equipment at its specified opers
and its compatibility with the electromagnetic environment. As an alternative to testing,
br may providel other objective evidence, consistent with documented industry practice, that
will perform as{specified.

efined the qualification test procedures to be used to qualify product designs. Equipment or fixt

used to qu
materials a

;d manufacturing process.

lify designs should be representative of production models in terms of design, dimensions

life,

nce
ality

the

nce

ting
the
the

ires
and

If a product design undergoes any changes in fit, form, function or material, the manufacturer shall document
the impact of such changes on the performance of the product. A design that undergoes a substantive change

becomes a

NOTE
the intended

new design requiring requalification.

service condition.

A substantive change is a change identified by the manufacturer that affects the performance of the product in

A change in material might not require requalification if the suitability can be substantiated by other means.

A qualification test for subsea electronic assemblies should be performed to qualify the design with respect to
temperature cycling and vibration.
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11.2.2 Hydrostatic pressure testing (internal and external)

As part of the qualification test, hydrostatic pressure tests shall be performed on all pressured components
and/or assemblies. An internal hydrostatic pressure (proof pressure) test shall be performed at 1,5 times the
design pressure for components rated at 103,4 MPa (15 000 psi) and below. Internal tests for components
rated above 103,4 MPa (15000 psi) shall be performed at 1,25times the design pressure. External
hydrostatic 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 external fluid leakage from any
component, line or joint.

All hydraulic accumulators shall be isolated from the circuit during the test.
Thel| low-pressure portion of the control equipment, including, if applicable, the fluid reserveir, Igw-pressure

filtef, pump-feed lines and system-return lines, shall not be subjected to the hydrostatic-test pressure (proof
pregsure).

11.2.3 Minimum and maximum temperature testing
Quglification tests shall be performed to confirm the performance of the eqlipment at a test tempefature 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 operationah fequirement shall be subjected to fjualification

testlng which simulates long-term field service. The number of test cycles shall equal or exceed fthe number
spefified for the application.

11.2.5 Qualification testing of electrical and optical equipment

11.2.5.1 General
Thel| qualification tests shall ensure that

a) |the equipment is robust.and suitable for the environment to which it is exposed during transportation,
handling, installation and-eperation;

b) |the exposure to the ESS test procedure does not cause any damage to or degradation of the ¢quipment.

Wi

th regards to shock and vibration, the qualification tests shall be applied as follows:
— | printed_circuit boards and sub-assemblies shall be qualified to Q1 (see 11.2.5.2);
— | electronic modules comprising one or more circuit boards assembled in a rack type frarhe shall be

gualified-to- Q2 (see 11.2.5.2)Individualcircuit-boards-in-the electronic-module-do-not-reguirg to undergo
hd K \ . 7 h . A b
Q1 if the complete electronic module is qualified according to Q2.

The random vibration and thermal tests shall be made with the EUT powered and with full and continuous
monitoring of all functions. To obtain such monitoring, special test equipment shall be made for connection to
I/O circuits, etc. If the EUT is programmable (e.g. subsea electronic module) special test software within the
EUT shall be made to ensure efficient and continuous monitoring of all parts of the EUT, ensuring a
maximized probability of detection of intermittent faults even if the faults occur relatively infrequently and are
of very short duration. Monitoring during sweeping for resonant frequencies is preferred, but may be omitted.

Operating temperature shall be demonstrated by calculations and tests at thermal conditions similar to the

conditions the equipment is exposed to when installed subsea. The worst-case load conditions and thermal
conditions shall be the basis for these calculations and tests.
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Design and operating temperatures refer to the mean temperature of the ambient atmosphere within the
enclosure in which the electronic or electrical system is operating.

This part of ISO 13628 outlines the minimum requirements for testing. Consideration shall be given to relevant
testing not defined in this part of ISO 13628, e.g. thermal cycling during qualification testing and relative
humidity testing.

11.2.5.2 Definition of qualification test Q1 and Q2

11.2.5.2.1

Shock tests

The EUT s
absorbers (
shock tests

Four shock

be selected to maximize the probability of detecting faults in the design. For printedOcCircuit board

equipment
or majority

Q1:

Q2:

After the shock tests, no significant damage or distortion shall hayveroccurred, and the object shall pa

100 % func

11.2.5.2.2

The EUT s
absorbers ¢

in this vibration test. Separate tests shall be perfermed to verify the functionality and quality of the sk

absorbers/\
dampers.

The followi
maximize t
printed circ
boards, res

Q1 ang

Q1:

Q2:

nall be mounted on the test fixture as it is mounted in normal service. If, in normal service, sk
r vibration dampers are part of the mounting, these shall be part of the mounting als¢™in’ th
5 shall be applied in each of six directions along three mutually perpendicular axes:-The axes §

Containing printed circuit boards, one of the axes shall be perpendicular to the plane of the b
bf the boards, respectively. The shock level shall be as follows:

B0 g acceleration, 11 ms half sine;

10 g acceleration, 11 ms half sine.

ional test.

Vibration tests

nall be mounted on the test fixture as it is mounted in normal service. If, in normal service, sl
r vibration dampers are part of the mounting, these shall be substituted by stiff structural mem

ibration dampers. This is also applicable for board guides with shock absorbers or vibrg
g excitation shall be applied)to three mutually perpendicular axes. The axes shall be selecte
e probability of detecting.faults in the design. For printed circuit boards or equipment contai

Lit boards, one of thé axes shall be perpendicular to the plane of the board or maijority off
bectively. The excitation level shall be as follows (as illustrated in Figure 2 below):

Q2: 5 Hz40.25 Hz with = 2 mm displacement;
25Hz to 1000 Hz with 5 g acceleration;

25 Hz to 150 Hz with 5 g acceleration.

ock
ese

hall
5 or
pbard

S a

ock
bers
ock
tion

d to
ning
the

The sweep rate is maximum one octave per minute. The sweep rate shall be low enough to allow any
resonance to build-up amplitude.
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y

5 25 150
X
Key
X Jog of the frequency, expressed in hertz
Y facceleration, expressed in gravities
Figure 2 — Acceleration, g, over mechanical amplification frequency
NOTE Some vibration test equipment rigs have problems with large displacement amplitudes. T
excifation is specified with constant amplitude (+2 mm) in the\region below 25 Hz as otherwise the

ampllitude is prohibitively large for 5 g acceleration at these_lowsfrequencies. The maximum sweep rate is
1 mip per octave, i.e. 1 min minimum between each doubling“ef the frequency.

Ad
with
EUT

buble sweep from 5 Hz to 150 (Q2)/1 000(Q4)Hz and back to 5 Hz shall be performed. Ng
mechanical amplification factor greater than 10 shall be observed in the range 5 Hz to 15
[ to pass the test.

the EUT in its final use is (exposed to significant vibration in the frequency ra

extended to cover the applicable frequency range. The frequency range for the require
bnance with mechanical .amplification factor greater than 10 for the EUT to pass the te

spondingly expanded. The EUT shall then be exposed to a prolonged endurance test w
tion as specified in 41.3.5.2. The testing shall be applied for 2 h.

r the vibration testing, no significant damage or distortion shall have occurred, and the EUT 3
% functionaldest.

6:2006(E)

herefore the
Hisplacement
specified as

resonance
) Hz for the

hge above
brmed shall
ment of no
5t, shall be
ith random

bhall pass a

at the high

The same procedure shall be repeated for the low design temperature.

ed.

During the above temperature tests, reduced accuracy of measurement functions may be tolerated. However,

such functions should perform as specified at the normal operating temperature as defined in abov

The tests shall be performed with forced circulation of air.
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11.3 Factory acceptance tests (FAT)

11.3.1 General

Factory acceptance testing of the subsea control system elements shall be performed prior to delivery.
Step-by-step procedures with objectives and acceptance criteria shall be available prior to start of the FAT.

As a minimum, during the complete FAT, attention shall be paid to the following:

— electropydrattie-BSVY-perfermance-ancHeairates:

— accuragy of monitoring system;

— commuynication system sensitivity and noise immunity;

— electridal power requirements and sensitivities;

— pressufe test of all tubing, pipework and hydraulic components;
— accumulator pre-charge pressure;

— relief-valve pressure setting;

— fluid arld system cleanliness;

— pressufe testing of control module;

— verification of equipment mating;

— electridal cable insulation resistance and conductance;

— leak-tepting of applicable canisters;

— condudtance to sacrificial anodes.

Environmental-stress screening for .all subsea instruments and electronics shall be in accordance with
manufacturgr's written specification. For example, all SEMs can be required to pass a programme of
temperaturg cycling, vibration=and burn-in. The purpose of the temperature test is to verify that all compongnts
will function| over the design temperature range, and to force possible premature (“infant mortality”) 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 Inteprity

Hydrostatic pressure testing shalt be as specified In 11T.2.2:
Components that may be excluded from this testing are those which have been tested and certified for use by

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

11.3.3 Function and continuity

Functional tests shall be performed to demonstrate proper operation of the equipment. During the test, each
hydraulic and electrical circuit shall be tested for proper operation.

Hydraulic circuits shall be tested at the design pressure of the circuit.
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Electrical circuits shall be tested to ensure that there is no electrical short or open circuit.

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

11.3.4 Safety and operational checkouts

These tests are intended to verify that the system settings are in accordance with the design specifications
and manufacturer's data sheets, using a checklist of all set points relating to pressure levels (regulators, relief
valves, alarm and shutdown switches, accumulator pre-charge, pump start/stop switches), fluid levels,

voltages, time delays, and similar parameters.

All 4

11.3

11.3

The)
sha

Indi

The
con
con
soft
ens

afety features or devices shall be verified to operate correctly.
.5 Environmental stress screening (ESS) of electrical and optical equipment

.5.1 General
purpose of this test is to disclose potential failures due to flaws in workmanship or componer
| be applied to all delivered items as part of, or in conjunction with, the FAT.

vidual boards may go through this test twice, i.e. at its FAT and as a-part of an electronic modu

entire test (vibration, thermal cycling and burn-in) shall be made with the EUT powered and
inuous monitoring of all functions. To obtain such monitoring, special test equipment shall 4
hection to I/O circuits, etc. If the EUT is programmablé (e.g. subsea electronic module),

lvare within the EUT shall be made to ensure efficient,and continuous monitoring of all parts
Liring a maximized probability of detection of intermitient faults even if the faults occur relativel

ts. The test

e.

with full and
e made for
special test
of the EUT,
y infrequent

and|are of very short duration.

Thel test apparatus shall ensure that the EUT under no circumstances is exposed to excessive humidity due to
rapid changes of temperature.

The| temperature cycling is performed-by varying the temperature of the atmosphere in the tegt chamber.
Cirqulation shall be provided to ensure-a uniform temperature in the atmosphere. Heat radiation onto the EUT
sha|l be avoided.

Thel ESS vibration shall be limited to a total of 10 min at the level specified so as not to over-stregs the EUT.

For
timg

Dur

sen\
sub

11.3

diagnostic purposes during testing and fault-finding, the vibration level may be reduced if long
s are required.

ng the ESS yibration exposure, the EUT shall be mounted on the test fixture as it is mount¢g

ice. If, in nopmal service, shock absorbers or vibration dampers are part of the mounting, the
stituted for the stiff structural members during the ESS vibration testing.

.5.2\ 'ESS test sequence

Er exposure

d in normal
se shall be

The

following test sequence shall be applied:

Random vibration shall be applied along the axis during qualification testing identified as the highest stress
axis for the EUT, normally the axis perpendicular to the planes of the majority of the printed circuit boards. If
errors are detected, the excitation should be halted immediately and the fault located. If the application of
vibration is required to locate the fault, this should be done at reduced amplitude.

The random vibration shall be applied for a total of 10 min, preferably divided into two 5-min segments before
and after the thermal cycling.

The random vibration spectrum shall have the following characteristics (as illustrated in Figure 3 below):
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— 20 Hz to 80 Hz at 3 dB per octave rise;
— 80 Hz to 350 Hz at 0,04 g2/Hz;
— 350 Hz to 2000 Hz at — 3 dB per octave roll-off;

— composite excitation level shall be 6 g rms.

Y &
2
1 3
I I I I -
20 80 350 2000
X

Key
X log of the frequency, expressed in hertz
Y density, pxpressed in square gravities divided by the frequeney
1 + 3 dB/octave
2 0,04 g?/Hz
3 -3 dB/oftave

Figure 3 — Energy density over frequency range
NOTE The random vibration is(specified as spectral energy density over a frequency range. The integral of the
density proffle is a measure of _the total energy (or load on the equipment). The integral of the above curye is
approximately 6 g rms.
The above|spectrum may-be modified by the introduction of notches if resonances of the EUT resut in
intolerable pibration loads on individual components. The composite excitation level shall still be 6 g ms.
Modification of the-above spectrum shall not be performed without documenting and evaluating frequency
spectrum of the specific application.
Ten thermat-eyetes—shat-be-apphed—hetemperatureHmitsfor-thetemperature-eyehingshal-bethermaxdmum

and minimum design temperatures. If faults are detected during thermal cycling, these shall be repaired
according to approved methods, and the sequence started over. After ten cycles of no failures, the test has
been passed. One thermal cycle shall be performed as follows.

— Increase to high design temperature at minimum 5 °C/min (9 °F/min).

— Keep at this temperature for a minimum of 30 min.

— Decrease to low design temperature at minimum 5 °C/min (9 °F/min).

— Keep at this temperature for a minimum of 30 min.
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The test shall be ended with a 48 h burn-in at the high design temperature under full load conditions.

The

The

temperature tests shall be performed with forced circulation of air.

tested item shall undergo a 100 % functional test after the burn-in.

11.3.6 Other testing which may be required by the purchaser

11.3.6.1

The
with
con
sha

11.3
The)
hyd
ope
11.3

Sen

The
perf

11.4 Integrated system tests

An
sho
moq

Inte
and
load

Inte

Internal leakage testing

manufacturer's written specifications. The test shall be performed at the design pressure of i
rol system, with all circuits being tested. The minimum duration for testing shall be 10 min:’ L
| be monitored by either

pressurizing the system to design pressure, isolating the source of supply and manitoring pres|
Pressure decay shall be monitored and recorded;

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

.6.2 Fluid flushing

purpose of the fluid flushing is to remove any contamination that might have been introdu
raulic system during fabrication. The fluid flushing sheuld be carried out using the speci
Fating fluid.

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

purpose of this testing is to vary.key parameters in a controlled manner while monito
ormance and limits of operation.

ntegrated system test'may be performed. If practical, process equipment, subsea hardware 3
Lild be tested together)before installation. These tests are typically performed at a shore base]
ifications and rewerk that may be necessary.

grated systeni.tests should be carried out for all modes of operation and, if applicable, in full
non-reddndant configurations. Separate tests should be conducted for minimum, normal an
ings.

ccordance
e hydraulic
bakage rate

sure decay.

ous system

ed into the
ied system

ing system

nd controls
to facilitate

redundant
d maximum

well

grated system tests typically include end devices and interconnecting jumpers, umbilicals, stabplates, as
mwmmmmwmmw sed during

installation. Function tests verify the final result of all input signals, overrides and resets. Key set po

ints should

be rechecked. A primary benefit during integrated testing is the familiarization of operating personnel with the
location of the adjustable devices and the methods used to verify or change the set points.

In addition, performance tests should record actuation times for actuators, accumulator bank discharge
volumes, recovery times for pumping systems, power consumption for electrical circuits, delivery rates for
chemical injection circuits, expansion volumes for long hoses, and the accuracy of readback monitors.

Reference should be made to 1ISO 13628-1[6] for additional discussion on system testing.
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11.5 Documentation

The manufacturer shall document the procedures used and the results of all performance verification tests
and FATs. The documentation should identify the person(s) conducting and witnessing the tests, and the time
and place of the testing.

12 Marking, packaging, storage and shipping

12.1 Marking

12.1.1 Component identification
All major cgmponents (e.g. HPU, SCMs, MCS, EPU, etc.) shall be marked by an identifying tag;--name plate,
or imprintedl identification. The identifying means shall be suitable for the environment and” shall include

appropriate|information such as an identifying manufacturer's number, input utilities ratings;-equipment degign
pressure (rated working pressure), and date of manufacture.

12.1.2 Surface and subsea equipment temperature ratings

Surface and subsea equipment shall be permanently marked as follows:

a) standafd operating temperature:

EXAMPLE Low-temperature rating of 0 °C (32 °F) and high-temperattire’ rating of 40 °C (104 °F)
Stampt 0 °C to 40 °C (32 °F to 104 °F) standard.

b) extendgd operating temperature:

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

Stampf — 5 °C to 40 °C (23 °F to 104 °F) extended.

12.1.3 Special marking — Usage restricted to controlled environment

Surface-insfalled 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@hall have the following format:

Controlled Environment
Usage Only

12.2 Packaging

12.2.1 Rust prevention

Prior to shipment, parts and equipment shall have exposed metallic surfaces (except corrosion-resistant
materials and special items such as anodes or nameplates) either protected with a rust-preventive coating that
does not become fluid at temperatures of less than 50 °C (125 °F), or that is filled with a compatible fluid
containing suitable corrosion inhibitors in accordance with the manufacturer's written specification. Equipment
already coated, but showing damage after testing, should undergo coating repair in accordance with the
manufacturer's written specification.
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12.2.2 Surface 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 protective devices. Shipping skids or containers should be designed such that equipment does not rest
on any seal or seal surface during shipment or storage.

12.2.3 Loose components

Loose components shall be separately packaged and identified as specified in 12.1.

12.13 Storage and shipping

12.3.1 Elastomer age control

Thel manufacturer shall document instructions concerning the proper storage~environment, age control
progedures, and protection of elastomeric materials.

12.3.2 Hydraulic and pneumatic systems

12.3.2.1 General

Prigr to shipment, hydraulic lines shall be flushed, filled and/or @rained in accordance with the manufacturer's
writlen specification. Exposed hydraulic end fittings shall be capped or covered. Follow the ingtructions in
12.3.2.210 12.3.2.5.

12.3.2.2 Pressurized circuits

Blegd all gas and pressurized hydraulic circuits to‘zero gauge pressure.

12.3.2.3 Accumulators

Blegd the gas pre-charge of all accumulators to zero gauge pressure.

12.3.2.4 Fluid reservoir

Dra|n the hydraulic controlfluid from the reservoir.

12.3.2.5 HPU fluid and electrical connections

Dis¢onnect all inlet and outlet connections. Cap all connections with protection covers.

12.3.3 /Electrical/electronic systems

The manufacturer shall document instructions concerning proper storage and shipping of all electrical cables,
connectors, and electronic packages, e.g. SCM, MCS, etc.

12.3.4 Crating and handling

For shipment, units and assemblies should be securely crated or mounted on skids to prevent damage and to
facilitate sling handling.

Protective packing material should be fixed in place over all outside mounted panel gauges to protect them
from damage.
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12.3.5 Shipping and storage temperature limitations

For shipping and storage, control system equipment should be designed and prepared to allow for the
maximum expected temperature range. The fluid compensation systems may need to be replenished after
exposure to high temperatures and/or transportation.
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Annex A
(informative)

Types and selection of control system

A.1  System selection

are Jrelatively slow to respond, compared to electrohydraulic systems, and have limited capability f
data telemetry from the subsea system. The specific needs of each application shauld’be carefully
particularly with respect to data needs and speed of response, before selecting an all-hydra
appfoach. Project economics dictate whether to chose an all-hydraulic sor electrohydraulic
hydfaulic systems are generally preferred for single satellite wells located relatively close to the
and|where project economics require minimum cost.

-6:2006(E)

ude cost of
, response-

tems. They
or providing
considered,
ulic system
system:  all-
host facility,

Elegtrohydraulic systems have the added complexity of subsea electronics and electrical devicgs, but offer
mugh faster response time and have the capability to monitorva wide range of data-telemefry devices.
Elegtrohydraulic systems are typically preferred for multi-well\developments where operating flexibility, speed
of operation and data telemetry is needed for well control and/or reservoir monitoring.

A.2 All-hydraulic system descriptions

A.2l1 General

The three types of all-hydraulic systems-are defined below. A choice among these three system jppproaches
shopld consider the system response-time needs and umbilical requirements.

A.22 Direct hydraulic systems

Forldirect hydraulic systems, a separate hydraulic line is provided for each function, connected difectly to the
valVe actuator, pressure=sensing point or other subsea function to be controlled. No subsea contro] equipment
is rgquired, other than-an umbilical connector and routing of control lines to each function.

A.213 Piloted hydraulic systems

Pilofed hydraulic systems include a subsea control module containing pilot valves, along with a Ipcal subsea
soufce-of hydraulic power, generally accumulators which are charged through a separate line from|the surface.

Thesigmattimesare Tequired-toprovide onty enough-ftuidtoshift omeof the—smattpitot vatves;=amd the fluid 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
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sequence of subsea valves is predetermined, with no flexibility for operating valves in a different sequence.
This type of system has most commonly been used as a backup to an electrohydraulic system, but has also
been used as an independent system to reduce the umbilical requirements and cost.

A.3 Electrohydraulic systems

A.3.1 General

Electrohydraulic control systems replace hydraulic signals with electric signals, which essentially eliminate the
Signal—timeimmmmmmtmwmmm_WMy of
subsea data.
An electrof
electrical ca

requiremen
system hyd

h of
bnts
pnly

ydraulic control system requires an additional electrical control umbilical, or the inclusio
bles within the hydraulic control/chemical-injection umbilical. However, the hydraulic-Compon
s in the umbilical are decreased, compared to direct and piloted hydraulic systems, since
raulic supply and chemical injection conduits are needed.

A.3.2 Direct electrohydraulic systems
lical
the
Cility

Direct electfohydraulic systems transmit signals through multiple individual conductors in the control umb
directly to solenoids on DCVs located in the subsea modules. This systém option increases cost of
umbilical and is sensitive to power losses in the multiple conductors as)offset distance from the host fa
increases. The umbilical requirements increase in direct proportion to.the*number of wells controlled.

A.3.3 Multiplexed electrohydraulic systems
s of
and
can
hent

Multiplexed
coded, dig
takes the

communic

electrohydraulic systems transmit electrical signals to one or more subsea SEMs by mean
ifal messages via a single pair of conductors (oroptical fibre). The SEM decodes the message
f)propriate action, such as valve actuatiomor query of a subsea sensor. A single umbilical

e with all the wells in a subsea deyvelopment, thus minimizing umbilical control compo

requiremen
a separate,
or commun
conductors

A3.4 Au

Autonomoul
fluid is loca

s. Power requirements for signals are.low, since power for solenoid actuation is provided thrg
power function. Communication and ‘power can be via separate conductor (or optical fibre) p
ications signals can be superimposed on the power conductors, minimizing the total numbe
in the umbilical.

fonomous systems

ly stored. Communication with the surface facility may be via an acoustic link or via a combing

ugh
Rirs,
r of

5 systems provide-tocally generated power and control to the subsea production facility. Hydraulic

tion

of acoustic
system.

satellite/radio links. The basic system functions are the same as for a multiplexed electrohydraulic

A.4 Electrical systems

A.4.1 General

Electric control systems use only electric signals, which essentially eliminate the signal-time portion of
response time, improves ESD response and eliminates water depth induced efficiency reductions and
limitations of subsea accumulators. They also improve the capability of monitoring of subsea data and
equipment data (e.g., such as actuator operating characteristics over time). An electric control system requires
an electrical control umbilical, or the inclusion of electrical cables within the chemical-injection umbilical.
However, the hydraulic components requirements in the umbilical are greatly decreased compared to
hydraulic and multiplexed electrohydraulic systems, since only system chemical injection conduits are needed.
The chemical injection conduits can be installed alongside production/injection flow lines, which enables an
electric-only controls umbilical.
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Direct electric systems transmit signals through multiple individual conductors in the control umbilical directly
to control components and valve operator actuators located in the subsea modules and on the subsea
tree/manifold/other structure. This system option increases cost of the umbilical and is sensitive to power
losses in the multiple conductors as offset distance from the host facility increases. The umbilical
requirements increase in direct proportion to the number of wells controlled.

A4

Mult

digi
and
con

.3 Multiplexed electric system

al messages via a single pair of electrical conductors (or optical fibres). The SEM decodes th
takes the appropriate action, such as valve actuation or query of a subsea sensor. A single u
municate with all the wells in a subsea development, thus minimizing umbilical .control

reqlirements. Power requirements for signals are low, since power for control components and va

actd
con
min

ation is provided through a separate, power function. Communication and power can be
Huctor pairs (or optical fibres), or communications signals can be superimposed-on the power
mizing the total number of conductors in the umbilical.

A.44 Autonomous electric system

Aut
inje
the

bnomous systems provide locally generated power and control t0-the subsea production facilit
ction fluid is locally stored, or provided from a dedicated chemicals umbilical/flow line. Commur
surface facility may be via an acoustic link or via a combination of acoustic/satellite/radio linkg

system functions are the same as for a multiplexed electric system.

A.5

Hyd
retu

Hydraulic system layout

process valves can close in the event of return line or exhaust valve blockage;
reflected pressures in the return line will not cause closed process valves to open;

the seachest/compensator is always topped up when the gate valve actuators are stroked
process valve.

s of coded,
e message
mbilical can
component
ve operator
ia separate
conductors,

y. Chemical
ication with
. The basic

raulic systems should be looped to exhaust control fluid to sea (for open systems) or to the umbilical
In line (for closed systems) during the opening stroke. This system has inherent safety features:

o open the
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Annex B
(informative)

Typical control and monitoring functions

B.1 Control functions

A typical list of valves controlled by the subsea control system is as follows:

— SCSSYVs;

— production master valve;

— production wing valve;

— annulus master valve;

— annulup wing valve;

— crossoyer (injection) valve;

— methanol/chemical injection valve;

— scale-iphibitor injection valve;

— corrosipn-inhibitor injection valve;

— production choke valve (can require two contro| functions per choke);
— injection choke valve (can require two control functions per choke);
— manifold valve(s);

— chemidal-injection control valye.

B.2 Monitoring functions

A typical lidt of parameters typically monitored by subsea-located sensors of a subsea control system i as
follows:

— producliémpressure;

— choke downstream pressure;
— annulus pressure;

— manifold pressure;

— production temperature;

— manifold temperature;

— hydrocarbon leak detection;
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— tree valve position (direct or inferred);
— production choke position;

— production choke differential pressure;
— sand detection;

— downhole monitoring;

rardtinhaca flova:
HHotpPH TS e-TovY;

— | corrosion monitoring;

— | pig detection.

B.3 Subsea control module (SCM) parameter monitoring
Thel following subsea parameters may be monitored inside the SCM:

— | hydraulic supply pressures;

— |communication status;

— |internal voltages in SEM;

— |internal temperature in SEM,;

— |internal pressure in SEM;

— | self-diagnostic parameters;

— | hydraulic fluid flow;

— | hydraulic return pressure;

— |insulation resistance:

Consideration should be given to self-diagnostics to detect malfunctions for external senspr systems
conpected to the €ontrol module, e.g. downhole monitoring, multiphase-flow meters, and sand defectors. The

confrol systefmyshould be capable of performing specific diagnostics in case of a malfunction jn a sensor
sysiem.
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Annex C
(informative)

Properties and testing of control fluids

C.1 Property requirements of control fluids

Fluid prope

rty requirements for both water/glycol-based and oil-based fluids are described below

Qualificatio
part of ISO

C.2 Prop

C.2.1 Tes

It is a gene

N tests shall be performed by the fluid manufacturer in order to qualify a fluid formulation under
13628. The fluid being tested shall meet or exceed all acceptance criteria in order to qualify.

erties and testing of water/glycol-based control fluids

k specifications

ral requirement that all test fluid shall be pre-filtered before the testing starts. Either in a dyn4g

test rig whegre the minimum accumulated filtered volume is seven times_the reservoir volume of the rig

single pass
be equal to
1,2 ym.

C.2.2 Sta
C221 T

C.2.211

This test sh
(176 °F).

C.2.21.2

through a Millipore membrane’) (or similar). The filtration ratio;. 4, of the dynamic test rig filter {
or greater than 200 at 5 um. The single-pass Millipore type filter shall have a filtration ratin

bility, compatibility, filterability, lubricity and.-wear
hermal stability — High temperature

General

all be performed whenever the control system operating fluid is intended for service above 8

Methods and measurements

The neat fldid is exposed at the-maximum temperature specified by the fluid supplier plus a safety marg

+10°C (+
safety marg

Fluid is exp
through to 1

8 °F), or at the~maximum operational temperature for a specific subsea project plus the s
in.
osed forup to 12 months. The approval can be issued after 6 months, but the test shall cont
2 months to verify the 6 months result.

Visual ins

this

mic
, or
hall
g of

D °C

n of
hme

nue

measurements used to validate the thermal stability.

C.2.21.3

Procedure

all

All fluids used for flushing and cleaning in this procedures shall be filtered and dispensed through an in-line
nominal 0,8 ym pore size filter.

1) A Millipore membrane is an example of a suitable product available commercially. This information is given for the

convenience

68

of users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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following procedure shall be followed.

Select aging vessels that

— are of 316 or better quality stainless steel wetted components,

— have a full-opening top to permit “straight through” cleaning and inspection.

Clean the three test vessels in accordance with ISO 3722 and for the final rinse use either

ionized water for water-based fluids or filtered petroleum spirit for oil-based fluids.

c)
intrd
(pet

thar
d)

e)
suff]

f)

A n

sep
liqu
retri

A vglume of 200 ml (12,2 in3) from each sample is.réserved for the low-temperature stability

C.2

The)

avo
obs

Tes

C.2

The| following results shalDbe noted:

a)

b)

c)

Let the vessels dry in a clean lint-free environment. Do not use an air line to dry the vesg

roleum spirit for oil-based fluid test), agitate, and then count particles. The acceptancecritg
200 particles greater than 5 ym per 100 ml (6,1 in3) of fluid volume.

Fill vessels with 400 ml + 5 ml (24,4 in+0,3 in3) of the control fluid.

Purge the air space above the control fluid with dry filtered nitrogen and regulate the pressur
cient to prevent boiling of the control fluid. Maintain this pressure throughout the test.

Heat the vessels to the desired temperature and maintain £ 1%dhroughout the test.
inimum of three 400 ml (24,4 in3) fluid samples are exposed for 2 months, 6 months and 12
hrate vessel for each period. After testing the whole content of the vessels is retrieved. This i
d as well as any solids which may have collected at_the bottom or walls and cover of the v
eval of the sample from the autoclave, any solids.at€ collected, dried and weighed to the
2.2.

appropriate measurements are carried Ut and changes relative to the unused fluid are ca

d changes in the fluid properties after/the vessel has been opened, the pH-measurements
brvations are done within 8 h after opening of the vessel.

2.1.4 Results

change in appearance relative to unused fluid;

qualitative )description of separation in the fluid in the form of a secondary liquid phase or
(particles, sludge);

filtered de-

els, as this

duces contamination. Test for vessel cleanliness by filling with 150 ml (9,15 in3) de-ionized water

rion is less

b to a value

nonths, in a
ncludes the
essel. After
hearest mg.
esting, see

culated. To
and visual

I for fluid lubricity and wear (see C.2.2.12) before and after exposure to the maximum temperature.

5olid matter

amount (mass) of total solid matter formed;

d)
e)
f)

C.2

pH-value and lubricity as a function of time;
viscosity at the end of test;

volume change during test (loss of water).

.2.1.5 Acceptance criteria

The acceptance criteria are as follows.
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a) visual appearance: The fluid shall not change significantly in appearance. Fading of the initial colour is
acceptable.

b) fluid separation: No secondary liquid phase and no substantial amount of particles/sludge shall form
in the fluid. Maximum content of collected solids (deposits) shall not exceed
10 mg/l of fluid.

c) pH-value: The time development of the pH-value measured at the three test periods shall be
considered, and it shall show a clear tendency to stabilization over the total of
12 mo. Maximum reduction or increase in pH shall be 0,8 units.

d) lubricity: Lubricity shall not change by more than 10 % relative to the original value-and it
should stabilize during the test.

e) viscosity: The viscosity shall not change by more than 10 %.

f)  fluid vglume: The retrieved volume of the fluid shall be at least 99 % of the original volume.

C.2.2.2 Thermal stability — Low temperature

C.2.2.21 |Methods and measurements

The neat fluid and fluid samples retrieved from the high-temperature desting are exposed for 4 wk. [The

appearancg of the fluid is observed.

C.2.2.2.2 |Procedure

The fluid is|left undisturbed for 4 wk at + 5 °C (+ 41 °F) andvat the minimum recommended temperature,| but

not lower than — 10 °C (+ 14 °F). At the end of exposure thé fluid is inspected (by naked eye) with respe¢t to

changes in pppearance including formation of liquid or_solid separation.

C.2.2.2.3 |Results

The following results shall be noted:

a) changg in appearance relative to-unused fluid;

b) qualitafive description of sgparation in the fluid in the form of a secondary liquid phase or solid matter

(particles, sludge).

C.2.2.2.4 |Acceptance criteria

The acceptance criteria are as follows.

a) The flujdishall not change in appearance.

b) No sec

ondary phase liquid or solid particles/sludge shall be visible at the end of the test.

C.2.2.3 Thermal stability — High temperature in the presence of seawater

The fluid is mixed with 10 % artificial seawater according to ASTM D1141 and tested as described for the
thermal stability of the neat fluid at high temperature, see C.2.2.1. Methods, procedures and acceptance
criteria are in all respects identical to C.2.2.1.
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C.2.2.4 Seawater compatibility

C.2.2.41 Methods and measurements

For high temperatures, this property is covered by the thermal stability in the presence of seawater test; see
C.2.23.

Fluid-seawater mixtures are exposed for 4 wk at low 5 °C (41 °F), ambient 20 °C (68 °F), and moderate 70 °C
(158 °F) temperatures.

The

fnllnwing methods are used:

C.2

The
pH-
70 9

matter is filtered off and the final pH-values are measured.

C.2
The
a)

b)

c)

The)
info

related to an acceptanpce-criterion.

C.2
The)

a)

visual inspection;
filtering off and collection of solids formed in the fluid;

pH-measurement.

2.4.2 Procedure

fluid is mixed with 5 %, 10 % and in steps of 10 % up to 50 % artificial seawater, see ASTM
value of each mixture is measured. The mixtures are then exposed at 5 °C (41 °F), 20 °C
C (158 °F) for 4 wk. The appearance of the fluid is observediand compared with the neat flui
2.4.3 Results

following results shall be noted:

change in appearance relative to unused fluid;

qualitative description of separation (in* the fluid in the form of secondary liquid phase or
(particles, sludge);

pH-value of fluid mixtures befere and after exposure.
results (appearance .and” pH) at > 10 % seawater and up to 50 % are recorded as suj
'mation, giving an approximate threshold value for the compatibility. A threshold value above
2.4.4 Acceptance criteria

acceptaice criteria are as follows.

No,changes in appearance and no separation at 5 % and 10 % seawater over the test period.

D1141. The
(68 °F) and
d, any solid

solid matter

plementary
10 % is not

b)

The pH-value shall not drop by more than 0,2 units due to mixing with 5 % and 10 % seawater and it shall

not change by more than further 0,2 units during the test.

© 1SO 2006 — All rights reserved
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C.2.2.5 Control fluid compatibility

C.2.2.51

Methods and measurements

The primary fluid is mixed with the reference control fluids in specified mixing ratios at ambient and
moderate temperatures for 4 wk. Reference fluids2): Transaqua HT, Oceanic HW 443, Oceanic HW 540 and

Aqualink 30

0.

The following methods are used:

a) visual ipspesction;

b) filtering off and collection of solids formed in the fluid,;

c) pH-mepsurement.

C.2.2.5.2 |Procedure

The primary fluid is mixed with the reference control fluid in the mixing ratios by volume: 90:10, 75:25, 50:50,

25:75 and 10:90. The samples are exposed undisturbed at 5 °C (41 °F), 20 °C (68-°F) and 70 °C (158 °F|) for

4 wk and the appearance is observed. The pH-value of each mixture is measured before and after exposufe.

C.2.2.5.3 |Results

The following results shall be noted:

a) changg in appearance relative to the single fluids and unexposed mixtures;

b) qualitafive description of separation in the fluid in the“form of a secondary liquid phase or solid matter
(particles, sludge);

c) pH-vallie of fluid mixtures before and after exposure.

C.2.2.5.4 |Acceptance criteria

The acceptance criteria are as follows:

a) No change in appearance except natural colour changes if the fluids are of different colours, at|any
mixing Jratio.

b) No separation at any«mixing ratios.

c) The pH-valuesshall not change by more than + 0,2 units relative to the initial pH of a given mixture dyring
the tesj.

C.2.2.5.5 TOptionaltest

The test does not cover high temperature or other performance testing of the fluid mixtures. Optional tests
carried out on request may be comprised of the thermal stability (see C.2.2.1), and thermal stability for
50:50 volume mixing ratios in addition to the metal and the elastomer compatibility tests at maximum
temperature. The maximum temperature of a mixture is governed by the lower maximum temperature of the

neat fluids.

2) Transaqua HT, Oceanic HW 443, Oceanic HW 540 and Aqualink 300 are examples of suitable products available
commercially. This information is given for the convenience of users of this part of ISO 13628 and does not constitute an
endorsement by ISO of these products.
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C.2.2.6 Completion fluid compatibility

C.2.

2.6.1 Methods and measurements

The control fluid is mixed with specific completion fluids in defined mixing ratios at 5 °C (41 °F) and 20 °C
(68 °F) and exposed undisturbed for 4 wk.

The

following methods are used:

visual inspection;

pH-p

C.2

The)
95:]

2.6.2 Procedure

control fluid is mixed with the following completion fluids in the volume mixing ratios:.99,5:0,5
, and 90:10 for the compounds calcium chloride (CaCl,), calcium bromide (CaBry),)zinc brom

99:1, 98:2,
de (ZnBry),

lected from
e report.

ance of the
d 4 wk. The
of the pure

ase or solid

ated for the

hsation fluid
and 20 °C

potassium formate (K-formate) and caesium formate (Cs-formate). The actual bsines shall be sg

commercially available products, and the type, brand and other relevant data shall‘be included in th

Thel samples are exposed undisturbed at 5 °C (41 °F) and 20 °C (68 °F)~for 4 wk. The appear

mixfures and formation of separation are observed instantly after mixing; after 1 h, 1 day, 1 wk an

pH-yalue of each mixture is measured before and after exposurerand compared with the pH

conjrol fluid.

C.2]2.6.3 Results

Thetfollowing results shall be noted:

a) |change in appearance relative to pure control fluid and unexposed mixtures;

b) |qualitative description of separation in the-fluid mixtures in the form of a secondary liquid ph
matter (particles, sludge, plug);

c) |pH-value of fluid mixtures before and after exposure.

C.2]2.6.4 Acceptance criteria

Thefe are no general acceptance criteria related to this property. The results have to be evalu

individual projects for which they are relevant. It is up to each specific project to define project-related criteria if

this|is considered necessary.

C.2[2.7 Compatibility with miscellaneous operational fluids

C.2)2.71 Methods and measurements

The| control fluid is mixed with other relevant operational fluids: wellbore acids, methanol or compe

[EIfINemis SN3)], silicon or insulating oil in the specified volume mixing ratios at 5 °C (41 °F)

(68 °F) and exposed undisturbed for 4 wk.

The following methods are used:

a) visual inspection;

b) pH-measurement.

3) EIf Nemis SN is an example of a suitable product available commercially. This information is given for the
convenience of users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.

© 1SO 2006 — All rights reserved
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C.2.2.7.2

Procedure

The control fluid is mixed with the operational fluid in a mixing ratio which depends on the secondary fluid,
35 % hydrochloric acid, in the following volume mixing ratios: 99,5:0,5; 99:1; 98:2; 95:5 and 90:10.

a) for met

b) for compensation fluids:

hanol: 95:5; 90:10; 75:25 and 50:50;

95:5; 90:10; 75:25 and 50:50.

The samples are exposed undisturbed at 5 °C (41 °F), and 20 °C (68 °F) for 4 wk. The appearance of the
mixtures and formation of separations are observed instantly after mixing, after 1 h, 1d, 1 wk and 4 wk. The

pH-value o
control fluid

C.2.2.73
The followin
a) change

b)
(particl

c)

C.2.2.7.4

There are po general acceptance criteria related to this property. The results have to be evaluated for

individual p
this is cons

C.228 M

C.2.2.8.1

This test is

C.2.2.8.2

Tests are c
set-ups ang
second for

A set of sta
edge effect

qualitalive description of separations in the fluid in the form of secondary,_liquid phase or solid m

pH-vallie of fluid mixtures before and after exposure.

each mixture is measured before and after exposure and compared with the pH of the

Results
g results shall be noted:

in appearance relative to neat fluid and unexposed mixtures;

ps, sludge);

Acceptance criteria

rojects for which they are relevant. It is up to each'specific project to define project-related crite
dered necessary.

etal compatibility

General

not a material qualification-but a fluid qualification test.

Methods and measurements

arried out in the neat fluid and in the fluid with 10 % artificial seawater. There are two different
procedures,<one for ambient 20 °C (68 °F) and moderate 60 °C (140 °F) temperatures an
nigh temperatures.

ndard\test materials shall be used; see C.2.4.2. The samples are designed in such a manner
5 @are” minimized. Ready-made samples with reproducible crevices (where required) are prov

heat

ntter

the
ria if

test
da

that
ded

by a commi

- g L
SIUTTCU SUPMIITT .

The following standard test materials and samples are used:

— Tests at 20 °C (68 °F), and 60 °C (140 °F): Carbon steel EN 10025[42] Grade S235, Al-bronze grade
SAE701D, AISI 440 with and without crevice, tungsten carbide with 10 % Ni binder, beryllium copper
UNS C17200, AISI 440 bolt and nut on AISI 316 plate (area ratio 1:10), carbon steel EN 1002542l
Grade S235 bolt and nut on AISI 316 plate (area ratio 1:10), AISI 316 with and without crevice and
17-4 PH with and without crevice.

Test at

74

high temperature: AlSI 316 with and without crevice and 17-4 PH with and without crevice.
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following methods are used:

visual inspection (appearance, separations, deposits);

filtering off, collection and weighing of solids formed in the fluid;
pH-measurement;

mass loss of metal samples;

inspection and characterization of corrosion products and corrosion attacks; see ASTM G1.

6:2006(E)

C.2

Samples of the neat fluid and fluid which has been mixed with 10 % artificial seawater (see ASTM

use
are

a)

b)

C.2
The
a)
b)

c)

2.8.3 Procedure

d. The ready-made metal samples, which have a standard surface area and a standard surfac
degreased, dried and weighed to the nearest 0,1 mg. Further procedure is as given in a) and b

Tests at 20 °C (68 °F) and 60 °C (140 °F) are carried out in glass vesselS'that are not sealed
to avoid significant evaporation of water from the fluid. Each of .the ‘individual metals a
couplings (see list above) is exposed in a separate container in aknumber of nine replicate
Three replicates are retrieved from the fluid after 3 wk, 6 wk and”12 wk. After visual inspe
samples and after appropriate cleaning, weight loss is measured and the samples inspecte
corrosion attacks, which are characterized. The weight losses”are transcribed into uniform g
micrometres per year, and maximum depth of local attacks, in micrometres, is determin
microscope with a calibrated depth of focus. The fluidiis inspected for any separations, ing
particles or sludge, which are filtered off and weighed together with deposits collected fror
samples.

Test at maximum temperature plus 10 °C (18°F) is carried out in a suitable autoclave made

or better quality material, pressurised toCan appropriate level to prevent boiling (depends
temperature). The various samples (for AISI 316 and AISI 17-4 PH, both with and without

exposed together in ftriplicate forseach testing period. The test is run for 2 months, 61
12 months in a separate vessel for.each testing period. At the termination of the test the sam
as in C.2.2.8.3 a) is followed. The results are reported for approval after six months.

2.8.4 Results

following results shatDbe noted:

change in appéarance of fluid relative to unused fluid;
pH-valué.of fluid as a function of time;

appearance and amount of solid deposits (particles, sludge) in the fluid and on the metal sam

D1141) are
e condition,
below.

but covered
nd galvanic
specimens.
ction of the
d for visible
orrosion, in
ed under a
luding solid
n the metal

of AISI 316
on the test
Crevice) are
nonths and
b procedure

les;

d)

e)

f)

qualitative description of corrosion products and corrosion attacks (attacks which are clearl
edges or fixture holes are disregarded);

mass loss as a function of time, transformed into micrometres per year uniform corrosion;

y related to

extent and depth of local attacks as a function of time including maximum depth of local attacks (pitting,

crevice corrosion).

© 1SO 2006 — All rights reserved
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C.2.2.8.5 Acceptance criteria

The same criteria apply to the neat fluid and the fluid with 10 % artificial seawater:

a) general criteria:
— no substantial visible corrosion products or attacks on any of the metals,
— no significant amounts of deposits (particles or sludge) in the fluid at the end of the test period,
— corrasion rates shall show a clear dprlining tpndpnr‘y with time
b) specifi¢ criteria for the high-temperature test:
— Caqrrosion rate of AISI 316 shall not exceed 10 pm/year (6 months result) and maximum depth of
logal attacks shall not exceed 25 um.
— Cqrrosion rate of 17-4 PH shall not exceed 20 pm/year and maximum depth of\ocal attacks shal| not
exgeed 50 pm.
c) specifi¢ criteria for the ambient and moderate temperature tests:
— Cqrrosion rate of the carbon steel including galvanic coupling shall not exceed 20 um/year (1 year
re‘)ult).
— Cqrrosion rate of all other materials shall not exceed 10 Wm/year (6 months result) and maximum
depth of local attacks shall not exceed 20 um.
C.2.2.8.6 |[Optional test
If the fluid ig sold as containing a vapour phase inhibitor, it should be tested as follows.
Carbon stepl EN 10025421 Grade S235 samplés are exposed in the air space above the fluid exposef at
60 C (140 [F) in the above test set up. Samples are removed after 16 h and inspected visually for rust stjins.
Acceptancg criterion is no rust stains during-the test.
C.2.2.9 EJastomer compatibility.
C.2.2.9.1 |Methods and méasurements
Tests are darried out in the neat fluid at a moderate [70 °C (158 °F)] and high temperature [maximum plus
10 °C (18 °FF)], respectively. Standard test materials are used, the type depending on the temperature:
— At 70 °C (158°F): HNBR 704, Viton 70%), NBR (natural buna rubber) 706).

At high

4 4 DT 1 41 1 b ol Z) LAl A ¢ b d OO0 (O 4
WCITPCTaidre. ™ 1=, PpUIyCUICT=CUTCT=RTWIIC, CUIICITITas™ 7 dallu TTINDIN TU [UP U TZU U (250 T7)].

4) HNBR 70 is an example of a suitable product available commercially. This information is given for the convenience of

users of this

International Standard and does not constitute an endorsement by ISO of this product.

5) Viton 70 is an example of a suitable product available commercially. This information is given for the convenience of

users of this

part of ISO 13628 and does not constitute an endorsement by ISO of this product.

6) NBR 70is an example of a suitable product available commercially. This information is given for the convenience of

users of this

International Standard and does not constitute an endorsement by ISO of this product.

7) Chemraz is an example of a suitable product available commercially. This information is given for the convenience of

users of this
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part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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following methods are used:

visual inspection of fluid;

macro- and microscopic inspection of the test materials;
volume change for materials;

hardness change (Shore A or D) for materials;

pH-measurement.

-6:2006(E)

C.2
The
a)

b)

C.2

The)

f)

C.2

2.9.2 Procedure
procedure is based upon ASTM D471 without tensile testing.
The test specimens are weighed in air and in water and the Shore A or D hardhess is measurg

At 60 °C (158 °F), three replicate samples are exposed in the fluid. A separate vessel is us
material. The same samples are by re-exposure used for the exposure)periods of 1 wk, 1 m

ed.

ed for each
b and 3 mo,

respectively. Volume change and change in hardness are measured for each sample after ¢ach testing

period. At the termination of the test, the test specimens are also‘investigated with respect t
appearance and formation of cracks. The fluid samples are\investigated with respect to
appearance and the pH-value is measured.

At the maximum temperature plus 10 °C (18 °F), the proécedure and exposure times are the sa
above.

2.9.3 Results

following results shall be noted:

change in appearance of the fluid rélative to unused fluid;

appearance and amount of solid deposits (particles, sludge) in the fluid;

pH-value of the fluid at the end of exposure;

change in appearance (macro- and micro level) of polymer materials as a function of time;
volume change\(¥olume swell) of polymer materials as a function of time;

change.in hardness of polymer materials as a function of time.

2.9.4° Acceptance criteria

b change in
changes in

me as in b)

The
a)

b)

c)
d)

e)

acceptance criteria are as follows.

No visible effect of the tested polymers on the appearance of the fluid.

The appearance of the polymer materials shall not change during the test (some staining by the fluid is

permitted for materials which tend to discolour).
Volume change shall not exceed the range — 5 % to + 10 % at either temperature.

Hardness change shall not exceed + 10 % at either temperature.

The development in volume and hardness change with time shall show a clear tendency to stabilization.

© 1SO 2006 — All rights reserved
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C2210 T
The pressu

NOTE

hermoplastic compatibility

re cycling test for thermoplastics in accordance with ISO 13628-5 is used.

For the purposes of this provision, API Spec 17E['% is the equivalent of ISO 13628-5.

The test material is Nylon 11 TLO®). Samples are exposed in the fluid for 3 months and 1 year according to
the ISO 13628-5 test procedure.

C.2.2.11 Filterability

C.2.2.11.1 [Methods and measurements

300 ml (18,8 in3) of control fluid is filtered under specified conditions through a 0,8 pym filter membrane
controlled gressure drop of 0,05 MPa (7,25 psi). Filterability is calculated from the ratio of filtration” nearn

start of filtrg

C.2.2.11.2 |Procedure

Reference |s made to ISO 13357-2[43]. The test results should be reported based,on_?Stage II” only. The
membraneg specified in the standard might not be compatible with water/glycol-based control fluids, in w|
case suitable membranes have to be located. The specified filtration rating (0,8-m) shall apply.
C.2.2.11.3 |Results

The result [s the ratio between the flow rate at the start of filtrationyand the flow rate between 200 ml

300 ml of fil

C.2.211.4

The requireg
C.2212 F

C.2.212.1
One or both
a) Shell 4
b) Falext
C.2.2.12.2
a) Shell 4

Th

tion to the filtration rate at specified higher filtered volumes.

tered volume, and expressed as a percentage.
Acceptance criteria

d stage Il filterability is 80 % or above.

uid lubricity and wear

Methods and measurements

of the following tests are applied:

ball test (see ASTM D4172)[13I;

bsting (see modified"ASTM D3233).

Procedure

ball test~The details of the test procedure are given in the ASTM D4172. The test is twofold:

1)

e Weld pomt test glves an |nd|cat|on of load carrylng capability. The steel ball is loaded

at a
the

test
hich

and

each 10 srun, a further welght is Ioaded onto the balls and the test re-run usmg fresh fluid. The test
stops when the balls weld together. The weld point is the load at which this occurs.

The1 h wear test gives an indication of the prevention of metal wear. The load and speed of rotation

is fixed to 294 N and 1 460 r/min at the start of the test. Fresh fluid is added and the test run for 1 h.
After the test, the scars on the three fixed balls are measured and an average taken. This is the
mean wear scar diameter.

8) Nylon 11 TLO is an example of a suitable product available commercially. This information is given for the

convenience
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of users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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b) Falex lubricant testing. The details are given in ASTM D3233, modified according to MacDermid Canning
Ltd9).

There are many different methods of evaluating the anti-wear properties of a lubricant. Most of these methods
evaluate performance within a specific regime of lubrication. The lubrication regime in which a fluid operates is
dependent upon a number of factors including load, speed, viscosity and the geometry of the bearing surfaces.

The natures of the chemical additives added to improve lubricity also have a significant effect on how a
lubricant performs in a particular regime.

The method used to determine the performance of a lubricant should operate in the same regime as that to
whi¢hthe Tubricant Is 0 be used. MacDermid PIc have found that the most appropriate test|method for
eva|uating the performance of low-viscosity hydraulic fluids is to use the Falex lubricant test.

C.2.3 Falex lubricant test

The| Falex lubricant tester (see Figure C.1) is a well established method for-évaluating the| lubricating
performance of fluids. It is generally used specifically for metal-to-metal lubricating)situations.

The| test load is gradually increased in 445 N (100 Ibf) increments, each_increment being held [for a 1 min
peripd. The torque registered at each load is noted.

The| Falex test consists of a pin that is rotated at 290 r/min. On bothssides of this pin is a “V’-block that exerts
a ldad on the pin, which can be varied using lever arms on a ivet point which give an 11:1 [mechanical
advpantage. Thus the force at the pin is 11 times greater than that.given by the gripping arms.

Thel “V” blocks and pins are immersed in the fluid and the labrication can be measured by the ratiq of the load
by the blocks on the pin and the torque required to keep the pin rotating. The wear is measured by|the amount
the prms need to be adjusted during the test to maintain.force.

/\1 -
\q]) >

~—

P

Key

1 prass locking pin

2 Journafthat revolves at 290 r/min
3 “V’-blocks

Figure C.1 — Schematic of Falex tester

9) MacDermid Canning Ltd.
Cale Lane, New Springs
WN2 1JR Wigan
UK

This reference is given for the convenience of users of this part of ISO 13628 and does not constitute an endorsement by
ISO of this product.
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The test procedure is as follows.

a) Remove a pin and “V”-block set from the packaging.

b) Clean the test pieces with a lint free cloth or paper and acetone.

c) Place the pin and the “V"-blocks in the machine, securing the pin with the brass locking pin.
d) Fitthe 0 to 800 load wheel and gauge to the arms.

e) Fill the oil cup with the fluid to be tested to the level mark in the cup.

f)  Place the oil cup under the test pieces ensuring the “V’-blocks are completely submerged.

g) Start the pin revolving and set the load to 445 N (100 Ibf) (direct load). Allow the torque(to- settle [and
record the torque produced.

h) If the lpad drops by more than 22 N (5 Ibf) before 1 min is complete the ratchet should be re-applied|and
record [the number of cog teeth (known as wear teeth) to maintain the correct-load. At the end of| the
minute|the number of wear teeth required to raise the load back to 445 N (100/1bf)’should be recorded|

i) Leave pt 445 N (100 Ibf) for 1 min in total before increasing the load to, 890°'N (200 Ibf) using the ratghet
arm.

i) Then lgave the load at 890 N (200 Ibf) for 1 min. Again record thé.steady torque and repeat steps g) [to i)
until a load of 1 334 N (300 Ibf) is reached.

k) Leave the load at 1 334 N (300 Ibf) for 30 min. If the load ‘drops before the 30 min is complete the ratthet
should|be re-applied and record the number of cog teethi{wear teeth) to maintain the correct load.

I) If therg is a large difference between the start and end load during the 1 min test both the start and|end
load sHould be recorded, average torque should be used to prepare the graph.

The results| should be tabulated as shown in Table C.1 and a line graph of load versus torque should be
produced. This graph should include the torque at 1 334 N (300 Ibf) for 1 min and 30 min.

Table C:1*— Tabulation chart for Falex lubricant test

Direct load Torque start Torque end Wear teeth
N (Ibf) N-m (Ibf-in) N-m (Ibf-in)
445,100)
890 (200)

1334 (300) for 1 min
1 334 (300) for 30 min

Standard Falex specimens with the following characteristics are used:
— journal (Falex part number 000-503-017) 1 per test run;
— outside diameter 6 mm (0,25 in);

— length 32 mm (1,25 in);

— material steel ANSI| 3135;
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hardness 89 HRC + 2 HRC;
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surface finish 0,2 ym RMS + 0,06 p RMS (7,5 micro-inches RMS + 2,5 micro-inches RMS);

“V”-block (Falex part number 000-502-100) 2 per test run;
“V” angle 96 degrees;

material steel ANSI C1137;

hardress 22-HRG+=2HRG:

An
Tes
acc

surface finish 0,2 ym RMS + 0,06 p RMS (7,5 micro-inches RMS + 2,5 micro-inches"RM$

w journal and “V” block set is used for each test and two tests are run on each sample’to ensu
pieces are prepared and cleaned, and the apparatus is operated and maintained, in
prdance with the requirements of ASTM D3233, ASTM D2625 and ASTM D2670.

Some specifics with regard to solvents used for cleaning, etc. shall be varied to take account of

wat
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a)

b)
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br-base fluids are frequently evaluated. The test methods are based on-the aforementioned stg
e been modified to suit the application.

acceptance criteria are as follows.

Shell 4 ball test:

1) Weld pointtest: > 1 176 N (264 Ibf) minimunn;

2) 1 h wear test: A limit of < 1,2 mm (0,047 in) for the mean wear scar diameter;

Falex test: 40 wear teeth for the whole/test and no more than 2,8 Nm (25 Ib-in) torque
(300 Ibf) load.

e Falex test is used to assess changes in lubricity due to ageing of a fluid by high temperaturg
e than a 10 % change is permitted.

L4 Procedure for testing of metal compatibility

4.1 General

metal compatibility test is designed for qualification of a control fluid with respect to its ¢
ards specific’ metallic materials. The compatibility comprises the corrosively of the fluid as
ency of-the fluid to degrade and/or form deposits in contact with the metals. It is emphasised
bt a materials qualification test.

).

re accuracy.
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well as acceptance criteria, are described in general terms in C.2.2.8. The present document is a detailed
description of a recommended procedure for the metal compatibility test.

Relevant standards are ASTM G1 and ASTM D1141.

C.2.4.2 Test materials and sample design

Table C.2 gives an overview of the materials to be tested at the three different test temperatures. The
materials are tested either as plain samples or in the presence of an artificial crevice (not both). Additionally,

one

particular galvanic couple is included.
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Table C.2 also gives the recommended size (dimensions) of the various samples. The length/width
relationship may be adjusted to the shape of the test vessel. The recommended design of the samples is as
follows.

a) For AlISI 316 and carbon steel

Sheet samples, 40 mm x 50 mm (1,575 in x 1,968 in) with a thickness of ~1 mm (0,039 in). The total
exposed area (edges disregarded) is 40 cmZ2 (6,2 in2). Holes with a diameter of ~3 mm (0,118 in) are
drilled close to the four corners of the sample ~5 mm (0,197 in) from the top and side edges. Two of the
holes are used for fixing (suspending) the sample in the test vessel.

b) For Al-pronze, tungsten carbide with 10 % Ni binder and 17-4 PH

Cylindrjcal samples, 10 mm (0,394 in) in diameter and 10 mm (0,394 in) long. A ~ 2 mm (0,079,ir) hoje is
drilled through (from end to end) for fixing the samples in the test vessel.

c) ForBelu

Disk-shaped samples with a diameter of 30 mm (1,181 in) and thickness of 5 jam (0,197 in). A ~2[mm
(0,079 n) hole is provided to fix the samples in the test vessel.

d) Galvanic couplings are achieved by combining a bolt and nut of the less nable material (carbon steel) with
a sheet sample as under (a) of the more noble material (AISI 316). A belt and the corresponding nut with
an effective diameter of 10 mm (0,394 in) (not necessarily circular)-are’fixed through a hole at the centre
of the gsheet sample. The diameter of the hole is adjusted to the diameter of the threaded part of the polt.
To engure proper electrical contact between the two materials;” the bolt/nut are fastened firmly by a
suitabl¢ tool.

e) For Al$lI 316

Crevicgs are achieved in a manner similar to the.galvanic coupling above. The crevices are providedl by
Teflon |washers [~ 10 mm (0,394 in) in diameterand 1 mm (0,039 in) thick] in direct contact with| the
AISI 316 sheet samples (both sides) and kept in place by a through going bolt and nut made of 316 sjeel.
For thd 17-4 PH, the crevice is achieved by-threading a Viton O-ring'0) with a suitable diameter ontd the
cylindrical sample.

10) Viton O-ring is an example of a suitable product available commercially. This information is given for the convenience
of users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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Table C.2 — Overview of test materials and sample size

Material specifications Test temperature Sample size 2 Crevice Comments
°C mm
(°F) (in)
20 60 Max.
(68) | (140)
Carbon steel EN 10025 [42] « « . 1 x 50 x 40 sheet _ N
Grade S235 (0,039 x 1,969 x 1,575)
10->—10-cylinder
Al-bronze SAE 701D X X — (0,394 x 0,394) — —
Tungsten carbide with . x . 10 x 10 cylinder . -
10% Ni binder (0,394 x 0,394)
Beryllium Copper x x . 5 x 30 disk A .
UNSC17200 (0,197 x 1,181)
1 x 50 x 40 sheet all samples with
b
AISI 316 X X X (0,039 x 1,969 x 1,575) X cfevice
10 x 10 cylinder all sapnples with
- b
17-4 PH X X X (0,394 x 0,394) X cevice
Carbon steelbolt + nut
Carbon steel EN 10025 1421 ) .
Gride S235 bolt on AISI 316 X X — @10 mm (&3:);102, AISI 316 — galvahic couple

a Sample size is thickness x width x length.

b AISI 316 and 17-4 PH are only tested with crevices, not as plain'samples.

C.2]4.3 Preparation of samples

It is|assumed that corresponding samples-employed by the various fluid suppliers are provided Ry the same
supplier to ensure identical surface condition and edge preparation of the samples. It is assumed that the
samples come ready for use without any need for further surface preparations (grinding,| polishing),
preparations related to the conditions of edges or drilling of fixing holes. The samples have to|be marked
individually, however, for instanee by engraving an identification figure.

For|general aspects of sample preparations, reference is made to ASTM G1.
Prigr to weighing atd subsequent mounting or assembly, the samples are degreased by a 10 min immersion

in dcetone followed by a quick dipping in 96 % ethanol and drying (either overnight or forced| by heating
[makimum 70-2C (158 °F)]. All handling of the samples shall be done wearing gloves.

r drying, the samples are weighed to the nearest 0,1 mg. An accuracy of + 0,5 mg is sufficient. The
mermbers of the galvanic couples are weighed individually before assembly. The crevice forming holts are not
weighed—Fir re—threads pending—the—samptes—in—the—testing—vessets—are—fixed—te—the samples,

C.2.4.4 Test conditions and test set-up

The tests are carried out in the neat fluid as well as in the fluid mixed with 10 % by volume artificial seawater
according to ASTM D1141; see Clause 5 of this part of ISO 13628-6.

The tests are carried out at 20 °C (68 °F) and 60 °C (140 °F) and at the maximum operational temperature

plus 10 °C (18 °F). Heating is achieved by the use of heating cabinets or a water or oil bath. The specified
temperatures should be maintained within = 2 °C (+ 3,6 °F).
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The tests are run with three replicate samples for each test period (3 wk, 6 wk and 12 wk for the low and
medium temperatures; 2 mo, 6 mo and 12 mo for high temperature). Accordingly, there are nine replicate
samples for each test temperature and each metal (or metal sample variant).

Test vessels made of a material which resists the test conditions (temperature and the fluid itself) should be
used. Glass is not recommended; AlSI 316 or similar materials are considered to be suitable, including at the
maximum test temperature. For the test at elevated temperatures, it is recommended to use test vessels lined
with Teflon to avoid possible interactions between the vessel material and the fluid. This is, however, not
mandatory.

The specimens are mounted in the test vessel by suspending these from the lid of the vessel or from a
secondary [id or frame inside the vessel. A nylon thread which resists the conditions within the wvessel
(temperatune as well as the fluid itself) is applied for suspending the samples. The detailed construction\hgs to
be worked ¢ut by the users of the procedure.

a) Tests 4t 20 °C (68 °F) and 60 °C (140 °F)

These testq are run in vessels that are large enough to house all the nine single samples (for the three teg
periods). A suitable size is (width x height) 12cm x 10 cm (4,724 in x 3,937 in),~with a volume of
approximately. Smaller vessels may be used for the small (cylindrical) samples. Fhe/vessel is filled 2/3
the fluid. The vessel is equipped with a lid (cover) which is tight enough to hinder’significant evaporatio

ting
11,
with
n of

constituentg (mainly water) from the fluid but which is not airtight.

The samplgs are suspended from the fixing holes at the top corners of the.sample. There should be minimium
1,5 cm (0,5P1 in) space from the bottom of the vessel to the lower edge of the samples and the top level of the
fluid should|be minimum 1,5 cm (0,591 in) above the top edge of thessamples.

The fluid is used without any de-aeration or gas purging.

After 3 wk gnd 6 wk respectively, three replicate samplés<are removed from the vessel while the remaihing

samples ar¢ exposed further for the required testing period.

b) Test atlmaximum temperature

This test is|
vapour pre
opened bef
6 mo and 1
are then req

A suitable
total, the flu

run in vessels which are airtight and designed to withstand the pressure corresponding to
sure at the appropriate temperature. Accordingly, these are pressure vessels that should no
pre the end of the test period. Hence, there shall be one vessel for each testing period of 2
P mo for each of the two test materials. For the two materials and three testing periods, six ves|
uired.

olume of the vessel is 11 (61 in3) with dimensions as above. Again, by filling the vessel 2/3 of
id volume is approximately 0,7 | (42,7 in3). However, a smaller vessel may be used if required.

The place
vessels as

C.24.5

ent of the/vessels (all temperatures) shall ensure that the specimens are fully immersed.
escriped here shall, therefore, stand upright and should not be tilted.

the
t be
mo,
sels

the

The

During exposure of the samples, no monitoring of the tests is required with the exception of regular checks
regarding signs of leakage from the vessels. In the case of an evident leakage from a vessel, the test in that
particular vessel should be stopped and started over again.

For the tests at 20 °C (68 °F) and 60 °C (140 °F), samples are removed from the vessels after 3 wk and 6 wk,
respectively. This operation should be as quick as possible and the vessel should be covered with a spare lid
while the samples are being dismantled from the lid of the vessel.

At the termination of the tests, the vessels heated at 60 °C (140 °F) and at the maximum temperature are
cooled to an appropriate temperature with respect to ease of handling before they are opened. After opening
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the vessels, the samples are dismantled from the lid. Care should be taken not to lose any fluid during this
operation.

The specimens as well as the fluid are now ready for further inspections and assessment.

C.2.4.6 Inspection and evaluation of metal samples and solution after test

C.2.4.6.1 Inspection of metal specimens

Immediately after the specimens have been recovered from a test vessel, regardless of testing period, they
are visually inspected (by naked eye) and for each specimen a qualitative description of the appearance
incliiding type of corrosion and amount, distribution and appearance of corrosion products, Is-wfitten down.

The)
obs
cart

As
whil
it is

The

specimens with crevices and the galvanic couples are then dismantled. If there are
brvations related to the crevices or the area of galvanic contact, these are recorded. All handlin
ed out wearing gloves.

boon as the above characterization has been carried out all the samples are washed under ru
e loose corrosion products are removed by using a soft brush. Immediately afterwashing a sin
dipped into 96 % ethanol and dried by tissue paper.

next step is to chemically clean the specimen in the appropriate .chemical cleaners. Thig

any further
g should be

nning water
gle sample,

is done in

dure to the
der running

acc
corf
wat

brdance with ASTM G1. Table C.3 relates the specific test materials in the present proce
esponding material in ASTM G1:2003, Table A.1. The cleaning’ js~completed by washing un
br, dipping in ethanol, drying by tissue paper and air drying overhight or in an oven.

s of a new
by a mixing
ligible.

Aftgr the preparation of a new stock solution of each of the.chemical cleaners, the mass log
(ung¢xposed) sample of the corresponding metal should beichecked to make sure the solution (
faulf) has not become too corrosive towards the metal to. be cleaned. The mass loss should be neg

Table C.3 — Recommended procédures for chemical cleaning of the specimens

Material specifications
Carbon steel EN 10025 [42] Grade $235
Al-bronze SAE 701D

Cleaning procedure?

As for iron and steel

As for copper and copper alloys

No procedure specified.

. . N ni
Tungsten carbide with 10)% Ni binder Use washing/brushing in water only

Beryllium copper UNSC17200
AlS| 316
17-4 PH

As for copper and copper alloys

As for stainless steels

As for stainless steels

Related to ASTM G1:2003, Table A.1.1

Thel specimens, including all the parts of the galvanic couples, are then weighed and the mass loss is
caldulated The mass loss is translated into a corrosion rate expressed as micrometres per Jear, by the

conversion formulas given in Table C.4.

The specimens are then investigated visually both by naked eye and under a microscope. In addition to a
qualitative description of the condition of the specimens with respect to corrosion attacks, any significant local
attacks (such as pitting or crevice corrosion) should be characterized quantitatively as far as possible. In
particular, the maximum depth of the local attacks should be measured. This is done by selecting a certain
number of attacks (say 5) that appear to be the largest or deepest and measure the depth of these. Suitable
techniques are using a stylus on a calibrated wheel or (better) a microscope with a calibrated depth of focus.
The deepest attack found is recorded as the maximum depth of local attacks to be compared with the
acceptance criterion.

Any attacks that are clearly related to the edges of the specimens, fixture holes or engravings are disregarded.
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Table C.4 — Transformation of corrosion mass loss into corrosion rate in micrometres per year

Material specifications Density? Material dependent constant
glcm3 Ky
Carbon steel EN 10025 42l Grade $235 8 1,5 x 104
Al-bronze SAE 701D 8,5 1,4 x 104
Tungsten carbide with 10 % Ni binder 15 0,8 x 104
Beryllium Copper UNSC17200 9 1,3 x 10%
AISI 316 8 1,5 x 104
17-4 PH 8 1,5 x 104
@  Approximate values.

The formula

R =
R=
where
w
A
T
p
Ky
C.2.4.6.2
As soon as

the test ves
is transferrq

4
ooz 2] ] -
AxTxp p AxT AxT

for the corrosion rate, R, expressed in micrometres per year, is given by Equation (C.1):

| Aw
AxTxp

—

s the measured mass loss, in grams;

s the total area of specimen, in square centimetres;

s the exposure time, in months;

s the density (approximate) of.metal or alloy, in grams per cubic centimetre;

s a constant, which depends on the material, and is equal to 12 x 104 divided by the density o
material.

Inspection of thefluids

sel to a-clean glass beaker with a cover. Any solid matter at the walls or bottom of the test ve
d together with the fluid. If necessary, it is scraped off the walls by a suitable tool.

the

possible after the test has been terminated and at least the same day, the fluid is transferred from

ssel

The Volum ofthe fluid ic maacurad and anv lnce of fliid ic calanlatad Tharg ara na otrict limitc in thao N
€ HRE—HtHE—I S eaStHea—aRa—aR 1055 HtHa15—-cah6thatO a—r 8o o-StHEH RS

ain

procedure as to permissible fluid loss. It should not exceed 5 % of the total, however.

The pH-value of the fluid is measured and a qualitative description of the appearance of the fluid is written
down. This applies to colour and colour changes compared with unused fluid, any signs of a secondary liquid
phase at the top or bottom of the fluid, solid precipitates, sludge or other segregations.

The fluid is then left for 24 h in the glass beaker after which any further changes in appearance including
settlement of deposits are recorded. Thereafter, the fluid is filtered as specified. The fluid is again left on the
bench for 24 h after which a final inspection is carried out and any further changes recorded.
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C.2.4.7 Assessment of results and reporting

The procedure as described above provides results related to the corrosion performance of the various
metallic materials in the fluid at the test conditions as a function of time. These results should, however, be
interpreted as a documentation of the corrosivity of the fluid but not as materials performance.

The results, furthermore, provide information on the stability of the fluid in contact with the various metallic
materials at the test conditions. This is interpreted from changes in fluid appearance, changes in pH-value and
formation of deposits or other separations other than obvious corrosion products. To fully interpret the results,
a comparison with the results from the stability tests in the absence of metals should be carried out.

a) |corrosivity of the fluid:
— general qualitative description of the corrosion performance of each metal and'the galvanic couples,
including appearance, extent, nature (corrosion form) and distribution of(gorrosion attacks and
corrosion products,

— for the metals tested with crevices, the tendency towards crevice corrgsion,

— for the galvanic couples, the tendency towards galvanic corrosion of the less noble metal in the
couple,

— mass loss of each metal tested as a function of time,

— stipulated average corrosion rate, expressed in mictometres per year, at the end of the total test
period [3 mo for 20 °C (68 °F) and 60 °C (140 °F); 6'mo and 1 year for maximum temperafure],

— maximum depth of local attacks as a function, of time,

— qualitative assessment of the corrosivity. of the fluid (mass loss and local attacks) as g function of
time;

b) |fluid stability:

— pH-value of the fluid andwany changes relative to the initial value. From this and the cofresponding
measurements in fluids-inithe absence of metals, it may be concluded how the various npetals affect
the pH-value. There/is*no acceptance criterion related to the results.

— changes in colpur-of the fluid in the presence of the various metals. There is no acceptance criterion
related to the-results.

— qualitative-description of deposits or other segregations formed in the fluid. The acceptance criteria

related/to this aspect are that there should be no substantial amount of either corrosion [products or
other.deposits (particles, sludge) at the end of the test period.

C.2/4.8 " Step-by-step procedure

C.2.4.8.1 Preparation of samples
Wear gloves while handling samples.

There are three replicate samples for each test condition and each test period. For each material, samples for
the three testing periods are exposed in the same vessel for the tests at 20 °C (68 °F) and 60 °C (140 °F).

a) Mark the specimens by engraving or other means.
b) Degrease 10 min in acetone.

c) Flush by running water.
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d) Dip quickly into 96 % ethanol.

e) Patdry by tissue paper.

f) Leave under dust-free conditions overnight or dry in an oven [maximum 70 °C (158 °F)].

g) Weigh individual samples and the individual members of the galvanic couples to the nearest 0,1 mg.

h) Assemble galvanic couples and samples with crevices.

i) Fix suspension threads to samples and fix to the (inner) cover of the vessels. It shall be ensured that the
samplgs are not closer than 1,5 cm (0,59 in) to the bottom of the test vessel and not less than 1,3 cm

(0,59 in) from the top level of the fluid. Samples should be arranged in such a manner that they 'dq not
touch gach other or the walls of the vessel after being immersed in the fluid.

Sample burndles are now ready for exposure.

C.2.4.8.2 |Preparation of solutions
a) Filter the required volume of fluid as specified in the main procedure.

b) Preparg the solution with 10 % by volume artificial seawater according te ASTM D1141 without hegavy
metals

c) Measufe the pH-value of the neat fluid and of the seawater mixture.

d) Measufe out the required volume of the fluid (neat and mixture with seawater) for each vessel and pdur it
into thg appropriate test vessel. Accuracy in volume reading should be + 5 ml (+0,3 in3).

C.2.4.8.3 |Start and continuation of test

a) Arrangge the bundle of samples in the vessel:"Placement shall be according to C.2.4.8.1 i). The vesisels
should|stand upright.

b) Close ¢r seal vessel in accordance with the requirements for the actual test temperature.
c) HeattHe vessel to the appropriate temperature.

d) Carry qut regular inspectionsias to any signs of leakage from the vessels. In case of evident leakage (or a
visible polume drop) stop-the test in that vessel and start over again.

C.2.4.8.4 |[Intermittentremoval of samples at for 20 °C (68 °F) and 60 °C (140 °F) after 3 wk and 6 wk

a) Remove thetwessels from the controlled temperature environment.

b) Let the|vessels at 60 °C (140 °F) cool to a suitable handling temperature limited to 1 h cooling time.

c) Open the vessel and remove the cover with the bundle of samples. Unnecessary loss of liquid should be
avoided during this operation.

d) Replace the cover with a spare cover.

e) Take the appropriate three replicate samples from the bundle, remove spare cover and arrange
remaining samples and cover on the vessel again.

f)  Transfer the vessel back to the controlled temperature environment.

g) Proceed with the next vessel.
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The specimens from the intermittent exposures (3 wk and 6 wk) at for 20 °C (68 °F) and 60 °C (140 °F) are
now ready for cleaning and assessment.

C.2.

4.8.5 Termination of tests

This is valid for the vessels that are not exposed further [12 wk at for 20 °C (68 °F) and 60 °C (140 °F)] and all
exposure times for the maximum temperature test).

a)
b)

c)

d)

e)

C.2
a)
b)

c)

d)

e)

f)
g)
h)

C.2

All handling*of/the samples should be done wearing gloves. This procedure applies to all sampl

the

a)

b)

c)

Remove the vessels from the controlled temperature environment.

Let the heated vessels coal to g suitable hnndling temperature limited to 4 h nnnling time

Open the vessel and remove the cover with the bundle of samples. Unnecessary loss ofdiqui
avoided during this operation.

Place the bundle of samples on the bench. Proceed to C.2.4.8.7.

If the test is not carried out in a glass vessel, transfer the solution and as mueh as possible @
that have precipitated in the fluid to a glass beaker. Proceed to C.2.4.8.6:

4.8.6 Inspection and assessment of fluid after test
Measure the volume of the fluid with an accuracy of + 5 ml (0;3 in3).
Measure the pH-value of the fluid.

Make a qualitative description of the appearance 0f the fluid and relate the appearance to th
Colour, segregations, particles, sludge etc. should be described.

Cover the beaker and leave the fluid for 24 h-*Repeat C.2.4.8.6 b).

Run the fluid through a filter as specified and leave it for further 24 h. Repeat b) as a final ins
characterization.

After drying in air, the content of the filter is investigated and described. No weighing is requirgd.

Relate the results to the televant acceptance criteria.

Photographs shouldDe used as far as possible for documentation.

4.8.7 Inspéction and assessment of metal samples after test

bnes recollected after 3 wk and 6 wk at for 20 °C (68 °F) and 60 °C (140 °F).

d should be

f any solids

e new fluid.

pection and

bs including

Inspect the specimens by naked eye as soon as they have been taken from the test vessel. B

For galvanic

couples and samples with crevice, this is done before dismounting. Characterize the appearance of the
samples, including appearance and distribution (where on the sample) of corrosion products and attacks,
amount of corrosion products (qualitatively as, for instance, minor, slight, moderate, substantial, major,

etc.). For the samples with crevice and the galvanic couples, one should note whether the
more extensive close to the bolts employed.

attacks are

Dismantle each sample from the bundle, flush it under running water and use a soft brush to help remove

loose corrosion products. For the samples with crevice and the galvanic couples, this is do
metallic part after dismantling.

ne for each

Pat dry each sample with tissue paper and immediately transfer it into the appropriate chemical cleaner in

accordance with ASTM G1; see also Table C.3 in this part of ISO 13628.
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d) After chemical cleaning, flush the samples with running water, dip quickly in 96 % ethanol, pat dry by
tissue paper and air dry overnight or dry by heating.

e) Weigh the samples including the individual members of the galvanic couples, calculate mass loss and
convert figures into micrometres per year according to Table C.4.

f) Investigate the samples by naked eye and under a microscope at a suitable magnification. Characterize
the corrosion attacks by describing form(s) of corrosion, qualitative extent and distribution of corrosion
and indicate qualitatively number, size and location of local attacks.

g) Disregard attacks which are clearly related to the edges of the samples or to fixing holes or engravings.

h) If therg
largest
least +

i) Select

j)  For the
to wha

k) For samples with a crevice, evaluate how the crevice has affected the corrosion performance and to

extent the metal tested (AISI 316 or 17-4 PH) was susceptible to crevieg{corrosion.

I) Consider the development of the various corrosion attacks with.time and establish (for instance |
mass Ipss — time diagram) whether the corrosion rates show a" decreasing, stable or increasing t
with tinpe.

m) Relate [the results to the relevant acceptance criteria.

n) Photog

C.3 Pr¢

are any local attacks (pitting or crevice corrosion) select the five attacks which appean tq
or deepest. Measure the maximum depth of these by a suitable instrument. Accuracy should b
5 um.

he attack with maximum measured depth to be related to the relevant acceptance criterion.

galvanic couples, evaluate how the galvanic contact has affected the corrosion performance
extent the less noble metal (carbon steel) was susceptible to galvanic corrosion.

raphs should be used as far as possible for.documentation.

pperty requirements of synthetic control fluids

C.3.1 Tes

It is a general requirement that all test fluid shall be pre-filtered before the testing starts, either in a dyna

test rig wh
single pass
equal to or

C.3.2 Ger

Fluid prope

specifications

be
e at

and

vhat

y a
end

mic

re the minimum accUmulated filtered volume is 7 times the reservoir volume of the rig, or by a

through a Millipore membrane (or similar). Filtration ratio of the dynamic test rig filter shal

hreater than 200.at 3 um. The single-pass Millipore type filter shall have a filtration rating of 1,2
eral
ty-requirements for -synthetic based fluids are described in C.3.3 to C.3.11.

be
um.

Qualification tests shall be performed by the fluid manufacturer in order to qualify a fluid formulation under this

part of ISO

13628. The fluid being tested shall meet or exceed all acceptance criteria in order to qualify.

C.3.3 Appearance

The fluid sh

all be a clear, transparent, mobile liquid free from suspended material.

C.3.4 Water content

The water content shall be determined by the Karl-Fischer method.
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C.3.5 Pour point

The pour point shall be determined in accordance with ASTM D97, in which the acceptance criterion is a
minimum pour point of — 10 °C (14 °F).

C.3.6 Flash point

The flash point shall be determined in accordance with IP 34. The acceptance criterion is a minimum flash
point of 140 °C (284 °F).

C.3[7 Corrosion test
Thel anti-corrosion performance shall be determined in accordance with ASTM D665:2003Clausgs 9 and 10.

Both tests shall be carried out in duplicate for a period of 24 h at 60 °C (140 °F) using a standard ¢arbon steel
test|pin. The acceptance criterion is no rust.

C.3.8 Anti-wear test

C.3/8.1 General

The| two standard procedures for the assessment of anti-wear performance of water- and oilibased fluid
products are the ASTM D2596[12] (Shell 4 ball test) and a modified version of the Falex lubricant teist.

C.3{8.2 ASTM D2596

Thel ASTM D2596['21 method evaluates the anti-welding characteristics of a lubricant. Performance is
evaluated by assessing the load before welding of (the test pieces occurs, the load at which injtial seizure
occirs and the wear occurring under a constant;low load. The minimum characteristics are| outlined in
Table C.5.

Table C.5.— Minimum anti-welding characteristics

Characteristic Oil-based fluid
Weld point: Minimum 1,26 kN (283 Ibf)
Initial seizure load: Minimum 0,49 kN (110 Ibf)
Mean scar diameter Maximum 0,60 mm (0,024 in)

C.3/8.3 Falex test

Thel modified Falex test as defined in C.2.2.12 b) evaluates the lubricity of the fluid. The acceptgnce criteria
under-Method A are 1,33 kN (300 Ibf) load and torque less than 2 26 Nm (20 in:Ibf). The acceptance criteria
under Method B are less than 15 % change in torque characteristics (from Method A) and a weight loss on the
pin of less than 0,2 mN (1,8 in-Ibf).

C.3.9 Elastomer compatibility

Elastomer compatibility shall be determined in accordance with ASTM D471, in which the acceptance criteria
and elastomer type are determined by the purchaser.

Representative compatibility should be assessed in accordance with ASTM D471 using the standard

elastomer grades listed below. This is intended to give an indication of a fluid's effect on typical commonly
used types of elastomer. A minimum immersion period and temperature is considered to be 168 h at 70 °C
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(158 °F). However, extended test periods (typically 2 000 h) are recommended to identify the stabilization

point.

Typical elastomers include nitrile-butyl rubber (high nitrile), nitrile-butyl rubber (medium nitrile) and
fluorocarbon.

C.3.10 Thermoplastics compatibility

Compatibility with thermoplastics materials to be used in umbilicals or as flexible connections in the form of
jumper hoses between the umbilical termination and the end user shall be determined by the procedure

outlined in |

S0 13628.5

Note i

The test m
than in con

C.3.11 Fly

Given that
extremely i
be agreed |

As a mininpum, an ageing period of 2 000 h at temperatures of —40°C (14 °F), 0 °C (32 °F), and 7

(158 °F) aldg
fluid is reqy

temperaturg testing.

Changes in

The mecha
upper ends
over time a
The effect d

C.3.12 En

C.3.12.1 General

The use of
Oslo and P

Acceptancg

Trol umbilicals should be determined by the purchaser.

or the purposes of this provision, API Spec 17E['% is the equivalent of ISO 13628-5.

thod and acceptance criteria for compatibility testing with thermoplastics materials for uses 9

id stability
he lifetime of most projects is between 10 years and 20 years, the long-term stability of the flu

portant. Data on the fluid shall be generated, but the scope, method-and acceptance criteria g
y the purchaser.

ng with a period at a temperature 10 °C (50 °F) above the:maximum operating temperature of
ired. Pressure-test vessels made of corrosion-resistant material should be used for the elev
viscosity at 40 °C (104 °F) and deposits per litre;of fluid should be reported.

nical stability of the fluid shall be evaluated-at the operational temperature(s) and at the lower
of the specified temperature range. The-evaluation shall demonstrate that under static conditi

nd under pressure, the fluid remains™100 % homogeneous and does not form a multiphase sys
f seawater ingress on the fluid stability shall also be addressed as part of the evaluation.

vironmental effects

hris Commission (OSPAR) Guidelines(47].

criteriazshould be in accordance with local legislation.

C.3.12.2 Useninformation requirements

ther

dis
hall

the
hted

and
bNs,

organometallicicompounds should be avoided. Testing should be performed according to current

Table C.6 gives a list of fluid properties to be supplied to users by the manufacturer. Properties shall be

ascertained
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by the manufacturers using the following test methods.
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Table C.6 — Fluid properties to be listed by manufacturer
Property Method
Density ASTM D1298
Kinematic viscosity at 0 °C (32 °F), 40 °C ASTM D445
(104 °F) and 100 °C (212 °F)
Bulk modulus ISO 6073 (all parts)
Foaming characteristics ASTM D892
Cleanliness count ISO 44062
< For the purposes of this provision, AS 4059 'is the equivalent of ISO 4406.
Test methods
C.41 Modified Falex lubricant test
methods of evaluation are used, both involving a standard Falex lubricant tester. The test pieces used

are

Met
0,45
60 s
teet
incr
app

Met
load
peri
teet

C.4

Cc4

a)

b)

steel pins and V-blocks, totally immersed in the fluid.

hod A is carried out by increasing the contact load between the Y-blocks and rotating pins in in
kN (100 Ibf) to a maximum load of 1,33 kN (300 Ibf). Each_load increment is maintained for

crements of
a period of

. A reading is taken of the resultant torque (proportional to‘the frictional force) and the number of ratchet

h required to maintain the load (proportional to the linear wear taking place) at each 0,45
bment. The resultant data are presented as graphs of torque vs. applied load and number of w
ied load.

hod B is carried out immediately after methodA;* using the same test pieces, and is run at a

of 1,33 kN (300 Ibf) for a period of 30 min.\Once again, torque and wear are recorded dur
bd, and the resultant data are in this casé€)presented as graphs of torque vs. time and num
h vs. time.

.2 Test method — Falex lubricant tester

2.1 Method A: 0 kN to, 1,33 kN (0 Ibf to 300 Ibf) load

N (100 Ibf)
ear teeth vs.

continuous
ing the test
ber of wear

Insert new pin and M=block. Fill bath with new test fluid. Start machine with no load applied and allow to

run for 60 s.
Apply load via'thie ratchet mechanism until 0,45 kN (100 Ibf) level is reached. Allow to run for 6
Increase.lead via the ratchet mechanism. If the load has dropped below the 0,45 kN (100 Ibf)

the 60-s run, record the number of ratchet teeth required to re-establish the 0,45 kN (100 Ibf) I4
Record the torque reading at 0,45 kN (100 Ibf) load.

0s.

level during
pvel of load.

Continue loading via the ratchet mechanism until the 0,90 kN (200 Ibf) load level is reached. Allow to run

for 60 s.

Repeat steps c) and d) for loads up to 1,33 kN (300 Ibf) in 0,45 kN (100 Ibf) increments. At each
increment, record the number of ratchet teeth required to re-establish test load at the end of the 60 s run

(if load has dropped) and the torque, prior to proceeding to the next test load, until data for
and including 1,33 kN (300 Ibf) load have been obtained.
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C.4.2.2 Method B: 30 min at 1,33 kN (300 Ibf) load

a) After completing the 1,33 kN (300 Ibf) test period (60 s) and recording the number of ratchet teeth to re-
establish the 1,33 kN (300 Ibf) load (and the torque), increase the load to 1,38 kN (310 Ibf).

b) Allow the test to continue for 30 min from this point. Should the test load drop to 1,29 kN (290 Ibf), use the
ratchet mechanism to re-establish the 1,38 kN (310 Ibf) load level, record the number of ratchet teeth
required, and note the torque on re-establishing the 1,38 kN (310 Ibf) test load. Record the time at which
the load dropped to 1,29 kN (290 Ibf).

c) Atthe end of the test period, remove the load completely prior to switching off the Falex machine.

d) Retainfthe pin and V-block for examination.

C.4.3 High-temperature fluid testing requirements

C.4.3.1 General

This evalugtion shall be performed as a minimum whenever the control system operating fluid is intended for

service abg
operating tqg

ve 90 °C (194 °F). The test temperature shall be 10 °C (50 °F) abeve the maximum predi
mperature.

cted

The tests afe designed to record changes in the fluid in the following areas:
— sludge/deposits;
NOTE These can lead to blockages and increased wear.
— acidity,|reported as TAN and TBN;
— viscosity.
Viscosity is|a sign of product degradation and-shall therefore be recorded. The percent mass change of| the
fluid beforefafter test shall be quoted next to.any viscosity data.
C.4.3.2 Tpstvessel
The test vegsel should have

318 stdinless steel wetted“components;

a full-opening top-ta” permit “straight through” cleaning and inspection;

a capagity of 500 ml (30,5 in3).

C.4.3.3 Testprocedure (three vessels required)

All fluids used for flushing and cleaning in this procedure shall be filtered through a nominal 0,8 ym pore size
filter.

a)

b)

94

Clean the three test vessels with filtered petroleum spirit. Let the vessels dry in a clean lint-free
environment. (Do not use an air line to dry the vessels, as this will introduce contamination.) Test for
vessel cleanliness by filling with 150 ml (9,15 in3) petroleum spirit for oil-based fluid tests, agitate, then
count particles. The acceptance criterion is less than 500 particles of diameter greater than 5 ym per
100 ml (6,1 in3) of fluid.

Fill vessels with 400 ml + 5 ml (24,4 in3 + 0,3 in3) of the control fluid.
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c) Purge the air space above the control fluid with dry filtered nitrogen and regulate the pressure to a value
sufficient to prevent boiling of the control fluid. Maintain this pressure throughout the test. Heat the
vessels to the desired temperature and maintain + 1 % throughout the test.

d) Remove one vessel after each of

1) 330 h;
2) 670 h;
3) 2000 h.

The| vessels and fluid shall be weighed before and after test, and any mass loss recorded.

C.4/3.4 Qualification tests

Valdies for the virgin fluid shall be obtained from the manufacturer or determined in addition to the three aged
samples. The virgin sample should have the same batch number as the fluid tested:

a) |Appearance evaluation

Pour the contents of the vessel into a clean, clear cylinder of 500 ml (30,5 in3) capacity. Do ndt remove or
disturb sediments and deposits. Fluid colour and condition (clear/hazy/opaque) shall be recorded.

b) |Acidity evaluation
Use 15 ml (0,92 in3) to 30 ml (1,83 in3) for the TAN and TBN tests.
c) |Deposit and sludge evaluation

Flush sediments from the vessel with filtered fluid. Deposits on the walls shall be scraped and flushed.
The mass of the solids shall be determinedito within =1 %. If any particles were found in the previous
tests they should be included here. Report the particle size distribution and characteristics, and the
amount of deposits based on Table C:7.

Table C.7 — Deposits

Deposits
Fluid classification
mg/l Ib/in3
A 0to 10 0to 0,361 x 10~
B 10 to 100 0,361 x 10© 10 3,61 x 100
C 100 to 1 000 3,61 x 1076 t0 36,1 x 100
D greater than 1 000 greater than 36,1 x 1076

d) Corrosion evaluation

Test the fluid in accordance with IP 135:2005, section A, (10 % distilled water dilution).

C.4.3.5 Acceptance criteria

No absolute acceptance criteria have been determined. The original properties of the fluid along with the
changes undergone shall be used to evaluate the suitability of the fluid. These tests allow a comparison of
fluids and a means for the operator and fluid manufacturer to evaluate the long-term effects of high
temperature on the fluid.
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Annex D
(informative)

Operational considerations with respect to flowline pressure exposure

D.1 General

A subsea praduction system can be classified as follows:

— subsed production system rated to maximum shut-in pressure;

— subsed production system with pressure restrictions;

— subsed production system with pressure protection.

Functional fequirements for the subsea production control system should be based onyjthe classification of the

subsea progluction system.

D.2 Subsea production system rated to maximum shut-in pressure

Subsea production systems, including flowlines and risers that are rated to maximum shut-in pressure, shpuld

be the prefgrred base case. Hence, in this case, the topside systems are designed to handle maximum shut-in

pressure. Jperational challenges in this case are shutdown situations and pressure relief situations.

In this case|topside safety is maintained by the riser system’ and riser system valves.

The following elements are applicable for such a system.

— Shutdgwn of subsea production systems~can be minimized since topside safety is maintained by fiser
system valves.

— Exposure of differential pressure dcross subsea valves and chokes can be controlled and minimized.

— Down-{fime of production control system can be accepted without immediate subsea shutdown sjnce
personpel safety is controlied’by the topside system.

An operatignal philosophy-which allows the subsea valves to be in an open status regardless of the topgide

status shall be considered. Cooling of subsea wells can be significantly reduced in a shutdown situation if

wells are ajlowed to produce” into flowlines and/or other wells. Wear of subsea valves can be reducgd if

pressure bdild-up-in.flowlines is allowed thus reducing differential pressures across subsea trees.

D.3 Subsea production system with flowlines that have limitations with respect to
exposure to maximum shut-in pressure

Several occasions can result in pressure restrictions being set on flowlines even though the flowline itself is
rated to maximum shut-in pressure. These occasions can be related to pressure ratings of topside manifold,
pressure rating of swivel, limitations in topside pressure relief system, etc.

A field which is based on pressure restrictions being put on flowlines, requires optimization between subsea
and topside design. This operational philosophy puts operational limitations on the subsea production system.
In addition, enhanced functional requirements with respect to control and shutdown of the subsea system are
required, compared to the preferred system described in D.2.
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An immediate shutdown of the subsea system is required whenever the topside system is shutdown. The
number of subsea shutdown situations increases compared to the preferred case. Subsea valves/chokes are
exposed to differential pressure. The criticality of chokes is increased compared to the preferred case system
since differential pressure has to be maintained.

Shutdown of subsea wells results in rapid well cooling, thus enhancing the requirements for actions to prevent
hydrate formation. Operability of a methanol injection system has to be emphasized. Control system impact
shall be considered.

The subsea system is shutdown when high pressure in flowlines is detected.

Consequences of communication errors between topside and subsea are decided.

Thig operational scenario requires a certain response time of shutdown system. Response)time ¢riteria shall
be developed as part of front-end engineering.

Control system availability is important in these cases. Location of topside controlequipment tan have a
sigrfificant impact on total system availability. Location in a permanent safe area,is'preferred.

Control co-ordination between topside and subsea chokes is required to_ prevent unacceptabl¢ pressures
occurring in flowlines. Functional design specifications shall be developed ‘during front-end enginegring.

D.4 Subsea production system including high integrity pipeline protection system
(HIPPS)

In this scenario, the flowlines are not rated to wellcshut-in pressure. Hence, a HIPPS fungtionality is
implemented.

Thel HIPPS shall be autonomous.

Thel HIPPS shall activate upon detectionlof high pressure in flowlines. HIPPS maximum regponse time
requirement shall be established.

The| control and shutdown philosophy 'shall be as follows.
— | The production control system shall act as first barrier to prevent pressure build-ups in flowlines. This
shall be done through™a, robust control strategy, including topside and subsea control. Both feedback and

forward control alggrithms shall be evaluated (control level).

— | The second barrier to prevent pressure build-ups in flowlines shall be the subsea PSD system using
topside and-subsea pressure transmitters (process shutdown level).

— | The third* barrier to prevent pressure build-up in flowlines shall be the HIPPS system. In this|context the
HIRPPS system represents the ESD functionality (ESD level).

Subsea confrol system availability is of uimost importance for the system operability in these types of
applications.

Critical safety unavailability and test interval criteria shall be established and documented for ESD and PSD
systems for this type of application.

The design of the HIPPS system should be based on the methods and guidelines provided in IEC 6151139
and IEC 61508 (all parts)40l.
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Annex E
(normative)

Interface to intelligent well

E.1 Physical interfaces

E.1.1 Option-1—Subsea-electroniec modute(SEM)-interface—————————————

E.1.1.1 General

A single IW
(see ANSI 1

— asingl¢ Eurocard;

— two sin

— asingl¢ Eurocard occupying two consecutive slots.

Each conn
specificatio

Temperature ratings shall be in compliance with 5.4.2.3 and 5.4.2:4.

Fault tolera

Diagnostics
to prove thg

E11.2 E

None.

014:1987, Section 72

gle Eurocards;

pctor shall be a Euro Connector in accordance with DIN 41612-2 (see Table E.1, for dete
s and pin connector allocation).

communications interface.

urocard ANSI 1014:1987, Section 7 — Deviations

98

CS interface installed inside the SEM of the subsea control module shall be one of the folloying

iled

hce shall be provided to ensure that the integrity’ of the SEM electronics is maintained in the epent
of any failure on the interface card(s).

shall be provided. As a minimum, this shall include the ability to “ping” the interface card in ofder
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