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1.0 SCOPE, STANDARDSAND DEFINITIONS

1.1.  Scope of this Document

This specification coversthe general requirements to be gpplied to al Control &
Automation systems and equipmentsto be installed within Oman Wastewater
Services Company projects.

fibre optic cables shall be governed by, but not limited tb
specified, and shall be undertaken to high standards of werk

referenced mternatlonal standards to complete the CO :
installation Works. However, it remains the coptractor re 'iIity to ensure

the complete installation of FOC. This specifi shall be used in conjunction
with the separate related sections of the Electri ard Specifications as
follows:.

1.2.  Applicable Standards, Specifi S a@es
The design of the projects shall ith the following codes and standards

1.2.1. British Standards;

E BS89 dlcatlng analogue electrical measuring
instruments and th

BS 381 for Identification, Coding and special purposes

= BS@ ntrol Switches
E BS - PVC Insulated cables for switchgear

381C - Colour for Identification, Coding and special purposes

1.2.2. International Standards
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E EIA-455 -Standard Test Procedures for Fibre Optic Fibres,
Cables, Transducers, Connecting andTerminating Devices.
ElIA-598 -Optical Fibre Colour Coding
IEC529 - Environmental protection
|EC 793-1 -Generic Specification for Optical Fibres
|EC 794-1 -General Specification for Optical Fibre Cables
|EC 794-2 -Product Specifications for Optical Fibre Cables
IEC 874 - Connector for Optical Fibresand Cables
IEC 1073 - Splices for optical fibres and cables.

IEC 1218 - Fibre optic - Safety guide

ITU-T G.652 International Telecommunication Union-Telep dic
of Single mode Optical Fibre Cable

1.2.3. Omani Electrical Standards. O

All relevant local and Omani regulations shall be complied with. item not pecifically detailed

in this Specification, which are necessary to provide a fully operational working system,
shall be deemed to be included.

1.2.4. Company HSE Standards *{o

All Company Health Safety and Envirgpinental Protection Standards shall be complied with. Refer
dards -CSS 01, for further details

[T [T 1T [T 1T [T 1T [T 1T

ion shall apply except where the manufacturer’ s ssandards are
ter shall apply. If a tandard becomesold and a latest issue of the
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1.4. Serviceand Environmental Conditions
14.1. Temperature:
Recorded of extreme of site ambient temperature are: +5°C to +50°C
1.4.2. Altitude:

Height above Sealevel: 0 - 2000m

1.4.3. Relative humidity: 5
Highest: 95% Q
Lowest: 40% O

1.4.4. Atmosphere:

The equipment and material areto be sui for instdlation in coagtal indugtrial
plant where the atmosphere is subject to d ms.

Mean annual rain fall: 100mm @
Daily average wind 5

15. Priority

Standards shall taket m ing priority (in order of highest to lowest):
-The proj technical specification (Shall be attached as Annexure)
-Thisdocu dard Specifications)

dards

1.6.

ety isthe most important aspect of afibre optic cable ingallation and highest
putority shall be assigned to the safety issues. These safety recommendations are
eant to supplement, not to replace, relevant local & national laws, company-
specific safety practices and other codes and regulations. Some of the key points
ae
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- To prevent eye damage, never look into the end of an optical fibre
unless a power meter is used to verify that no optica signal is present.

- Testing for explosive gases and proper ventilation of underground
facilitiesis vital.

- Capable ventilation equipment must be used according to local
regulations & practices prior to ingallation of FOC
cablesin underground facilities.

- A running ground must be used whenever thereisthe possibility, a

voltage may be somehow applied to the cable. The use of

compressors for cable blowing requires careful attention
paid to the safety instruction for the compressor and dl b

compressed air fittings.

1.7. Definitions

1.7.1. Technical Terminology

fibre-optic cable that has

"sufficiently large" dep

bend mode fibres have al umerical gperture, typically

less than 0.15, and e are more susceptible to bend

losses than other @ormally, they will not tolerate a
I I

minimum ess than 6.5 to 7.5 cm (25 to 3

inches).
In an ON re, the loss attributable to macro
bending loSSfound from OTDR test at 1550nm wavelength
i t .05 dB comparing with loss
Onm wavelength for the same point then this
red to be amacro bend loss contributed to damages and
done during ingtallation or objects (e.g. stones) damaged
fibre. In an optical waveguide, sharp curvatures involving
ocal axial displacements of afew micrometers and spatial
wavelengths of afew millimetres. Note: Micro bends can result
from waveguide coating, cabling,packaging, and installation.
Micro bending can cause significant radiative loss and mode
coupling. In an optical fibre, the optical power loss caused by a
micro bend. If aloss found from OTDR test a 1310 nm
Macro bend lossto be greater then 0.03 dB at a point, where there is no

splice then thisis considered to be micro bend loss.

Macro bend loss
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1.7.2. Abbreviations
AC Alternating Current
ADSS All Dielectric Self Supporting
BS British Standard
CCIR Committee Consultative | nternat
CaTT Committee Consultative Int | elegraphy
and Telephony
Db Decibel
DC Direct Curren

20 FOC NETWORK ENGINEERING R REMENTS

2.1. Dedgn Stagesand Submissons
In the design stage, the following shall j (@
a. A pre-survey of the route shall be co all types of installations.

for any FOC link.

In addition, the Contr pmit the followings:
1. Caaogue Data 0Que data on conduit system, manholes, conduit fittings, conduit plugs,
pull rope |dent| [ n and warning signs.

ng the routes, total layout and locations of al manholes.

aon al testing devices proposed for use plus certifications
, cdibration, and traceability to standards of the National
Ingtitute for Standards and Testing.

5. In case of pressure blowing, detailed methodology of blowing FOC.

6. In case of HDPE duct installation, detailed installation methodology of
the duct.

7. Incase of cable pulling, pulling calculations for all conduit runs.
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8. A cable pulling and splicing work plan shall be submitted. Work plan
shall include the following. The name and qualifications of the supervisory personnel
that will be directly responsible for the ingallation of the cable and/or conduit system.

2.2. Route survey

The Contractor shall make a physical survey of the project site for the purpose
of establishing the exact cable routing, termination points, jointing locations and
cutting lengths prior to the commencement of any work or committing any
materials. The Contractor shall conduct the detailed survey and confirm theli
route. If achangein routeis required for any practical reason, prior approv.
should be obtained from the Company. The contractor shdl ensure that

clearances are maintained from the fibre optic cable to any part li
surroundings.

2.3. Optical Power LossBudget

The optical Power Budget presents the optical budget galculations. The link

calculations (OLTE - OLTE) shall be designed to give %

than 1 x 10°, based on the average expected join . Table 1 shows the parametersto be
included for calculating the required Syst ar giN.

than 1 x 10°°, based on the average expésted [@iit . Table 1 showsthe parametersto be
included for calculating the required Systém m

Sysem Margin

Equipment Degradation (

Lifetime

Design Noise 1
Margin) 15

Table 1. Required System Margin
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The fibre optic link shall accommodate up to additional 10 joints (5 repairs) without
exceeding the error performance. Table 2 shows the recommended parameters to be included
for calculating the link losses

Link losses dB

Cable loss (G.652) 04 dB/km
Spliceloss (G.652) 0.1
Connector Loss 0.5

FDF loss (Connector loss + Jumper 10ss) 0.75

Table 2. Recommended link losses parameters

24. Teging

The Contractor shall perform pre-installation and n% alation FOC tests. The Company
Site Representative shall be notified a mipimu i of10°days in advance so that these teds are
Site Acceptance Tests (SAT) required to prove

that the FOC is free from damage, cording to the Company specifications and
requirements and functioning properly. ractor shall provide a detailed Integration
acceptance test document with the nformation as a minimum for approval by the
Company before the scheduled t ompany at its own discretion shall ask the contractor
to include (or waive) any tedstae oper functionality of the network

- Test Plan

- Schedule

up diagrams

3.0 SPECIFICATIONSFOR FOC NETWORK MATERIALS
AND ACCESSORIES

The following sections comprise guidelines for the mostly used materials for FOC
network and its specifications. However, it remains the Contractor responsbility to
identify and procure all the required materials for the complete FOC ingallation work

Page 7 of 22




OMAN WASTEWM‘ER STANDARD SPECIFICATION Page 8 of 22

SERV[CES C[]MPANY 8400 E Doc. Number Date of issue Rev

PRJ - SS- 05-05 04/06/2008 01

3.1. Fibre Optic Cable.

It describes the construction, performance, acceptance criteria, and installation
of polyethylene sheathed armoured optical cables (“PSA”) and polyethylene
sheathed dielectric optical cables (“PSD”).

Desgn “PSA”: Armoured Cable

FRP Ro

Water Blockin
Buffer Tubes &

Ripcords

.@-,

I High Mow
Design “PSD”: DidectricC O
FRP Rod
Water Blocking —_—

Buffer Tubes &

@

N

‘ Ripcords
Water Blocking Tage

High Molecular weight PE
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For PSA cable, applications include pulling/blowing into ducts and direct burial by plowing or
by “trench & backfill method”. PSA designs should be well protected against attack by
rodents & termites and have excellent crush & impact resistance to provide protection
against the rigors of direct burial installation. For PSD cable, deployments are limited to
duct ingtallation by pulling or blowing. The cables described herein have a stranded loose
buffer tube construction that is designed so that no net axia fibre strain Ogcurs at
maximum pulling tension.

3.1.1. Cable Congruction

The required cable is comprised of the following components listed he centre.

-A central strength & anti-buckling member made of 2.5 mm GRP:

-Super absorbent polymer yarns wrapped around the central fnember

(or super absorbent polymer binders suitably located elsew [

- SZ stranded loose buffer tube containing optical fibres and
filling compound.

-Optionally, filler rods may be used in lower fibre co
gructure round.

-A layer of aramid yarn that is engineered to pr

tensile strength.

-A super absorbent polymer tape wrapped arotind t amid yarn
-One or two ripcords

-A PE inner sheath

-A corrugated steel armour tape (

-A PE outer sheath (PSA only)

3.1.2. General Require&

The cables must in cross section and free from pinholes, joints, repairs and

other defects. in the construction of the cable shall not affect the physical or
optical prgperti efibres and shall be compatible with each other. The fibre and stranded
loose glbes g’ colour coded as specified below to provide easy identification at either
cablefend.

The ust be of dranded loose buffer congruction where fibres are contained
in a series of tubes (6 or more). The fibres must have enough free space inside the
tube to provide the required level of mechanical and environmental performance.
The inside of the tubes must be filled with a thixotropic gel to prevent moisture
ingress. The buffer tubefilling compound must be nontoxic and dermatologically
safe. It mug free from foreign matter, chemically and mechanically compatible with all cable
components, non-nutritive to fungus, non-hygroscopic, and dectrically non-conductive.
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For lower fibre counts, filler rods may be placed into any unused postions in the stranded fibre
optic core. The filler material must be made of a material compatible with other core
components. Each buffer tube in the finished cable is distinguishable from the others by means of
colour coding asfollows:

TUBE NUMBER

BUFFER TUBE COLOUR

BLUE

ORANGE

GREEN

BROWN

GRAY A

OO~ WIN|F

WHI

Q

3.1.2.1.0ptical Fibres

All  optical

optimised for

fibres must meet
Recommendation G.652 and
must be protected with a dual |
adheson to th
performance while the outer coati
abrasion performance.

the

Eac

back to the origina fibre |

manufacturer.

oating.

ust have traceability
and test parameters as

ents set
ifications below. Each optica

ITU-T
fibre

forth in

The inner layer shall be
glass, strippability and temperature
be a harder material optimised for

of the optical fibre
provided by the fibre

Optical fibres shall have &evel of splice compatibility with optical fibres from other

manufacturers. No

spli€es are allowed in any continuous length of cable. Each fibrein a

le from other fibres in the same tube by means of colour coding

tube must be djs ISl
ink di ible '&M out the design life of the cable. Required fibre colour sequence is as

Fiber Number Fiber Colour Fiber Number Fiber Colour
1 Blue 4 Brown
2 Orange 5 Gray
3 Green 6 White
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3.1.2.2.Super-absor bent Polymer Materials

Cables must be water blocked with superabsorbent polymer water blocking yarns, tapes
and/or binders. The superabsorbent polymer materials must be safe, easy to remove and require
no special handling or solvents.

3.1.2.3.Inner Sheath
The sheath must be made of a high molecular weight linear PE meeting @;e

of ASTM-1248, type |11, Class C, Category 5, Grade J3. The inner
should be nominally 1.0 mm or to meet the required cable mechani
performance characteristics.

nmental

3.1.2.4.Strength Yarns

The strength yarns for PSA and PSD cables shall be ar. S.

3.1.2.5.0uter Sheath @

The sheath must be made of a high gaolec t linear PE meeting the
requirements of ASTM-1248, type |11,%€lass ategory 5, Grade J3. The
nominal outer sheath thickness sh 8 m. The average thickness of
any

cross section shall not be less t the specified thickness. The
minimum spot thickness be less than 80% of the specified thickness.

3.1.2.6.Sheath Marki

The outer sheath ed with the following:

-The ‘O
Cahle’.The

astewater Services Company S.A.O.C - Fibre Optic
acturer name.

- T manufacture (for example: “Y ear 2007”).

- Thefibre count (for example: “24 F’).

- Meter marks a aone meter interval with arrowhead indicating upward
direction of meter markings.

3.1.3. Cable Performance Requirements
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M echanical Characterisics

PARAMETER

REQUIREMENTS

Maximum pulling tension (MPT)

3500N for PSA
2700N for PSD

Minimum bend radius, no load

10 times the cable outside diameter

Min bend at max pulling tension

15 times the cable outside diameter

Compressive Load 5000N/10 cm for PSA
2500N/10 cm for PSD
I mpact Load 25 N-m for PSA

15 N-M for PSD

Optical performance for G.652 Single Mode Fibres

3

on a 75 mm dia mandrel)

PARAMETER REQUIREMENT )
Attenuation variation with <0.1dB/km

wavelength (1285 — 1330 nm)

Attenuation at water peak < 2.1 Db/km

Attenuation with bending (100 turns | <0.1dB nm

Attenuation coefficient at 1310 nm

Attenuation coefficient at 1550 nm

Optical discontinuities at 1310 an
1550 nm

Chromatic dispersion betwegg!12 < 3.5 ps’nm-km
and 1330 nm

Chromatic dispersion at 1 <18 ps/nm- km
Cable cutoff wavelgrgth <1260 nm
PMD Coeffici ’ < 0.5 ps/vkm

QD
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Optical Performance for with 62.5/125 GI Multimode fibres

PARAMETER REQUIREMENT
Attenuation coefficient at 850 nm | < 3.0 dB/km
Attenuation coefficient at 1300 nm | < 0.7 dB/km
Optical discontinuitiesat 1310 and | < 0.1 dB

1550 nm

Bandwidth Dist Product at 850 nm | > 160 MHz-km
Bandwidth Dist Product 1300 nm | >500 MHz-km

Environmental Perfor mance of Cable

PARAMETER

REQUIREME

Operating Temperature

Allowable change in attenuation

Installation Temperature

Storage Temperature

3.2. HDPE Duct Material SQ

The raw material used for cts shall meet the following requirements:
a. The anti-oxidant be physiologically harmless
b. Single passr, ial of the same compostion produced from

the wn production shall be used and it shall not exceed 10% in any case.
c. Theraw ial used for extrusion shall be dried to bring the moisture
co

essthan 0.1%.

d. Suitable UV stabilizers shall be used for manufacture of the duct to protect against UV
degradation, when stored in open for a minimum period of 8 months.

e. Theraw material used in the manufacture of the duct shall be such that the service life of the
duct and all its accessories can be expected to bemore than 50 years including the life of

permanent lubricant.
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3.2.1. HDPE Standards

HDPE Ducts shall conform to the following sandards & Specifications

A. 1S 4984 Specifications for HDPE Pipes

B.1S: 2530 Method for testsfor polyethylene moulding
materials and compounds.

C.1S: 9938 Recommended coloursfor PVC insulation for Wir d
cables.

D.TEC Specsno. G/ICDS- HDPE Ductsfor moulding and extrusio

08/01/Dec.99 cable

E.IS: 7328 HDPE material for moulding @nd extrusion

F.ASTM D 1693 Ted method for environment acking of ethylene
plagtics.

G.ASTM D 1505 Test method for dens

3.2.2. HDPE Requirements @

Visual Ingpection: Theductsshall bec ed ally for ensuring good
workmanship that the ducts shall be frge fr isters, shrink holes, flaking,
chips, scratches, roughness, break o defects. The ducts shall be smooth,
clean, round. The ends shall be ¢lé and shall be square with axis of the
duct. The ducts shall be ofydiffésent colours and for further identification,
contrast striping shall be ided’§FPhese stripes shall be co-extruded during the

duct manufacturing. T of the gtripes shall be same asthat of base
compound for the d

| dentificati @ﬁ The duct shall be prominently marked with indelible
ink, wi nvipg informeation a intervals every meter to enable
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OMAN WASTEW“‘ER STANDARD SPECIFICATION Page 15 of 22

SER“CES C[]MPANY §A0C E Doc. Number Date of issue Rev

PRJ - SS- 05-05 04/06/2008 01

§ Manufacturer’s name (Also can be in abbreviated form)

* Oman Wastewater Services Company S.A.O.C

* Name of the duct with size

* Specific serial number of the duct

* Date of manufacture

* Sequential length marking at every meter with Arrow mark in ing order.

3.3.HDPE Duct Accessories

The following Accessories are required for jointing the du sup led along
with the ducts. The manufacturers shall provide completeidesign detalls, procedure for
method of installation and type/grade of the material u r the agcessories. Some of the
accessories are:

a. Plastic Coupler: The coupler shall be of Push-
which enables them to be installed on ducts withg
shall be simple, easy to install and shall provie

between the two ducts. It shall with Adlr pressure test of 15 Kg/cm for aminimum
period of 2 hours without any |

b. End Plug: Thisisfor sealing the
and shall be fitted immediately l!ﬂ Ay

pe having Push-Lock mechanism,

pty ducts, prior to ingallation of O.F. cable
of duct, to prevent the entry of any dirt, water,

moisture, insects/rodents et
c. Cable Sealing Plu&'s used to seal the ends of ducts perfectly, after the cableis

ingalled in the duct, tefrev e entry of dirt, water, moisture, insects/rodents etc into
ducts.

d.EndCap: T aps, made of hard rubber/plastics, shall be fitted on each end of duct

coil after mafufacturing. These shall avoid ingress of dust, mud, rain water etc. into ducts,
durj 3 % storage.

3.4.Cable Markers

The ers shall be made from Aluminium with width of 200mm, height of
30mm and thickness of 1mm. The text shall be engraved on the Aluminium
marker. The text shall provide details of the FOC type, the route, manhole number,
start and end locations.
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3.5.Duct or Conduit Seals

The Duct Sealing Kit prevents water and gas from entering a manhole through a cable
duct.

3.6.Pull Rope

Low friction, polyethylene jacketed polypropylene rope with 1800 psi tensile strengtht

3.7.Fan-Out Termination for Loose Tube Cables

Individual fibres within the loose tube cable require handling protection inside
cabinets. Fan-out kits shall be installed in the patch panel enclosurest i0
fibres to ruggedized tight-buffered fibre pigtail cables. Fan-o on Kii
be used. Optical fusion splices shall connect the loose tube figres to th -buffered pigtail
cables. The optical splice loss shall comply with the specifications for gptical splices. Splice
protection sleeves shall be employed on all splices to protect |

3.8.Pigtail Cable Specifications

Optical characteristics shall comply with op@lre performance specifications.
- Buffer material: Thermoplastic
- Buffer O.D.: 900 um

- Strength Member: Kevlar
- Jacket Material: PVC
- Jacket O.D.: 3.0 mm

- Temperature Range: -2Q0,t &C(
3.9.Fibre Optic Terminati ch Panels

y the required quantities of pig tails, patch cords and patch panels.
shall terminate inside a communications cabinet on atermination patch

The patch panel shall have afibre capacity equal to the total number of fibres (connected and
spares) for all cables to be connected. All unused couplings shall have protective dust covers.
All panels shall be furnished with front removable door or cover, Factory-terminated, tight-
buffered, agamid-reinforced fibre optic jumper assemblies or interconnect cables, standard 3.0
mm O.D., shall connect the optical cable terminations to the patch panel couplings. The
termination patch panel shall be equipped with a suitable means for routing and securing of
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cables and shall provide a suitable means of protection for the mounted fibre connectors to
prevent damage to fibres and connectors during all regular operation and maintenance
functions. All cables shall be provided with strain relief. Bend diameters on cable fibres and
jumpers must be greater than four (4) inches at al times to ensure optical and mechanical
integrity of the optical fibres.

3.10. Optical Connectors

All connectors shall be field-installable and perfectly matched to the cable used.

and body prior to polishing the end face. No dry-termination or “quick
allowed.

Connectors shall have a maximum allowable connection lo:
measured per EA .-455-34. No index-matching gel isto beu
mode connectors shall be capable of field installatio 9/12
buffers (OD).

fibres with 900 micron

Each connector shall be of the industry standard
single mode or multimode tolerances, r tiv
provisions of EIA.-455-5, 455-2A, and 4
with a maximum loss increase of 0.1 Co rs shall incorporate a key-way design and
shall have a zirconia ceramic ferrule. Co tor’bodies and couplings shall be made of
corrosion-resistant and oxidation-r@g erials, such as nickel plated zinc, designed to

2 type compatible, designed for

all be capable of 100 repeated matings

operate in humid environments wi radation of surface finishes.
3.11. Manholes N
The manhole shall have owings:
- Minimum sizg 0 ¥600mm (LxW) and a depth of 600 mm
e1re ith a galvanised steel frame. The covers will be tested to the European

stagdard EN124"B125. Security: Special "penta head" bolts shall be fitted. These can only be
ed with a special socket, which isalso available.

- Internal Cable furniture
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40INSTALLATION GUIDELINESFOR FOC NETWORK
4.1. Clearances between conduits and other structures
4.1.1. Separation from non-Electrical | nstallations/Structures

For non-Electrical structures or installation, a minimum separation between FOC
the structure shall be 300 mm, while running parallel. While crossing the struci t
minimum separation shall be 200 mm. The structure can be a pipe for gas, oi ,

sewage or other non- Electrical installation.

When installing a buried optical fibre cable near existing HViinfrastructure, maintain a
3 metre separation between the fibre optic cable and poles, st isting HV
electrical cables. Where cableisbeing installed in th e trench with other

electrical cables, the minimum separation is given as

4.1.2. Separation from Electrical Installations/Structures

- Minimum separation from electrical cablesis 7, , 1000mm (11kV) and
1500mm (33kV).

- Note the requirements for vertical ti W V cables and the fibre optic cable.
4.2. Markers

allge completion of the cable installation and generally

illed and compacted. To enable the use of machinesto
complete this backfillin , temporary “off set” pegswill be placed in the ground with
arecorded measure heCable. This measurement will then be used to establish the cable
route marker; 1 metféfcom the cable after the machines has finished their activities. The cable
markers shall legrin accordance with the followings:

Cable route markers will bei
after the cable trench has

independent route, at every 100m.
A At every change in direction.

th ends of every conduit.

t each joint or/and manhole.

The distance to the cable is to be recorded on each marker, together with the cable depth at

each point. The supply and installation shall include the route markers including plates, posts
and all the necessary materials required for installation
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4.3. Direct Buried FOC/HDPE Duct

Normal soil trench shall be excavated up to 750mm deep. The trench shall be filled with
clean and soft sand up to 150mm from the bottom of the trench with the surface levelled
(flattened). The trench shall be backfilled up to 500mm from the bottom of the trench with
excavated material (with no stones larger than 4mmx4mmx4mm size). A mesh filter
used to remove big stones and sharp materials from the excavated material prior
The trench shall be backfilled with remaining excavated material with big and
removed up to the normal ground level. The Contractor shall inform OW
backfilling schedule to enable quality verification/inspection of cable in
backfilling for different layers.

The HDPE duct/conduit shall be of corrugated construction with a plain internal wall of LDPE
(low-density polyethylene) and an external corrugated wall offllDPE (High Density
Polyethylene). External colour shall be blue. Manufagturing sh cording to STD.
EN50086-1 and EN 50086-2-4. Conduit shall withstand®50N with maximum deflection of 5%
of internal diameter and 750N with maximum defl ect % %. Conduit shall withstand

impact test specified in EN 50086-2-4- sect. 10. e4ointing tubes with indented rings,
which mate with external corrugations, | befutii or al joints. Joints shall provide a
watertight seal.

During construction the ends of the cond be closed to prevent foreign objects. Upon

completion the ends shall be seal ingress of water and sand using a plug. Sealing
shall be achieved without use of gl ing compounds or foams. After its installation, the
conduit shall be cleaned on't m any kind of material (earth, stones, etc.). A puling

Q.

rope shall be provided in thé conduit for future use.

The cable/duct dru installed on the cable carrier (trailer). This cable carrier shall
move along the trenchdline with the cable being manually spooled off the drum. The drum shall
be turned by h the cable laid without any tension, directly into the trench. At no stageis

ff the drum. The cable/duct shall not be over-stressed during the
g process. |n cases where the cable or duct is drawn off the cablereel a

Figure-8's shall be used for backfeed pulling or other situation where removal of the cable
from the drum is needed. The size of the figure-8 should be marked with cones or other
suitable devices. The figure-8 shall be at least 5 meters long with each loop at least 2 meter
minimum diameter.
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4.4. Maximum Pulling Tension (MPT)

All Fibre Optic cables have a rated maximum. The MPT is clearly shown on cable
specification sheet issued by the Manufacturer. During installation, the tension applied to the
cable MUST be monitored with a calibrated load cell or tensiometer (dynamometer). Once the
cable tension reaches 90% of MPT, the installation must stop to troubleshoot the cause, All
measures possible must be taken to assure the pulling tension does not exceed the MPTyrating
of the cable, otherwise damage to the cable performance may result.

4.5. Minimum Bending Radius (MBR)
Most fibre optic cables have the following minimum bend radius, O

- MBR = 20 times the cable diameter a maximum pulling temsion
- MBR = 10 times the cable diameter a no tension

5 of the cable at all timesto avoid
pptical fibres.

It is absolutely vital to maintain the minimum bend radi
catastrophic damage to the cable components includis

4.6. Splicing
In order to provide the optimum perf ce eliability, any splicing of fibre optic cable
shall be by fusion splice only, nho mechan ces are permitted. The following shall be

followed b the Contractor: Q
- The splicing shall be condu b ed, authorized persons only.

- All fusion splicing equiphdent be in good working order, properly calibrated, and

meeting all industry d safety regulations. Cable preparation, closure installation
and splicing shall Ished in accordance with accepted and approved industry
standards.

- Following are considerations for low-loss, reliable fusion splices.

, well-maintained cleaver that is capable of consistent, low angle

b. Mainfain cleanliness and temperature/humidity/dust control of the splicing area

se’a quality fusion splicer and maintain it according to the manufacturer
recommendations.

d. Perform an arc test periodically to verify splicer performance.

e. Set the fusion splicer arc settings according to local temperature, humidity and

altitude conditions.
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f. To maintain the strength of the optical fiber, the coating strippers must be able to
remove the primary and secondary coatings without scratching or damaging the
cladding glass

- The average splice loss shall be 0.1 dB or less per splice. The average splice lossis defined as
the summation of the loss as measured in both directions using an optical time domain
reflectometer (OTDR) through the fusion splice, divided by two. No individual splice loss
measured in asingle direction shall exceed 0.15 dB

4.7. Manholes | nstallation

Any FOC joint shall be housed inside the manhole. The following guideli ocedures
shall be followed for FOC Installation at Manholes:

- Excavate site to the depth required. Allow 150mm all around the walljfor backfill and 150mm
for the base.

- Manholes ingtalled in soil areas shall be installed
mm above the final grade level of the restored surf
and debris on the top of the hand hole cover.

- Manholes conduit entries shall be sealed with d
debris into the manholes

- The pulling of the cable shall be han
not be crushed, kinked or forced ar
end of the cable to allow proper cablet

at the t e cover is at least 100
prevent accumulation of dirt, silt

prevent the intrusion of water and

Manhole or hand hole. The cable shall
a corner. Sufficient slack shall be left at each
ination

h manhole and at al entry and end points of the
each manhole are securely racked, unused conduits and

fibre optic cables. When all ¢
void areas around conduit
- The area around the m
system all manholes

be compacted. Upon final acceptance of the conduit/duct
of debris and water, and be ready for cable installation.

5.0 DRAWIN OCUMENTS

The dg€ument integral part of the equipment required to maintain and restore afibre
opticfsystem. The following information shall be included in the documentation package.

51.T Its
Hard and electronic copy of test documentation shall be submitted to the Company. The
documentation shall include the trace plot, index, dB/km loss, cable length, date and time of

test, wavelength, pulse width, the test site, cable ID, fiber number and type, and operator’s
initials. The Contractor shall compare the pre-installation test results to the post-installation
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results. If adeviation of greater than one dB occurs, the Company shall be notified in writing

by the Contractor.

5.2. Key Map

The key map is a geographical map showing the system route in relation to roads and

highways. Its purpose isto provide quick accessto key areas of the system, such
points and major road crossings. Sheath metre marks should be indicated on the
points, road crossings, etc. It shall also provide horizontal and vertical alignment

asfield splice
splice

5.3. Circuit Diagram

working and protected fibres, fibre/buffer colours, priority
other pertinent information such as transposed fibres.

The circuit diagram is a schematic that identifies the actual fibre cuﬁm
Tence d

5.4. Manufacturer provided documentation

The manufacturer provided documentation should ing

ber,

oraion and

%* e cable data sheets of each cable

reel, documentation provided on the fibre, result tions of the field strength levels
relative to different structure types. The gkigin yshould be maintained and handed over to

the Company representative for recor
5.5. As-Built Documentation

The as-built drawings and docuen dll identify the actual apparatus units at each structure
and other information such asthe strti€ttire type and dimensions, cumulative distance to each
any grounding or bonding detail, etc. These drawings and

termination point from the@gruc
documents are typically.the ction detail sheetsthat have been corrected to reflect any
changes during con s built drawing shall record all deviations, deletions and

additions with r? the'original scope.
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