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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDROGEN EFFECTS IN OPTICAL FIBRE CABLES - GUIDELINES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifica. ans,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to o> “I.°C
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intercsted
in the subject dealt with may participate in this preparatory work. International, governmental ai.1 non-
governmental organizations liaising with the IEC also participate in this preparation. IEC coll. Fora =s iosely
with the International Organization for Standardization (ISO) in accordance with conditions c>terriined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as pessib 2, an international
consensus of opinion on the relevant subjects since each technical committee hag repic: 2ntation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and- .2 a ~:zpted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure " at tr.2 technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in wh ~h-they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committee. ...lzrtake to apply IEC Publications
transparently to the maximum extent possible in their national und regional publications. Any divergence
between any IEC Publication and the corresponding national ¢. reg anal >ublication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. !nde enuent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, :mp'oyees, servants or agents including individual experts and
members of its technical committees and IEC Nctio: 2l Committees for any personal injury, property damage or
other damage of any nature whatsoever —heror direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatior 1se. of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative -efe: >nces cited in this publication. Use of the referenced publications is
indispensable for the correct appncaticn of this publication.

Attention is drawn to the po¢sitility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall no’ be el responsible for identifying any or all such patent rights.

The main task of IEC *eci nical committees is to prepare International Standards. However, a
technical committec ma ' propose the publication of a technical report when it has collected
data of a different kind rrom that which is normally published as an International Standard, for
example "statc ¢ the ar(".

IEC TR 626.9, which is a technical report, has been prepared by subcommittee 86A: Fibres
and cal'es, of IEC technical committee 86: Fibre optics.

The text  f this technical report is based on the following documents:

Enquiry draft Report on voting
86A/1586/DTR 86A/1605/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability dateindicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication inu’caw2s
that it contains colours which are considered to be useful for "te coirect
understanding of its contents. Users should therefore print this documei* using a
colour printer.
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INTRODUCTION

There is extensive application of optical fibre cables worldwide, both for terrestrial and
submarine environments, with the provision of stable transmission characteristics over many
years.

In the early 1980s, it was established that some optical fibre designs in certain cable
constructions were prone to hydrogen-induced attenuation increases. The mechanism of the
hydrogen induced loss was quickly established and after extensive research and development
programs, fibre designs were optimized to minimize the effects. Cable designers established
suitable design rules and optimized the selection of cable materials so as to also minimize the
effects of hydrogen induced attenuation increases during service life.
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HYDROGEN EFFECTS IN OPTICAL FIBRE CABLES — GUIDELINES

1 Scope

The purpose of this technical report is to provide information concerning the behaviour of
fibres and cables when exposed to hydrogen effects.

The application of multimode fibres is very rarely subject to hydrogen effects. For that reason;
this technical report only highlights the effects of hydrogen to single-mode fibres.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this ¢~cuirert and
are indispensable for its application. For dated references, only the edition cited aplies. For
undated references, the Ilatest edition of the referenced document “(including any
amendments) applies.

IEC 60794-3, Optical fibre cables — Part 3: Sectional specification — Ouiloor zakies

IEC 60794-4, Optical fibre cables — Part 4: Sectional specificaticn — Aerial optical cables
along electrical power lines

IEC 60794-5,0ptical fibre cables — Part 5: Sectional sp~cii :ation — Microduct cables for
installation by blowing

3 General

The magnitude of any hydrogen induced effect «=2psnds on the cable type (including fibre
design) and its operational environment.

In the case of suitably designed, single-n.de fibre cables for terrestrial applications, there is
sufficient experience to not require a2 test in cables for significant concentrations of
hydrogen which could cause an incre ase in optical attenuation.

The induced loss for single-mcde fibre due to hydrogen at a partial pressure of up to
1,0 x 104Pa (9,9 x 10~2 atm) is'~c greater than 0,03 dB/km and 0,06 dB/km, at 1 310 nm and
1 550 nm, respectively. Tte uvnamic equilibrium pressure or balance of hydrogen within a
terrestrial cable with rO hormietic barrier will be significantly less than 1,0 x 104Pa, and
therefore, optical reli=hiliv is ensured. Typical values of 40,5 Pa equivalent to 4,0 x 10~4 atm
have been measui»d 1 r duct cable several years after installation [1]1. At these partial
pressures, the attenucion increase is insignificant.

4 Evalua.ion of hydrogen induced effects
Depencding on the cable type and its planned operational environment, an evaluation of

hvdreaer induced effects [2] may or may not be warranted. Table 1 offers a guide to the
necssity to evaluate cables for hydrogen induced attenuation increases.

1 Numbers in square brackets refer to the Bibliography
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