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Foreword

This guidance note has been prepared under the auspices of the Subsea Fiber Optic Monitoring
(SEAFOM) joint industry group, and the Feedthrough System Working Group, formed to promote
international standardization of subsea optical and/or electrical monitoring and sensing functional and
test parameters for optical and/or electrical feedthrough systems used in subsea Christmas Trees (XT).
This document specifically addresses the interface between the subsea environment of the XT and the
downhole or reservoir environment for transmission of optical data through the XT.

This guidance note outlines the minimum design and functional requirements, and the minimum
gualification and factory acceptance test requirements for an optical feedthrough system (OFS) or
electrical feedthrough system (EFS) to be used in intelligent well applications using vertical or horizontal
subsea Christmas (Xmas) Trees. The XT forms the critical pressure containment barrier between the
well and the subsea environments, and as such, all interfaces within the XT shall meet the requirements
of the XT as a barrier system as defined within APl 6A/ISO 10423, APl 17D/ISO 13628-4 and API 17F.
The user should be thorough to define their application specific requirements (all scenarios) to ensure
the feedthrough system is compatible with their application and meets any additional design and
functional requirements.

1 Introduction

This specification outlines the minimum design and functional requirements, as well as the minimum
gualification and factory acceptance test requirements for an optical feedthrough system (OFS) or
electrical feedthrough system (EFS) to be used in intelligent well applications through vertical or
horizontal subsea Christmas (Xmas) Trees (XT). The primary function of the Feedthrough System is to
provide optical/electrical communication between permanently installed downhole instrumentation
(sensors, gauges) or power to downhole valves or other equipment and a surface or subsea located
control systems while providing full pressure-containment through the XT as required by ISO 10423 (API
6A) and 1SO 13628-4 (API 17D). The OFS/EFS consists of one or more wet-mateable, dry-mateable
optical/electrical connectors or penetrators interconnected as needed to establish and maintain
communication and pressure-containment through the various XT system components. Physical
interface details between the connector elements and the end user’s equipment are outside the scope
of this specification. However, the connectors and interfaces must be suitable for the conditions
described within this specification.

The SEAFOM and IWIS specifications are largely complimentary documents in that most of the physical
tests are similar, with the primary differences being the testing related to optical or electrical performance
characteristics.

The tests described within this document are intended to replicate the typical environments that the
feedthrough systems may experience in order to ensure that the product meets minimum design and
functional requirements and is suitably qualified for service once the test program is satisfactorily
completed.

1.1 Documentation

Documentation may include the following as a minimum, but the contract shall identify the deliverable
documentation as required by the client/operator:

. Project Interface Datasheet — identification of all client-driven requirements beyond the scope
of this document

Performance Verification Test (PVT) report (for new supplier or application qualification)
Factory Acceptance Test (FAT) report

Handling, shipping, preservation and storage procedures

Product data sheets defining pertinent OFS/EFS parameters

Procedures documenting safe installation, test and deployment of the OFS/EFS

Material selection report
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. Material compatibility report

. EFS/OFS System Scope of Supply (General Assembly and BOM), including required tooling
. General Arrangement drawings, including overall dimensions and weights

o Capabilities — Identified locations and details of pressure integrity barriers

1.2 Critical Interfaces

1.21 External Interfaces

The connector and/or penetrator design and qualification shall take into account all external interfaces
such as the downhole cable and subsea jumper. These external interfaces are to be clearly specified in
the design documentation as well as in project specific application requirements defined by the client.
Refer to the Project Interface Datasheet at the end of this guidance note.

1.2.2 Internal Interfaces

The connector and/or penetrator design comprising the feedthrough system is required to fit into the
machined preparations defined by the Xmas Tree vendor for the XT, Tubing Hanger, Tubing Hanger
Running Tool, or other internal interfaces as specified by the Xmas Tree vendor.

1.2.3 "Welding

When welding is to be used in a design, the manufacturer is to use only current, approved weld
procedure specifications (WPS) and weld procedure qualification records (WPQR) as specified in API
6A. Welding shall be qualified in accordance with the governing specifications and the client/operator
requirements which are outside the scope of this document.

Qualified WPS and weld procedure qualification records (WPQR) shall be performed per ISO 15607.

Electron Beam Specific Information
Table 1: EB Welding Process Guidelines

Process Electron Beam Welding

General Rules ISO 15607

WPS ISO 15609-3

Previous Welding Experience ISO 15611

Standard Procedure ISO 15612

Pre-production Test ISO 15613

Welding Procedure Test ISO 15614-11

Inspection (Quality Level B) ISO 13919-1
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2 References

21 Normative Reference

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 amendments) applies.

API RP 14B, Design, Installation, Operation, Test, and Redress of Subsurface Safety Valve Systems
API 6A /1S0O 10423, Specification for Wellhead and Christmas Tree Equipment

API 17D, Design and Operation of Subsea Production Systems-Subsea Wellhead and Tree Equipment
API 17F, Subsea Production Control Systems

NACE MR0175/1SO 15156, Materials for use in H2S containing environments in oil and gas production
ASTM D903-98, Standard Test Methods for Peel or Stripping Strength of Adhesive Bonds

ASTM D1141-98, Standard Practice for the Preparation of Substitute Ocean Water

EN 10204, Metallic Products. Types of inspection documents

IEC 60721-3-2, Classification of groups of environmental parameters and their severities — Section 2:
Transportation

IEC 61300-3-4, Fiber optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 3-4: Examinations and measurements — Attenuation

ISO 23936-2, Petroleum, petrochemical and natural gas industries — Non-metallic materials in contact
with media related to oil and gas production Part 2: Elastomers

ITU-T L.400, Optical fibre splices
NORSOK D-010, Well integrity in drilling and well operations
NORSOK M-630, Material data sheets and element data sheets for piping

NORSOK M-710, Qualification of non-metallic sealing materials and manufactures — Polymers

2.2 Informative References

These are references identified in the text but not in a mandatory way.

1. API 17N, Recommended Practice for Subsea Production System Reliability and Technical
Risk Management

ANSI/TIA/EIA 568 B.2, Commercial Building Telecommunications Standard Part 2: 100 Ohm
Balanced Twisted-Pair Cabling Standard

ASTM D395-03, Standard Test Methods for Rubber Property — Compression Set

ASTM D471-06, Standard Test Method for Rubber Property - Effect of Liquids

ASTM D877, Dielectric Breakdown Testing of Dielectric Fluids

ASTM D1414-94, Standard Test Methods for Rubber O-Rings

ASTM D2240, Standard Test Method for Rubber Property - Durometer Hardness

N

Noohkw
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10.
11.
12.

13.
14,
15.
16.
17.
18.
19.

20.
21.
22.
23.

24,

25.
26.

ASTM D3164-03, Standard Test Method for Determining Strength of Adhesive Bonded Plastic
Lap-shear Sandwich Joints in Shear by Tension Loading

BS903 Part A2, Physical Testing of Rubber, Method for Determination of Tensile Stress-strain
Properties

BS903 Part A3, Physical Testing of Rubber, Determination of Tear Strength

BS903 Part C2, Physical Testing of Rubber, Determination of Volume Resistivity

BS903 Part A26, Physical Testing of Rubber, Method for Determination of Hardness (between
10 IRHD and 100 IRHD)

BS6899, Specification for Rubber Insulation and Sheath of Electric Cables

IEC 60228, Conductors of Insulated Cables

IEC 60287, Electric Cables. Calculation of the Current Rating

IEC 60811, Common Test Methods for Insulating and Sheathing Materials of Electrical Cables
ISO 6945, Rubber Hoses - Determination of Abrasion Resistance of the Outer Cover

ITU-T G.650, Definition and Test Methods for the Relevant Parameters of Singlemode fibres
ITU-T G.651, Characteristics of a 50/125 ym Multimode Graded Index Optical Fiber Cable for
the Optical Access Network

ITU-T G.652, Characteristics of a Single-mode Optical Fiber and Cable

ITU-T G.653, Characteristics of a Dispersion Shifted Single-mode Optical Fiber and Cable
ITU-T G.654, Characteristics of a Cut-off Shifted Single-mode Optical Fiber and Cable

ITU-T G.655, Characteristics of a Non-zero Dispersion Shifted Single-mode Optical Fiber and
Cable

ITU-T G.911, Parameters and Calculation Methodologies for Reliability and Availability of Fiber
Optic Systems

ITU-T G.972, Definition of Terms Relevant to Optical Fiber Submarine Cable Systems
NORSOK M-001, Materials Selection
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3 Scope

This specification outlines the minimum design and functional requirements, and the minimum
qualification and factory acceptance test requirements for an optical feedthrough system (OFS) or
electrical feedthrough system (EFS) to be used in intelligent well applications using vertical or
horizontal subsea Christmas (Xmas) Trees (wellhead system).

4 Safety Statements
4.1 Warnings
o LASER safety: Fiber optic test and operational equipment can include LASER sources of high

power and infrared (invisible) energy. This energy can cause permanent eye damage to
personnel either working with such equipment or working in the same area. Appropriate
measures must be taken to prevent any eye damage from occurring. Appropriate eye
protection glasses shall be worn by personnel working on, or in close proximity to optical
testing. Further definitions for LASER safety can be found in IEC 60825 and ANSI Z136.1

. Hazardous voltages are specified in this standard. Death or serious bodily harm could result if
electrical safety precautions are not observed.

4.2 Cautions

. Caution must be exercised during assembly and testing to ensure that all fittings, hydraulic
and gas equipment are correctly rated and properly installed for the test.

. Provisions shall be made to include a system pressure-relieving / controlling device to ensure
that any test surge pressures are in accordance with APl 17D and/or APl 6A.

) Should there be any doubt about the intent of the governing requirements at any time during
testing, stop testing immediately, make test equipment safe and contact the design authority.

. Safety shall be everyone’s concern and responsibility.
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5 Terms and Definitions
For the purposes of this document, the following terms and definitions apply.
51 Alignment

Specific to stab-mate engagement interface and the mechanical and physical orientation between
mating halves of a connector pair, typically the wet-mate connector.

5.1.1 Axial Alignment

Alignment between connector halves along the centerline of the connector related to end-face position
(longitudinal tolerance, + z) with coincident centerlines. For testing purposes, dimension (N) is the
nominal mated position of the connector and is the midpoint of the tolerance range of the mated
connector pair.

Figure 1: Axial Alignment
5.1.2 Angular Alignment
Angular alignment (Y) between connector halves of the angle formed between the centerline of one half

of the connector respective to the centerline of the mating half of the connector (angular tolerance). The
pivot point is defined to be the face of the mating connectors.

— o —
" — s —

Figure 2: Angular Alignment

.

5.1.3 Radial Alignment

Alignment between connector halves associated with offset (x or y) in a direction perpendicular to the
centerline of one half of the connector relative to the centerline of the mating half of the connector (radial
tolerance). For axisymmetric designs, only x or y need to be identified.

Figure 3: Radial Alignment
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514 Rotational Alignment

Rotational alignment (Q) between connector halves related to primary keying orientation.

Figure 4: Rotational Alignment
5.15 Partial Mating Separation Distance

The Separation Distance (S) between the Nominal Mating position (N) and connector halves touching
(N + S).

N

Figure 5: Partial Mating Separation Distance
5.2 ‘A’ Annulus
The space formed between the production tubing and the production casing or bore hole.
5.3 Ambient Pressure

The average pressure at mean sea level (MSL) in the International Standard Atmosphere (ISA) is 101.3
kPa, or 1 atmosphere (atm).

5.4 Ambient Temperature

The temperature in the room/outside environment where a person would interact with the hardware. For
most cases this is defined as a range of 15°C to 35°C (59°F to 95°F).

55 Attenuation

The decrease in signal strength along an optical fiber (waveguide) caused by absorption and scattering.
Attenuation is normally expressed in decibels per kilometer (dB/km).
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5.6 Back Reflection

In cases where light is launched into an optical fiber (waveguide), back reflection refers to the light
(power) that is returned to the launch point or source. This is synonymous with Return Loss (RL) and
will be referred to as such in this document.

5.7 Barrier — Pressure Integrity

Structural and pressure-containment capability consisting of one or more sealing mechanisms at every
pressure boundary:

Internal pressure barrier is located in the ‘A’ Annulus and Gallery (i.e. within the well and XT).
External pressure barrier is located outside the Xmas Tree on the subsea side.

5.8 Barrier — Functional Fluid

Physical pressure containing or non-pressure containing sealing mechanism, consisting of one or more
seals, designed to prevent unintentional ingress of fluids into connector internals, that could impair the
function of the connector.

5.9 Class

Service rating designation defining maximum working pressure and temperature limits of equipment, as
defined in table 1, Section 8.

5.10 Completion Fluid

A solids-free liquid used during oilfield well completion operations, primarily to control formation
pressure. A specially treated completion fluid, designed to prevent corrosion and biological activity over
long-term use, is typically left in the ‘A’ annulus and may be in the wellbore when the tubing hanger is
installed.

Completion fluids are typically halide brines. Formates are rarely used during the well completion, are
typically removed from the well prior to running the tubing hanger.

511 Connector
Electric/ fiber optic device or combination consisting of two mating halves, one referred to as the female

(socket or plug) half and the other the male (pin or receptacle) half, which upon engaging completes the
transmission circuit through the device. Convention calls for the plug to be engaged into the receptacle.
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Drymate Receptacle Drymate Plug
—
Wetmate Plug Wetmate Receptacle
—_—
= A = £ Sk w
NOTE:

NOTE: DESCRIPTIONS RELATE TO MECHANICAL
THEPLUG HOUSING INSERTSINTO CONFIGURATION, NOT OPTICAL OR

THE BORE OF THE RECEPTACLE ELECTRICAL

Figure 6: Connector
5.12 Corrosion Inhibitor
A chemical additive used in brines and acid treatments to protect iron and steel components in the
wellbore and treating equipment from the corrosive fluids. Corrosion inhibitors generally are mixed with
the brine or treatment fluid and are formulated to be effective in protecting the metal components the
fluid is likely to contact. They can be hostile to non-metallic soft goods.
5.13 Downhole

That portion of a drilled and completed well within the wellbore (borehole) located below the subsea
wellhead below the tubing hanger, including the ‘A’ Annulus.

514 DHG

Downhole Gauge.

5.15 Dry-mate

A connector with an interface capable of being engaged and disengaged many times in an ambient
atmospheric environment, typically not tolerant of wet-mating or being engaged in wet or moist
environments.

5.16 Dual Barrier

Pressure-containment: Consisting of two independent seal mechanisms at every pressure boundary
with a primary and secondary seal. See section 5.7 and 5.8.

5.17 EFS
Electrical feedthrough system
5.18 FAT

Factory Acceptance Test; production-type test
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5.19 FTS
Feedthrough system. This could be either optical or electrical.
5.20 Gallery

The space formed between the tubing hanger and the tree valve block above the TH middle pack-off
seal.

521 Hydrogen Darkening

A physical degradation of the optical properties of glass caused by the binding of free hydrogen atoms
and SiO:2 (silica glass) fiber.

5.22 Hydrogen Scavenger

A gel or fluid that is used to capture hydrogen atoms to prevent them from reaching the glass fiber
causing hydrogen darkening.

5.23 Insertion Loss (IL)

The loss of transmitted power resulting from inserting a component, such as a connector or splice, into
a previously continuous, uninterrupted path of fiber. IL is normally expressed in dB.

5.24 Interface Datasheet

A document that allows customers and their clients to define project specific requirements or a given
sensor system for integration into the system infrastructure (e.g. XT, subsea interfaces, downhole
interfaces, cables, control lines, etc.), sensor functional parameters and requirements (e.g. test methods,
test wavelengths, etc.), reservoir and completion media composition, etc.

5.25 Multi-Mode (MM)

An optical fiber that has a core large enough to carry and propagate more than one mode
(electromagnetic wave) of light. The typical core diameter is 50 to 62.5um.

5.26 OFS
Optical Feedthrough System
5.27 Open and Reverse Face

Open is the engaging (front) or mating interface of a connector pair and reverse is the non-engaging
(back) half of the connector pair.

5.28 Optical Power

Optical power is based on the heating power of the light; the most basic fiber optic measurement is
optical power from the end of a fiber. This measurement is the basis for loss measurements as well as
the power from a source or presented at a receiver. Optical power is specified in watts = joules per
second, or sometimes it can be specified in dBm, which means decibels relative to the reference power
of 1 mW. dBm Power measurements can therefore be either positive (greater than the reference) or
negative (less than the reference.) eg 1W = 30dBm, or 0.0001W = -10dBm

SEAFOM_TSD-01 Final_April2025.docx
© 2010 All rights reserved 16



5.29 Oxygen Scavenger

A chemical that reacts with dissolved oxygen (O2) to reduce corrosion, such as sulfite (SO3) and bisulfite
(HSO:3) ions that combine with oxygen to form sulfate (SOa).

5.30 PBOF

Pressure Balanced Oil Filled. A hose, bladder tubing or similar that is intended to balance the pressure
of the external fluid from the internal fluid of a connector or body.

531 Penetrator/Feedthrough

A transmission device (electrical, optical or combination) inserted through a pressure barrier maintaining
full pressure integrity of the pressure integrity barrier. When used in the context of a connector it refers
to the specific sealing elements of the connector that provide the pressure integrity barrier.

5.32 Power Budget

The maximum allowable optical loss of the overall system, including all active and passive devices within
the system — connectors, splices, cable (attenuation, macro bending and micro bending losses),
attenuators, isolators, switches, couplers, sensors, etc., with which the system can operate within its
specified performance range.

5.33 Pressure Boundary

Interface separating the fluid external to the connector from the inside of the connector.

5.34 PTI  Pressure, internal test (maximum)

Internal test pressure = 1.5 x internal working pressure (Pwi) of the XT located in the ‘A’ Annulus,
Production Tube and Gallery (i.e. within the well and XT) per APl 17D 5.4.5.1.

5.35 PTE Pressure, external test (maximum)

External test pressure = 1.1 x external working pressure (Pwe) located outside the Xmas Tree on the
seawater side per APl 17F 9.2.2.1.3.

5.36 PWI Pressure, internal working

Internal pressure is located in the ‘A’ Annulus, Production Tube and Gallery (i.e. within the well and
XT).

5.37 PWE Pressure, external working

External pressure is located outside the Xmas Tree on the seawater side.

5.38 PVT

Performance Verification Testing; also referred to as qualification testing or type testing.
5.39 Redundant Sealing

More than one pressure—retaining seal mechanism of a dis-similar design or size.
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5.40 Return Loss (RL)

Optical return loss (ORL) is the ratio of optical power reflected by a component or an assembly to the
optical power incident on a component port when that component or assembly is introduced into a link
or system. RL is normally expressed in dB.

541 Scoop Proof

A mechanical configuration that prevents damage during connector mating to the contact elements of
the two halves by assuring proper alignment and orientation prior to internal contact engagement.

5.42 Seal Element

A component that when assembled creates a barrier between two fluid volumes. A seal element may
include but is not limited to o-rings, hoses, bladders, metal to metal seals, c-rings, chevron seal stacks
and spring energized seals.

5.43 Seal — Functional

Seals that are part of the Function Fluid Barrier. See 5.8

5.44 Seal — Pressure Integrity

Seals that are part of the Pressure Integrity Barrier. See 5.7

5.45 Single Mode (SM)

An optical fiber that has a core small enough to carry and propagate only one mode of light (consisting
of two orthogonal polarization states of the transverse electromagnetic wave). The typical core diameter
is 8.0 to 10.0um. Also referred to as monomode.

5.46 Splice (Fusion)

A permanent joint formed between two fibers by fusing the core/cladding together using a focused
electrical discharge pulse.

5.47 Temperature De-rating

De-rating of materials used for high temperature shall be done according to ISO 10423/ APl 6A Annex
G.

5.48 THRT

Tubing Hanger Running Tool. Equipment used to install or retrieve the tubing hanger and completion
string into or from the well.

5.49 Tt Temperature, test

Test temperature (range). Upper or lower temperature to perform a test at.
5.50 Tw Temperature, working (range)

Working temperature range for a connector or system.

5.51 TECI/TEF

Tubing Encapsulated Cable/Fiber
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5.52 Test Connector

Can consist of actual production connector halves, prototypes or individual test dummies to facilitate
testing of individual components.

5.53 Uo

Rated voltage.

5.54 uuT

Unit Under Test — synonymous with the term DUT (Device Under Test).
5.55 WDM

Wavelength Division Multiplexing — A fiber-optic transmission technique that enable the use of multiple
light wavelengths to send data over the same medium.

5.56 Wet-mate

A connector with an interface capable of being engaged and disengaged many times by manual or
remote means in air (dry-mated), ambient seawater and/or wellhead environments.

5.57 Wellhead (Subsea)

A pressure containing housing located at the mudline that provides a means for suspending and sealing
the well casing strings, and supporting and sealing the subsea completion stack and XT. It is common
to use the term wellhead interchangeably with XT, but they are distinctly different pieces of equipment
with different functions.

5.58 Wellhead Outlet Flange (WHO Flange)

A component which is mechanically attached and sealed to the external surface of the Xmas Tree to
form a barrier and permit the passage of electrical, optical, hydraulic transmission or a combination
thereof (see Connector, Feedthrough or Penetrator).

5.59 Xmas Tree (XT)

A subsea structure consisting of valves and actuators landed remotely on a casing or wellhead through
which a well is controlled and produced. A Horizontal Xmas Tree is designed to land on the wellhead
and suspend the tubing hanger within the tree. Production flow is diverted from vertical to horizontal
prior to exiting the tubing hanger body. A Vertical Xmas Tree is designed to land on top of the tubing
hanger that has been previously installed into the wellhead or a wellhead extension such as a tubing
hanger spool. Flow enters and exits the tubing hanger body vertically.

5.60 XTFS
Xmas Tree Feedthrough System — generic term for a Xmas Tree feedthrough system whether it is

electrical, optical or hybrid (electrical and optical). The XTFS provides communication from downhole
sensor or gauge through the XT to other surface mounted control or data acquisition systems.
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6 System Configuration

The following sections contain typical layouts for horizontal and vertical tree system configurations.
Other XT feedthrough system layouts are acceptable. Pressure integrity barriers for the feedthrough
system shall be qualified to this standard. Otherwise, components such as the SCM Jumper should be
qualified to relevant applicable standards, i.e. APl 17F, Annex B.

6.1 Horizontal XT Feedthrough System (HXTFS) Generic Configuration
Tubing Hanger Wetmate XT Drymate
Connector (C) Connector (E)
/
Jumper Drymate
XT Wetmate Connector (F)
Subsea XT Connector (D)
<+ —
Environment .

: T :

Internal Pressure, ™ T
Gallery TH SCM Jumper
(PBOF hose, containing

fiber/conductor)

Tubing Hanger Drymate

LT Connector (B)
Internal Pressure, =1 Downhole Gauge Drymate
Annulus T Connector (A)
""" Downhole Gauge Cable (TEC/TEF)

Figure 7: The above schematic is representative of a horizontal XT feedthrough system configuration.
Alternate configurations including some but not all components illustrated may be utilized.
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Tubing Hanger Wetmate

XT Wetmat
Connector (C) etmare

Connector (D) Jumper Drymate
Connector (F)

XT Drymate
Connector (E)

XT

T T

TH WHO Flange

Tubing Hanger Drymate
- Connector (B)

= Downhole Gauge Drymate
Connector (A)

- = Pressure Integrity
Barrier

Figure 8: The above schematic is representative of a horizontal XT feedthrough system Pressure
Barrier configuration, Option 1.

Per API, the Tubing Hanger and the XT body are a pressure integrity barriers. The FTS located in those
bodies only need only need to have pressure integrity barrier components in one location.
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Tubing Hanger Wetmate

XT Wetmat
Connector (C) ermae

Connector (D) Jumper Drymate
Connector (F)

XT Drymate
Connector (E)

[ ] _i
/

TH WHO Flange

Tubing Hanger Drymate
L Connector (B)

= Downhole Gauge Drymate
Connector (A)

- = Pressure Integrity

Barrier

Figure 9: The above schematic is representative of a horizontal XT feedthrough system Pressure
Integrity Barrier configuration, Option 2.
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6.2 Vertical XT Feedthrough System (VXTFS) Generic Configuration

Jumper Drymate
Connector (F)

XT ‘E
SCM Jumper
(PBOF hose, containing
fiber/conductor)
XT Drymate
Connector (E)
XT Wetmate
Connector (D)
«_  Subsea
Environment /
| Tubing Hanger Wetmate
Connector (C)
Internal Pressure,
Gallery
TH Tubing Hanger Drymate
/ Connector (B)
Downhole Gauge Drymate
Internal Pressure, < Connector (A)
Annulus T
— Downhole Gauge Cable (TEC/TEF)

Figure 10: The above schematic is representative of a vertical XT feedthrough system configuration.
Alternate configurations including some but not all components illustrated may be utilized.
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«——— WHO Flange

XT
Jumper Drymate

Connector (F)

XT Drymate
= Connector (E)

XT Wetmate
— | Connector (D)

| Tubing Hanger Wetmate
Connector (C)

TH

Tubing Hanger Drymate

— Connector (B)

Downhole Gauge Drymate
Connector (A)

- = Pressure Integrity

Barrier

Figure 11: The above schematic is representative of a vertical XT feedthrough system Pressure
Integrity Barrier configuration, Option 1.

Per APl 6A/17D, the Tubing Hanger and the XT body are pressure integrity barriers. The FTS located
in those bodies only need to have pressure integrity barrier components in one location.
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«——— WHO Flange

“._ Jumper Drymate

Connector (F)

XT

XT Drymate
Connector (E)

XT Wetmate
Connector (D)

| Tubing Hanger Wetmate
Connector (C)

TH Tubing Hanger Drymate

" Connector (B)

Downhole Gauge Drymate
Connector (A)

- = Pressure Integrity

Barrier

Figure 12: The above schematic is representative of a vertical XT feedthrough system Pressure
Integrity Barrier configuration, Option 2.
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THRT Drymate or Wetmate
THRT Connector (H)

BOP
Environment

THRT Wetmate
Connector (G)

~~~__ Tubing Hanger Wetmate
Connector (C)

TH Tubing Hanger Drymate

/ Connector (B)

Internal Pressure « Downhole Gauge Drymate
’ Connector (A)
Annulus i

-
E Bp Downhole Gauge Cable (TEC/TEF)

Figure 13: The above schematic is representative of a vertical XT Tubing Hanger Running Tool
(THRT) configuration. Alternate configurations including some but not all components illustrated may
be utilized.
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7 Reliability

Due consideration shall be given to Failure Mode Effects and Criticality Analysis (FMECA) during the
design process. This process is defined within APl 17N as well as other standards and should be used
to manage the risks of a product through improved design and manufacture.

This recommended practice has been designed, taking into consideration all events and operations
involved throughout the lifecycle of the feedthrough systems and components, to prove and to ensure
reliability and resilience of its technical performances over operational time.

Considering the probability of failure throughout the lifecycle of the feedthrough system and components,
the qualification tests described into this document have been categorized accordingly to evaluate their
value-added into the increase of the product service life and/or the decrease of the wear-out failure.

Failure rate

; ; Time
Infant Random Wear-out
mortality mortality mortality
Figure 14: Reliability “Bath Curve”
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Table 2: Qualification Test Categorization

11
15.1.1
15.1.2

15.2
15.3.1
15.3.2
1541
15.4.2
15.4.3

15.4.4

1551
15.5.2
1553

1554
1555

15.6.1
15.6.2

15.6.3

15.6.4

15.71
15.7.2
15.7.3
15.8.1

15.8.2

15.8.4

15.8.5
15.9

Fluid Compatibility
Insertion Loss Test (IL)
Return Loss Test (RL
Optical Power

Circuit Resistance

Insulation Resistance

Shell Continuity

Proof Voltage Testing
Temperature Rise Testing

High Voltage Breakdown Testing
(Destructive)

Mechanical Shock Test —
Unmated

Vibration Test: Mated, Functional
Random Vibration Test: Un-
mated, Transportation

Thermal Shock Test

Vacuum Exposure Test

Vacuum Shipment Test
Hydrostatic Pressure Cycling
Test

Hydrostatic Pressure Test
Cyclical Pressure and
Temperature Test for Pressure
Integrity Barrier Components
Cyclical Pressure and
Temperature Test for Mated
Connectors

Pressure Barrier Gas Pressure
Test

Connector Assembly Gas
Pressure Test

Rapid Gas Decompression
Testing (Assembly Level)
Dry-mate Threaded Connection
Test

Dry-mating of Wet-mate
Connection Test

Misalignment Test

Functional Mate/De-mate Test in
Cold Conditions

Turbid Conditions Functional
Mate / De-mate Test
Termination Testing
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8 Service Conditions

Service conditions described below are described in APl 6A and are designed to allow conformity
between the XT equipment and the feedthrough system. Deviations from pressure and temperature
requirements can be agreed upon between the XT supplier and the connector supplier based upon the
needs of the project.

Design in accordance with latest revisions of the following:

. API 6A/ISO 10423/ API 6A - PSL3, PSL3G (as specified by contract) and PR2
o API 17D
o API 17F

Table 3: Typical Service Temperatures

Service Condition T1 T2 T3 *
Temperature -18° to 121°C -18° to 150°C | -18°to 177°C
range (Tw) (0° to 250°F) (0° to 302°F) | (0°to 350°F)

Table 4: Typical Service and Test Pressures

Service Condition P1 P2 P3 *
Working pressure 0 to 69MPa 0 to 103MPa 0 to 138 MPa
(Pwi) internal (0 to 10,000psia) | (0to 15,000psia) | (O to 20,000psia)
Test pressure, internal 0 to 103MPa 0 to 155MPa Oto (200t70MPa
(Pmi = 1.5x Pw)) (0 to 15,000psia) | (O to 22,500psia) 25,000psia)™*

* Equipment to be used in a HPHT application (above 15,000psi [103.5MPa] and/or above 350°F
[177°C]) should meet the requirements of APl 17D (3™ or later) Annex D.
** Refer to API1 17D D.8.2.2 for RWP = 20,000psia

The rated working pressure of the wet-mate connectors (in the gallery) shall be increased by 17.2MPa
(2,500 psi) for XT designs that have control or injection passages through the tubing hanger and do not
have a compensating or venting mechanism. An agreement between the XT manufacturer and the
connector supplier must determine the required working pressure per API 17D.

Table 5: Typical Deployment Depths and Mating Pressures

Service Condition Standard Extended
Deployment water depth 003,048 m Otodb5r2m
ploy P (0 to 10,000 ft) (0 to 15,000 ft)
Working pressure 0 to 34.5 MPa 0 to 45.5 MPa
(Pwe) external (0 to 5,000 psig) (0 to 6,600 psig)
Test pressure, external 0 to 38 MPa 0 to 50 MPa
(Pte = 1.1x Pwe) (0 to 5,500 psig) (0 to 7,260 psig)
Test pressure, XT mating 0 to 38 MPa 0 to 50 MPa
(Pte = 1.1x Pwe) (0 to 5,500 psig) (0 to 7,260 psig)
Test pressure, THRT mating 0 to 38 MPa 0 to 50 MPa
(Prte=1.1x Pwe) (0 to 5,500 psig) (0 to 7,260 psig)
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For a vertical tree, the test pressure for wet mate testing shall be based on a minimum of the water depth
or the hydrostatic head pressure of the Tubing Hanger Running Tool as it is being mated and unmated.
For certain conditions where the hydrostatic head pressure is greater than the External (seawater) Test
pressure, project specific values should be used.

For a horizontal tree, the test pressure for wet mate testing shall be based on a minimum of the water
depth.

Design for a service life of 25 years.
Wet-mate connector halves remaining unmated and exposed to the ambient environment (surface or
subsea) shall be capable of remaining unmated for a period of 12 months minimum. Intervention of the

wet-mate connector half may be required to remove accumulated and settled debris and silt prior to wet-
mate engagement.

Storage temperature range: -40° to 70°C (-40° to 158°F).
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9 Design Philosophy
9.1 Xmas Tree Electrical/Optical Feedthrough System
An electric or optic feedthrough system for use in XT/TH has two primary functions.

First and foremost, it is part of the wellhead pressure controlling barrier envelope where components
straddle or penetrate XT/TH envelope boundaries.

Secondly, the feedthrough system shall ensure that an electrical/ optical transmission line can be reliably
established and maintained through the XT and TH system for the designed lifetime.

9.2 Sealing Systems

All sealing systems in components forming part of the well pressure containing barrier envelope of the
XT should use two sealing elements in series. This applies to both component internal sealing systems
and external seals between installed EFS/OFS components and the XT/TH components into which they
are installed. Seals of dissimilar designs and/or materials are recommended for all pressure barriers.

9.2.1 Pressure Barrier Seal Systems

The pressure barrier primary sealing elements should be of metal-to-metal type, and external sealing
systems may have a test-port to facilitate individual testing of the seals after installation.

Secondary sealing elements may be non-metallic (metallic preferred) provided they pass all qualification
requirements.

The above requirements also cover TH dry-mate connector and cable termination solutions.

Sealing elements shall be fully qualified individually and as a complete system including fastening
systems and correct interface geometry including materials/ overlay welds, seal surface finish etc.

Pressure barrier seal configuration: Seals of dissimilar designs and/or materials are recommended for
all pressure boundaries / barriers. Metal seals are preferred for all primary seals.

9.2.2 Functional Seal Systems

All seals that solely protect the electrical or optical components from external fluids are defined as
functional seals. Functional seals are necessary for the correct operation of the connector, penetrator,
or component.

9.3 Hydrogen Darkening

For fiber optic connector designs, the use of hydrogen scavenging should be considered in the design
to prevent the potential change in the fiber's performance.

9.4 Optical Fiber Requirement
Compatibility of selected fiber type with pressure compensation fluid shall be verified.

Compatibility between fibers used in jumper/umbilical and connector pigtails shall be verified to ensure
the acceptance criteria for a fusion splice can be achieved.
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Full details of this interface shall be agreed between interfacing suppliers. This data will be project
specific and shall include the following:

. Optical Fiber type

. Optical Fiber coating

. Optical Fiber protective outer jacket
9.5 Tubing Hanger

The Tubing Hanger is used to deploy the production tubing into the well. It is then used as a pressure
barrier to the reservoir. During deployment, there may be an extended period of time between the
installation of the tubing hanger and the installation of the XT. Depending on the region of the world,
depth and seafloor conditions, a wellhead protection cap may or not be installed. The Tubing Hanger
wet-mate connector should be designed with those cases in mind.

9.6 Tubing Hanger Running Tool

The Tubing Hanger Running Tool (THRT) wet-mate connector may have similar or identical components
as the XT wet-mate connector. For those components, qualification by similarity can be proposed
between the XT manufacturer and the connector supplier so long as the testing meets the requirements
for the THRT. Any unique functionality, components, features or seals will need to be validated to the
requirements outlined in this document.

Temperature cycle testing is not required for the THRT.
9.7 Jet Washing

For vertical x-mas trees, jet washing of the Tubing Hanger face (including hydraulic, electrical and optical
components) may be performed to remove marine growth or excess sediment. For horizontal x-mas
trees, jet washing the tubing hanger profile to remove solids is typically a requirement to remove solids
and ensure seal and barrier integrity upon installation. Jet washing conditions should be discussed with
the customer and agreed upon in the Project Interface Datasheet.

9.8 Gas Testing of Connectors

There are several reasons for performing gas testing on connectors:

1. Gas testing of pressure integrity barrier components. This requirement is intended for the
condition where there is an unintended leak exposing a feedthrough connector to gas. The

requirement is to ensure that there is not a leak to the subsea environment but does not
necessarily require the connector to function after exposure to gas.

2. XT testing is performed once the connectors are installed into the tree. This is generally a short
exposure test with a controlled ramp down rate.
3. Direct exposure to gas during the life of the connector. This is a full PSL 3G connector that

operates in a gas environment (Section 15.6.4 and 16.5).

Exposure to gas testing can cause a failure in the connectors that are not designed for gas exposure.
The design of the connector should consider the impact of gas exposure with un-controlled
decompression rates on the life of the connector. Suppliers should demonstrate how gas testing will not
degrade the performance and life of the connector through analysis or testing.

Depressurization of gas and/or hydrocarbon fluid environment shall be performed per Table 6 rates as
a minimum during qualification. For production units the values listed should not be exceeded.
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Table 6: Depressurization Rates for Qualification

Pressure Maximum Rate
Max — 31.0 MPa (Max — 4,500 psi) 4.0 MPa /min (600 psi/min)
31.0 — 6.9 MPa (4,500 — 1,000 psi) 2.0 MPa /min (300 psi/min)
6.9 — 0.1 MPa (1,000 — 14 psi) 0.14 MPa /min (20 psi/min)
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10 Metal Materials

Materials of construction shall be in accordance with API 6A and APl 17D PSL 3G requirements for
externally wetted components. Internal components which are not part of the pressure integrity barrier
need not necessarily comply with APl 6A and API 17D PSL 3G.

All materials that are considered part of the pressure integrity barrier of the EFS/OFS shall be in
accordance with API 6A material class HH-1.5 and rated for service working temperature. If high strength
nickel alloys are used, the material shall also be in compliance with APl 6ACRA.

. All components considered part of the pressure integrity barrier of the EFS/OFS shall be
constructed from materials which have resistance limits for sour service in accordance with
NACE MRO0175/ISO 15156 at a maximum operating temperature. Materials shall be suitable
for a minimum H2S partial pressure as specified in the Project Interface Datasheet, APPENDIX
A.

Materials testing will be performed if necessary, per client specification as identified on the Project
Interface Datasheet found in APPENDIX A.

Chemical exposure: suitable for APl 6A/ISO 10423 material class HH.
10.1 Metallic Material Requirements

The metallic materials shall be delivered with certificate type 3.1 according to EN 10204. The
composition of all seawater wetted metallic components shall be verified by Positive Material
Identification (PMI). The PMI shall be performed as late as possible in the assembly process and the
result documented if the client so requires. All testing and traceability documentation shall be available
for review upon request.
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11 Fluid Compatibility
111 Objective

The purpose of this section is to serve as a basis for evaluation of the compatibility of the electrical/optical
feedthrough system and the fluids it may come in contact with. The materials need to be compatible with
the fluids in order to maintain mechanical integrity over their operating lifetime. Fluids that are in contact
to the metallic materials and polymers are listed in this specification.

Primary and secondary functional and pressure barrier elastomers and non-metallic sealing elements
shall be tested to verify material compatibility with the control/production fluids and injection chemicals
identified relevant to their location in the feedthrough system.

All non-metallic materials used within the EFS/OFS (excluding seals designated as test seals) shall be
tested with the fluids specified in Table 8 and/or Table 9, at a minimum, for the entire design life under
the specified environmental conditions (if possible). Some fluids’ maximum service temperature prohibits
completing accelerated life testing in a timely manner. A reasonable effort should be made to predict
service life for the material/fluid combination in question.

A justification for “similar fluid testing” or “worst case fluid” can be submitted for approval on a project
specific basis. Some elements of a fluid are the most reactive with an elastomer or thermoplastic. A
more concentrated fluid variation or “neat” fluid test can be proposed.

Additional material compatibilities might be required on a project specific basis. Additional project
specific requirements will be identified in the Project Interface Datasheet, APPENDIX A.

Material and fluid compatibility testing shall be performed for material and fluid combinations that do not
have compatibility documented (at operating temperatures) in industry publications, Industry Code
recommendations, or supplier documentation. Test methods shall comply with industry standards or
client specifications to assure client acceptance of test results. Potential additional requirement for
compliance to APl 6A F1.13 Immersion testing should be confirmed with client.

Typical chemical exposures are identified below, but exposures are not limited to this list and actual
chemical exposures.

At a minimum, direct exposure fluids must be documented to be compatible with the material it
is in contact with.

11.2 Elastomers

The supplier selection and qualification of elastomers shall be based upon the requirement specified in
ISO 23936-2 latest editions. This shall include RGD (explosive decompression), physical ageing,
chemical ageing and service life testing as described in those documents. The operating temperature
shall be described in the specific project that it applies to. RGD testing shall apply to components that
are rated PSL3G.

11.3 Thermoplastics

The supplier selection and qualification of thermoplastics shall be based upon the requirement specified
in NORSOK M-710 latest edition only. This shall include physical ageing, chemical ageing and service
life testing as described in those documents. The operating temperature shall be described in the
specific project that it applies to.
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11.4 Documentation

Material documentation information is listed in the table below as an example (taken from 1ISO 23936-
2).

Table 7: Typical quality control information

Material

Manufacturer Acme Seals, Inc

Compound grade FabFluoro

Elastomer type ASTM D1418-05 FKM Type 3

Lot/batch no. FF2344rw4r/07

Cure date Q4 2010

Typical Properties Applicable Standard Unit Value
Density ISO 2781 g/cm3 1.8
Hardness ISO 48 IRHD 85
Tensile strength ISO 37 MPa 21
Modulus at 50% elongation ISO 37 MPa 10.1
Modulus at 100% elongation ISO 37 MPa 18.5
Elongation at break ISO 37 % 125

Fluid concentrations will vary between projects and cannot be defined in this document. Exposure to
fluids with 100% concentrations can be performed as a worst-case scenario.

The table below lists some typical fluids that may come in contact with the feedthrough system. The
fluids listed have been identified as being used by some operators, but perhaps not by all (see
completion fluids). It is the intention that the connector supplier perform their own analysis on which
connectors will come in contact with a specific fluid during different operational scenarios. For instance,
not all connectors will be exposed to completion fluids during installation.

Table 8and Table 9 identify (in some cases) multiple brands of a fluid type. It is not required to perform

testing on the entire category but on the fluid that is relevant or most detrimental to the life of the
connector.

115 Location and Duration of Exposure
11.5.1 Gallery and ‘A’ Annulus Area

For XT designs where the wet-mate is connected to the ‘A’ annulus, testing with gas is necessary. See
Project Interface Datasheet for project requirements.
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Table 8: Typical Exposure Fluids Wetting the Tubing Hanger

Common Name

Typical Brand Name

Exposure Time

Seawater Synthetic seawater 25 yrs
Monoethylene glycol
(MEG) 100% 25 yrs
1. Oceanic HW443
Control Fluid 2. Oceanic ECF 25 yrs
(Select one) 3. Transaqua HT2
4. Transaqua SP
Connector Fluid 1. Silicone Oil 25 yrs
(Depending on design) 2. Mineral Oil
Qil / Gas hydrocarbon 1. IRM 903 Reference QOil (ASTM D471) 25 yrs
. . 1. Zinc Bromide (ZnBr2)/ Calcium bromide
gﬂﬂ:ﬁgohnaiuf;cker fluid (CaBrz) 50/50% blend _
additives added to mix) 2. NaBr'(Sod|um Bromld(_a), NacCl (Sodlum 25 yrs
Chloride), KCI (Potassium Chloride) 49/49/2%
3. Calcium Chloride (CaCl2) w/ MEG
Carbon Dioxide (CO2) 6 mol% in oil phase 25 yrs
Hydrogen Sulfide (H2S) 200 ppm 25 yrs
Methanol 100% 25 yrs

11.5.2 THRT Exposure

Table 9: Typical Exposure Fluids for the THRT

Common Name

Typical Brand Name

Exposure Time

Seawater Synthetic seawater 5yrs
Glycol/MEG 100% 5yrs
1. Oceanic HW443
Control Fluid 2. Oceanic ECF 5yrs
(Select one) 3. Transaqua HT2
4. Transaqua SP
: . 1. Silicone OiIl
Compensation Fluid 5 Mineral Oil 5yrs
Qil / Gas hydrocarbon 1. IRM 903 Reference Oil (ASTM D471) 5yrs
1. Zinc Bromide (ZnBrz2)/ Calcium bromide
Completion Fluids (CaBr2) 50/50% blend
(all fluids have packer fluid | 2. NaBr (Sodium Bromide), NaCl (Sodium 5yrs
additives added to mix) Chloride), KCI (Potassium Chloride) 49/49/2%
3. Calcium Chloride (CaCl2) w/ MEG

The Tubing Hanger Running Tool is not permanently installed equipment. Thus, the exposure rating
has been reduced. It also will not be in continual service for 5 years. For simplicity, exposure testing
for continuous 5-year service will allow for a standard metric.
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12 Mechanical Performance Requirements

Table 10: General Mechanical Performance Requirements

Parameter Performance
Design Life 25 years
Maximum mate / de-mate force (horizontal
; ( To be defined by supplier and verified during
actuation) N
5 ; . qualification
Maximum mate / de-mate force (vertical actuation)
Minimum Test mate / de-mate cycles in turbid
" ¥ 10 cycles
conditions @
Minimum Test mate / de-mate cycles in wet 50 cveles
conditions @) Y
Minimum Test mate / de-mate cycles in dry 50 cveles
conditions ®®) Y
Debris See paragraph below.
Connector shear load resistance (Horizontal Tree) | Maximum 6.75 metric tons
Maximum Mating Speed (horizontal XT) ® 12.5 mm/s (0.04 ft/s)
Maximum Mating Speed (vertical XT) ©) 0.5 m/s (1.64 ft/s)
Minimum Mating Speed (vertical XT) ©® 3 mm/s (0.1 in/s)
Maximum Mating Speed (THRT) ® 0.8 m/s (2.62 ft/s)
Minimum Mating Speed (THRT) ® 3 mm/s (0.1 in/s)
Radial (x,y) Tolerance + 1.0 mm (0.039 in)
Horizontal XT Misali t Tol Axial (z) Tolerance + 1.5 mm (0.059 in)
onzonta isalighment folerance Angular (Y) Tolerance + 1.5 deg
Rotational (QQ) Tolerance + 1.0 deg
Radial (x,y) Tolerance + 1.0 mm (0.039 in)
Vertical XT Tree Misall  Tol Axial (z) Tolerance £ 5.1 mm (0.200 in)
ertica ree Misalignment Tolerance Angular (Y) Tolerance +0.5 deg
Rotational () Tolerance + 1.5 deg

(1) Mating cycles are calculated on 99% confidence factor using APl 17N D.2 for 2 turbid mates in
production.

(2) Mating cycles are calculated on 99% confidence factor using APl 17N D.2 for 4 wet mates at XT
manufacturer’s facility.

(3) Mating cycles are calculated on 99% confidence factor using API 17N D.2 for 10 dry mates at XT
manufacturer’s facility.

(4) Refilling of compensation oil/gel is permitted during qualification testing if connector is designed to
expel fluid as part of operation.

(5) For the purpose of qualification testing

All configurations shall be “scoop proof” or utilize any other appropriate configuration, such that the
contact elements are fully protected during engagement.

If orientation is critical then keyed interfaces or alternative solutions may be required.

Connectors shall be interchangeable (inter-mateable) between mating halves and shall not be used as
matched sets in any of the testing specified in this document.

The wet-mate interface shall be designed to tolerate debris present in the interface during normal mating
operations, also debris tolerant (as defined in section 15.8.5). Additional testing may be agreed to with
the client and should be added to the Appendix A PID.
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13

Electrical Performance Requirements

Table 11: General Electrical Performance Requirements

ndar Exten
Parameter Standard tended
Performance | Performance

Maximum Rated Working Voltage (Uo) 600 VDC 1000 vDC
Maximum Rate Working Current 5.0 Amp 5.0 Amp
Insulation Resistance — Connector Level

Pin / body and Pin / Pin @ Ambient Temp >20 GO >20 GO
Insulation Resistance — System Level (3 or more conn.)

@ Ambient Temp =10 GQ 210 GQ

@ Maximum Operating Temp (per Table 12) (per Table 12)
Contact Resistance (per contact pair) * <30 mQ <30 mQ
Circuit Resistance (per connector) <200 mQ <200 mQ

* Contact resistance value is based on gold plated copper contact. Alternate materials will have a
different contact resistance value. Refer to manufacturer’s specification for alternate material values.

131

Derating factor for insulation resistance (IR) at elevated temperatures

For any IR measurements above ambient temperature, it is necessary to apply a derating factor for the
acceptance criteria. The general rule is for every 10°C increase in temperature, the insulation resistance
is halved. The following table is given as a guide for the room temperature acceptance criteria for most

of the testing.

Table 12: Insulation Resistance De-rating Factor

IR Temp (°C)
20 GQ 20
10 GQ 30
5GQ 40
2.5GQ 50
1.2 GQ 60
625 MQ 70
313 MQ 80
156 MQ 90
78 MQ 100
39 MQ 110
20 MQ 120
10 MQ 130
5 MQ 140
2.4 MQ 150
1200 kQ 160
600 kQ 170
300 kQ 180
150 kQ 190
70 kQ 200
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14 Optical Performance Requirements

Optical performance as defined herein is for all temperatures and pressures defined Section 8. The
following optical loss levels are based on the maximum allowable losses per contact pair or splice while
the equipment is operating in a steady-state, or in-situ condition, as opposed to losses attributed to
measurements or monitoring during installation and running/recovery of the system.

As an example:

. An optical connector is needed to operate in the following conditions:
o Working temperature 5°C — From Table 3 service condition is “T1”
. Requiring testing between -18°C to 121°C

o Working water depth up to 10,000 ft — From Table 4 and Table 5 the working pressure
is 5,000 psi and the service condition is “P1”
. Requiring testing between 0 to 5,500 psi

o Working with optical instrumentation that uses <100 mW average optical power — From
service condition is “FO2”
= Requiring testing at 120 mW

Therefore, in this example the connector testing described herein has boundaries of testing constrained
to these limits. Table 13 provides the maximum acceptable optical loss levels over the entire temperature
and pressure ranges identified for the use case.

Certain sensor systems may require more stringent loss performance which shall be defined in the
Project Interface Datasheet found in Appendix A for a given sensor system and application.

The specific optical loss requirements are specified herein to provide a base point of reference; but shall
ultimately be derived from the overall system loss budget as defined by the client for a given
project/application. Specialty fibers and interrogators may offer project specific alternative solutions that
if selected should go through a full system level optical path validation at the planned wavelength of
operation.

Table 13: General Optical Loss Levels

Parameter Performance
Optical communication wavelengths (single-mode) 1550 nm & 1625 nm
Optical communication wavelengths (multi-mode) 850 nm & 1300 nm
Maximum optical insertion loss (per mated connector pair) as 0.5 dB single-mode
defined within G.671 at ambient temperature 1 dB multi-mode
Maximum insertion loss per penetrator (header) at ambient 0.2 dB
temperature '
Maximum insertion loss per fusion splice (as estimated by fusion
X . 0.05 dB
splicer 1) at ambient temperature
Maximum optical cross talk between lines (applies to switch, WDM
: -60 dB
and fan-out designs only)
Optical power handling capability As per
UPC 230dB
Minimum optical return loss for single-mode APC =45 dB
Other technology = 20 dB
Minimum optical return loss for multi-mode >30dB

1 Fusion splicer has been known to not reliably measure the insertion loss. Manufacturer is responsible
for verifying the accuracy of the measurement
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Loss testing shall be made using the appropriate test equipment, power source (LED or LASER - fixed
or tunable), launch conditions, and measurement quality test leads matching the fiber characteristics
(size and numerical aperture). Refer to IEC 61300 for Insertion Loss (attenuation) and Return Loss
testing methods. Optical test equipment shall be based on standard commercially available equipment
conforming to industry standards regarding power output and spectral tolerance. Equipment needed for
testing outside this range shall be identified as a requirement on the Project Interface Datasheet in
Appendix A.

The power levels for performance and testing of the OFS equipment are deliberately tiered to cover the
expected project ranges, allowing the connector vendors to distinguish their products tested capability.

Loss variation should be < 0.5 (dB) for spectral flatness in O band (1310nm), C band (1550nm) and L
band (1625nm) wavelength bands caused by macro-bending of fiber management.

Loss tests are to be made bi-directionally unless noted otherwise in the Project Interface Datasheet
found in Appendix A.

Alternative project specific wavelengths/bands may be required and may have differing
performance/acceptance criteria — this shall be documented on the Project Interface Datasheet found in
APPENDIX A.

Loss variation or progressive loss degradation related to the installed life-cycle of system can affect the
overall performance of the optical sensor system, thus performance shall remain stable as defined in
the optical performance table. Transient loss events are acceptable provided the duration and magnitude
of any increase, spurious performance and/or optical discontinuities are less than what is required by
the sensor system provider.

Table 14: Typical Optical Power Service Conditions

Service
Condition
Average optical

power range, <lmwW <100mW | <200mwW <400mwW <600mwW <800mWwW <1000mwW
(Owp)

Test optical

power 10mw 120mw 240mw 480mwW 720mw 960mw 1200mwW

(O1p = 1.2 X Owp)

FO1 FO2 FO3 FO4 FO5 FO6 FO7

Typically, high powered communication lasers currently operate up to 1 watt, similarly fiber optic sensing
products used for subsea well monitoring also use either continuous wave or pulsed laser sources with
peak powers up to 1 watt. Normally, this energy is steadily dispersed as the light propagates along the
subsea optic infrastructure, but some monitoring configurations can mean a high proportion of this power
is still present at the subsea well head. In the same way that temperature and pressure conditions have
historically been tiered for respective connector conditions of service, this SEAFOM standard has now
included optical power to help streamline the required reference corroborative evidence for project
system specification.

Optical power service conditions are specific to each system design that are primarily dependent upon
longer step out distances associated optical losses. System design may involve selection of specific
power source (i.e., continuous power vs pulsed) is a generic guidance for buyer and supplier to choose
a service condition that fits within the limits of system being qualified. System design and testing shall
adhere to the safety requirements of IEC standards 60825-1, 60825-2, and IEC 60079-28.
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Note:

FO1 service condition applies to all systems, including legacy systems, that are rated by default due to
optical loss testing involving equipment with typical output power of ImW.

FO1 service condition also applies to optical sensing systems, including legacy systems, that are known
to operate at power level up to 10mw

Other systems with maximum optical power level up to 35mw
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15 Qualification Test Requirements

All applied pressure and temperature levels shall be recorded and provided as objective quality evidence
of the tests completed. The test charts shall be suitably identified including as a minimum the start/stop
times, dates of test, part numbers and serial humbers of UUT components, test procedure and
technician and any necessary Third Party Inspector (TPI) sign off.

All hold or dwell times for pressure integrity seals shall be with the pressure source isolated from the
UUT for the period stated and temperature held stable. Stabilization is not required for hydrostatic or
gas exposure testing of functional seals.

All prototypes must have passed FAT testing or component level verification prior to commencing
Qualification Testing.

Qualification test may be combined based on supplier preference.

Qualification tests are to be done in series, without repair or redress (other than oil/gel refill if required)
between tests unless agreed upon between the client and the supplier.

Qualification of connectors shall be performed on the minimum following prototypes configurations.
Electrical and Optical system designs necessitate different functional seal layouts. Refer to the Testing
Matrix for specific system tests for each connector.

Table 15: UUT Configurations

Sealing Element
UUT Set :
Primary Secondary
Set #1 Installed Installed
Set #2 Installed Removed *
Set #3 Removed * Installed
Set #4 Installed Installed

* Sealing element may either be removed or compromised/defeated in a way that it does not hold
pressure.
Refer to section 9.2 for sealing system definition.

Refer to appendix for tests required for each UUT set (TSD-01 Testing Matrix).
15.1 Optical Testing Requirements

The following basic optical tests are to be performed after each makeup of the connector pair during the
test program to demonstrate optical performance is in conformance with the requirements. All optical
tests shall be conducted in typical atmospheric conditions unless noted otherwise.

Acceptance criteria for optical measurements shall apply up to Working Pressure. For testing at above
Working Pressure, values below the acceptance criteria defined in Table 13 shall not constitute a failure
of the test, provided they again meet the acceptance criteria when returned to working pressure.
Measurements above Working Pressure shall be recorded for reference and up to the manufacturer to
determine an acceptable value.

15.1.1 Insertion Loss Test (IL)
Test objective: This test is used to establish the initial insertion loss baseline in accordance with the

maximum loss requirements and repeated as a characterization test to validate that the loss does not
exceed the stated requirements before and after environmental stress testing.
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15.1.1.1 Method
The test shall be performed according to IEC 61300-3-4.

The purpose of this test is to establish loss figures attributable directly to the UUT without the test-setup
in circuit and then compare them to when under test.

To obtain a spread of test data this initial test shall be performed ten times in total. Between
measurements the connector pairs shall be completely separated and reconnected.

The connectors used to perform this test shall be representative of production spread and therefore,
shall not be optimized as a matched pair prior to performing this test.

Number of connectors to be tested: | All contact pair designs, splices or penetrator

Ambient environment - Test wavelengths and General
Optical Loss Levels as per Table 13

Test conditions:

15.1.1.2 Acceptance Criteria

Per Table 13 per contact pair, splice or penetrator.

15.1.2 Return Loss Test (RL)

Test objective: This test is used to establish the initial return loss baseline in accordance with the
maximum loss requirements and repeated as a characterization test throughout environmental stress
testing to validate that the loss does not exceed the stated requirements before and after.

15.1.2.1 Method

The test shall be performed according to IEC 61300-3-6: Fibre optic interconnecting devices and passive
components — Basic test and measurement procedures — Part 3- 6: Examinations and measurements

Number of connectors to be tested: | All contact pair designs, splices or penetrator

Test conditions: Ambient environment - Test wavelengths per Table 13

15.1.2.2 Acceptance Criteria

Per Table 13 per contact pair, splice or penetrator.
15.2 Qualification Optical Testing

15.2.1 Optical Power

Test objective: This test is used to establish the connector pair optical power throughput remains within
specified criteria throughout the full environmental test range. Although a “dirty” connector face can often
be attributed to why a connector has failed with elevated optical powers, the aim of this document is not
to prescribe engineering solutions. Instead, the intention is to specify the test criteria that best represent
real-world use cases and allow the manufacturers a repeatable test configuration to benchmark against.
Thus, the optical power test is deliberately integrated as part of the characterization performed during
the mechanical and environmental prescribed testing.
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15.2.1.1 Method

The connector prescribed mechanical and environmental tests shall be performed utilizing an optical
setup equivalent to that shown in Figure 15, where an OTDR and/or a continuous wave light source is
connected in series with a test connector pair, along with an optical power meter after the connector
under test. The light source should be 1540-1565nm for single-mode, or 850-1300nm for multi-mode
and rated up to 1.2W.

Test duration is 60 minutes.

Note:

. To prolong test equipment life expectancy, it is recommended that expanded beam ports such
as Diamond E2000-PS are used for input and output ports on the test equipment.

. Itis not a requirement to have the optical equipment powered up during the connector physical
makeup. Instead, it should be simply powered for measurements before and after makeup.

. Some light source suppliers might incorporate an output power meter tap and returning power
tap, for greater convenience, but it is not essential for the testing.

Either OTDR or light source Spacer loop 100m

are connected depending on /
% ~ /
/

test stage. /
OTDR peeeeee /
{ e @ ] . ¢ | Power
- : Meter
Light Source H /f

(Continuous wave 1.540-1565nm) } Test connector pair /
/

Provides variab\e‘input optical power

Fusion splice

Measures the optical power after
the test connection

Figure 15: The above schematic indicates a suitable basic optical test setup to enable optical power
and loss measurements of a connector pair.

Number of connectors to be tested: All contact pair designs, splices or penetrator
Optical readings to be captured throughout all mechanical
and environmental testing.

Test conditions:

15.2.1.2 Acceptance Criteria
Per Table 13 per contact pair, splice or penetrator.
15.3 Electrical Testing Requirements

The following basic electrical tests are to be performed at various stages during the test program to
demonstrate electrical performance is in conformance with the requirements. All electrical tests shall be
conducted in typical atmospheric conditions unless noted otherwise. Circuit resistance, insulation
resistance and shell continuity testing are intended to be performed throughout the entire qualification
program to verify the continued functionality of the connector as it is exposed to various pressure or
functional testing.

Proof voltage, temperature rise testing and high voltage breakdown testing is intended to be performed
as a standalone test to determine the electrical performance limit of the connector.

15.3.1 Circuit Resistance

The objective of this testing is to derive the contact resistance between two wet or dry mated contacts
in two mating connectors.

SEAFOM_TSD-01 Final_April2025.docx
© 2010 All rights reserved 45



15.3.1.1 Method

Circuit resistance of the EFS or discrete sub-assemblies under test shall be verified by use of an audible
and/or visual indicator of continuity; the test meter shall also indicate the total resistance of the circuit
being tested and the value observed at each electrical test shall be recorded. The resistance of any test
leads shall be accurately compensated for and shall not cause any detriment to the result accuracy.
Measurement shall be carried out using a purpose-built meter (Cropico D024 or equivalent) at the DC
current rated value of the connector. During the measurements the open circuit source voltage shall not
exceed 2.5V DC.

The acceptance criteria for the recorded total resistance shall be derived from the sum of the total
maximum contact resistance for each contact and the resistances of the individual conductors in the
circuit. These values should be based on the functional requirements set by the manufacturer but shall
not exceed the limits set in Table 11.

Anomalies arising shall be investigated if relevant to the equipment under test.

15.3.1.2 Acceptance Criteria

- The acceptance criteria shall be less than 30mQ per contact and less than 200 mQ in
the connector, as extrapolated from the measured Circuit Resistance, with no more than
+ 10 mQ difference between pins (for multi-pin connectors)
15.3.2 Insulation Resistance

The objective of this testing is to quantify the insulation resistance between:

- Individual electrical contacts/cable harness conductors in the connector
- Individual electrical contacts/cable harness conductors and the connector shell

15.3.2.1 Method

The insulation resistance between the individual contacts and ground/earth shall be measured with a
D.C. voltage of 1000V for qualification, 500V for equipment FAT.

The insulation resistance of individual contacts shall be measured with an instrument with a minimum
measurement scale of 100GQ. Temperature and humidity shall be recorded.

The connector shall be mated and the test voltage shall be applied for at least 1 minute. Measurements
shall be made between all adjacent contact pairs and also outer contact/shell pairs. Actual
measurements shall be recorded.
15.3.2.2 Acceptance Criteria
- The acceptance criteria shall be greater than specified in Table 11.
154 Qualification Electrical Testing
15.4.1  Shell Continuity
The objective of this testing is to determine the resistance between connectors having metallic housings

intended to provide electrical continuity when mated to provide the ground return signal for the downhole
sensor.
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15.4.1.1 Method

Measurements shall be made on mated connectors using equipment as prescribed for test conditions
in Section 15.3.1. Connections for this test shall be made to the connector body.

Actual measurements shall be recorded.
15.4.1.2 Acceptance Criteria

- The acceptance criteria shall be less than 0.1Q
15.4.2 Proof Voltage Testing

The objective of this testing is to verify that the insulation and contact spacing is sufficient to prevent
flashover, current leakage or insulation breakdown at the connector proof voltage.

15.4.2.1 Method

A number of proof voltage tests may be performed during assembly, but a final proof voltage test in
accordance with this section shall be performed as late as possible in the qualification to ensure that the
connector insulation integrity has not been degraded.

Proof voltage testing shall be performed in accordance with IEC 60502-1 and IEC 60060-1.
The proof voltage shall be 3*U, and shall be applied between the individual conductors and shell (earth).

The proof voltage for qualification shall be applied for 4 hours. All results shall be recorded as absolute
values.

15.4.2.2 Acceptance Criteria

- No evidence of insulation breakdown

- No evidence of flashover

- Current leakage shall be measured and logged
- IR levels must remain greater than 1 GQ

15.4.3 Temperature Rise Testing

This test is to verify that the connector will operate as designed (optically/electrically) at the rated current
capacity without producing an objectionable over temperature condition. The test temperature shall be
according to max working temperature, Tw. This is a destructive test and should be performed as the
last test or as a separate unit.

15.4.3.1 Method
The connector assembly shall be mated and mounted in a framework to allow air circulation around the

external shell. Temperature sensors shall be attached to various locations on the connector to enable
monitoring of the temperature variations. The location of sensors should be:

a) As close as possible to the hottest spot in the connector.

b) At cable terminations.

c) At the hottest spot on external surfaces at each accessible material type.
d) As close as possible to the contact surface between male and female.
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The measurements shall commence after the temperature has been established and stable for %2 hour
and the test shall continue for 24 hours with measurement intervals of %2 hour. Electronic data storage
or a chart recorder with a suitable number of channels is preferred to record the temperature rise. Actual
current values and voltage drop shall be recorded in parallel with each temperature measurement. After
completion of the test, the connector shall be stripped down to its piece parts and examined for effects
and evidence of excessive temperatures. All findings shall be recorded within the final qualification
report.

15.4.3.2 Acceptance Criteria
- Prior to disassembly electrical performance shall be recorded contact resistance &
insulation resistance.
- No physical damage or burns shall be observed on any of the connector piece parts
- < 30°C temperature rise
- The Electrical Testing (Section 15.3) shall be in accordance with respective sections.
15.4.4 High Voltage Breakdown Testing (Destructive)

This test is to verify the connector voltage limits. The connector shall withstand 5 x U, (as defined in
Table 11). This is a destructive test and should be performed as the last test or as a separate unit.

The connector halves shall be mated in a tank containing water. Conditioning of connector shall be done
prior to the test by gradually increased pressure to test pressure Pt and held for a duration of 5 min to
allow any voids to be found. The testing may be done at ambient temperature.

15.4.4.1 Method

The connector plug and receptacle shall be terminated in the normal manner to the respective cables.
The saltwater shall provide earth to the electrical test equipment.

The connectors shall be mated and electrical tests consisting of insulation resistance test, continuity
test, and proof voltage test shall be performed.

With the connectors mated, increase the AC voltage at a rate of max 500VAC/min until breakdown
occurs. The breakdown voltage (or equipment maximum) shall be recorded, and the point of failure
identified by means of photographs.

15.4.4.2 Acceptance Criteria

- The acceptance criteria shall be a breakdown at greater than or equal to 5 x Uo.

Component high voltage breakdown tests consisting of single pin breakdown test (arc over) are
preferred but are not mandatory.

15.5 Environmental Stress Screening (ESS) Testing
155.1 Mechanical Shock Test — Unmated

Test objective: To ensure that typical mechanical shock loads attributed to storage, shipping and
handling will not impair performance of any part of the feedthrough system once installed and mated.

Number of assemblies (connectors or penetrators) to be tested: 1 of each unique interface, unmated.
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15.5.1.1 Test conditions and durations

Perform electrical and/or optical tests prior to commencing test.

Package connector in the shipping container as it would be shipped to the customer.
Attach the UUT to the shock plate.

Each half of the connector pair shall be subjected to three shocks in each of six directions (three mutually
perpendicular axes). The profile of the shocks shall be of a half sine period of 11ms at 30g.

Perform electrical and/or optical tests after shock application.

15.5.1.2 Test Acceptance Criteria

. There shall be no visible damage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.5.2 Vibration Test: Mated, Functional

Test objective: To confirm the functional integrity of the feedthrough system assembled and mated

representing the final installed configuration when subjected to vibration that may be induced from flow

in pipes or through the tree, and by rotating machinery. This is an ambient temperature test at

atmospheric pressure — if the test needs to be conducted under various temperature and pressure

ranges, these requirements shall be identified on the Project Interface Datasheet in APPENDIX A.

Number of assemblies (connectors or penetrators) to be tested: 1 of each unique interface, mated
(functional) as in normal deployment mode.

15.5.2.1 Test conditions and durations
Perform electrical and/or optical tests prior to commencing test.
Engage each unique interface as intended for normal installation and deployment.

Attach the UUT to the vibration plate by replicating the XT mounting structure. This typically involves
hard mounting one or both connector halves or penetrator assembly.

Measure and record electrical and/or optical performance prior to and after vibration application.

During vibration application, monitor for any electrical intermittent contacts, increased contact resistance
and/or optical discontinuity exceeding 0.5dB.
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Table 16: Functional Vibration Test

Step | Test Acceptance Criteria

1 Optical IL, RL, Power and/or Electrical CR, IR See section 15.1 and 15.3

Vibration excitation shall be:
* 5Hz to 25Hz + 2 mm displacement

» 25Hz to 150Hz 59 acceleration No intermittent contacts or
> *  Sweep rate maximum one octave per minute. increased attenuation
* A double sweep from 5Hz to 150Hz and back to 5Hz | (electrical or optical) detected
shall be performed during vibration.
* Applied to 3 mutually perpendicular axes (regardless
of axisymmetric connector designs)
3 Optical IL, RL, Power and/or Electrical CR, IR See section 15.1 and 15.3

15.5.2.2 Test Acceptance Criteria

. There shall be no visible damage or fluid leakage after vibration exposure.
. There shall be no sustained increased signal loss during vibration application.
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in

accordance with respective sections.
15.5.3 Random Vibration Test: Un-mated, Transportation
Test objective: To confirm the functional integrity of the feedthrough system during shipping when
subjected to vibration that may be induced by transportation. This is an ambient temperature test at
atmospheric pressure — if the test needs to be conducted under various temperature and pressure
ranges, these requirements shall be identified on the Project Interface Datasheet in APPENDIX A.
Number of assemblies (connectors or penetrators) to be tested: 1 of each unique interfaces, unmated.
15.5.3.1 Test conditions and durations

Perform electrical and/or optical tests prior to commencing test.

Attach the UUT to the vibration plate. This typically involves hard-mounting a connector half or penetrator
assembly as it is packaged for shipment.

Measure and record electrical and/or optical performance prior to and after vibration application.

Table 17: Random Vibration Test

Step | Test Acceptance Criteria

1 Optical IL, RL, Power and/or Electrical CR, IR See sections 15.1 and 15.3

Random vibration excitation shall be:
e 20 Hz to 80 Hz at 3 dB per octave rise
e 80 Hzto 350 Hz at 0.04 g%/Hz

2 e 350 Hz to 2000 Hz at 3 dB per octave roll-off
e Composite excitation level shall be 6g rms
For a duration of 10 minutes
3 Optical IL, RL, Power and/or Electrical CR, IR See sections 15.1 and 15.3
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15.5.3.2 Test Acceptance Criteria

. There shall be no visible damage or fluid leakage after vibration exposure.
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.5.4 Thermal Shock Test

Test objective: This test verifies that the elements and assemblies forming the EFS/OFS are capable of
maintaining functional and sealing integrity before and after thermal shock testing that simulates rapid
immersion into seawater after being exposed to hot or cold conditions.

Number of connectors, penetrators or splices to be tested:

1 of each uniquely different terminated component (identical terminations used in multiple locations only
require a single type-test to qualify).

Wet-mate connectors shall be tested unmated or as they are intended to be installed and deployed into
seawater. Dry-mate connectors shall be tested mated.

15.5.4.1 Test conditions and durations

The following tests are conducted at atmospheric pressure and shall demonstrate that thermal shock
will have no detrimental effect on the connector and/or feedthrough assembly. Each assembly shall be
thermal cycle tested in its final assembled condition.

Conduct a hydrostatic pressure test in accordance with Section 15.6.1 on the barrier containing element
of the connector or penetrator before and after the thermal shock exposure. Perform electrical and/or
optical tests before and after the hydrostatic pressure tests.

15.5.4.2 High Temperature Test

) Electrical Testing and/or Optical Testing shall be in accordance with Sections 15.1 and 15.3
Using the appropriate environmental chamber(s), heat the UUT to a temperature between 70°
and 74°C (161.5°£3.5°F) in air

Allow the UUT to dwell at temperature for 4 hours

Rapidly immerse in water between 0° and 4.5°C (36°+4°F).

Allow the UUT to remain at maximum and minimum temperatures for 4 hours minimum dwell.
Repeat for 3 cycles then return to ambient temperature.

The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.5.4.3 Low Temperature Test

Electrical Testing and/or Optical Testing shall be in accordance with Sections 15.1 and 15.3
Using the appropriate environmental chamber(s), cool the UUT to a temperature between -44°
and -40°C (-43.5°+£3.5°F) in air

Allow the UUT to dwell at temperature for 4 hours

Rapidly immerse in water between 0° and 4.5°C (36°+4°F).

Allow the UUT to remain at maximum and minimum temperatures for 4 hours minimum dwell.
Repeat for 3 cycles then return to ambient temperature.

Hydrostatic pressure test, 1 cycle @ PWI

The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.
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15.5.4.4 Test Acceptance Criteria

. There shall be no visible damage or pressure leakage
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.5.5 Vacuum Exposure Test

During normal operations of the well, there are regular shut down operations. When the A annulus is
connected to the wet-mate volume, the temperature drop results (in some cases) in a very low absolute
pressure. In some cases, a complete vacuum. This test verifies the connectors ability to withstand those
conditions.

Test objective: This test verifies that the elements and assemblies forming the EFS/OFS are capable of
maintaining functional and sealing integrity before and after operational conditions that lower the
operating pressure to vacuum conditions.

Number of assemblies (connectors or penetrators) to be tested: 1 of each unique interface, mated
(functional) as in normal deployment mode.

15.5.5.1 Test conditions and durations

. The connectors shall be tested at vacuum pressure per Table 18.
. Seafloor temperature 1.7 — 4.4°C (35 — 40°F)
. Electrical Testing and/or Optical Testing shall be measured in the pressure vessel before and

after the vacuum testing. This applies for assembled connectors only and not sub-components
(i.e. pressure integrity barriers).

Table 18: Vacuum Pressure Cycles

Cycle Pressure and duration Comment
1 Optical IL, RL, Pé)év,eerand/or Electrical See sections 15.1 and 15.3
2 15 minutes @ 7-11.7kPa (1.0-1.7psia) | APPly vacuum, h()llgbgg(.j then increase to
3 15 minutes @ 7-11.7kPa (1.0-1.7psia) | APPIY vacuum, hci'gb;g‘_j then increase to
4 60 minutes @ 7-11.7kPa (1.0-1.7psia) | APPIY vacuum, hci'gb;g‘_j then increase to
5 15 minutes @ 7-11.7kPa (1.0-1.7psia) | APPIY vacuum, hci'gb;g‘_j then increase to
6 Optical IL, RL, Pct:)Fvev,eerand/or Electrical See sections 15.1 and 15.3

15.5.5.2 Test Acceptance Criteria
Before and after the test:
. There shall be no visible damage or fluid leakage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.
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15.5.6 Vacuum Shipment Test

Test objective: To confirm the functional integrity of the feedthrough system during shipping when
subjected to airplane high altitude vacuum that may be induced by transportation. This is an ambient
temperature test — if the test needs to be conducted under various temperature ranges, these
requirements shall be identified on the Project Interface Datasheet.

Number of assemblies (connectors or penetrators) to be tested: 1 of each unique interface, un-mated
as packaged for shipment.

15.5.6.1 Test conditions and durations

. Ambient temperature

. Electrical Testing and/or Optical Testing shall be measured in the pressure vessel before and
after the vacuum test. This applies for assembled connectors only and not sub-components
(i.e. pressure integrity barriers).

Table 19: Vacuum Pressure Cycles

Step Pressure and duration Comment

Optical IL, RL, Power and/or
Electrical CR, IR
2 60 minutes @ 24kPa (3.5psia) Apply vacuum, hold, and then increase to 14psia.

Optical IL, RL, Power and/or .
3 Electrical CR, IR See sections 15.1 and 15.3

1 See sections 15.1 and 15.3

15.5.6.2 Test Acceptance Criteria
Before and after the test:

. There shall be no visible damage or fluid leakage
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections

15.6 Hydrostatic Pressure Testing
Pressure Integrity Barrier - General Acceptance Criteria

. START OF HOLD PERIODS: Test hold periods shall start after pressure stabilization has
occurred and the equipment with the pressure-monitoring device has been isolated from the
pressure source. The time specified for hold times shall be a minimum.

. HYDROSTATIC PRESSURE STABILIZATION: Where applicable, pressure shall be
considered stabilized when the change rate is no more than +/-3% or 2 MPa/hr (300 psig/hr)
whichever is lower during the hold period (per API 17D 3rd Ed. 5.4.5.1). The test pressure
shall not drop below the defined minimum test pressure.

. TEMPERATURE STABILIZATION: Where applicable, temperature shall be considered
stabilized when the rate of change is less than 0.5 °C (1 °F) per minute. The temperature shall
remain at or beyond the extreme during the hold but shall not go beyond the upper and lower
temperatures by more than 11 °C (20 °F) (per API 6A 21st Ed. F.1.10.3).
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Functional Fluid Barrier - General Acceptance Criteria

. START OF HOLD PERIODS: Test hold periods shall start after the equipment with the
pressure-monitoring device has been reached the minimum test pressure. The time specified
for hold times shall be a minimum.

. HYDROSTATIC PRESSURE STABILIZATION: The test pressure shall not drop below the
defined minimum test pressure.

Primary Pressure Direction

. The primary pressure direction in which pressure testing is performed is defined as from the
pressure from the production tubing or reservoir. Depending on the scenario, there could be
two primary pressure directions (ie. TH connectors) that will need to be verified. Due to the
variety of the XT designs and EFS/OFS designs, it is up to the EFS/OFS supplier to define the
primary pressure direction for each component that is being tested. This shall be agreed upon
between the XT supplier and the connector supplier and included in the PID.

General Acceptance Criteria

. STRUCTURAL INTEGRITY: The product tested shall not permanently deform to the extent
that any other performance requirement is not met.

. ELECTRICAL INTEGRITY: Where applicable, the product tested shall maintain minimum
insulation resistance performance and electrical continuity following test exposure.

. OPTICAL INTEGRITY: Where applicable, the product tested shall maintain minimum insertion

loss and return loss performance following test exposure.
15.6.1 Hydrostatic Pressure Cycling Test
Test objective: This test verifies the sealing capability of all individual pressure integrity barrier sealing
elements independently of other sealing elements in the barrier element according to APl 17D, Table 5
and section 5.1.7.4.
Number of seals to be tested: 1 of each uniquely different seal element

15.6.1.1 Test conditions and durations

Bidirectional seals, whether primary or secondary, shall be hydrostatically pressure tested (Pwi) in in
both directions. No hold period is required for each pressure cycle.

Table 20: Hydrostatic Pressure Cycles

Cycles Pressure and duration Temperature Comment
Apply pressure and then lower to
200 * Working pressure (Pwi) ambient zero psig. (no holding period
required)

* Additional pressure cycling to be performed based on project/customer requirements.
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15.6.1.2 Test Acceptance Criteria

Once pressure has stabilized there shall be no evidence of pressure loss as defined in Section 15.6.
Deviations from the initial stabilized pressure due to temperature variations are acceptable.

During and after the test:
. There shall be no visible damage or pressure leakage

NOTE: Purpose-built test fixturing may be used to replicate the sealing structure to facilitate
completion of testing

15.6.2 Hydrostatic Pressure Test
Test objective: This test is used to apply physical stress to the UUT to determine its ability to maintain
sealing and functional and mechanical integrity during test exposure, and functional integrity after test

exposure.

Unit to be tested:

) Individual pressure integrity barrier components: open-face and reverse-face pressure
exposure (based on the pressure barrier philosophy)
. Mated integrity of all connection interfaces

15.6.2.1 Test conditions and durations

The individual pressure integrity barrier components shall be tested at Pmi per Table 4 and Table 5.

For mated integrity pressure exposure Electrical Testing and/or Optical Testing shall be measured in
the pressure vessel at zero and maximum pressures. This applies for assembled connectors only and

not sub-components (i.e. pressure integrity barriers).

Table 21: Hydrostatic Pressure Cycles

Cycle Pressure and duration Temperature Comment
1 15 minutes @ test pressure (P) ambient Apply IF()) :,?/Zf%ez';?)l%s?;d then
2 15 minutes @ test pressure (Pm) ambient Apply I% rve\zlsztjcr)ez,;%I(:;S?gn.d then
3 60 minutes @ test pressure (Pri) ambient Apply IF<)) rvE\}/Z?tjcr)ez,gr%k:;s?ngd then
4 15 minutes @ 5.2MPa (750 psig) ambient Apply IF()) rv?;fltjcr)ez’;%l%s?;d then

Note: Previous version of this document performed low pressure test first. Connectors tested in this
manner shall be considered qualified and do not need to be re-validated.

15.6.2.2 Test Acceptance Criteria

Once pressure has stabilized there shall be no evidence of pressure loss as defined in Section 15.6.
Deviations from the initial stabilized pressure due to temperature variations are acceptable.

Before, during (when applicable) and after the test:

SEAFOM_TSD-01 Final_April2025.docx
© 2010 All rights reserved 55



. There shall be no visible damage or pressure leakage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.6.3 Cyclical Pressure and Temperature Test for Pressure Integrity Barrier Components

Testing shall conform to the requirements of APl 6A/ISO 10423 PSL 3 & 3G, Annex F, F.1.11. Pressure
integrity barriers shall be tested using gas as the test medium. Gas testing shall be conducted to comply
with PSL 3G. If desired by the supplier, this test can be combined with the mated connector test (Section
15.6.4)

Test objective: To confirm the pressure integrity barrier components representing the final installed
configuration when subjected to pressure and temperature cycling.

Samples to be tested: Any component part of the pressure integrity barrier as defined in sections 5.3
and 5.8.

For the PSL 3G test, the gas decompression rate shall be controlled by following the rates specific in
Table 6. Upon reaching atmospheric pressure, permit the UUT to dwell for a minimum of 2 hours before
proceeding with next cycle or removal of UUT. This is not intended to be a rapid gas decompression
(RGD) test, for such testing, refer to ISO 23936-2 Clause 7.

15.6.3.1 Test conditions and durations

. Temperature range: TT per Table 3
. Pressure range: PWI per Table 4

Table 22: PR2 Test Profile

Step Test Description

a Start at room temperature with atmospheric pressure and raise temperature to
the maximum.

b Apply test pressure, hold for a minimum period of 1 h, then release pressure.

C Lower temperature to the minimum.

C Apply test pressure, minimum hold period 1 h. Release pressure.

e Raise the temperature to room temperature.

f Apply the test pressure at room temperature and maintain at 50 % to 100 % of
test pressure while raising temperature to the maximum.

g Hold for a period of 1 h minimum at test pressure.

h Reduce the temperature to the minimum while maintaining 50 % to 100 % of test
pressure.

I Hold for a minimum period of 1 h at test pressure.

j Raise the temperature to room temperature while maintaining 50 % to 100 % of
test pressure.

k Release the pressure then raise the temperature to the maximum.

L Apply the test pressure, hold for a minimum period of 1 h, and then release the
pressure.

m Reduce the temperature to the minimum.

n Apply the test pressure, hold for a minimum period of 1 h, and then release the
pressure.

0 Raise the temperature to room temperature.

p Apply the test pressure, hold for a minimum period of 1 h, and then release the
pressure.

q Apply 5 % to 10 % of the test pressure, hold for a minimum period of 1 h, and
then release the pressure.
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Figure 16: API 6A/ISO 10423 Annex F.1.11 — PR2 Pressure and Temperature Synergistic Exposure
15.6.3.2 Test Acceptance Criteria
There shall be no visible damage or pressure leakage throughout the test and upon conclusion.
15.6.4 Cyclical Pressure and Temperature Test for Mated Connectors
Testing shall conform to the requirements of API 6A/ISO 10423 PSL 3 & 3G, Annex F, F.1.11. Mated
connectors shall be tested using liquid as the test medium. Gas testing shall be conducted if required
by the client to comply with PSL 3G. In the absence of the PSL 3G requirement, this test may be
conducted using gas at the discretion of the EFS/OFS supplier, as a substitute for hydrostatic testing

but is not necessary. Performing the test hydrostatically to comply with PSL 3 is still required.

Test objective: To confirm the functional integrity of the feedthrough system assembled and mated
representing the final installed configuration when subjected to pressure and temperature cycling.

Number of samples to be tested:
1. One complete feedthrough system comprising wet-mate, dry-mate connectors, penetrators and
splices (to facilitate testing, the wet-mate portion may be tested separately from the dry-mate or

penetrator portion).

Test is a functional test and is required to qualify the performance of the full-up, mated connector
configuration.

15.6.4.1 Test conditions and durations

. Temperature range: TT per Table 3
. Pressure range: PWI per Table 4

Refer to Table 22 and Figure 16 for PR2 Test Profile.
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15.6.4.2 Test Acceptance Criteria

PSL 3 test (hydrostatic):

Before, during and after the test:

The electrical IR and/or optical IL, RL shall be measured and recorded at the beginning and end of all
hold periods as defined in API6A, Annex F.1.11. This applies for assembled connectors only and not
sub-components (i.e. pressure integrity barriers).

The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in accordance with
respective sections.

There shall be no visible damage or pressure leakage throughout the test and upon conclusion.

PSL 3G test (gas):

Before, during and after the test:

The electrical IR and/or optical IL, RL shall be measured and recorded at the beginning and end of all
hold periods as defined in APIBA/ISO 10423, Annex F.1.11. This applies for assembled connectors only
and not sub-components (i.e. pressure integrity barriers).

There shall be no visible damage or pressure leakage throughout the test and upon conclusion. If
possible, it should be determined if gas ingress into the connector occurred and any effects that may
have caused.

15.7 Gas Pressure Testing

Functional seals: These tests shall be conducted if required by the client to comply with PSL 3G. In
the absence of this requirement, these tests may be conducted at the discretion of the EFS/OFS
supplier, but are not necessary.

Pressure Barrier seals: These tests are required for all components that are defined as comprising the
pressure integrity barrier.

15.7.1 Pressure Barrier Gas Pressure Test

Test objective: This test verifies the gas sealing capability of all individual pressure integrity barrier
sealing elements independently of other sealing elements in the barrier element.

Number of seal elements to be tested: 1 of each uniquely different seal element configuration
15.7.1.1 Test conditions and durations

In nitrogen (N2) gas, the individual primary pressure integrity barrier seals are to be installed in relevant
interfaces and gas pressure tested to the working pressure (Pw).

For bidirectional seals, whether primary or secondary, gas pressure test to the working pressure (Pw)
in both directions or whatever external pressure it might see in the opposite direction.
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Table 23: Gas Pressure Cycles

Cycle Pressure and duration Temperature Comment

1 15 minutes @ working pressure (Pwi) ambient Apply lpressure, hold, gnd then
ower to zero psig.

2 15 minutes @ working pressure (Pwi) ambient Apply lpressure, hold, gnd then
ower to zero psig.

3 60 minutes @ working pressure (Pwi) ambient Apply lpressure, hold, gnd then
ower to zero psig.

4 15 minutes @ 5.2MPa (750 psig) ambient Apply lpressure, hold, gnd then
ower to zero psig.

15.7.1.2 Test Acceptance Criteria:

Once pressure has stabilized there shall be no evidence of pressure loss as defined in API 6A/ISO
10423. Deviations from the initial stabilized pressure due to temperature variations are acceptable.

During and after the test:

. There shall be no visible damage, pressure drop or bubble leakage as defined in APl 6A/ISO
10423, Annex F.

NOTE: Purpose-built test fixturing may be used to replicate the sealing structure to facilitate completion
of testing.

15.7.2 Connector Assembly Gas Pressure Test

Test objective: This test is used to apply physical stress to the UUT to determine its ability to maintain
sealing and functional and mechanical integrity during test exposure, and functional integrity after test
exposure.

Unit to be tested:

° Assembled connectors; mated

15.7.2.1 Test conditions and durations:

. The connectors shall be tested at PWI per Table 4 and Table 5.
. Ambient temperature
. Electrical Testing and/or Optical Testing shall be measured in the pressure vessel before and

after each pressure cycle. This applies for assembled connectors only and not sub-
components (i.e. pressure integrity barriers)

Table 24: Gas Pressure Cycles

Cycle Pressure and duration Test Medium Comment

1 15 minutes @ test pressure (Pwi) Gas Apply Ipressure, hold, r_;md then
ower to zero psig.

2 15 minutes @ test pressure (Pwi) Gas Apply Ipressure, hold, E.ind then
ower to zero psig.

3 60 minutes @ test pressure (Pwi) Gas Apply Ipressure, hold, E.ind then
ower to zero psig.

4 | 15minutes @ 5.2MPa (750 psig) Gas Apply pressure, hold, and then
ower to zero psig.

: Apply pressure, hold, and then
5 15 minutes @ test pressure (Pwi) Hydro lower to zero psig.
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15.7.2.2 Test Acceptance Criteria:

Before, during (when applicable) and after the test:

. There shall be no visible damage or pressure leakage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.7.3 Rapid Gas Decompression Testing (Assembly Level)

Testing should comply with relevant sections of ISO 23936-2. Calculation of gas soak time should be
performed by the supplier on each connector that is to be tested.

Test objective: This test verifies the rapid gas decompression capability of the complete connector. The
connectors are to be mated as installed in the field.

15.7.3.1 Test conditions and durations:

Test medium: Nitrogen or other exposed gas
Test temperature: 100°C £2°C
Test Pressure: 15 MPa (2175 psi) +1/-0.5 MPa

Depressurization rate: 2 = 0.2 MPa/min
Ambient hold duration: 1 hr

Table 25: RGD Test Schedule

Cycle Action Hold Duration (hr)
0 Load vessel, heat and pressurize 68
1 Depressurize, hold, re-pressurize 6
2 Depressurize, hold, re-pressurize 12
3 Depressurize, hold, re-pressurize 6
4 Depressurize, hold, re-pressurize 12
5 Depressurize, hold, re-pressurize 6
6 Depressurize, hold, re-pressurize 12
7 Depressurize, hold, re-pressurize 6
8 Depressurize, leave at test temp to degas
9 Cool to ambient

15.7.3.2 Test Acceptance Criteria:

) Once pressure has stabilized there shall be no evidence of compensation fluid loss. There
should be the same amount of fluid before and after the test.
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in

accordance with respective sections.
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15.8 Mate Testing

To accommodate different designs, it is acceptable to perform refilling of compensating fluid between
tests for designs that expel fluid/gel during mating. A determination of the minimum number of mates
before refilling (intervention) is necessary should be understood either by calculation or practice. Any
intervention performed during a test should be agreed upon between the XT manufacturer and the
connector supplier.

15.8.1 Dry-mate Threaded Connection Test

The objective of this test is to verify the correct engagement of the dry-mate connection. The test ensures
that the connectors cannot be mated in an incorrect orientation and that the threaded engaging
mechanism functions properly. It will show that no mechanical damage or loss of performance occurs to
the connectors due to mating.

Note: in the case of use of metallic seals in the interface between the 2 halves, the matings can be
performed with the same metallic seal reused and the seal shall be replaced after the completion of the
test.

Number of connectors to be tested: 1 pair of each type
Number of mates at ambient pressure: 30

15.8.1.1 Test conditions and durations:

Perform initial bench electrical and/or optical tests at ambient temperature and atmospheric pressure
prior to commencing test. Electrical and/or optical testing shall be performed after mating 1, 2, 3, 4, 5,
10,15, 20, 25, 30.

15.8.1.2 Test Acceptance Criteria:

. There shall be no visible damage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.8.2 Dry-mating of Wet-mate Connection Test

The objective of this test is to verify the ability of the wet-mate connector to physically engage and
properly complete continuity. It will show that no mechanical damage or loss of performance occurs to
the connectors due to dry mating.

15.8.2.1 Test conditions and durations:

Perform initial bench electrical and/or optical tests at ambient temperature and atmospheric pressure
prior to commencing test. Electrical and/or optical testing shall be performed after every 10 mates.

Number of connectors to be tested: 1 pair of each type
Number of mates at ambient pressure: 50
Environment: Air

15.8.2.2 Test Acceptance Criteria:

. There shall be no visible damage
. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.
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15.8.3 Misalignment Test

Test objective: This test verifies the ability of the wet-mate connector to physically engage and properly
complete continuity when misaligned to a maximum offset as defined by the client equipment tolerance
requirements.

Number of connectors to be tested: 1 pair of wet-mate connectors
Number of mates at ambient pressure: 30

15.8.3.1 Test conditions and durations:

Perform electrical and/or optical tests prior to commencing the test, after every 3 mates and at the
completion of the misalignment testing.

Due to the variation in tolerancing requirements of the various tree manufacturer interfaces, the actual
tolerance requirements for this test will need to be determined by the tree manufacturer for the specific
tree configuration.

Establish the maximum misalignment between the wet-mate connector halves as defined by the client
and their respective equipment worst-case tolerances. The alignment definitions are cited in Section 5.1
to define and clarify.

Pressure, test Ambient pressure

Temperature - Between 0° — 4.5°C (32° — 40°F)
Environment - Tap water and/or glycol
Duration - Minimum with 3 misalignment mating cycles in each of the following quadrants
with a minimum total of 30 mates:
Asymmetrical designs:
+X/+yl+Y/+Q, N-z +X/+yl+ Y[+, N+z
+X/-yl+Y/[+Q, N-z +X/-y/[+Y[+Q2, N+z
-X[+yl+Y[+Q, N-z -XI+yl[+Y[+Q, N+z
-xI-y[+Y/+Q, N-z X[-y+Y[+Q, N+z
-X/+y, N-z -X/+y, N+z
Axisymmetric designs:
+x/+Y, N-z +x/+Y, N+z
-X/+Y, N-z -X/+Y, N+z
Mating Speed - Maximum mating speed

15.8.3.2 Test Acceptance Criteria

There shall be no visible damage, water ingress or fluid leakage from connector (if applicable)
The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.8.4 Functional Mate/De-mate Test in Cold Conditions

Test objective: This test simulates wet-mating cycles of any or all of the EFS/OFS interconnections (wet-
mates) conducted in the offshore environment in cold regions of the world to verify the functional integrity
of the connector at cold conditions over the mating misalignment and mating speed ranges.

Effort should be made to analyze the tolerance stack up of the connector and how that would impact the
axial misalignment. Design should allow for maximum and minimum material conditions as well as
minimum and maximum mating conditions. Best effort should be made to perform testing on minimum
material condition connectors or by evaluation to verify that continuity is maintained during maximum
separation testing.
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For example: Machined parts can be measured and the tolerance stackup distances applied from the
mounting points to the axial mating test to verify the complete mating capacity.

Number of connectors to be tested: 1 pair of each type
Number of mates under pressure: 20

15.8.4.1 Test conditions and durations:

Perform initial bench electrical and/or optical tests at ambient temperature and atmospheric pressure
prior to commencing test.

Place the UUT in a suitable test chamber to enable wet-mate cycling. Partial mating shall be defined
from when the connectors first touch (S). The percent (%) mating position shall be between N +S and N
-S, see section 5.1.5. (It is allowable to remove from pressure vessel between positions). The connectors
shall start at the position defined below and then mated fully. The connectors should be completely de-
mated for a mate cycle.

Pressure, test

1.0 x external working pressure (Pwe)

Temperature - Between 0° — 4.5°C (32° — 40°F)
Environment - Tap water and/or glycol
Duration - Minimum with 4 misalignment mating cycles in each of the following:

Axial Starting Position: N+(100%S), N +(100%Z), N +(80%Z), N +(60%Z), N
+(40%Z), N+(20%Z), N -(20%Z), N -(40%Z), N -(60%Z), N -(80%Z), N -
(100%2)

Minimum mating speed

Mating Speed

The electrical and/or optical tests shall be measured and recorded before, during and after 4 cold
mating cycles. Continuity should be monitored for all testing.

15.8.4.2 Test Acceptance Criteria:

. There shall be no visible damage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.8.5 Turbid Conditions Functional Mate / De-mate Test

Test objective: This test verifies the functionality of the wet-mate connectors when subjected to mating
and de-mating in contaminated liquid and exposed to pressure during and after multiple mating cycles.

Pressure: 1.0 x external working pressure (Pwe)
Number of wet-mate connectors to be tested: 1 pair

Number of mates under pressure: 10

Mating speed (Section 12): 5 mates at maximum mating speed

5 mates at minimum mating speed
15.8.5.1 Simulated Seawater Test Environment

The turbid tank environment should consist of the following (APl 17F B.7.1):
. Distribution of particle size to be approximately flat between 2-500 microns; 1% river silt (2-50
microns) and 0.5 % builders' soft and sharp sand (50-500 microns) may be used

. Water to be continuously agitated while testing is being performed to ensure that the solids
remain in suspension and are evenly distributed. Agitation of the mixture may be achieved by
means of a thruster.

. Temperature of the water to be maintained between 32°F and 40°F (0°C and 4.5°C) throughout
the test
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Seawater characteristics to be recorded prior to testing:

Seawater conductivity (Q1)
Salinity (ppm)

Silt (%)

Sand (%)

Temperature (°C/°F)

Table 26: Turbid Test Conditions

Step | Test Acceptance Criteria
1 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
2 Mate/De-mate connectors X 2, >1 minute @ ambient pressure dry
3 Install the UUT into test apparatus. There shall be a minimum separation of 200mm

between the connectors.

4 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
5 Mate/De-mate connectors X 2, >1 minute @ ambient pressure wet
6 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
7 Mate/De-mate connectors X 2, >1 minute @ 17.2MPa (2,500 psig)
8 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
9 Mate/De-mate connectors X 2, >1 minute @ Test Pressure, external (P1e)
10 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
11 Mate/De-mate connectors X 2, >1 minute @ Test Pressure, external (P1e)
12 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
13 Mate/De-mate connectors X 2, >1 minute @ Test Pressure, external (P1e)
14 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3
15 Reduce pressure to ambient.
16 Optical IL, RL and Power and/or Electrical CR, IR See sections 15.1 and 15.3

15.8.5.2 Test Acceptance Criteria:

15.9

159.1

There shall be no visible damage or pressure leakage
The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in

accordance with respective sections.

Termination Testing

Objective

This is meant to cover the parts used to connect the Instrument Cable to the feedthrough system. The
following requirements apply:

All materials used shall be identical with the actual Customer Equipment, Connector
Components and Instrument Cable used.

Dual metal to metal seal technology is to be used. This shall be testable between the two
seals. Itis acceptable to use a test port for these purposes, and for this to have non-elastomeric
seals.

A pull test to failure should be performed to capture the breaking force capacity of the
termination.
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15.9.2 Test Parameters

Test setup should have the same mounting interfaces as would be installed in the field.
15.9.3  Minimum Pull Test

15.9.3.1 Test Conditions

. A pull test of a minimum of 2500 N (562 Ibs)
. Perform electrical and/or optical testing after pull test

15.9.3.2 Test Acceptance Criteria:

. There shall be no visible damage

. The Electrical Testing (Section 15.3) and/or Optical Testing (Sections 15.1) shall be in
accordance with respective sections.

15.9.4 Pressure Test

15.9.4.1 Test Conditions

. For designs that include pressure barrier seals, pressure test setup should include testing of
those interfaces.

. For design that do not include the pressure barrier seals, the pressure testing should evaluate
the functional effects of the pull test

. Test pressure to be applied in the same direction as for PWI

15.9.4.2 Test Acceptance Criteria:

. There shall be no visible damage
. For pressure barrier seal designs, no pressure leakage during and after the test

15.9.5 Pull to Failure Test
15.9.5.1 Test Conditions

. Pull test to failure
° Record the maximum load at failure

15.9.5.2 Test Acceptance Criteria:

. No damage to the Pressure Integrity Barriers

15.10 Life Cycle Testing

15.10.1 Objective

Life cycle testing is intended to simulate the operational performance of the connectors. Additional
testing can be modified a project specific basis by agreement between the client and the EFS/OFS
supplier.

The testing outlined in Table 28 simulates the shut-in operations that the well undergoes as part of the

typical maintenance schedule as described in APl RP 14B and Norsok D-010. Table 27 describes the
number of pressure and temperature cycles being tested.
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Test connector set can be new connectors or refurbished from previous testing. It is not necessary to
perform the test after completing other qualification testing. FAT testing shall still be performed on
connectors prior to start of Life Cycle testing.

15.10.2 Test Parameters

Table 27: Test Cycle Summary

Thermal Cycles 51
Pressure Cycles 1552
Pressure Max Hot (Pwi) See Table 4
Pressure Min (Pmin) 500 psi (3.4 MPa)
Pressure Min Hot (Pmin_H) 2000 psi (13.8 MPa)

Pressure Max Cold (Pmax_c) 4000 psi (27.6 MPa)

Pressure Min Cold (Pmin_c) | 0-15 psi(0-0.1 MPa)

Temp Max (Tw) See Table 3
Temp Min (Tmin) 20°F (-6.7°C)
Temp Ambient (Tamb) 60-80°F (15-27°C)

15.10.3 Testing

The FTS should be assembled in the configuration that it will be installed in the XT. Shortened
connectors are acceptable if it does not change how sealing or functioning components operate.
Temperature and pressure should be applied to the maximum rated design pressure and temperature
for the FTS. The pressure and temperature can be decreased and increased using a variety of methods
based on the test equipment. Optical and/or electrical measurements should be taken at least once per
day on regular business days according to Sections 15.1 for optical systems and 15.3.2 for electrical

systems.

Temperature and pressure stabilization is not required for this test. The pressure and/or temperature
step must meet the minimum or maximum value specified.

Table 28: Lifecycle Cycle Testing

Step Test Description

a) Start at room temperature (Tamp) With atmospheric pressure and apply minimum test
pressure (Pmin), hold for a minimum period of 15 minutes, then release pressure.

b) Apply maximum hot test pressure (Pwi), hold for a minimum period of 15 minutes, then
release pressure.

) Apply the test pressure (Pwi) at room temperature (Tamb) and maintain at 50 % to 100 %
of test pressure while raising temperature to the maximum (Tw).

d) Hold for a minimum period of 15 min at test pressure (Pw) and temp max (Tw).

e) Lovxller pressure to Pressure Min Hot (Pmin_n) and raise to Pressure Max Hot (Pwi) for 15
cycles.

f Hold Pressure Max Hot (Pwi) for a period of 90 minutes minimum, lower the pressure to
(Pmax_C)-
Maintain at 50 % to 100 % of test pressure (Pmax_c) while lowering temperature to the

9) Temp Minimum (Tmin).

h) Lower pressure to Pressure Min Cold (Pmin_c) and raise to Pressure Max Cold (Pmax c)
for 15 cycles.

i Hold Pressure Max Cold (Pmax_c) for a period of 90 minutes minimum, release the
pressure to atmospheric.
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Step Test Description

)] Repeat step c) through step i) 50 times. Exclude step d) for all cycles.

K) Maintain at 50 % to 100 % of Pressure Max Cold (Pmax_c) while raising temperature to
room temperature (Tamb).

Apply the test pressure (Pwi) at room temperature (Tamb), hold for 90 minutes, and then

release the pressure.

15.10.4 Test Acceptance Criteria:

. There should be no visible damage or connector fluid leakage or ingress (except in case where
design relies on venting to relieve internal pressure)

. The Optical Testing shall be tested in accordance with Sections 15.1.

o The Electrical Testing shall be tested in accordance with Section 15.3.2 with a minimum IR

value of 2.5 MQ at ambient conditions.
15.11 Disassembly and Analysis

Following the final physical test and subsequent final electric/ optic performance verification, the test
specimen shall undergo a complete disassembly and visual inspection.

The main purpose of the final inspection is to identify damage and weaknesses and/ or marginal
conditions which may have escaped detection during the course of the qualification program. The
disassembly shall be conducted with method, sub-assembly after sub-assembly. A special care will be
taken in the disassembly of sealing and insulation elements.

The process shall to the greatest extent possible be documented with high-quality photography to be
included in the final report. Some electrical or optical measurements should be performed on sub-
assemblies in order to identify the weak points.

An analysis of the thermoplastic and the elastomeric parts, especially for PSL 3G connectors, shall be
conducted. The aim of this analysis is to see how affected these parts by RGD, temperature and
pressure effects.

The following points should be explicitly investigated and documented (as applicable):
. Plastic deformation

. Abrasive wear

. Corrosion

. Galling on seal and interface surfaces

. Damage to seals/ seal-surfaces which has occurred during assembly

. Water/ fluid ingress

. Unintended loss/ displacement of fluids

. Loss of pre-tension in threaded fasteners, plugs and fittings

. Degradation of soldered joints

. Degradation of contact spring elements

. Degradation/ pollution of internal fluids.

. RGD or other signs of damage to elastomeric components

. Gas saturation of fluids

. Thermal / chemical breakdown of elastomers and polymers

. Signs of arcing / electric insulation breakdown

. Chaffing / wear on internal wiring and their insulation and / or fiber cladding/ coating.
. Trapped debris and particles

. Wear and damage to contact elements

. Permanent deformation of springs or change in spring rates vs. original requirement
. Damage to any coated surface

. Splice damage / abnormal condition

. Actuated components should return to their nominal (as designed) positions
. Galling on threaded components
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. Volume of compensation fluid as expected

Before and after test dimensional inspection of structural and pressure containing parts
related to pressure integrity barriers

Weight of ol filled connectors pre and post testing
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16 Factory Acceptance Test (FAT)
16.1 Objective

As a minimum, the FAT shall demonstrate that all connectors and delivered assemblies conform to the
optical and mechanical specifications as stated herein.

All applied pressure and temperature levels (other than ambient) shall be recorded and provided as
objective quality evidence of the tests completed. The test charts shall be suitably identified including as
a minimum the start/stop times, dates of test, part numbers and serial numbers of UUT components,
test procedure, technician and any necessary Third-Party Inspector (TPI) sign off.

All pressure holds or dwell times shall be with the pressure source isolated from the UUT for the period
stated.

These tests shall include as a minimum the following type tests (as applicable to an optical or electrical
system).

16.2 Optical/Electrical Bench Tests
16.2.1 Insertion Loss Test (IL)

Number of connectors to be tested: All contact pair designs, splices or penetrators
hence the complete OFS.

. Test conditions: Ambient environment - Test wavelengths per Table 13
. Test Acceptance Criteria: Per contact pair, splice or penetrator per Table 13

16.2.2 Return Loss Test (RL)

Number of connectors to be tested: All contact pair designs, splices or penetrator
. Test conditions: Ambient environment - Test wavelengths per Table 13
. Test Acceptance Criteria: Per contact pair, splice or penetrator per Table 13

16.2.3 Circuit Resistance (CR)
Total resistance for individual connector assemblies shall meet the requirements in Table 11.
The acceptance criteria for the recorded total resistance shall be derived from the sum of the total
maximum contact resistance for each contact and the resistances of the individual conductors in the
circuit. These values should be based on the functional requirements set by the manufacturer but shall
not exceed the limits set in Table 11.
. Acceptance Criteria
- The acceptance criteria shall be less than 30mQ per contact and less than 200 mQ in
the connector, as extrapolated from the measured Circuit Resistance, with no more
than £ 10 mQ difference between pins (for multi-pin connectors).

16.2.4 Insulation Resistance (IR)

The test voltage shall be applied for at least 1 minute. Measurements shall be made between all adjacent
contact pairs and also outer contact/shell pairs. Actual measurements shall be recorded.
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. Acceptance Criteria

- The acceptance criteria shall be greater than specified in Table 11.
16.3 Hydrostatic Pressure Test
Items to be tested:

a. Individual pressure barrier components (open-face exposure)
b. Deliverable assemblies (un-mated)

16.3.1 Test conditions and durations:
Electrical Testing and/or Optical measurements shall be taken before and after pressure exposure. For
individual pressure barrier components, the test pressure exposure shall be P or Pte per Table 4 and

Table 5. For deliverable assemblies, the test pressure exposure shall be Pt per Table 4 and Table 5.
The test medium shall be tap water.

Table 29: Hydrostatic Pressure Cycles

Cycle Pressure and duration Temperature Comment

15 minutes @ test pressure (PT) for
1 individual components and working ambient
pressure (Prior Pte) for assemblies

Apply pressure, hold, and then
lower to zero psig.

15 minutes @ test pressure (PT) for
2 individual components and working ambient
pressure (Prior Pte) for assemblies

Apply pressure, hold, and then
lower to zero psig.

60 minutes @ test pressure (PT) for Apply pressure, hold, and then

3 individual components and working ambient | .
: ower to zero psig.
pressure (Prior Pte) for assemblies
4 15 minutes @ 5.2MPa (750 psig) ambient Apply pressure, hold, and then

lower to zero psig.

16.3.2 Test Acceptance Criteria:

Once pressure has stabilized there shall be no evidence of pressure loss as defined in API 6A/ISO
10423. Deviations from the initial stabilized pressure due to temperature variations are acceptable.

Before, during (where applicable) and after the test:

. There shall be no visible damage or pressure leakage.
. The optical and/or electrical performance shall be as defined in section 16.2 (for assemblies
only)

SEAFOM_TSD-01 Final_April2025.docx
© 2010 All rights reserved 70



16.4 Functional Mate/De-mate Test
Number of mates under pressure: 3
16.4.1 Test conditions and durations:

Perform initial bench electrical and/or optical tests at ambient temperature and atmospheric pressure
prior to commencing test.

Place the UUT in a suitable test chamber to enable wet-mate cycling.

Environment - Tap water and/or glycol
Mating Speed - Minimum mating speed
Pressure - Mating Pressure (Pwe)

The electrical and/or optical tests shall be measured and recorded at ambient pressure before, during
and after mating cycle.

16.4.2 Test Acceptance Criteria:

. There shall be no visible damage
. The optical and/or electrical performance shall be as defined) in section 16.2

16.5 Gas Pressure Test (PSL3G)

This test shall be conducted as required by the client. In the absence of this requirement, this test may
be conducted at the discretion of the EFS/OFS supplier, but otherwise is not necessary. When this test
is required by the client in the absence of client-defined test criteria, the test parameters shall be as
defined below.

Test objective: This test verifies the gas sealing and functional capability of the completed assembly
being installed into the XT or TH equipment (i.e. XTFS assembly installed into the master or composite
valve block). Testing ensures that gas exposure does not damage the seals or compensating
mechanisms of the connectors.

16.5.1 Test conditions and durations:
In nitrogen (N2) gas, the assembly shall be installed into appropriate test fixturing replicating the final
installation configuration to the XT or TH and pressure tested to the working pressure (Pwi) in

accordance with Table 4 and Table 5.

Table 30: Gas Pressure Exposure

Cycle | Pressure and duration Temp. Comment
60 minutes minimum @ Pwi Apply pressure, stabilize, hold, and then
1 Note: The test exposure durationis | ambient | lower to zero psig in according to section
subject to client definition. 9.8.

16.5.2 Test Acceptance Criteria:
Once pressure has stabilized:

. There shall be no visible damage.
. The optical and/or electrical performance shall be as defined) in section 16.2.
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APPENDIX A PROJECT INTERFACE DATASHEET (PID)

ltem Description Document Section
Define external interfaces:

Fiber specification.

Downhole gauge (DHG) cable — provide cable datasheet
1.0 and minimum 1 m sample.

SCM Jumper requirements — SCM mounting base wet-mate
connector, jumper length, configuration (single line,

Section _HIk1967417615

bifurcated)
Define internal interfaces with XT equipment, including :
Co . Section 12
2.0 misalignment tolerances and engagement speed, materials, :
otc Section 1.2
Define service class and conditions:
3.0 Working pressure and temperature range Section 8

PSL 3 or PSL 3G (pressure barrier components)

Define chemical exposure levels and compositions if other
than specified herein:

4.0 Reservoir composition — liquid and gas Section 11
Completion & workover fluid compositions

Chemical injection

Define optical loss and power requirements

If different than defined herein, provide specific details for

50 loss requirements, test methods and the need for special Section 14
test equipment (e.g. specific sensor system interrogator).
6.0 Gas compliant conditions: Section 15.7

Equipment exposed to gas during operations

This Project Interface Datasheet shall be used to define all additional design, functional and test
requirements exceeding the requirements specified herein. If optical testing is required beyond what is
stated herein, it is incumbent on the client and sensor company to identify the necessary test
requirements and equipment and convey this to the connector equipment supplier as a front-end activity.

This Project Interface Datasheet shall be used to document all additional mechanical interfaces
exceeding the requirements specified herein. This shall include mechanical interfaces with client
equipment for all elements of the EFS/OFS, as well as cable / control line interfaces for the downhole
and subsea transmission elements. In most cases, it will be necessary to provide samples of the control
line (DHG cable) to the connector equipment supplier as a front-end activity.
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